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A T LU T OWgRE & AV,

Ac : acethyl

AC : acetone cyanohydrin

AIBN: 2,2"-Azobis(isobutyronitrile)

Ar : argon

Ar :aryl

Bn : benzyl

Boc : tbutoxycarbonyl

br : brooad

Bu : butyl

Bz: benzoyl

°C : degrees Celsius

Calcd : calculated

CAN: ceric ammonium nitrate

cat.: catalyst

CN: cyano

cod : 1,5-cyclooctadiene

COSY: correlation spectroscopy

Cy : cyclohexyl

d : doublet

DBU: 1,8-diazabicyclo[5.4.0lundec-7-ene
DEAD : diethyl azodicarbodiimide
DIAD : diisopropyl azodicarboxylate
DIBALH : diisobutylaluminium hydride
DMAP : (N,N-dimethyl-4-aminopyridine
DMEAD:di-2-methoxyethyl
azodicarboxylate

Bis(2-methoxyethyl) Azodicarboxylate
DHP : 3,4-dihydropyran

DMF : N,N-dimethylformamide

DMPU : N,N'-dimethylpropyleneurea
DMSO : dimethylsulfoxide

dppb :1,2-bis(diphenylphosphino)butane
dppe : 1,2-bis(diphenylphosphino)ethane
dppp : 1,2-bis(diphenylphosphino)propane
F:entgegen

EI : electron ionization

elim. : elimination

eq. : equivalent

ESI : electrospray ionization
Et : ethyl

Fig. figure

g : gram(s)

h : hour(s)
HMBC:
connectivity

HMPA: hexamethylphosphoric triamide

heteronuclear multiple bond

HRMS : high-resolution mass spectrometry
Hz : hertz

1Cs0: 50% inhibitory concentration

1Pr: isopropyl

IR : infrared

J: coupling constant

K : kiro

L : liter(s)

LDA: lithium diisopropylamide

LHMDS : lithium hexamethyldisilazide
LUMO:
orbital

lowest unoccupied molecular
LRMS : low-resolution mass spectrometry
M : molar (moles per liter)

MCP : methylenecyclopropane

m : milli

m : multiplet (spectral)

m: meta

mCPBA : m<hloroperoxybenzoic acid

Me : methyl

MHz : mega-hertz

min : minute(s)

mol : mole(s)

mp : melting point



Ms : methanesulfonyl

MVK : methyl vinyl ketone

m/z : mass-to-charge ratio

n: nano

n normal

NBS: N-bromosuccinimide

NMO : 4-methylmorpholine N-oxide
NMR : nuclear magnetic resonance
NOE : nuclear Overhauser effect
NOESY : NOE correlated spectroscopy
o ortho

b para

PCC: pyridinium chlorochromate

PG: protecting group

Ph : phenyl

ppm : pert(s) per million

PPTS : pyridinium p-toluenesulfonate
Py : pyridine

q - quartet

quant. : quantitative

r. e. : reducitive elimination

Red-Al

aluminum hydride solution

sodium  bis(2-methoxyethoxy)

rt : room temperature

s : single

s: secondary

sat. : saturated

solv. : solvent

SOMO: singly occupied molecular orbital
t : triplet

t: tertiary

TBALI : tetrabutyl-ammoniuiodide
TBDPS: tert-butyldimethylsilyl

TBS: tert-butyldimethylsilyl

TDA-1:
Tris[2-(2-methoxyethoxy)ethyllamine

temp. : temperature

Tf : trifluoromethanesulfonyl

TFA: trifluoroacetic acid

THF : tetrahydrofurane

TIPS: triisopropylsilyl

TLC : thin-layer chromatography

TMEDA: tetramethylethylenediamine
TMS : trimethylsilyl
TPAP:tetrapropylammonium perruthenate
Ts : tosyl

VCP : vinylcyclopropane

xantphos:
4,5-bis(diphenylphosphino)-9,9-dimethylxa
nthene

Z: zusammen

A MiCro



HEw—F N2 HVWAHHE Fuedv 7 J{EREDBEFR

FF i
F—H NifiEic &2 RFE—RFLHEMBEEOE N7 LIS

T HIE, IR NIRRT I BB ATRE LA O EWERRIE TH D . F OEAJEITIE
FITHFFE SN TE 72, B TH, IEHEESN TWRWRE-IRZBZEMEEOT T /biL. EBEE
A2 AV D FENR TR THY ' T E T NiEEZE WD EIR S E ST D, 1972 4F
® Taylor HIZL D7D Ry 7 JbRE ™ O % Y0 (2, 1974 42 Brown 573
Hefp oo P 1982 4512 Jackson BT L 1 1985 T ITHME LR T Ly M AT L L
THW Dt Fue v 7 J{EsEEnEndgs LT 5 (Scheme 1-4.), L2vL, 21D DJSIE
WENHE—BERESEL 2 ENRRETHY, Tk Ra o7 ABEISIZEE L TiE, s S
VISMTITES & ORFZE 7 00— 7 LIS BIR 720, D=8, KB P O sEM-CB b S~
DA REBRIFMEFISIE L A E7emoTz,

Scheme 1. Ni-catalyzed hydrocyanation of olefin

Ni[P(O-o-tolyl)s]s (0.5 mol%)

~~F + HCN HlO-o-tolyl)s (2.5 mol%) /\/\l/\CN + /\/\|/\H

ZnCl, (1 mol%) H CN

1 2 MeCN, 60 °C 3:70.6% 4:20.4%

Scheme 2. Ni-catalyzed hydrocyanation of conjugated diene

. Ni[P(OAr)3], (cat.) CN . CN
5 2 6 7

Scheme 3. Ni-catalyzed hydrocyanation of alkyne

Ni[P(OPh)sl, (1.6 mol%) _
P(O-o-tolyl)s (7.8 mol%) H ~ CN NG H entry R R? % 9:10(ca)

R'-=——R? + HCN _ _
ZnCl, (3.1 mol%) / , + / , 1 Ph Ph 82
8 2 benzene, 60 °C R R R R 2 tBu Me 78 9:1
(slow addition) 9 10 3 Ph H 35 9:1
4 tBu H 45 9:1

Scheme 4. Ni-catalyzed hydrocyanation of allene

HCN (1 eq) H* H

H
~ Ni[P(OPh);]s (3.3 mol%)\/\)\/C,\H . \/\/[ N \/\‘)LC
toluene (1.5 M), 60 °C CN N
CN H
11 12:55% 13:22% 14:21% 15:3%



M T Lroe Kuad T 2{bEE

AR U7z Ni il K A RFE—IRFBLEEEGOL R o7 JEKIG T, KFELRT 7 L8
ANIZBT DA EEREOHIE AR CTH O | B—ElRILERICE DR, Frc, %7
RFE—IRFE HEEEFOT LD Ru T UGS TIEIALEEIRMEOHIE NN ETH 5
(Scheme 4.), =Dz, T LDt Ka 7 LS OBRVERIECIEX, 8 FEOALE K NI IR LR
PEIR Dl % s | S HIE S 2 B3 & 5 (Scheme 5.),

H H CN CN

CN CN H H

H H CN CN
ST %N 7O

CN CN H H
ZOREIZ, T RTIVF R EICHRTT LDt Ra s 7 RS TIEE— AR 4 2%
RN Z EIFREETHY , ZNFETIEEAEPIEIN TR, 9 Lol masld, Sif

RETIX L3 EHBT L2zt Fa o7 MESZE 3 EHMcsa L, — 7512 Ph B4 A4
HZET, BWALERRMENEET 5 Z & & B H L7-(Scheme 6.)2,

Scheme 5.

e

Scheme 6.

P Ni[P(OPh);]4 (10 mol%) J\Q
R Me,C(OH)CN (20 eq. )
ligand (20-50 mol%) N|X

toluene (0.1 M), 70 °C
16 1 17 : 75-89%

(X = OC(CN)Me, or CN) major product

TRRbb, TV UREIERLE AT 556, © Fu=y S BIZR W TTKER T Lo Hub i
FABREASIN, =7 VL NLFBERINAET D Z 0N TFHREIND, 20, —EHEAN
FEREIZ L, MESLVEER trans—H V7 4 UIERKRT 5 Z S0 SRR ILIC
&, BEBICHIMBENET T2 28 T 1T 2 A E LTHEX D EEZ NS, ARIL, TEK
ONELRERIRME RS S =7 Lok KT J{bh e L TIPIORIF Th 5, ZDFE. 757
FTER OB NI L0 PR IDALE K OSRIEIRICAE T 2 Z e N R Sz 7oo, RERZ I
Wl FEMEZR¥ET 22 LI,



VN
B Tlr=avrzuarasror Rav T b

IXUDIZ, 5FHNIZPh £ scheme 7.

vruarZaNURERO i
‘E/f PASPAVS: Tt RN \A Ni(0), Me,C(OH)CN Ph/\(\w\/CN

1,3-_@E#7 L 18a & F'E 18a ! 19

ELUTERE L. BrlERBAZx l hydronickelation ? re.

S~ JEBR % 372 72 (Scheme NiCN NCN  gC

7). Ph/% —_ Ph/\H\v elim. PhWNiCN
SOBPA. T LY ~DE R 4 H H

[ i
:‘)/7/1/1[: ZXoTrn-7 U v

Ni AT NME U 2%, ZEEENN B o &% T2 L O E#AMEL = & THREYAT & 72
. B B-REMBEC LDV a T a RV BROBRA, EBBEE R Ce Kkev T /el 19 &
515 EHIRE LT,

L ERN I SLROL

EEZT V=7 m 7 msR 18a & Ni filiEAAE T HCN ik & LTr e horo 7 /e B
VUAC)ZMZ, MV HRTIEAL-E 24, S P L 191X 06T, (EKONL
IEFPENZERICHEE SN - Ry 7 2 {bik 20a KON~ U =2 21a % 5 % 7-(Table 1., entry
1), 728, 20a OfEEIL, “RIENMRICE > THREL TV D, ISRBEORGHICIE, BEDL)
RiTb T Th o7z entry 2), RISRE D EL KX 21T HEN5H o7 (entrys, 4), FiZ
Bifiz+ & LT P(OPh)s ¥4 % Z & T 21a ORI S 4. 20a DULE [ E L7z (entry 5),

Table 1.
. H H CN
Ni[P(OPh)3]4 (10 mol%) \‘ \‘ T !
‘HMBC
Ph/\-\A H.CN source ph X &/ S e N
A Ligand, toluene, 4 L S
18a 20a 21a

entry HCN source (eq.) Ligand (mol%) toluene (M) temp. (°C) time (h) 20a (%) 21a (%)

1 AC (20) - 0.5 70 1 32 39

2 AC (20) - 0.5 100 1 40 45

3 AC (20) - 0.1 100 1 26

4 AC (20) - 1.0 100 1 47
[ 5 AC (20) P(OPh); (50) 1.0 100 1 72 10 ]

6 AC (10) P(OPh); (50) 1.0 100 1 67

7 TMSCN (10), MeOH (10)  P(OPh); (50) 1.0 100 1 54
s AC 200 PPhs (50) 10 100 1 4 39

9 AC (20) P(4-MeOPh); (50) 1.0 100 1 15 60

10 AC (20) P(4-CF3Ph), (50) 1.0 100 1 40 0

11 AC (20) P(OMe); (50) 1.0 100 1 59

12 AC (20) P(OEt); (50) 1.0 100 1 13 51
13 AC (100 dppe (25) 10 100 2 21 14

14 AC (10) dppp (25) 1.0 100 2 42 18

15 AC (10) dppb (25) 1.0 100 2 40 29

16 AC (10) xantphos (25) 1.0 100 2 39 20




— .7 T 8 RUCORES, HCN i LT MeOH KO TMSCN % HWW2BEIZIX
RO FABM & (entry 6,7), F72, BN FELTT UV —IARRT 4 RTIVFRILHRAT
7 A M Bt Lz, WINoEE S 20a OICRIIAIEIZAE T LUlentry 8-12). —JERCAL T
& LT dppe, dppp, dppb, xantphos %z Fl\W 7254 & IR ITSGE S v7en> - 7z (entry 13-16),

Parand

BH RUSHEE DB

Table 1.OFHCE DI AR OREED D | ARZORBEY A 7 V2RO X IZBEE LT
(Scheme 8.). £ . 7~ o7 /b RU »® O—H #5475 Ni(OIWZERLAIfHING 5 Z & < Ni(ID)
BER T AR L., i< p-CN B2 R CAUZO D 18a ~Dk Fr=y 7 /kicky, 7L
DVRFNKFBNEAN SN Ton-7 UV Ni PRI A E KT 5, Wiz, TSRk FBLEESHETT L
Ttrans AF Vv ra=y bafT2NVNPEL, i pIKRMRBEHZ L > TR = VRAERT 5,
W, M, V6 OETHBEEIC L > CTAEL S Ka o7 (BRI, VT —YIEEE S Cuau,
ZD%, ELTEVOREA VT 0 U MIEERE Re=y bR 52 & Tn-T UL
Ni FRMAVIZN AR U AL E R 2R TR L » T 7 2 B A ST Rey 7 /b
1 20a %, B—/KFEMBESEITTIE N = 2la 252 5,

Scheme 8.
Ni(0) =

r. e.
¢
Phw
NC_ O——Ni'—H 20a 4 NiCN

I
I Phw
S-H elim. /

oxidative addition

_____________________ H H
P-CN elim. Vi
th
\ 21a H:
H— Nl”—CN
hydronickelation
Ph N
—N;ll—
hydromckelat:on H—Ni"—CN
NiCN
—pc A A
W Phw ﬁ[ - o /\l/\H,H\
ellm H elim. H
1] v \"

% r.e. % r.e.
CN
CN
Ph/\HW Ph/\(\"ﬂ'\/
H H
Vil

\11]



WIS, AR OREIED DHETE U T2 SROCHERE 2 fERB 9~ < b U = WAV O SOSHER AR
E%@fﬁaﬁ\ KO EAKRACERZ1T o T2,

a) & bV = ORIEEORRGE

i—ﬁﬁ\ EPFEWZ'K £ LVC%% = Scheme 9. cis or trans??
o 2mEEOLE N = NiCN AH

ellm NiCN ellm
91,22 ZHIRAH L. ZNnZ W W\/ W

NEE Fav7 JbRsSE I
AT 2 & T ZORISED
B & E L7~ (Scheme 9.), e e e M + 21a
., . Ni[P(OPh)s], (10 |% %)
2O, WiH L bR 20 e OlOMEN (20 oy (7%
Kwe 7 {eik 20a = 5-2 7= P(OPh); (50 mol%)

o CN
OO, 218 OBATIEME |~ MWW“W"wC"hWAﬁ/\)\
<. Hj%\é‘fl‘@’féf 21a b 17%A0Y g H H
22 20a : 76%
IN7=oizxtL, 22 DBET
cima@&%WMfﬁz MU = AREN SR T, B Hi OB S BT T2% DI

ST 200 DEFHINTND Z & EARFER LY, WD OP-RAEMEETH U2 HHIKRIVIE, cis A%
FAERDE L TEHEZTWDLHEINREINT,

20a: 46%

b) U ORI ORGE

MU= DARREK E LT scheme 10. Ni[P(OPh)sla (10 mol%)

L. B NV RED L2 P(OPh); (50 mol%)

f ]\i ]\‘/ﬁ Eglq_“ cC Ph/\.\A 3 , oh N
#}:% %)?EEKE é j/l-/%) (Scheme toluene (01 M), 100 OC, 1 h H \
10.), +7bb, vrnrn 18a recovery of 18a : 31% D: 0%
XU BRDY NUONZ ER LAY AN lhydronickelation T re.

LTCTAMNELCT# 3, BRILK
ring

Lo T=y 7oA 71 /\ Ni expansion_ /=<__>7 e”m
A B & 72U, %< p—KE Ph '\ o — Ph

i, EoCRIBEE AR TR Y A

TUDBERTHEEZ LN iScheme 1.

%, ARRBEOHENEZREET HoNfl—CN VN 4y e elim. 5

Con X, _n . A '
i, b b]jf/?//ﬂj}i}f‘,} iPh X phW 2) 5 eiim /\J{/\Hﬂ*\.
GlEmD, TR VT 2 I8 M Vo :

KU E2BRWTZRMIC18a 2 LT-, ZORE., M=o Dix—UE6nT. HEYWE 18a %
31%ENTHIZE EFE -T2, DEVARTIE, PV OERKIZIZE R RENRMETH Y
NidDEEEDOT Lo ~D b R =y 7 AL E| & &0/ > T D Z L2V RER &7~ (Scheme 11.),



c) EAKRFERRIZCLA L RY REALIEOMEDR

TSRS s Seheme 12 o
ELTFHE, B RYU R, 7> o NN
HRF a MO 7 ra Ni[P(OPh)s]4 (10 mol%) D (61% D) D (28% D)
CD3;0D (10 eq.)
%@%%Vym*bmgﬂém WA\V/%HMWOMM 20aD : 60%
Do £ T, HKFEIBRIC 2 b P(OPh); (50 mol%) . b_D (25% D)
25 2, 4 . 18a toluene (1 M) Ph AN o
%wﬁﬁﬁ‘l\) %f’fTO f_(Scheme ].2.)O 100°C, 1 h D (66% D) D (8% D)
CD30D & TMSCN % N THs 4 21aD : 19%

SHEF-EYT AbAE cofx)n  Scheme 13.

EBRELiZE A, PRLEZZ H H

FTOIRFBIC OB E/KZ D E A X ph/\.\/é — Ph/\(\,)/\/NlCN B-H elim.
AVTATINAR 20aD K O 21aD % 5- 18a HeNil—CN
ZTe OB, BERFERMROOE, PRA T 20 5B KFAMBENE Z SERIC 182 DA F LK
FHORO Ni-t FU FENELC, MBESUGICBE L2272 &35 2 55 (Scheme 13.),

NS a)—o)DFERIZ LV | B U7z HEE RO (Scheme 8)IZF JE RN 2 & AR CTX 7=
2y, WITHE — M2 ET LT,

FIUET  FEE RO RRET

AR O e 51-(55 —fi. Table 1., entry 5)% AW T, E MO #KFT 21T - 7= (Table 2.),
i@“\ NUB VB p L OBEWRIE R A it L72(18be), Bt 5MEETH 5 2 b%v%a‘:%ﬂb
CIEMET L0, ETRSIMEIETH D CF S, 7% s LT ¢-Bu %,

rﬂ/f/ﬁ%é: LCT m%ﬁ;%%ﬂbtﬁ X Ph DA L RSO/ R L G2 7o, ZORRND,
5 BRBEFREANGE, SENMET T EE 2615, £7o, Br EOEAMEIZLD
ﬁﬁﬁ@&w%@ﬂbtu&@ ZORER, XUV UBRAIL MIA~SEA LTBICE T ORI T
DEROENTZHDOD, KRERFEEII o0z, T2, Y77 a /XU RPMEAINTWRWRSE
(CEHELEZ O\ A L7 = E# 7 L2 18h TlL, EERLDN ZIEOIREY 20h % 97% & =\ O IUHE
TH 2T, W, EFBRLE LT, T 77X LT A7 2 B AN TH ST IS E T L8, j).
TNAXRNEERIETHDL 7 a~FIVERC N AT I RFERTHRBEO ISR EITT 5 2 &
ZRHLEA8K, D, — 5., a7 a /U RNERSNERE FICATFAREEEAN LT SR L
18m K, v/ u T a N DAF URHE EIZ Ph RAEA LT 18n, XNV v R Al
IZPh EAH AL 180 ZHWTE Ry 7 LIS ETT D & FEHIEKT 2 b 0D, #HER
BEWME 52 DRERICKb T, Fl2, v 7 u7 o XU BROAF LU RE EICPh A8 AL
E 18p OA . B Fu v T BRI S 57, PhikNEA SNz RE L ATV IRHBR O
FEAUIWTIC L AT S Y 2 21p ZUNR 24% TH- 272, b U T 21p i%, WiiC Ph JE3EH#R
LTCEY, MAMERICE>TERDE Ry T MEbEZ i< nweEzxohnb,

10



Table 2.
Ni[P(OPh)sls (10 mol%) R? CN

RA\xA Me,C(OH)CN (20 eq.) . R1W
P(OPh)3 (50 mol%)

toluene (1 M), 100 °C, 1 h

18b-p 20b-p
, H CN H CN <unsuitable substrates>
R , '
|\\ AN i R1W PN PN \/‘A
: LophT O Ph
P H H E H H E X N
, 1 Me
20b (R® = p-Me0): 49% 5 18m 18n
20c (R® = p-CF3) :65% | Rz *, R S A1
20d (R®=p-Bu) :74% i B\ g \.ﬁA
20e (R*=o0-Br) :60% | 20i:76%  20j:50% || 18m,n,0
20f (R®=m-Br) :67% : : Ph —complex mixture :
20g (R*=p-Br) :68% | %, . : 180 5
5R1:©/ R= eS| :
Me CN : © : Ph :
; 20k : 52% 201:50% | E
PR YT Y : ; ph/\.\ 3h_ ph/\/\/\/Ph:
H H : :
20h: 97% (/2 =5.9/1) ! P 1 21p: 24%
WA v Ro o7 AR OEHSS
Table 3. FO C‘N """"""""""" CN """" M
CcN LHMDS CN | w :
W reagent w - T R PR XY X i)
Ph” "X = P YT : 22a pp~ > 220 V€
H  THF (0.2 M) R i Ph™ OH
20a 78 °C 22af 5 CN CN
_ IS S S DN N
entry LHMDS (eq.) reagent (eq.) time 22 (%) 22¢ PN 22d O
1 1.0 PhCHO (5) 40 min 22a(0) ! ¢
2 1.1 Mel (10) 20 min 22b (82) : CN CN
3 1.3 BnBr (10) 1h  22c (46) PR "N P Y
4 1.3 allyl bromide (10) 1h 22d(70) :
5 1.5 MVK (2) 5min 22e (40) | 22e :\I\ 22f SO.Me
6 1.5 methyl acrylate (2) 1h 22f(28) . ¢} 2

Bl fFohlcte Ra v T uRO Gk F0a AP Z R T~ < AL Z 15t L 72 (Table
8). €I T, LHMDS W\ T¥ 7/ FofLOPLT 7 b ALzAT o7tk SKREFAICT L F0
TA REIRINT 5 Z & CTIHkiRSEOREREE - T,

F7°. PhCHO Z Rt L7- & 2 A, MISITHEMEAL L, LAOINME 22a 1315 HiL72 5> 7= (entry
D, — 5. TArFEFIE LT, a—KAH R_RovorryuaI R, 707 a RemaLz
LA BHDOT NVF AL 22b,e,d & EALEFUNE 82%, 46%. T0% CTH % 7-(entry 2-4), &
12, RETHELTAFALE= LT 2 MVK), 7 7 U VR A F V% W56, IRINERR N 5
L4-fTIMA%Z ZNZ2h 40%, 28% DU TH % 7= (entry 5,6),

11



HAHT AFLriruuroe Red T JALEIE

CETHRRTESET L= A 7 aFeXrot Fa 7 JbRIsD Figure 1.
*ﬁn‘hﬂ%ﬁf SR A K, ATF Loy ura 20 A RN S react:ve”

DBF8IZE T LT-(Figure 1) AF Ly rasagk

ELTHLT 4 VINERIRBEN T L LR & [REE D &
WIS EZ R T ] LT, €2 T AF Loy rnrn
Nk Fa o7 MMEBOGEREICA LTe S E  IRIDR T 8R
BRZLR NI T4 5 & & 2 72(Scheme 14.), T 72 b, A
FL oy ra a3 LT BOSHEE A LT,
FP. 7 a7 e U llo sp2 JRFICE R Y RECER
V. THERT BSAER LR, B-REMBECE 2707
a8 BRBAZL, i< BIKRMIAEIC K 2 3% Y = o R
MOERPIFFCE 5, D%, W = ATk DA0E
BRI e Fe =y 7 HRIZ L > Tn=7 VU /L Ni H RV
AR LR TrOBEE 2R C o T N A S hniEe B
0y T A 24 ICES E AL,

Eiko> Ni fillftic kA AF 1> v/ urmss Schemeds.

VOREKSIIZERE SN TS 5, T, Q
EHEHOLRHEL WA ATF L Z7arr R TH
NrOe a7 Y UBROETIEL, Scheme 14. I
LEB LRSS EE S TS lm)
(Scheme 15054, T 72bb, 7Tk RI N
NiOIZ NS % = &L TV L, < o

hydronickelation

highly

. BRINIC sp2 j® =<]

BEHETLHO, @BEO7a7a X BRIV EATEY ., 7 LU A

Scheme 14.
Ni(0)
MeZC(OH)CN

S VA

23

l hydronickelation T re.
[ NicN N|CN ]
Ar)w /\l/\l

H

H
1 v
hydronickelation T

l elim.
Ar
NiCN  f- H elim.
Il

R3 Ni(cod), (5 mol%) 0 pt R
R4 P(n-Bu); (5 mol%) M/
_— /
R toluene,60 °C R
RUR?  18-96% Ri Re
I (18 examples) i

AF Lo ruaruaXr~OMNEERNE (R r;n/ R N RTONL A~ 2
e = b, oA, BT R | Lx?
%52 %, i =] vV H Vi ]
Scheme 16.
1) P CN

OPPh,
Ni(cod), catalyst toluene
“uoppp, toluene  (3-10mol%) 2y o HEN in toluene, rt

2
(racemic)

Fro, R ATKT AAERIN e Ka o7 2EROGE RajanBabu 612 L » T &
LTEY ., Scheme 14.1CBIF MO R o7 JALKISIINLERIRANICHETT 5 Z L BHIFFTX

% (Scheme 16.)10,
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KR H 3 *r1 % Table 4.
KR, PRBEAT O AT Va7 R/ el Ni[P(OPh)s]4 (10 mol%) CN
Ve Fes 7 (bl 8la Z# H—4EmM & LT, 63% P(OPh)s (50 mol%) L
> . N o — 23a-i toluene (1 M) 242
DULHETH -z 7= (Table 4., entry 1), XU EB/XT 100°C. 1 h
LOBEHILL UL BERSIMERLTH D CFsHERC, ety 23 A 24(%)
R 1 23a Ph 24a(63) | R
TAxNEEE LT tBulk, "o FUEFL LTY 2 39 porPn 24m (79 |
7 E LA EA LT IS ONTHEST L7z (entry 3 23c  pfBu  24c(67) | PN
- e VAR =Y )~ Bl 4 23d p-BrPh  24d (76) ! 23h, i
2-4), £7-. Br I A ZNMITEA L THRIGHEICE 5 23 mPh 24e(72) inopm o
BI7e < lentry 5), F7XLURTF AT = Lo 6 23f 2-naphtyl 24f(93) :_, No reaction |
7 23g 2-thiophene 24g (75) ~TTTTTTTTTTTTTC ’

EBRTCLT L ERBRICEHINETE Rev T/

{bik % 5 % 7=(entry 6,7), —J5. EH#ILE — oA L= 5E 2238h,i TIELUGA —UIE 789, 5
BHEZ & EFE o7, ZAuE, 28h,i OFEZRIUERLA L 7 ¢ AT RS SARICIRAH - T
0. IGBREREO B Ra = v bR E SN ATE LB 2 HND,

F7-. 567 Ra 7  scheme17. o
AR 24f OB B IR NG
&7 L7-(Scheme 17.), * 7. Af/z?ii\)kwle

VA=Y A=V A=Yavl) A
e & [AERIC . LHMDS % H
WTT T HaliL DK % il

7a b AL LTtk I — R A
AT 52 LTIV

X /UAKAIK 25 DMK 56% TH

bilc, £7c, ATFE=L v
7R MVREANT, 14 < on
IR 26 %, /XTHRNVLAT 27 :31%

LHMDS (1.2 eq.)
THF (0.2 M), -78 °C
then MVK (2 eq.), rt

LHMDS (1.2 eq.)
THF (0.2 M), -78 °C
then (HCHO), (5 eq.), rt

Ar/\)\

NC Me
Ar/\><

25:56%

LHMDS (1.2 eq.)
THF (0.2 M), -78 °C

then Mel (10 eq.), rt
CN

mCPBA (1.2 eq.)

24f CH,Cl, (0.2 M), rt

/

CN

/<(I))\
Ar

28 : 62% (ca. dr = 1/1)

NTFE REMzHZETTNAa— K 2T #5852 L ICkIh L=, ®iZ, mCPBA IZ X - T trans
G L7 4 DTRF R 28 BNELND T E B R LT,

13



B r=UFrisuyaror KT JERE

W htatl LT, =Ty rsaraNr2HRYEICRE L Figure 2.

(Figure 2.), t=UF v rvuaraii, 7LV ROAFL Y70 allene
Fusvazy hEALTEY, b Ry 7 JERISICEIT 5 A EER —=
PEOBEARE L 725, Thbb, ESUFryrasaSuny Ly ——

methylenecyclopropane

ELTKIGTHUE, B RU R ITRFalZZh, AFLovru”
N E LTOMEZREIE, RED ~Dt R REEBIZX Y KGHBRRT 5, T2 no5s
(B W CHRTE S35 SO 2 DL R ISR,

E=UFoiruaranNr 2R T Ll LTRISELESEES. £, B RY RER T LU H
DIRF a kL TRRZY, n=7 UL Ni AT NE %, B-REMNHEC LD 7 0 a v
BRBHZL, KB ITHINEEZ R T Fu 7 (kK 80 %5 % % (Scheme 18., Path A),

Scheme 18.

TiCN NiCN
Ni(0), HCN L B—C elim. NiCN| I e CN
Ar —_— AT — A7 N I AT
Path A

H H

H H

29 | Il 1 30
i )

NCNi NiCN CN CN CN
Path B N \|/ r.e.
Ar H AT
H H

Ni(0), HCN NiCN [~

—J, E=UTFrirarlanr 2R ATy rsasanr L LTOWEERLESGA.,
ERY FHBIIRFEDICHLTEIY . ANCHRENVNEAET D, Fi< B-RBEMBEZ L >TT L
CHRRV AR L, BITBMEEC X D T JEOEANL T LA ~DO e Ru = 7 U kit
T3 4UE, =7 UL Ni FEEVIZ 52, fi < ALERIRA R E CRIBEZ £ T v T /K 81 034
%9 % & &z Hivb(Path B),

ERRice=UF o rvuarar 29kt Ry 7 bR LiZE 24, 29a 37 Lo &
LCOMWEDOIRERLIZE DD P-RFELEEC L DBRAZIT U T B R T /(LK 32a
BHE AR & U CUUE 63% CT5 2 7-(Scheme 19.), Z DEE, 7/ R DNITEA S
ToATINR 83 135G LIV TV, A8E L2 BRBHESUGITHEIT L o 7o b OO | REUGIFALE K&
ONLREIPER I S e e Fe v T RIS TH D720, WICHEBERFZ1T5 Z LI L,

Schemets.
Ni[P(OPh)s]4 (10 mol%) TiCN CN | N
Me,C(OH)CN (20 eq.) L : _

e J PPN, (50 mal%)  |P Y VTR ; Ph
toluene (1 M) H H H '
298 4p0°C, 1h | 32a:63% 33 : Not obtained !
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Table 5.
Ni[P(OPh)3]4 (10 mol%) R CN

R
>==q Me,C(OH)CN (20 eq.)
)n > ArT
Ar P(OPh); (50 mol%) n
_ toluene (1.0 M) H
29a-g (n=1) 100°C. 1 h 32a-g(n=1)
34a-c (n=2) ' 35a-c (n=2)
sonaiivaciioa
32f (17%)
5 32a (R=H, 63%) 32e (quant.) 35a (R =H, 72%)
i 32b (R = t-Bu, 65%) 35b (R = Me, 64%) Me\_
' 32c (R =Br, 82%) 35¢ (R = MeO, 56%) —
¢ 32d (R = CF3, 76%)

299 (complex mixture)i

INFETORRIERERIC, NUBUVBRATAIC tBukk, Y oEi, CFsEEZEALTH MG
IEHBICHEITL, B Ry 7 2{kik82b-d 25272, /-, 77X Lo 289 5 ETIITEN
IZ 82e NF BT, HIZ, v uaT ¥ kb O 34ac THRBROMIGETL, NUB U8R
INTALT A TFIVFERA XU HAZEA L THSIEMIEICHEIT LT,

—7J7. Ar, R O 512 Ph 3% A3 25 HHE 32f TIILUSHENKIEIIE T L, & Ky 7 /{biko
PERIZ1T%ICE EE oz, ThuE, S2f IFMUEWRT Lo ThH 72D, REEFEOREIZ L KIS
PEME T LIzl E2x b, £, TV VRRICAF VLKL, 7 a7 a8 EiZ Ph
AN L 29g TIIBUSHEME L., & Fusv 7 Uk 82g 13 —U1G bhieinotz, Zd
FERMND, TV EOBFEFRIIMNATHY, V7 a7 a/ ViR E~OBEBIBE A IROS OB
B ZERRB SN,

AR TIE, YW TREUTZRBAAENKSITEIT L2 o7 b 0D, 515 3285 kv 7 ua”
oI H ‘/T%if%ﬁbf?a D, BT o7 ay sl LTCORMAMEEEV, R
YruaruNk, BREERMEEZ WD RISRR T VANISFEFICB N T EREL = R E
Lfﬂ%éﬂé%mf%étb\%mE@@ﬂ IHWAIEEAKT 5 ET321FFHRS T
bHEEZTND,
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FIE BAERIS~D B

TNETORFHZED, HixZee Frv T J{bEZE—BEERE LTHL Z LTI L TE T,
L2l ZHUHDORISTH LN ERWIIERILEM ThoTolod, BT o7y L
TOFMAMMEA L D @mOBREIRE 5 2 5 KOS OB 2 RO FEREICHE LTz, £2 T, 01N
(ZHL72 D TR O RF-IRFB L EREA EFORE T D Ry 7 MESERET 5 2 L1
L7z, e BARMRFHT, Bx RIKF-IRFBLZEHAOE Ra o7 UGS T 2 RSO EN
DOIRFEE WD Ml b 2 TRV . LI OMERE R 277,

a) T Ly - AFLriraFaN ROk

BEEH TR, BTy rara gk, v ey 7 JAbRIGSRTEICB W T T L
L LToME @%k’&ﬂ“ﬁ“ DR ENTZ, TOREENS, T AT LI aNr L
VHE Fe=w ka2 0T WnWeEZEx b, £2C, A—mTFTRIZT Ly, KOAF LV
vraZuanNrERETLAHEE 36 2t Ku v T JMUKISEMCAEIX, Trr~oe Ke=v i
IMbE S & &L LTEBRLIE DTN IRF CE 5, EBRICHEE 36 # WV THRFILIZEZ A, T
R T LS OSHHETT U7 BRABAR 87 & Bi—plfE iR & L CT157-(Scheme 20.), 72 BERILIA
87T DNMEFIT AT NI L7 a7 e AF L 2O NOESY Bl K> TIREL TV 5D,
Fo. ARISICBWT, AF Lo za7ra X nbRIEREIT L Res 7 2{uike, v
=R = PN Y/N X Byt i p) 11 N St IEE RSV aWAATSY il ) I A7 = =P N SR <l N = S
JEIEDFER EFETEZD L, TLUEIATF LY 7T eyl be Re=y 7 Ukl
ST ARIGERE N & KON BN 7 a P a0 X F oRE FICA U84 13(Scheme 19.
-1, Scheme 20.-1I), B—RFEMEEL V ©IETCHIMBEN BT 2 2 ERRB E 7z,

Scheme 20.

H NOESY
Me _~ Ni[P(OPh)sl, (10 mol%) Me
~L"" Me,C(OH)CN (20 eq.) A Sexo
TsN o > | TsN NicN——>TsN —>TsN + 36
P(OPh); (50 mol%) NN NiCN ©%)
toluene (0.5 M) \\v
36 100°C,5h | 1l 37 349

b) T Lv - A RO
WIZ. Ty -A K88 D Kav7 / Scheme 21.

H
= - ~ o o Me / . o Me
Ly N L/ Z — N v = 7 B2 /N * Nl[P(OPh) ] (10 mOIA))
ERIGERTF LI E 25, 7 A T T e GIORICN (20 0q.) TSN

BRDMARE SN2 BRALIR 89 Z UK 72% T H- P(OPh); (50 mol%) NN
% 7= (Scheme 21.)7, = D, KIKIZT L N ene (T

MOIEFTLTHY . n=7 UL Ni A T % ' 39 72%
WEUTH, sexoBRLIZK VT V=1 lhydromckelatlon T,_ e.
Ni AT 23R L, e < EourI i X ;
STERILKR 39 2525, 7ok, IHp- /\hlﬂ)\ Me

77N
PAEBEAET Ltk e | |, _Sexecyeiation |
Miotn, AfERLIY, TLAZT AR UL X
| |

DHEWRIEHEEZ AT 5 Z PR TE T,
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0 AFLriruarasy - A AROKRE

FEOE a), D DOFERND, b Ru o7 MEKIGSEEIZBNT, T iEAF Ly rarn
WRURTNNF I EEWISEEZRT I LR SN, £ZTHEARDLRGFE LT, A
AF Loy rardanvEOT VX o a BT 5EE 40 255 2 8T WE OROGH: % i
4% Z L12L7-(Scheme 22.), ZDOfEH. AFL oo r7ua7a Ny RNTAF L OMFRE R
VT L SN T IEERALIR 41, 42 2N 38%, 10%5- 2.5 & & BT, BRILIK 43 & 27%DULE
TH7e, BRILE A3 ICE D ISHEIIRD L D ICBE LT, Thbb, ZlicATFLyvrn”
2R T D Fr =y i K o THIEVAR T 23R L7, B-IRBNEE, B—/K R BLHE % %
TY=y - A UHEKRIDEZ 525, &’\H@%%ﬁv74y’ﬂﬁéu%@R%&th%y
FABIZ L D r-7 U v Ni BRI AL L, %0V T SexoBrib, 3EITROMIAEE#EE L T2 Z
IXBRALIR 43 128 Ky—ﬁ\¢%%m#6®@m%%%v7/%gkkk%_7»%/®t%u
T JACBOS D EITTIUR, FEBRILIR 41, 42 %2 5.2 %, ZOFS, TAFURE Karv T S
N5 Z & TERILMIGDEIT LR o 72 41 L 42 NEDE T 48%DINRTH LD DX L, 7TV
XNt Ra o7 b ENDANIERIERIS D HEIT LTz 48 23 2T% DR TH LN &b, 7
NFXLDFMAF L r7araxribe Fe=y 7 b aZ 002 ERRB SNz,

Scheme 22.

Ni[P(OPh)gl (10 mol%) ' 1en~F NS
Me,C(OH)CN (20 eq.) E[H CN : S

A% H
- + CN CN +|TsN o
% P(OPh); (50 mol%) | | N
Me toluene (1 M), 100 °C, 1 h Me CN Me H M
41:38% 42 :10% 43 :27%

l r. e. & hydrocyanation of alkN
H

H
TsN /\R@ 1) p-C elim. W hydronickelation TsN /\/Il\/\H
- = ——
NiCN 2) p-H elim. ~NiCN 5-exo

| Me y Me o Ve cyclization

d) Yxv - A RO

TDBALISITEBNT, Y= - A VOB AE L TWD AN RIS L), KRIZV T -
A URO O Ka o7 Jb)G % B L7-(Scheme 23.), = OfEHR, ERLITELR D DD,
Scheme 22. & [Fl— D IEERLIK 41, 42 R OBRILIA 48 2 5.2 7=, 2D Z &5, Scheme 22.0t K
= VT/f)%TI:JiFE I, Py - A UHRART ARRH LTS 2 E DR TE 72, Z DK, Scheme

2T TERALIR 483 OYRN A B L, BRIEEY 41, 42 OPERMMET L72DiE, 40 726 I~
Eélﬂ%ﬁ(Scheme 22)ICBF AT F DOk R 7 J{LEA Scheme 23, Tl il Siv7= 2
7ZEEZOND, £72.41 & 42 3 EE T 39% T, 48 1 38%DILR TIHELINTND Z vk,
VLT AR TR Fr U T MERISIZE W CRIFEO RIS Z R~ 2 & DR E T,

Scheme 23.

: : H
ron SN NIPOPh)L (10 mol%) in SN ™ Hi
MezC(OH)CN (20 eq. ) ! H CN . CN CN ! . AN H
H + + TsN
x P(OPh); (50 mol%) b | : o CN
Me " toluene (1 M), 100 °C, 1 h i Me” “CN Me” “H Vo
I L 41:16% 42 :23% 43:38%



e) T L= ruarury - A ARkt

KBIC, 7= raransy - 4 K45 1Tk L, & Nu v T 2 bUE & et L 7= (Scheme
24), TR, TAFLUAEELARAWVEASLFEREIC R Y m o PRR T BNER L%, Kt L7 o

S DEEBIRIE K= b, i F == v —% 07 Tk B HENI A OB,
FRMAIL S @ 5-exo BAL M ONETCRIBLBEZ % CBRALIA 46 2 52 2 L IFF L 72y, HMERIR G

MEH5 2512 EFEo7,

Scheme 24.
v
TN NF Ni[P(OPh)ss (10 mol%), Me,C(OH)CN (20 eq.) NNy
TsN
N P(OPh); (50 mol%), toluene (1 M), 100 °C, 1 h S CN
Me 45 b 46:0%

1) 5-exo cyclization T
2)r. e.

H
TSNW‘“‘/ hydronickelation TSN/\N\l/\H chain walking > TeN W\AH
NiCN N
X AN X

iCN
X X

Me | Me 1} Me 11

PLEOREIC LY., B - RESEHAOL Fus T MERSICIT 2 KISHEOFFIT,
[TLy > Yoy = PARY > AF Lo raruny] ThD I EDPRBENET,
ZOREREMRIL, A% NifiliEE WS e Fu s T MERISSEM TRBE 2% 5 L TEERE
FHI D B Z TS,
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E—E CoflickAPrns PHNABRILKE

FF i

UHFEEICBIT 2 ZAETOMGFHI LY Nifitlite 7 hov7 v RFU &2 WD G

T, BT LoRoT AT O Ra v 7 ALK @M E e ONL RSP 2 (> CHETT
% Z L DVHIA L 72 (Scheme 25.)1, Z DK, 7 hrv 7 /b KU CEBREICHWTY, AT
HHT N ARA8 R B0 N FH D Rus T JLEIG &2 TN L | ABUSRMHFIZB W T
T AT E A ERIEMEEZIRE RN EDVRIB SN D,

Scheme 25. Hydrocyanation of allenes and alkynes under Ni-catalysis

. H . NC H
o~ NiP(OPh)s]4 1_—— oo Ni[P(OPh)s]4 —
Al “ R —————> Ar CN R'——R =
N Me,C(OH)CN 7 T MeCOMCN &1 e
toluene, 4 R 49 toluene, 4 50

47 48

T, FREORIERIZT L A A BL R E AT L AR B3 I 5 Z & TEBRALSG~ER
FEETHLZEHRAHLTNDEN, ZOBRGELND 24 ICEENLIT AT b Ry T )
(BSOS HEITT 5 2 & 1372 > 7-(Scheme 26.), ®iZ, = AKb55 Dt Ru v 7 /(LT
HFWE 55 M EBRIZIEIN SN2 7ed, KRBT L2707 rore Fu 7 b ITIR#E
THDHEHW LIz, LnL, TATAIT LT A R TR AR TFEN R b
NTEY, 55 DRy MRkt Fu o7 BALRISHBHZE TE iU, BEICA R TREZR HFY)
B DEkA RBILIRESD Z ENAlRE L e D, & 2 THEFIT, KO Nifitltz Hnws e Fa v
T BSOSO D ISR EREET 5 Z &I LTz,

Scheme 26. Hydrocyanatlve cycllzatlon under Ni-catalysis

Ho
; /\/ \‘g /\/ No Reaction H
— x(j { TsN ——>— TsN
» CN E \/\ CN

54 ( {55 56 (0%)
<conditions: Ni[P(OPh)3]4, Me,C(OH)CN, toluene, 4>

iz~ NiftEic K a7 v 7ok Ra v 7 ERSIRIEE A EH#EIT L2, 29 L
72T W DRIEPED IR S ITATIRICE W T O A SN TR Y . MISZMBICETTIE 570
I, IS b SNT=T AT B RO MER S D, L ESNTT Vv e LTATF L UFFER
EHWERS. EmUMIERIRMEEZ o 7- 8 Re o7 LS ABICEITT 508, — BT vy
CERMEDE L L THWABINRE HD . E—MEIELE < 720 (Scheme 27.)2, F7-, &Y
T ERAVLIHERGH LN, ZOLATHBEWEN 1,374 P2 ThbHZ LMz, B4
R a2 IR 5 Z ENHEECH . O HE AP35 (Scheme 28.)3,
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Scheme 27.

NI(O) "1.11
X X
= =

Scheme 28.

NIiCN CN CN
Ni(0)
RN Ton ™ [R/\l\%\]—> R/\)\ + RJ\/\ R = H, Ph, n-Bu, CO,Me

Z DOFRIZ, Nifiif & HCN 6:J:%>7/1//7‘/0)t R o7 JMEOE 0%  EEE b sz T v
YERANTEY, FEERSL CHMES L L TOWRWREET VT v E EEE & L THW A
1L, AICL3%° ZnClse 72 ¥ @ Lewis Eﬁ’%#ﬁﬂﬂﬁ‘é%g# bo 4,

—J7. Carreira 52K > THE Sz Co itz W57 7o Ra v T J{bIsiE,
TSR T NV o B E L L THWD Z L3 A[RETH 2 (Table 6.)5, AL Cld, PhSiHs 23K &,
TsCN 2327 PR E L THMEINTEY | Ni il R THWO N G827 AMbKBEZ LB L
LW EWI RN B 5, o, FRIEE LTEITAFA T AP EEINTEY,
Markovnikov AlIZfit > T X 0 ZE /2R 58 AU 5 X 9 IS HEITT 572, 60 1T
T, B9 DAL BINMICH 25, BT, BE—mEbEm<, I rm—F b, = A7, 7T IR,
RV TATE R ERkx I EE E%%ﬁﬁ”é?/bﬁ/#ﬁﬁﬁj ETH D, AL TIL, Co fiff
ABPEHTHDN, BEHAWAEEIZIX £BuOOH OIRMNMLETHLHZ & KONA #H\W -5
BOHFPINERLL e vav 7 eikz 5252 0, HEWEIZY =20 iUEIe ey 7
J BALBOSIZ BB T & 5 & WiFF L 7-(Scheme 29.),

Table 6. Co (2 mol%)
R2 Phngg, (1.2eq.) R! R!
Rk/& R 2ed) Rz\)\/H RZ\/I\/H
t-BuOOH * CN Bu
57  EtOH (0.2 M), rt 58 59
. t-Bu t-Bu
1 0,
Yield of 59 (%) 1 (-BUOOH : 0 mol%)
entry R’ R2 CoA CoB R
1 CHaPh H 99 99 RZ\/I\/CN
2 CH,OTBDPS Me 99 88
3 CH,CO,Et H 89 82 60 0%
4 C(O)NHPh Me 87 86 Bu
5 CH,C(O)Ph H 91 40 OAc
t-Bu t-Bu
6 OHC—< “0— H 81 64
% B (-BuOOH : 30 mol%)
Scheme 29.

H
CN
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N

— i EE—

i ME D R

b

HNZ, Carreira H238E L TCWDIRESM2 V> 1K 61laj ICE M L, LEBRER AR L

72(Table 7.), £, ®MFT = 6la ZH\ /=L Z ABIVIK cis62a 7Y 81% T H iz,
cis RN EIRIZE S =0
LEZ oD, F1-, FEEOKIS TS % 0.5 mol%!

55% ChH 2 7=, 72 8B, 15 b - BRALIK DS IRL S NOESY Il E

Z DR,
X, 64 Dk a L T+ A— g AR TSR EIT L2727
nﬂ@bf HEIT L. cis62a DI & IR
ZE Y EL TV 5 (Figure 3.).

Table 7.
/ 1 Co A (2 mol%) CN J )
X R PhS|H3 (1.2 eq.) 2 ‘S
\_\gi TCN (12eq) ) R X ITd
s S eq. 1 H
R®  EtoH (o 2 M), R &8 : H
R® 61a- 62a-j 63a-j v 84
substrate product substrate prooduct

Et0,C

EtO,C

RN

61a Co (2 mol%) : cis-62a (82%, 4 h)
Co (0.5 mol%) : cis-62a (55%,

EtO,C.

Et0,C

(<]
j))l

1b

EtO,C,

EtO,C

DN

(=]

1c

Et0,C
Ph
EtO,C

b

(]

1d

EtO,C,
SiMe,Ph

S

Et0,C

61e

Et020><:(/
EtO,C
EtO,C
EtO,C

cis-62b (62%, 9 h)
EtO,C

EtO,C
63c (72%, 9 h)

EtO,C
Et0,C :
62d (0%, 5 h)

EtO,C SiMe,Ph

EtO,C

62e (0%, 7 h)

24 h)

I8

TsN

S

[-;]
-
-

I8

PhN

J

(-]
-
«Q

I8

BocN

J

(<]
-
=2

Ph,Si

J L

(<]
-

N

&

Ko

TsN
g™

rt : 62f (68%, cis/trans =2.5/1,6 h)
0 °C : 62f (43%, cisltrans = 2.5/1, 24 h)

PhN
%CN

629 (47%, cis/trans = 2.3/1, 24 h)

BocN
CN

A

62h (0%, 24 h )

Ph,Si
2 CN

.

62i (0%, 16 h )

H Ts

CN

62j (70%, 3 h)
single isomer

Figure 3.

62a,c,f, g

HMBC : /X
NOESY : 4 """~y
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WIZ, —HDOT NG UREGRICA FNVEEZE “OF3 5 61b Gt Lic& 25, cis62b H—/4
e LTHZT, ZOBE, ZERT AT UNGRICHEITT A2 LT, KORERMHIT T
NERBT OIS EZDND N, cis62b NHE—EFHE LTELNIEZZ D, AEED

A EEEORENKE S, —BEROKMT V7 2 DALERIRIC SN ET LI &5 2
bb, —FH6le z WA, KVRERZMRT VINEGEZ D ERT IV U BALE S
FINCBALBOGETT LT, F7, 77 VRS Ph A2 AT 5 61d # W - fEtcid, v
DINLD T D IIVHMESERNCAE T, SRERBENETT D Z & 2R L2, OGS ITEMEL L.
ALK A 15D 2 L ITHR 2o Te, TAT VINERIZ T A a2 AT % 6le DHE S RIS TE
ML, BbRIIE s 2otz

BT, T AN Z BRI A FCHEG LT E OO RET L 72(61£), £7°, 61f
ERaLIZE A, ~n UEEEEROEA SI3RR Y | cisiKE trans KDIREW L LT 62f
Ehzl-, 22T, VT AT LARRMEOM EEAIFE LT, 0°C 2B W CRBROBRLEUG & MFt
L=, VT AT A —tha ol EFFPWENME T T HERICK DT, £, 7=V ViFE
Kk 61g # 2B 61f DIBE L FRRED VT 27 LA~ — b CBAWIA % 5 2 7273, Boc K TR
L AVE 61h TIISUGAEMEHE L., BILRIIE O 2oz, D, 7 A R THE LAY
6li HLMFT L7228, ZH D OHAE L IS ITEM L L, 621 X bnienoTtz, &KIC, MBREHKD
WELIFFL T run® 2672 61 Mt Lzl 24, BRIbIK 62) N —HEMfLk L LT
Boni, ZoOBE, BLEOSIERI T X SRS A E AT IC X o CTRIE 4172 (Scheme 30.), &
fbik 61 NH—RMEA L L TEONZEBIL. ZhT PO A SBRILISHEITT A, T O
%ﬁ*%x@@:/7jf—y5/%ﬁmﬁé_&T$%¢Hﬁt¢Ewmméu\ﬁ<v7/
{723 convex HNHHEIT L7727 &2 b b,

Scheme 30.
H CoA -
NTs PhSiH;
—_— — —
y g\ TsCN H NTs . NC X "‘\wf'ﬁ
61j 62j (70%) X-ray crystallographlc analysis

if: TV OMIZT LA K65 RN A K 69 W RET B AT o T2 WO
A HUSTERAL L. E Sh 2 RuKI3E 5727 > 72 (Scheme 31, 32.),

Scheme 31.
EtO,C 4 EtO,C Et02 Et02 CN Et02
—X
EtO,C EtO,C EtOZC EtOzc EtOZC
65 | 66 (5-ex0) 67 (6-ex0) (6-endo)

conditions : Co A (2 mol%), PhSiH3 (1.2 eq.), TSCN (1.2 eq.), EtOH (0.2 M), rt / results : complex mixture
Scheme 32.
/ Co A (2 mol%)
EtO,C PhSiH; (1.2 eq.) EtO,C, A EtOzC EtO,C
EtO,C =—H TsCN (1.2eq.) EtO,C =——H Etogc EtO,C
EtOH (0.2 M), rt, 24 h
recovery of 69 : (35%)

69 | 70
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WITIEE T2 2 VTR BBIERZ it L7 (Table 8.), AILE TiE, N P> =fko 7
UANVERRT DI E T, BUIR T8 DA TE 5, £ 2T, £ T2a A Lo 25,
AL 78a MR T1% THLNTZ, £, 77 VR A FAIEEZEA L5638 bR 73b

INTT AT VA —IREME L TINEREL G HNT,

Table 8.

72a-m

substrate

9
5

N/\/

7

72a

N/\/\

72b

.

N/\/\Ph

72c

Ts
72d

ota

72e

F
¥

Ts
72f

a
5

Ts Ph
729

2
Co A (2 mol%) R' R R
R' R? PhSiH3 (1.2 eq.) oN
_— 4
N"TNF g3 TsCN (1.2eq) R
TSR, EtOH (0.2 M), rt N~ TR®
R 73a-m Ts
product substrate product
CN

CN

Ts
73a (71%, 2 h)

Z §
9}
P4

Ts
73b (90%, 2 h)
d.r. =1.9/1
Ph
CN
N
Ts

73c (0%, 3 h)

Z ;
(@)
T

Ts
74d (20%, 3 h)

Z §
O
P4

Ts
73e (0%, 3 h)

Ts
73f (25%, 3 h)

CN

N Ph
Ts

739 (0%, 3 h)

24

N/\/\
Ts

72i

Et

N/\/
Ts
72j

Ph

N/\/
Ts
72k

<
Ts —_—

721

e

Ts
73h (0%, 3 h)

%

N
Ts

73i (0%, 3 h)

Et

Z §
(@)
pd

Ts
73j (58%, 2 h)
d.r. =1.311

Ph

%

N
Ts

73k (0%, 2 h)

g\ c;

Ts

731 (30%, 3 h)
single isomer

CN

N Yo
73m (0%, 3 h)

&




—J5. TV RN Ph R AR A LT BRI ML L, T8¢ 15 bivieino Tz, E1z,
TV Kl %%/I/ﬁ%’ OFTHIE 72d TlX, 7/ FHTIT e < KEREE DN E AN S LB AL
K 74d 2157, REGEROAEMIT, BRIIZ K > TE LT =T 2BV DISLIKE %@%ﬁﬁéa gy
TsCN &G T, AR LG L2l sE 2o b, £z, T2 AW -5 }iﬁiz’n
BHAL L7z, Zhix, EB507 AT R LT%Z%&? CINEG DT, uﬁ@m
BRERAENE Lol PRI, EIZ WA TFNVEEZHT HHE %Hﬁ.dbté:_
A AR N HERAGIR T3 35 H AT D3, [H] Lu% Ph JL%& £ 72g TIIEMENEEW & 5
ZHDH T T,

Wiz, 72h Z#AW A o B, KON 721 2 VWA CEBEMBELRHLIZb00, WIind
HLOBLERZSGD Z ik noT, £ 2 CTHERNBREAOBFHIED . R OB LT
ERWGEET 5 Z Lo Lz, 20K, i%»%%ﬁ#é7%?1%%%%W$%%Tﬁikﬁ:%
EEEANLUTZBICIE, BRSO Nehotz, T, AU T AU PNRICEE <,
EEOER AT LRy Tele i Z 2 bivd, T, ROORGETE LT, E=1 K42 AT 25 721 75:
Aol 2 A BUIR T8l & Bi— Rk L L THE D Z ENHIRIE, S bR L CIIRIRE
Thsb, ZOBRINEIZE EEo7-01F, BONDLBUE T OA L7 4 VEALIZEBW T, B
e Rav T KRG AET L TWD AT L EZ LN, TNOICHYS T A% B
B4 5 = Lk o7z, F72. Carreira HIZ KD ATHFZEICB W CHEARBETH 727 I K
ZHT5HT72m Ot Fu 7 MU TR EME U BH OB LR EZ 155 Z L ITHRR 0o 72,

B ROSHERED B

ASE ORI LT OERICE L L T % (Scheme 33.)6, 72 b, £ ffiod =30 gl &
PhSiHs b =flio =L b e R U RIBAEL, 707 2% % Markovnikov HlICHE~7- & R
739y MEIZ &Y PRA T ZALESEIRIC G2 5, £ D%k Co A bS5 2 &L TT Vv
HIAIZ 52, i< T P ABRE, TsCN ~OMMNERETHREEVICED | RpREN D AL
K= T DA NORiEE > TRILREZ 525, ZOBELE ALVER=LT UHE iz v
~. PhSiHs LNARBIET 5 Z &12 kY, HE= VP e R NI 2525852615,

Scheme 33.
PhH,Si—SO,Ar

Co”
> Coll—H = A co"-so Ar<—L *S0O,A

5 r- CN
| \ \"| CCH
- PhsiHg

N : N
<\ # { Ar §—©—Me5 N

c .
F . /) ArO,S—C=N
o § < H H H

I co' m v \%

Co M PhS|H3

Flo. RERISCBWTANVR VB ATV TT MEONDLZ Enb, AVKR=LT U EEL
TFTORMZHEE LTV 5D Z LN X5 (Scheme 34.), T78bbh, ANK=LT 0 T4
X785 LB THY, ZNHND 16 BELE, W THL =Y ) — NV ERIS L, AVR T
ATNVITICEDLEEZLND T,
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Scheme 34.

0O
1l Il Il (l? EtOH //O
Ar—ﬁ- == Ar—S—0e¢ =—= Ar—S—-0-S—Ar ——> Ar—S\ Ar : p-MeCgHy
o) 5 OEt
74 75 76 77

BH o7 BRUSNOEREILEAZ A O BRALSOG DR

AT O SRS TR L2 BRIS . ARRISICEB W T AR = VTG A2 B & 72 5 = L R
SN, £Z T, TsCN EFRBRICAN KR =N EEGTHHAIEEL T O INVT 7872 —L LTNA
R, 7 UMD ERREZEANT D FIEIC/ D &5 2 7-(Table 9.),

ET. TATCOWEEIAR B AR =NV IEER AT HRME R L7, BOSIT—UIET L
o t-(lentry 1), WIZ, —BROR B Z VRV A Ph A~ EH L2 2 A, ZO%E
XS EHE L L, LAOBRLIK 790 (3& b N7e o To(entry 2), £72, ELTETAFAT TR
NNERZLEEZR LT BICANR LT DA T 52 L2 L TRLFR =LA
VERRET LT, ROSIE—UET LRy o 7= (entry 3), —J7. PhSO2SPh <° TsSePh % A 7=
BITIESUSA HMICEIT L, BRILIK 79d,e 2 Z I Z 7= (entry 4, 5), 728, SPh EAER{L X1
72 AR FEY RIK 80d HEIA Liz(entry 4), E£72. BRALIK 79e DOREEIL X i s &gt &
> THER LT 5 (Figure 4.), F(Z, TsCl7=° TsNs® biaf L7223, WG4 b EAOBRL
KEtGs 2 LIdHk 2o Tz,

Table 9.
Co A (2 mol%) _Ph
PhSiH; (1.2 eq.) R S
+ X(12eq) ———————> + i
NN EtOH (0.2 M), rt N N 0
Ts Ts Ts
72a 79a-g 80d
entry X time (h) R 79 (%) comment
1 PhoZS\/\SOZPh 16 f\/\sozph 79a (0) No Reaction
2 Phozs\/\Ph 3 LA ph, 79b (0)  complex mixture
Ph Ph
3 20 o 79c¢ (0) No Reaction
TsN”Z “Ph \N)\Ph
4 PhO,S—SPh 3 SPh 79d (56) 80d (23%)
5 Ts—SePh 14 SePh 79e (61)
6 Ts—Cl 3 Cl 79f (0) No Reaction
7 Ts —N3 24 N3 799 (0) complex mixture
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Wiz, 5N BALIKROEWR )G 2 et L=, JEOMEHIEBW T SPh D A % i 72 B,
AL OB 794 12N A TAARF Y RIK80d HEIVERY & L THLILZZH, Zhvb ZbL
TANR =R 81 ~UR S 1% 2 & #7772 (Scheme 35.), MitoOfEHE, —EBEH OBRILLIS
T 79d K Of 80d DA A MERRL, WIE P CIRIEAZRE E L, Y7 un 2% k1D mCPBA %%
TR THEEBT DI ZLICE D ANE= R8I NE—Efm s LGN Z E 2 R LT,

Scheme 35.
Co A (2 mol%)
PhSiH; (1.2 eq.) R mCPBA (5.0 eq.) SO,Ph
N~ PnSO,SPh (12eq) N CH,Cl, (0.1 M) N
N EtOH (0.2 M), 1t, 3h N i, 2 h N
72a without purification 2o & _ pp, 81 (60%, 2 steps)

80d : R = S(0)Ph

F 7o, BRALIK 79e OEH)GEOFRFHT LV | BERb/AKIRIC L oW b, BBESS A2 C=F% v A
FL K8 AERBMICE 2D L R L TVWA(Scheme 36.), A& % Scheme 35.0 A L7k
=L L FRRRICT Ry PERAAIRETH D . LRI 52% CERLA 82 & 5.2 7=,

Scheme 36. Figure 4.

a)CoA (5 mol% b) H,0,
PhSIHs 1 5eq.) SePh THF
N/\/ TsSePh (1.5eq.) 60 °C N
79e

(0. 2 M) quant. Ts ""x.r"‘* (ﬁ
7Za rt 16 h 61%
| a), b) : 52% (2 steps) T X-ray crystallographlc
one-pot synthesis analysis of 79e

AN LS TELAZX VY ATF L UAL Cofiliitic L p e R 7 MRS ZEHAT 52 & T
Wik % 52 5720, = OF FAHEIZE L (Scheme 37.), il x (X, = 83 |Z Scheme 36.T
R LR ZEHT UL, =% XA F L R84 252, fitd b Rev 7 /{b, &7 /Ko R
FNIE~DLEHIT L % Cuparene DERMAIFFCE | SHIRFT D TETH D,

Scheme 37.
| 1)Co A CoA
PhSiH; PhSiH;
TsSePh TsCN
—_— —_—
2) Hy0,
83 84 +)-Cuparene

27



U [3,3,014 7 & B ASHESLIE D B %

VxRN T VNGO DR E LT, [3,3,014 7 # B OMEE BiET Z
L2 LTz, AE#IL()-Kelsoene °(+)-Conessine 72 Ekk 2 72 KM G EN D HEMETH D |
T OMEEEOFRRBITEERMERE TCH L, EFHIT, 7V DNVRILRINIC L » TRERK Z /5T
5 E LC T MEO A 2 3. C7-(Plan A, B), PlanA Tix., 7 YW/ HAk 86 & @i
RELTHREL, AHERIZ 70t 77TV H N 8T S DERALKISIZ L 0 i#EL Z LR Hk
HEBZI, ORI at T TN ERBETARILISIEBEICHM OGN TR, v m
F 7 2V AZx D TsCN ORISR 7 2 A VEORGMS FIZB W TH#EITT 25 Z E AR S
T\ 5 (Scheme 38.)9 —J, Plan B CTI3#EHfEIIA 90 #5%7E L7z, 90 (Xt L7 E D L BERIE
BRI E 0 PR 92 22D Z ENFRETH D EB X, TORBKICIZ 7 n e LT oL
R EY)TH 5 & L 102N ERFHIE T LT,

Plan A Scheme 38. Ts

CQ: Q | O’Q'eilne [Ol*tp

Plan B

MesN

(-)-Kelsoene (+)-Conessine

T, A AV EHEWEETHE Ru v T b % R L7 (Scheme 89.), &
BOSTIX, BN T PANVHRET BN ETIE, BUOSICE > ToD 2 5%, #< &7 /b
convex MO TTAHZ TS ZH—BMARLE LTHEZDEMFLZ, L L, EERIZIE—F
0)7/1//7/0)%%3 t ey 7 J{bEiiz 96 LG oo tz, OB, BALISHIEIzHE

TLD SRR, BERFTICBWTHORERa Ly 74 A—2a 2D 2 ENRRETH 727
25?)71 EE % FAERDOEZ 60 °C THiat L7223y, BUSITEHME L L 95 KT 96 DWW T b5 b7
Moz,

Scheme 39.

Co A (2 mol%)

PhSiH3 (1.2 eq.) H H

TsCN (1.2 eq.)

. — = —> +
EtOH (0.2 M), rt*, 3 h i / oN
94 *60 °C : complex mixture ) M m H 95 H N %6
(0%) (33%)

28



Wiz, =y raran -n KT EHWT, v /uauab T UV ERET A T
LABALSS G LT & 2 A LAHDERILIR 98 Z H—RIE R E LCHE 2% 2 L I12aE) L7-(Scheme
40.), AFIETIZET., v zaraXr~Db Raasryr MeMES L CHRIK T # 5 2
Toth. MEEIRARY 7 a0 7 a VBRI TOIREL D EEZLND, TOH%, DR
BERIEHNAT, MORRa 7+ A—va e THEIT L, =T VNV Z SRR S 2
5 ETBRAIK 98 MEL— B R L L THER LI E TRREN D, 728, BRILIAK 98a K TN 98b D7
AT B Uik XORhG S &S MR I L » TIRE L T % (Figure 5.), Z D%, 7147 VINEIC
Me KZEALTZ 9T Z WA TYH, 97a LRIFBEOIERCRILKEZ 52 -2 &b, B=
wvanfuﬂymiﬁ7w7yiw%%wﬁmﬁ%fﬁ’kﬁfwénto:mi A=

ONRVEDERMMIL T, By a7 a XU Efin iy o WIS E R L CWbH A
rEEZLND,

Scheme 40. Figure 5. X-ray crystallographic analysis of 98a and 98b
Co A (2 mol%) H
PhSiH; (1.2 eq.) : ¥ 0 g
————— > TsN g CN il =
TSN R TSCN (1.2 eq.) ~/ Py " ,_‘LT o ! "»/L
< EtOH (0.2 M) R v s Y »
rt,2h L
97a (R =H) 98a (R = H, 38%)
97b (R = Me) 98b (R = Me, 31%) 98a 98b

AEIETIE, BAOBRIBIK I8 2150 Z ERHKIELOD, RINERIZE EE-sTWND, T
PUF ORIBORED 5 A LT 5 72 L 522 L 7-(Scheme 41.),

Scheme 41. Proposed side reaction

H
TsN — TsN > TsN
R
v 100 97 + HCN) 101 (97 + 2 HCN)
from syn-V from anti-V
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F9°. 1H NMR OHIER R LY . BRI 98 LSMIG O NT-RBIAEMDIL, WTFnb T T %
Fil7onZ DR STz, o, BEOWEIiTolzE 2 A, HBEWE 97 12% LT HCN 21—
DTHDLNNE S TILTWD Z ERRBI N2, ZI D DM A 72 344 % Scheme
411 R LTV 5,

FEATR U Tl R I DA U2tk BAOKG L FERIZ a TR LULIEEEGDNRAT S
ZETNEEZD, ZOB, BILKENT TRLIZay 7 A—vavaziklBdo L, i< LA
RIERIISOG R ELS . ELDIRBEBDODELDBIHET L RN ENTHRIND, D72,
Z VA VINE TsCN IZHHHE S 4L, SOSMZBE G Ligho Tz =@ T V7 o Zxtd o8 Fa v 7 4k
FOGHHELTS D 2 & T, HEWE 9TICHCN N L= 99 ICEDL EEZ NS,

TEHIR LR T, RIS b TR LEMADHZIC L AIVOARKREZHEE L T\ D, K
A SERILEUS D HEITT B &, TUDNADBEL D RFEE TV ANED syn KON anti DL
ERAMR & 72 2 “RIEOFRUAV OAERPIEEIND, ZOBE, syn-Viblx 7 ¥ B VERALKISIZ
fe< 7 ez k0. HEWE 9712 HCN BA—4 I L7z 100 WK T 5 & Ex bhvd, —
¥, antir Vb OBACLIN IR CH 5 Z LN TSI, TsCNIZL D & TV U Eiioe
Re o7 Eic X » THEWE 97 IC HCN 28 L7z 101 ICES &2 615,

BT RS ORET

IZIZ, TAVE COMGTCHET AR A B0 - HRSIZ £ D BRALSG ORE S %4 37+ 7= (Scheme
42), = Z T, FBHIZZt=rv 7 a0 7a R 102 KOTPHVT 772 —L LT END
T UNBEAFNERNTE e o7 MBS ZRE Lz, ARG T, £ @OSUsHES T4
N3 102 ~Dk Faa L MenMEHRT A2 & THEERIT 252, Hi< 7 a o R BRiE
MNEVBERRIONVT U INTNEE 25 X9 ICE\ITT 2 EMF L, 2%k, £ACZTDOT 7
U VER A F x5 T PV, #i< bexo BRALSOG A EITT I 103 NG bhd & B 2T
N, EERICHE LTc & TARKNTIEMI L L, BAHORIEK 108 #1525 Z LTk oTz, &2
T, ARG EBHTHIChlzo T =1y 7 n7nsR0 102 Nl e g Th o2kt 572
DIZ, T 7 VIR A F IV EIN 2 TICFRRO SOG Z fitd 5 2 & 12 L7 (Scheme 43.),

Scheme 42.
CN
Ph o~ Co A (5 mol%), PhSiH3 (1.5 eq.), TSCN (1.2 eq.)‘ Ph
+ Z "CO,Me
Ph EtOH (0.2 M), rt, 18 h Ph
CO,Me
102 (1.2 eq) 103 (0%)

: T

P G
N N s
Ph : P Ph : Ph

I

COzMe
| Il

30



102 # & Fe o7 JABROSSMITAT L7BR. ISR T RIS TREND, T72bb, 2134
U7c#, a CORLEHEGDHAET TN 2 5 2, KPREAD 513 104 LT 105 234 U 5 AlRetEDs
HbH, —FH b CRLEMEDEAATVEIIMAA L, 106 LN 107 OEKRE 2 Hivd, L,
FERIZ 102 ZHWo b Fe v T MERISERE L& 24, BOSITEM L., Znbor T 2k
RAHEET 2 Z LITHRR o7, AR LY, By a7 aRrE R0z FRIRSIEIA
HTHD LWL, MET a7,

. NC NC_ H
a Ph\‘/\(\H Ph:‘/\(\H . Ph:|)\’<\H
Ph Ph Ph CN
/\r\a 104 105
Ph
- T Ph/( \(\H
b1 H H H

102
CN

Ph_ = ——> Ph = + Ph

b NC NC

Ph 11l Ph 106 Ph H 107

Scheme 43.

Co A (2 mol%), TsCN (1.2 eq.), PhSiH3 (1.2 eq.), EtOH (0.2 M), rt, 2 h : complex mixture

2 Z BN
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E=FE TN rO FuaT7 I NVBRIbRG

FF i

F—EHROHE EOMFTIL, AR VEEMAE LTAEARERETH LT/ KOEBA
B % Fd 2 B L C& 7z, Fic, B _ED Co itz 2 7 1 VEOSIIRER 72 54 T CROG
DT D728, RICFRED SUSSAETH VR =)V A EHEE AT L RSO Z BIE+T 2 LI
L7,

ANV =VESEAGE L LT, VAR CEEH BRI 2 A SR R IE O KA NSO 23—k
BNV BTV 5 23 (Scheme 44.), 7V /LT 2 A1 VA VIR = VRIS R L CAEINT 2 BOG &
WG TH Y, HEWERESICHAEALTLEI D, ZHETIZEAEHRESI N THARWN
(Scheme 45.),

Scheme 44. Scheme 45.
(0]

o} O o
R')I\X s R')]\R "X R )I\ o

R' X

‘O R

R‘XX _> R')]\R "

TDT=, TIUNNISGFE T TONVR =NV EEZEAT SO0 E LTIE, —BILRENST v
T VAN ERREIEDLFIEIRL, X AASOMINISE IR, \ﬁqc%‘fé%/f%bﬁﬁb\%h
C & 72(Scheme 46, 47.),

Scheme 46.
ABN o A~ o] O H
n-Bu;SnH Z “R2 n-Bu3SnH
RI-I + ZOR2 S R'e o J R JI\/.\ — JI\)\
benzene R R R2 R! R2
CO, 80 °C
Scheme 47.
2_
NOBn NOBn Rl NOBn 0
. (Me3Sn), (Me3Sn), ag.HCHO  J|_
R * Me0,8” ~SO,Me T’ R Ss0o,Me T’ T R “R2

—Ji. TOFNT DHND TV = NFITRT DANBORIE, Kim 572827 v r FA4 4L A — |k
3 IHMONT TN~ 4B HNTER LTI, ZVMNVT 772 —L UG ThE
TR J VIR =)V FEIER 54TV A (Scheme 48, 49.), 7235, Scheme 49. O KJRIZEBWT, Fi~=
U AERIBRITERERTCHDL A FENDNVARZNVIRTEN LTGEIE, TV Ty ZEALDHEIT L
TLEID, TIMRIZHWD Z L id kR,

Scheme 48.
o) n-BuzSn R O° o , o
Rl + )]\ (n-Bu3Sn), . )]\ n-BuzSnSPh )I\
cl” ~sph  hv cl” sp
Scheme 49.
(0] (0] O- gTTTTT e Y
(0] H ; . OSiRj3
| 108 GePh; {Resi, O (ORs
GePhy —> -GePhy —> coph| S :
n 3 n H E
X X - ' radical-Brook rearrangement ;
ePhy \ ...
108 (n = 1,2,3) 109 ’



F72, 2003 FZ Kim HIE T VIVHRARR— MR T UINT 7242 —L L THEHATHD Z &
%%mLtGmmwwﬁ ZOBE, TYIVKRARF— b DT ANT 7T H—L LTORIGHE
EHERT D202, 110 OFRRIE % VW72t H1T-> T\ 5 (Scheme 51.), T 725, 110 H»
5T IVFILT vjy/lxl DEUTIRICEZDEMRDE LT, IVR=VERICEREMAIMLTEL S
111 &, TAT o~ L > TEUTZT P HAFED T VR = VIS A A L 0 AR
5112 08EB 26050, FHE 110 O VR =L P(O)(OEL): 238 A L7583 111 O B3
LN EMD, TUNVERARR—= IR T OINT 787X —L L TEWKIGEZ S Z & AR
B X iz, — ), SPh REAZEAN LIBIIE T V7 o~ NERBET 2% 112 NRIRMIZE L
ZEMB.COSPhIFT AT 0T INT 7T H—E L TCORIGEMENZ & RS
NnNo, £l-, B OLRHRE L7z GePhs ZEALT-5ES 111 2 EAEM & L THE X203,
P(O)OEt): DA L 0 HILRIMEL | BIERME LT112 b 52 TWH 7, T IVILRAR R —
NDOZUANT 7T E—L L TORICEDRFFICE N Z & DR ST,

Scheme 50.
(0] o-
(0]
EtO,C (Me3Sn), EtO,C P(O)(OEt), EtO,C
P(O)OEt); ————> —
EtO,C EtO,C EtO,C
I 91%
Scheme 51.

£ 1M1 (%) 112 (%)
O (Me3Sn), ml: OEt)2 75 0
AN X hv _\ SPh 92
111

- GePh; 65 15
10 E = CO,Et

FIT, TVHANVRF=L LTI %, SUBNT IR 2 —L L TT IILERARLE— b
ZFFOXVE 118 255 “E CTHW 2 Co BERUS SR, FRIEROBRILEE DS K 0 FE2Fn72 KOs
FFF CTHITT 2 EWIF L. MEd 5 2 &1 L7 (Scheme 52.),

Scheme 52.
0 0 o
X P(O)OEt)), — | X  P(O)OEt), — — X
M—\ PhSiH; (\er . H > H
A RTE H
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N
FH SR ORR

L UOIZ, HE 114a 2 AV CRUSEE OB 21T - 72 (Table 10.), ARt i, 5 5 Tk~
T2 OBLRIG L IFRRY | S FNICT PANT 78T 2 —2Fo720, 0.06 M LRRET
Bt L7z & 2 A, BRILIR 115a 23R 43% CTF H vz (entry 1), RIZIRE OB 2 BFET << |
0.2M, 1.OM OEMHFTHRFTILIEE 2 A, TNEN 65%., 52% DI T 115a & 5- 2 7=7-8, LI
DRFNL 0.2 M OFMTIT> T Sentry 2, 3), F£7-. PhSiHs % 3 Y &MV THIETE(LH
J(entry 2, 4), Carreira HIZ X 2E1THECE %, Fram, & _fi)é #2552 £BuOOH %L
728, WRITSFE S o 7z(entry 5), 72, PhSiHs(TCI, 5 mL, 8000 M)k v iz, A
5 T HV 2 (Me2SiH)20 (TCI, 25 mL, 4800 )& /KFW E L THRF L= b DD, BR{kik 115a ©
IVRIE 20%12 & & F o 7=(entry 6), HIZ. entry 7-10 TITEBEO RN R 2 gt L=y, ICRITSE
XNl ho T,

Table 10.
o} o} . #_P :
Co A (5 mol%) 1 :
P(O)(OEt), Silane i —N,' SN— g
d:/\/ additive (:fij/ | Bu— ?/:o’co‘o:\g Y—tBu
solv. , rt i i
114a 1152 | tBu  t-Bu A
entry silane (eq.) solv. (M) additive (mol%) time (h) 115a (%)
1 PhSiH; (1.5) EtOH (0.05) 9 43
2 PhSiH; (1.5) EtOH (0.2) - 4 65
3 PhSiH; (1.5) EtOH (1.0) 3 52
4 PhSiH;(30)  EOH(©O2) - 3 64
5 PhSiH; (1.5) EtOH (0.2) t-BuOOH (50) 1 45
6 (Me,SiH),0 (4.0)  EtOH (0.2) 3 20
7 PhSIM;(15)  PhCF3(02) - - 24 37
8 PhSiH3 (1.5) toluene (0.2) - 24 32
9 PhSiH3 (1.5) MeOH (0.2) - 3 55
10 PhSiH; (1.5) iPrOH (0.2) - 12 42

IZ, entry 2 (Table 10.) D54 % VT, Co il V 77> REh R A #ERT 5 Z L2 L7z (Table
11.), & ZC, Co fikilt B-E Z#REFOHEH 812> THEMR L, & Fa T I UHbRISE R LTz &
Z A, Co fillit B(Z7 & 1K) 2 AW 25412 115a MR 24% T 5 7203 entry 2), Co fillt C-E
ITEBED 116a 2 525 DA ThH o iz(entry 3-5), Z DR, [KINETIIH 72 H DD, Co fillit
B(7 & I NIBRALSUS IS ATRE Th - 72720 RERIG~DORZ R L X T 17y 7 a~
XTIV HLEK LT Cofilii B 2 HWCTiFT L7- & Z A entry 2 & [FIFEE DILHE T 115a
EHZIER, SOoNEERIEITT B IR THo(ebtry 6), ZNHDFERLY | BANIHF L2
Co filti: A 23z B L TV D LI L, R IS & ORI A 372 & 2 A, 115a OYUEREINME T
L7272, entry 1 O5M% AW THEE - HEZ Rt 5 2 L1 Liz(entry 7).

34



Table 11.

entry Co (mol%) time (h) 115a (%) % ee
1 A (5) 4 65
e} e} 2 B (racemate, 5) 24 24
Co 3 C (5) 24 trace
P(0)(OEt), _PhSiHs (1.5eq.) 4 D (5) 24 trace
O/\/ EtOH (0.2 M), rt o 5 EG) 9 1 trace -
114a 115a 6 B (chiral, 5) 24 20 0
7 A (2) 9 36
=N N= =N, N= _N N_
Co Co,
t-Bu O O tBu  tBu ol o0 Bu
OAc
t-B t-B t-Bu t-Bu
A B C (racemate

B EE RO

HE O RFCIE, FTEERFTCHWEREEO RV B UBRICA Ui, T neisil
A LT8R 114b,e 2 AV 2 & 2 A BRAEIR 115b 23R 69%., 115¢ 28 59% T15 & #17- (Table 12.),
F7-. b7 2 R %%1Md%$ﬁm_%%7 ETHY. W45MK%M¢%ﬁxto_@
B, NUBU AN VERICE TG TH D A R RS, WBIMEITH D7 v HFail
Abf%ﬁmimﬁ_&ﬁbtuM@ﬂ it\_L@7w7/%ﬁ¢51Mg%%wtk_6\
DUk ¢ 32 OREZE 2 1 5 BRALBUS S HETT L, BRIKIK 1156g 2SR 57% T H vz, & ZC, 114h
DR T N R DDA F NI/ T HEZH UL, %7 ULzl €8
BRIZDEITT 2 EMIFF L7, BOSMTEMEIL L, 116h 2152 Z LidHkien o7, £, 7
W AN E —RFHIR LT 1144 Z# WD EEREER BMRG L2, Z0%A b EM RIS
BB ZDHDHTHoT,

WIT, ~a UEFHERERFT LT L 2 A SBERIEKIL 37% SRR E EE 572 b DD (114)),
T B BRAAER 1156k 13 81% & MR T H v, 1141 & FW 7= BRI Uk ¢ 35 OREEE A I8 (2 4T
Lize 7o, ARV EDofLIC R 2 AT 2 114m KO 114n & ABRIZIE A RE T dh -
2o OB, BALK 1150 (FHE—FBMERE L TR LN TV DD, T ONAREZEIZ DWW TEARRE
Thbd, Ledbfmate LT, v r7ur7 ¥ /) v &# 5252 LTINS 1140 247 > 1160 1E—
U onT. 77 1160 ZUE 56% TH 272, ZiUE, 7 VR TARR: 4-exo BRIEIK
IEHEITE T, BEORGICL D sexo BRILEISDEIT L2720 B2 b b, o, 7U0
WRF—L LT 7ur7 Vw6795 114p,q T L& 2 A, AR E L TAE e |k
> 115p,q ZZFNEIEE 30%., 26% TH 25 & L biZ, RlIERME LTAERZ 7 h 116p,q
BIEFOT, 7B, 77 Fr 1160, A rs h2116p, AEBE T 7 h2 116q (2B L CTidn g
b X RS S SRR I X - TS 2 UE L T 5 (Figure 6.),
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Table 12.

0 0
Co A (5 mol%)
P(O)(OEt), PhSiH5 (1.5 eq.) 5
R! EtOH (0.2 M), rt
R1
\ R2 RZ
114b-q 115b-q 116b-q
substrate products substrate products
(0] (0] 0
EtO,C EtO,C,
P(O)(OEt), O)(OE),
o N\F o Et0,C EtO,C
OMe OMe 14§ 115§ (37%, 15 h)
114b 115b (69%, 10 h)
5 0 5 0 EtO,G EtO,C 0
I I
P(O)(OEt P(O)(OEt):
(ONOED. E0,C E0,C
O/\/ o) \ .
114c 115¢ (59%, 3 h) 114k 115k (81%, 18 h)
o} o)
EtO,C EtO,C 0
P . E10,C EtO,C
Ts Ts
114d 115d (57%. 4 h) 1141 1151 (54%, 9 h)
Ph
2 0 hel pn Ph
o
P(O)(OEt), O)(OE, {t/[
Meo—_H-so, Meo—~_)-s0, 114m 115m (53%, 8 h)
114e 115e (56%, 1 h)
Bn o B
O (o] E'[OzC EtOZC n o
P(O)(OEt) PO)OEL: zt/[
N/\/ N \
a I a ' 114n 115n (50%, 10 h)
F SO, F SO single isomer
114f 115f (46%, 1 h)
Ph Ph
0 0 Phe| A Ph o Ph o
Ph
P(O)(OEt), P(O)(OEt), )
N/Y N
Ts Ts 1140 1150 (0%, 7 h) 1160 (56%, 7 h)
114g 1159 (57%, 10 h)
o} o)
o} o)
(O)(OEt) Q
P(O)(OEt),
N
"I\'ls/j\ ¥ Ts 'INs
S
114 115p (309 116p (99
114h 115h (0%, 17 h) P P (30%. 3 ) P (9% 3 h)
o) 0 o) o)
(O)(OEt) Q
(0)(OE), )O
Ts !|\'IS Ts Ts
114i 115i (0%, 17 h) 114q 115q (25%, 9 h) 116q (13%, 9 h)
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Figure 6. X-ray crystallographic analysis of 1160, 115p and 116q.

ph_Ph f:_'.lr
(0] - '-j = )<:>_ "le it
& Ts
1160 115p 116q

ZOBE, T NUERBE LN DRIEIILL T ORRIZEEL L 72 (Scheme 53.), T/ h ., BAIZAE
U7 =T 2 ISR SN T2, VIR = L HEEAOIRE Z 012 <, fFEL D
Iz Tarsn MEEATHHW0IET U -ty R &2 525, TO% AL OHEERNS
RFR-TRFEFEADHZUC L > TAHECET A XY T O DIVINB IR = VAT 5 Z Lic &

STT77 PARIZED EEZBND,

Scheme 53
(0]

P(O)(OEt), Co, PhSiHs, EtOH N Q
n=1,2 N n
114p,q Ts/\Q 116p,q Ts

0
PhSiH,
P(O) OEt), O, P(O)(OEt), OEt)2 P( (OEt)2
- 0-0 — >
& o' o'l N S|H Ph
m Ts 2
n
n n

n

FIZ, T AEALG b G L7-(Scheme 54.), JEE L LT, 117 2HWi=E 2 A, Bk
K118 LN ZFDY T AT L A~—Th 5 119 ZZIEIUE 16%, 28% Tz, 72i, FAERK
Y118 DAL B U X XM RS FENTIZ K D IRE LTV 5 15 B VT2 BR IR DRSS |
FOSEEREGT Vi~ Ruaasrr MUIZE D2 =87 P T OERPRINCE Z > TE Y,
< b-exo, 6-exoBRALSISI R L CHEITT 5 Z & TRILIKICE -T2 B2 B LD,

Scheme 54.
(EtO),(O)P Co A (5 mol%)
PhSiH3 (1.5 eq.)
(0] NPG EtOH (0.2 M), rt, 2 h
TsN NN 9
Post——~O—F
17 3 N 118 (16%) N 119 (28%)
Ml {
(Et0)2(0)P (EtO),(0O)P l
—_—
. (0] o)
1 I
TsN /\I%\/NPG TsN | 5 NPG
| I X-ray crystallographic analysis of 118
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F7-.120 DFERR T A UERE WG BITo 7208, 26 HICE L TS — U789,
BABIK 121 <° 122 1315 5 172 )2 - 72(Scheme 55.),

Scheme 55.
o Co A (5 mol%)
PhSiH; (1.5 eq.) o) TsN o)
| (EtO)o(0)P EtOH (0.2 M) TsN .
—_—H
/\N rt, 1h
TsN 7 Ts then 60 °C, 8 h N N
120 No Reaction 121 Ts 122 15

RIS, TYVBRARR— b OFMAMELHERE T 57290, SPh £X° SePh & liff ik & L TR
S 114r ° 114s 2 LT & 2 A, BMERIREWE 5 2 2 D7 Tl - 7-(Table 13.), A Hn:
5. WBEEE R ITm W BEERE A2 F5 > 2 LITnA ., EFWGIMEIC K> TH AR = VIR ZIGIELT 5 4
WD D LR ST,

Table 13.

Q Q entry 114 R 115d (%)  comment

Co A (5 mol%)
R PhSiH; (1.5 q.) 1 114d P(O)(OEt), 57 R
S 2  14r SPh 0 complex mixture
# EtOH (0.2 M), rt
NN (02M) N 3 114s  SePh 0  complex mixture
s 115d Ts

BH RS ORET

HIETORET T, Bix RIEEIZBW T TNT IR EITT A Z EN RSN, RIZHS
TR S & fET L7 (Table 14.), & & LTk, —@EHT V72 128 K OVT vubHl & LT 124
ZHWTRE L7223, WTNoOBEE S T —8#ET Lo 72,

Table 14.
Co A (2 mol%) o entry R 125 (%)
(0] PhSiH3 (1.2 eq.
A R+ )j\ % I 1 ,f;\/NTSPh 0 (No Reaction)
Ph P(O)(OEt), EtOH (0.2 M) R rr‘;\/\ .
123 (1.0 eq) 124 (12eq)  HAR4N 125 2 Ph 0 (No Reaction)

Wz, =126 &7 Al 127 Wikt 217 - 72 (Scheme 56.), AKJGTIL, 7 0%
NZ7HNT D127 ICxT DM EFEL ANVKR= VT PNV OREEC X > T %25 2., il o1
WNT SIS TT D 2 L 2 L2, 12913 6T, Yo 126 [2KHB NNz
BRALIK 1838 23U 3T% TR HLIND DA ThH -T2, T Ok, 127 BEG L TV 720 Bk 138
MEAEME LTHROLNEZ &, KOKMGRFICEW T EBRERPARETH D Z L2, B
DFUSHEIT Lo 2R E ZE 2 5D,
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Scheme 5

A O/TS Co A (5 mol%)
. )\ PhSiH3 (1.5eq.)
\\\{ P(O)(OEt), EtOH (0.2 M)

12 6 127 (1.2 eq) 128 (37%) 129 (0%)

TsN + TsN

A et M
P(O (OEt), 7 PO)OEY, P(O)(OEt), P(O)(OEt),

TsN

Bt At e

BRHETE LT, b FaT P UBBOSERIHSAT LTEBRIC, 7 b TR 77 bra b xiz
FHE 1140 & AW 5 55 7RO % R G LT,

Scheme 57.DWFTlX, =137 a7 ,3 180 & 1140 12 L A FRIKISERE LT, T
bbb, YOEOEISHENTHEENI =Ly 7 n T aRr~0t Ra 32390 MEBMEREd R,
FTI AL, Fe< BRBEALNS, 1140 ~OFHIMC v, MAERTHEEZBND, TD%, B
IWRZNIAD T DT NAIINE 4-exo BRALEIL & 72 D72, TN o ~D 5-exo BRALIIEDMESE
T 5 ETHEN, HBICIVID 6-exo BALISHHEIT UL, PERMLAM 181 2525 5 %
7oo L L, FEBRICHF Lz & ZARNMTEMEL L, 181 2155 Z LTk o7z, ARG
DTG TH D Z El2Max, v a7a XU RlREEERO, BEINDEIKIENEL, K
IENEHML LT ZExbND, T2 T, B2 zu7nr 180 %7 7 VLR A FL~E 5
L7=5r FEBOS Z /G5 2 & 12 L7=(Scheme 58.),

Scheme 57.

Co A (5mol%), PhSiH; (1.5eq.)  EtO,C 0
P(O)(OEt), EtOH (0.2M),t,15h EtO,C Ph
EtO,C COZEt Ph

130 (1.0 eq.) 1140(1 0eq.) 131 (0%)

l T

E10,C P(O)(OE),

EtO,C COzEt EtOZC CO,Et
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Thbb, T VAR AFILIL  Scheme 58.
Z>Cco,Me

7 OANBIERIFTIBNTT D0 (10 eq)

Ph o
NT e TE—E LTORISHEE >§;< CoA (5mol%) >§F\F
RTOT, 1140 ~Dt K a1 P% waa)ggy&%ﬁ h

- COZMe
MEDMERET D EEZBND, = 1140 n2h 132 (0%) 1160 (41%)
DOBAEL LT ILXRILT LTI, l T

for. < 4-exo BRAL UG DI ASFI 72 SO

Thobw, 77 VNABAFNLE  |Ph -/\/_\Q\COZMe Ph&bcone
WAFSHE D Z & THFHMMRIE | PH y—PO)OEY), P Y—P(0)(OEY),

NEFTL, ONETLREEZT, o O

ZD%, BINT VMRIZ L 5T

BAGAR 132 23 ERR T2 IR L7228y, EERIZIIASUSR TS 7 7 b K 1160 23R 41% TH S
NHDHRTH ST,

EUE T 7 M ARG ORRE

%1 Co il cnF 7 R oAb % faEl  Scheme 59.
L7, TRNETOTIINARARRE— " 2T o—/( Co A (5 mol%) o .o
)(OEt), PhSiH; (1.5eq.)
HNT I T B — b BRIGRIBNT, L (:[/\~ aa@?m—’(:(;i
HEUIET 7 kBB o TR R, ZR5 b f,6 h, 52% i
X7 AL LT LIZ S WEVEIZERE S 41 Scheme 60.

HHDThol-, £ Z TAREITIE, AAK/ Ph><j/0 gr?s‘?H(f(T.oslzg.) Ph><j§:
_ o s e — o
RNWVA—Re T HNT IS E—LF )LP(O)(OEU EtOH (0.2 M), rt

Ph Ph (e}
577 hAvERE L., £, REELT 135 No Reaction 136
183 H N E = AL 5 bk 184 2R | }
52% CiH 5 Z L 12 L7-(Scheme 59.), L  |ph >C/ o Ph ><j<ip(0)(05t)2
BUL EE ol s LT 185 2L | AR o, T e i

T BRI SR A —UIEF T 97, 185 N EEAY ' I

(ZFY & 4172 (Scheme 60.), Ziuid, BEEDOANLE X OB FHIRMBICEIV T LV b T OREE
753{3%75 EIZE Y 9 T T AT T D HIVOIIERET Lo Tzl H7E EBEE LT
W5, BRAEEOREFLRLT-N, TINHRARR— FOBRSICHRTHEEARDRNETH -
T2 ent, DBEORGFHIKE L, UL, RRISIEHE AR BV A— NMIXHT 5T VX7
CHNOMIBOER E LTIV DOEIIBI TH D=8, Biiz72T7 7 bramibs LT L TV 72
WEEZTND,
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BUE FXTLNDRET VNN DBRF

FF i

7 X VRITEELCEIE R EOAPEEMETICE ENLHERFRATHY , a7 I
BRIEPBRFE SN TE L, —RT IUEREE LTEL, ¥ 7 /7 EP= ek /132 0o
T EERBERREDETLISVDH LN TS, £72, Gabriel 7 2 &8 1, Delépine )i 2, iEI0
B7 2 /4b3, Ns 72 RERHET D T IO EicfEEIND, EFRREH L IRFER
BAHOMAE DO HESL @5 I TV 55 (Scheme 61.), ZEFKE A & IrFEREAZ
HPRETIECZ L, TIVERKE LTEHE Y ATV (Scheme 62.)5,

Scheme 61. Representative amine synthesis (Nucleophile: N, Electrophile: C)

Gabrlel Amine Synthesis b) Delépine Reaction
HoNNH, N R™>X S} N .
—> —»R/\NH I/ \I —>X® \I ﬂ’R/\NH
2 N-[_—-N rN- ——N 2
LN/ g LN/
c) Reductive Amination d) Ns-strategy
2
R R® R' R® NaBHeen R' R ROH Ns R3O
=0 + HN —> >= ———> N RUNHNs — > R{_N_, == R{_N..
R, R? R, R* R?X

Scheme 62. Representative amine synthesis (Nucleophile: C, Electrophile: N)

RM 137 (%)
Li, 78100 °C H U n
R-M + BocN-OTs —————> BocN-R  S-Buli 42
hydrolysis MelLi 60
137 PhCu 40

T UARREE LTI, A X VBRICKT A AKRBEOREM MBS b H LTV D, Ll
KEEAHMBOE TIE A B RO RO EMED 7= DIc =T I v~ BHALBE T T 5729
BRI HI THDIRFET P INDA I ~OMMBIEPE IR SN TE 7=, #The N
TS URF X VLT XTI ANBHIMUTEBRICAET DT I =T VR, BT 5~
TR LD RENEZTRTL, FVINAT /T2 —L LTEATWS, 2. Hohb
ERTVRT A aX T I ALRETHINCT 2 AR TE D720, oINS &2 HIciE
IR SN TE T2, BIZIE. B RT VAT DT U AAIROGNIE, 1991 42 Kim &
2 X o> THID THAE X4 TV % (Scheme 63.)6,

Scheme 63.
CO2 X= C(COZEt)Z

Et0,C
n-BusSnH \L Q d CO,Et
?L\’}‘ B N @ Et0,C
PhSe N benzene :, .

o 80°C /Q /Q /‘4 N, Ph™ X H

75% Ph Ph Ph

ARKEETIET VY P UBROERMEH E BEZ L OATF L o OMBEZERE )& LT\Wb, — 5, 1994
FIZ Fallis Hidk, NNV 7 x=)Lt KTV 0 ZHWT=T P VBILEE 28 L Tu 5 (Table
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1507, ZhuE, EAHEERWE KT AZKTT DT AFIT D H O GE L TIEEPOR
DI CThHD, ZOBESmlZHns e, [KIETFTCHLEIENEITT2 22 RELTRBY, -42°C
T W SEREIR PE 2 F o T2 B L OGS S EFT LT 5,

Table 15.
entry temp. (°C) conditions 139 (%) cis/trans
_NNPh; NHNPh, 1 80 AIBN, n-BuSnH 95 2/1
C; CI: 2 21 Sml,, HMPA, THF 91 2/1
BrMe 3 0 Smly, HMPA, THF 85 31
138 4 -42 Sml,, HMPA, THF 88 71

—HAF VAL, MDA I FRITEE AT ST < < ZBETEID N0 & vy 9 F|
HEARHY . 1983 4EIT Corey HIZ L > TAF L L E2 MWD TV H VBV EIS N HAE S TLLE
(Scheme 64.)8, X HNT 7 FE—L L TCILHEINTWA,

Scheme 64. .
Zn powder OTMS T™Mso NOMe oH NHOMe
O _NOMe Tmsc) . _NOMe
2,6-lutidine
CO,Me THF, reflux CO,Me CO,Me CO,Me

84%

S FRIBOGICEE L CiE, 1988 4E1C Hart HIZ K> THID THIE SN TV AN, AJSTHWD
ZEMAREARR DT, SAAEED/NEWIRLV LT IV KX LD TH - 7= (Table 16.)9, <D,
1998 FAZHNEEDIZ K o T X T ART IV KXV AT DT VXN T AN OF IR HIH T
WA XN TEY, AT BFs OEt: ORI L > THUSHMERE X1 Cu 5 (Table 17.)10, =
DEE, WA ZABEOPINC L > TRIGPRESINT=Z ED, TV RX TV AISRE IR T UL
ZREEELTRISELTEY , 20 LUMO &REZRRFE T 2100 SOMO 23EUG L TN D &35
BINTWD, £/, entry 6 IZBWT LA —UET L TWRWIZ D REISSEMIZ
BT, XV AEZTIOINT IS H—E LTHBD TEWRIMEZ R T Z R S LTz,

Table 16. Me;Sn0 OSnMes Table 17.
Ph Ph H BF3°OEt, H
R-X + NOBn PhPh R_NOBn g+ ZNOBY % Et-_NOBn
benzene, 75 °C 140 R CH,Cly, 25 °C R 141
entry RX 140 (%) enty R 141 (%)

1 n-octyl iodide 77 1 Et 95

2 cyclohexyl iodide 76 2 Ph 98

3 cyclohexyl bromide 56 3 0-CgH4(OMe) 93

4 cyclohexyl phenyl selenide 78 4 0-CgH4(OH) 41

5  t-butyl bromide 84 5 p-CgH4(OH) 96

6  iodobenzene 67 6 Ph™ X 62
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A
B AF s EOBRISREORG

Fa Tk _RCE 7L, AXVAETUHINT 78T 42— LCHEATHAZ ENELNT
WDHR, ZNHDOELITEIBSRMECAER A RRELELEL LTS, — ., EENRZNETH
L T&E 7 Co SN A2 AT L TH AN THIUL, L VIR HR TORICEISN
ERRTE L EHEL, DFRICT AT EAF o A a1 58 % A0 CTRiEH 2 B4A L 7-(Table
18.),

FP. TXF L LDRELOREERIET 572010, 142 ZHEWE L L TRE L. RUGEMHI
W =E TR LCE R T v MBSO REGFEEZFA WS Z LI L, ZOB. HEWE
(Z)-142a (R = H) O TR LT X RS S S fRAT 12 L 0 8 LT3 Y (Figure 7.), (2)-142b-d 1%
WP H(2)-142a AT S Z & T, BB AL LTER,

LA D IChm 0 | T TEEHED 142a & AWz & 2 A ST EMEE L BR1LIK 143a
TS BN o Tz, ZHUET VIR BV COKIBREDOKENEES LRI SN E Z > TV 5
HIELEZ BB (entry 1), KIS, A F ¥ LOR#EERE LTRASND Bn a2 Rat Lz & 25,
HEYE 142b B X ) —VITIE & A ERIEET, SOSE—YI#E1T Lo 7 (entry 2), — 77,
Bz & AW A3 BRILIK 148 M ELNT-H DD, 35% EIRINETH Y, BIAEKM E LT b
VK144 & 5 % T=(entry 3), F£7-, Bz KA AT HHE 142¢ © 142b & RIS REER E D> 72
7o, WEOEMMEN M LT UINEER g EI D YL, TBS B2 AW & Z A, I 52%
TERAILIK 148d % 5 % 7=(entry 4), Z DFS, 8L 143d OHEEIL Kot NMR % WV CRE L T
W5 (Figure 8.), £7-. entry 5 Tlix BN N ZIKDIRAEY ZHBEWE L L THWEN, 208
A HRISTMBICHET L, BALIK 148d 2 60% TH- 272, 7B, 7 VB NAKIERMIZE N T
VU NEEREZR TS HIE I ETIC A LoHESI T HT 11, ZOMEOFHEMHIZ OV
TIHIFEAEMBN TR, T, R#EILE LT Ac A2 HW54 1 TBS K & RIRREOILE
TERILK%Z 5 2 7=(entry 6), UL EDOKFHI LV, A% A EORGELT TBS & O Ac ZE23 i)
ThoHEHW L, WICHEE IO E1TH Z LT LT,

Table 18. Figure 7.
TsN /\’/ Co A (5 mol%) TSN /\’/ \\ ) ”
PhSiH; (1.5 eq. o’ '
Ph\ﬂ) 3(1:5ea) | oy + Ph Vi | /
N EtOH (0.2 M), rt NHOR | ]
“OR Ph o / 3 (2)-142a
(2)-142a-e 143a-e 144 i
)L.
X-ray crystallographic analysis
entry 142 (R) E/Z time(h) 143 (%) 144 (%) comment
- Figure 8.
1 142a (H) Zonly 8 143a (0) 0 complex mixture
143d
2 142b (Bn) Zonly 24 143b (0) 0 No Reaction
3 142c (Bz) Zonly 4 143c (35) 42 - ——~
4 142d (TBS) Zonly 5 143d (52) 0 - TsN H
=
5 142d (TBS) 1/3.1 5 143d (60) -
6 142e (Ac) 1/1.5 8 143e (61) 0 NHOTBS

~~:HMBC
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B RE O/

AT AOREILE LT Ac B ONTBS a3 5 58 %2 F VTR — ik 2 5 L 7= (Table
19), 72k, AF T 2ONME(LFIB L CTiE Figure 9.3 /R L7ZARICEFR LTV 5D,

FP. BT B 145a, MOV L R A 145b ARET L2 E 2 A, WTROEA
H S ITEME L L, RAOBRIA 146a,b 1T LR o72, TNHOFERNL, RIS TIE =
W7 IINEGEZ DTNV e MRV AOMAEDOEDRMEATH D L HW L, 145¢ &1 145d
ZHAWTREBBRIEKZRARTZN, WTNOGEAE LHEDEIZT X THEE LIb 00, EHERES
MEH2DDHTHoT-, 2T, HEREKEBFERF LIZEZA, AFVEEETHT X
I 145e [ TBRALEUS ST L, 146 LR 66% TH 272, £7-. ~ 1 U EEHER 145f,g 1T +
VT R RBERIZHERTE Y BOSEE R L, @I CERILIR 146f LN 146g % 52 72, &%
BT, VANV —=L LTy axr T a7 5 145h # VT A BB BROBE L AL TN

ﬁmi@%mb BAbIK 146h 2155 Z L ixHk Aoz, 2RO DOFEENS . ARIGOHEITIC
T [ONEMITEE L W=k T P HVOREQ, P XY AORHAQIEEREK] BNMETHD

. BREEET A UMK E L TUEHRFE 2 45 DFHD T ¥ VBV G &
ZD L) BRBALKREZINRE S G TE 5 ARG

Z WG inoTls, Ll
S THEEES 2 JAE BT 5 L oz 12,
RROFETHD EF A D,

Table 19.

» Figure 9.
! R2?0,C
Co A (5 mol%) ~R® P TeN Y R20,C
R® PhSiH3 (1.5 eq.) ! RH‘) R
NOR' EtOH (0.2 M), rt 1
—NHOR' 1 (OIN_ ENL
145a-h R?2 146a-h R2 ' OR OR
substrate product substrate product
TsN H TsN
Ph H TsN Me
NHOAc NHOTBS
NOAc Ph NOTBS

145a (E/Z = 1/5.3)

TsN Y
H\”)

NOTBS
145b (E/Z = 1/1)

Me

CL7

145¢c (E only)

EtO,C

EtO,C
Ph
NOAc

145d (E/Z = 4.8/1)

146a (0%, 8 h)

sN
NHOTBS
H

146b (0%, 24 h)

Me NHOAc

o

146¢ (0%, 6 h)

EtO,C >Q<
EtOC +NHOAC

146d (0%, 7 h)

145e (E/Z =1/7.3)

Et0,C
EtO,C
Ph

NOAc
145f (E/Z = 5.7/1)

BnO,C
BnO,C
Ph

NOAc
1459 (E/Z = 2.6/1)

2

NOAc
145h (E/Z = 1/3.8)

146e (66%, 5 h)

EtO,C
EtO,C NHOAc

146f (96%, 5 h)

BnO,C
BnO,C NHOAc

1469 (83%, 6 h)

TsN NHOAG

Ph
146h (0%, 10 h)




BH RSO B

ARE OREAEIZLL T OREIZ B %2 L7=(Scheme 65.)13, 9725, HANIT AFLT P LVIH
HEUTEH, AFXFVEANDTUHINMINCEIN T I =V TP HINNE S 25, KPR SERILIE
~ORIIT @Y EZ 5N D, PathA L, =L b RY RFEICE > TT 2 =0T P HILHMRHHE
S5 ETBILRI 2 5 2 285 C, R ITHES L7-/KFEIL PhSiHs K TH 5, —J5, Path
B Tid, 9 M=/ F EIVA S 2290 REIRV 23 U7z, PhSiHs, =% / — /L AR
T5Z L TRIMAL # 52 R8T, ERICHEE LIAKRIZ=Z ) —VHKRTHD, /2. KK
JETIEREZR R PAFBOG SIS EHAL L2 Z & s 7T 2 =0T VAN AE UBRIC,
DTN TKREOBENEZ > TWDLZ ENTHRINDN, £ OGN E TRET 5 EIERR I T45
HNTNRWD, FEIIARHTH D, 5%1F. PhSiDs <07 /L 2 — VLIS O R Z O 7=t
72 EEATV, KB OFEMEZ T 5 TETH D,

Scheme 65.

X CoA
PhSiH; ,~J-R®
R? R ——— X
EtOH \——NHOR'
NOR! R2
PhSiH,(OEt)
! Path A " EtOH\_//»
a A
l Co”'—H\//_>COII
X/Y /\/R3 CO” R3 m PhSiH3 /\/R3 i
1 c SiH,Ph
R\_//R:a—’x N — X N/0—>x _N/'z
C TN 1 Path B \ TN
NOR? rR?2 OR R? OR' R? OR'
n v ' ]

BIE % 2T LRGSO RET

WICEHL, X T ARG ERFI Lz, 2O, ZRETRIBLTE Y7 a7 a0
BAZAE S 7 o7 ABRALOS(EE %, EIUFI, Scheme 40.) K% 't R a7 v b5 TRk L7
2T DAL (S =5, 55 fii, Scheme 54.) % 232, BALAIER{A 147 (Scheme 66.) % U* 149
(Scheme 67.) % %7t L, EEEOMRFHIHE ST,

FI, BE 14T ZET L2 & 2 AEMERIEAE YR 5 2, BRAUIK 148 1345 B 4172025 7= (Scheme
66.), ALJLTIX, mUNHELTEZRDLTIPHANED 6-exo LG E TlX, Z2EIC LN
IGERCERTH D720, #EITL TV D AREERE W EEZ X DN, ZTOBAF T AR LT
NGB NPT IV THDT-OIIRNERE L LT B2 55,

Scheme 66.
H AcOHN
NOAc Co A (5 mol%) (NOAc
PhSiH; (1.5 eq.) : o NTs
Ol ™ i | L
EtOH (0.2 M)
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T, B vraranrEET 5 149 VB S RISIFEME L, 160 1355 57 o
7-(Scheme 67.), AETH, 7 a7 m XUREAZNC L S T 04K E TIEEEIT L TV 5 AlherE
MEWNEEBZ LD, ZOBRICELLTFRIERIN kT N THDHT=0HIT ﬁWﬁHP:L
Tl Ex oD, £lo, ARTIETI=LT /j]/vmﬁ>%0)f)'ﬁfh}iﬁf75>@ I
FEIKFNEAN SN RIAL, kT PV T A TsCN _;ofﬁiﬁé%w‘_‘/T/ft{ZMtk
MEIERME LTEZXLNDN, TNOICHYT2EB 255 2 & b kot

Scheme 67.
NOTBS pn OTBS
Co A (5 mol%), PhSiH3 (1.5 eq.), TsSCN (1.5 eq.), EtOH (0.2 M), rt, 2 h N
Ph TsN CN
TsN
149 150
NOTBS (NOTBS ph TBS P oTBS

BIHT o F RIS ORET

Hiebiate LT, oG ERA Tz, £7 . BILIGZBIT 5B DR R EE E 2|
ERTINEEZ ATV 1B KONV R A 1B2 A HWENKINE BRI LT & 2 A MUniE
—8HE1T L 72> > 72 (Scheme 68.).

Scheme 68.
Co A (5 mol%) Ph
Et0,C N-OAC  PhSiH; (1.5eq)  EtO,C NHOAC
+ )J\ —_— X Me
EtO,C Ph” “Me Ett?: r(10'2 M) EtO,C
151 (1.0 eq.) 152 (1.2 eq.) r 153 (0%)

No Reaction

WEDHIFEIZIEBNT S, X DIIKT DT IFNT A NVOINEIRNES) %WKE%$@_
BTSN TRY, BEREINTE 0TRSO 1T, AT L0 sp2 [REIE WL E L
TANKRENVIEEFETLHHDOTH 72720 14, WIT, L0 @EWOKISEN TR éﬂé 154 Z W\ T
a7 & Z A, Scheme 68. L (35721 | Hj%‘%’féf 151 OIERITHER T X723, EAHO 155 %
55 Z LTk 5> 72 (Scheme 69.),

Scheme 69.
Co A (5 mol%) NOBnN
EtO,C . J\Jl\OBn PhSiH3 (1.5 eq.) Et02C>/—é/<
_—
SO,Me
EtO,C MeO,S SO,Me EtOH (0.2 M) 2
2 tt, 16 h EtO,C
151 (1.0 eq.) 154 (1.2 eq.) 155 (0%)
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AR VT BRI T DT AR DR

IZETORBTIX, FVINT 787 H—L L TAFVLERNTELN, ZORRE -
BRLBMAICKT 2T PANMINBINE, 7 7 ETHEITT 22NN TS B fFilx
X, B oECTRLEEE v T {BRIR T, TsCN O 7 7 FEITk L TT VR /vT 2 Vit
MTHZENREBINTWD, £ZT, OfHNICT N T 7 B FOIYE 156 % Co filiit
KA LTEBE, TARATIOANT OTT ) ECRTHAIMC L0 ARNEL., A% 208
A LRBRICER LICKBENEASIND Z & TA 2 167 BMERKT 5 &5 2 7-(Scheme 70.),

Scheme 70.
/
—
EtO,C EtO,C EtOzC EtO,C NH
156 157

T T, ERERICHE 166 & Co il tblcft Lz 2 A, BUIMBE LA I 167 1I3—0155 5
g, 158 KN 159 2457, (Table 20., entry 1), B{bfk 159 OHE#IZBI L TiL. HMBC HIE

DOFER LV HEROGFENRE S, BEEOIT LR IR ORERERENG 7 h U R OT La—1Lro
TFENRBENTZT20, TN A TGS U THEE Lz, Z OB, HE L72BR{UIA 159 138E
A TH Y 16, KREERT — X OFRERN—H L2720 169 THDH ERELZ, ZOBEELR
T B OREED S BBENONCEE L TS EE X, BRT CREO KIS ZRFT LT & Z A,
7 158 LN 159 DULEN TN M ET 5/ R & /e o 7z(entry 2), LU, FEEFRBA FC
FRET L72BRITIE B o 1B8 N EAMM & L TR B AL, BRIKIK 169 DILEIT 8%IZ L EE > T D
(entry 3),

APJENZBNT, BALIK 159 ICE L MUK DO X HI1CBR Lz, T7hebb, 74474
LR DET TN TOANNTT I IIAHINTHZ LT, NE5272%, 55 TN TKBBEIN
HETL, =T U HNVIARAEL D, EO%ESE, Co filll:, PhSiHs L ERKIET S Z LIk - T
UL A XY RVBNAER L, BRE - BBEE A OE., A XV OMKSENEITT 2 2 Lick
DIBINEM LT LB X T, ZOBRE VORI CEAS - BB A VAT L iEELE X b D,
L2 L, ARBOSHRE XA OIS D OHEEIZE E 202D, BROMFIC LY £ 0244
MENDAHZ LI LT,

Table 20.

// Co A (2 mol%) entry gas t|me (h) 158 (%) 159 (%)
Et0,C C PhSitg (12eq)  EtO2 ><;< £10,0 £> ) = > 0 192
EtO,C =N EtOH (0.2 M), rt EtO,C EtO,C air 25 20
158 159

156 49 8
HMBC :
il |

Qo
" 6 o
EtO,C EtOzC><:L( EtOzC><i 0, Et02C><iO PhSiH; EtOZC><:t SiH,Ph
— —_—
EtO,C Et0,C ,\T) EtO,C CO Et0,C NH EtO,C
1 v

NH
Vv
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£ 2T, FE 160 N 158 & 72K T Co ISR LT & 2 A, WIENO%E S RIGIE—
UIEAT L 727 o 72, Scheme T1CH W TRIGA—UIEIT L7220 To DX, T A A F KA
BATHZ LT, FRE LIZEBW T FNBEIN ATEERKEN 2 720 . PR T 26 HBEDE
160 SFFAEL TWDEN, =T P HNDTT ) HITHT HMBOSHSEIT L TR nNa7E L&
HiLbH, —7F . Scheme 72.0OFEF L U | & b AR 158 7 BHERIVIR 169 IZE A SR> 72728,
7~ 168 DERABAR 159 I DD ISH A TIT W2 E DRI S 7z,

Scheme 71. Scheme 72.
Etoz%d No Reaction EtO,C Me Et020><;< No Reaction EtO,C OH
Me —X— 0O —x——
EtO,C =N EtO,C EtO,C =N EtO,C o
160 161 158 159
EtO,C Me EtO,C —
EtO,C C\OH
2 Ne EtO,C =N
I o v

<Conditions : Co A (2 mol%), PhSiH3 (1.2 eq.), EtOH (0.2 M), rt, air, 24 h>

AH 156 2 W SUSIZHB W T, %%)J IFREL TV T2 BURTRO BSOS DT 23R S iz
7o, BE—MMEOME 2175 2 LI L7z(Table 21.), SeokataikE z. —@E#RIT L &
T HaRORE 162 &4 iRt bf’ R, WTNOLE bERILIK 163 2155 Z L ixTE§, —#f
DIEEIZBNTT L a— K164 X7 K165 # 52 5 DHThoTc, ZiLHDBREFHI LD
BE—MED R THRWSIE TdH 5 Z EAVRIR ST 72D KRB ET % 8722 2 Bahi I

HZ il
Table 21.
// Co A (2 mol%)
PhSiH3 (1.2 eq.)
—N EtOH (0.2 M), rt, air _N
162a-f 164a f 165a-f
163a f (0%) (0 to 36%) (0 to 42%)
substrate products substrate products
/ =
OH 164d (0%)
TsN TsN TsN OH OH
=N 0 =N CN N 165d (0%)
162a 163a 164a (35%) 162d 163d
(recovery : 35%) (0%, 24 h) 165a (0%) (recovery : 43%) (0%, 16 h)
/
>/: g:to” 164b (0%) |
—N (] 0
o o 165b (0%) N @f} CN
162b 163b 162e 163e 164e (36%) 165e (42%)
(recovery : 0%) (0%, 2 h) (recovery : 0%) (0%, 1 h)
CN CN
164c (0%) OH
=N N/\/ 165f (0%)
Ph Ph 165c¢c (0%) Ts
162c 163c 162f 163f (0% 24 h) 164f (30%)
(recovery : 0%) (0%, 12 h) (recovery : 38%)
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HHE Taiwaniaquinoids DA AL

Frif
%—Hi Taiwaniaquinoids (22T

Taiwaniaquinoids (% 1995 4, Cheng 512 £ > CTHEIEIZH 4T 2 Taiwania cryptomerioides Hayata
(ZA D AKR) OFE YLD 2003 4E121F Kuo HIT &Ko TR o4 X0 HEERERE Shiz =
BTN A RTHY | p-F / UHiE% A7 5 Taiwaniaquinone i & 7 = / — WiEEZ H T 5

Taiwaniaquinol 2812 4348 & 41 5 (Figure 10.),

Figure 10. Taiwaniaquinoids
A (166) (R? = CHO, R® = H) (169) G (170) H (171)

E (167) (R? = CO,Me, R® = H)
OMe
OHC  OH 0 OH OHC™ o on

F (168) (R? = CHO, R® = Me)
A (172) (173) (R=[3H X=H, H) C (176) D (177)

<Taiwaniaquinones>

<Taiwaniaquinols>

O/\O

Taiwaniaquinoids @)f%i%ﬁ%ﬂi ITEE A*ﬁ‘ WENT G, BNV ﬁﬁ&(ﬁﬂﬁfn NMR 7 H
WHNLTWD, Fll 1%5575‘3@%/33 S U7z Taiwaniaquinone A(166) % Bl & 5 & E &3 Tl m/z
330 (CooH2604) D53 A A E— 7 BB S LTI | p-F / SRR 2N & L THRM ﬁ’é’(
Id 1659, 1639 con! MWL A, ERAM 56Tl 432, 284, 207 nm OB ST\ b, F72. !
NMR Ti% 9.84 ppm (d, 1H, J=4.0 Hz2) D *— 27 73, BC NMR Ti% 200.2 ppm O B — 7 )3 fEih S m_
ZEMBLT AT e ROFENTRRENT-, FIZ, kIt NMR fEH TlZ, COSY. HMBC DOfitT
128V 6-5-6 MEBREIEZ GAT 2 2 L BNRE I T 1

* 7":\ Taiwaniaquinoids D ':F‘T B 5%% 53\0173/1/ N Table 22. Cytotoxic effect to KB cells.
. . . . <Taiwaniaquinones> <Taiwaniaquinols>
L ‘
JV#5% 9 % Taiwaniaquinone A, D, F & O} Compound [Cag (uM) Compound 1Ceg (uM)
Taiwaniaquinol A, C, D (2B L Tid, & F AMEIRZ  etoposide 1.1£0.02. “etoposide 1.1+0.02_
i 4 - -y . wose A(166)  6.9+0.26 A(172) 831043
FEMIAL (KB M) (25 L CiEEZ R 2 &l (169) 7.2+ 0.50 B(173)  >10
SNTEY EENLE LTOFEAREFEENL TS E (167) > 10 C(176) 8.1+ 0.66
F(168) 4.4+34 D (177) 3.5£0.10
(Table 22.)'4, G (170) > 10 E (174) > 10
H(171) > 10 F (175) >10




Taiwaniaquinoids % HiHff L 72 Cheng & 1&, A5 pke i 4 LLUT OFRIZHEYE L TV % (Scheme 73.)'% 2,
9725, Ferruginol i5EK 178 2> 5P R 14K 179 23E U A TlE, B a— ViiR(niZ &
¥ Taiwaniaquinone F (168)(Z1%3% X415 Taiwaniaquinoids 4GSR S b, —F., 178 DBE &
AEAEOALBIBAZIC L > T 7T AT & RIK 181 34 U 5 TlX, Prins N2 X - T
Standishinal % 4 7 DILEW BN ERT D, £, 183 DRV T b &G 2T GE1T, R UVER
HAAT & AR R % % C Taiwaniaquinone H (17)IZRAE SN DILEMDBEEK I ND EE L2 HILD,

Scheme 73.

179 180 Taiwaniaquinone F (168)

CHO

h

HO OH
l 181 182 Standishinal

o
OR ‘ OR OR OH
P O~ RICC ~ T =
& ° (& 7
02 o 4o 0
183 184 185 Taiwaniaquinone H (171)
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Sfe —= A

% Hi  (¥)-Taiwaniaquinone D O A ZE151

1) Banerjee 512 XD EAHK (2006 4F)3

Banerjee 513 Heck Uiz & 8 THE & & 2 WA BURHT 217V, Taiwaniaquinone D D45 i & EEAL
L TV 5 (Scheme 74.), T 725, 186 & 187 705 5 TREDZHRIZ X 0 BRALATERA 190 2 Ak L.
XEET NV U AEZHWDIEITCH Heck BUNMZ XV BRALIK 191 227 AT LA~ —RAEWE LTHE
77 BB, Fi AR DNRIC L o THEL AT L a— UK 192 13 i L 0 E—E ke LT
BTWD, TOW%., Fries I iC L VEAN LTz Ac B iPriE~ L AH L TEHONT- 194 DY
MIEBALT D ETAUH 195 A LTz, FiZ, _UBUVBRORFLERET MeO K%
HMAL%, 7AT e REMEE LTI3-UF 7 Z2H0NHZ LT, 747k RIK199 25T\
éo:@%\4yﬁ/yw5mﬂLfMﬂ%%wéifm%ﬁ5k\%ﬁ%ﬁ®m$ﬁ*ﬂ%*
BEANLBERINTLESTN, TIa—{K196 ZHT 25 2L TRUP U E~DRFEL

BRI LCTWb,

2200 52720, foi <A T ARG

H& BERE T D CAN 2 I 2 R AL O T, %ﬁbtp%//fi&<\o#/
29" Z & C Taiwaniaquinone D M4

B R LTz,

Scheme 74.

t-BuOK ) LiOH
;©/08n Nal OBn MeOIH H,0 OBn

t-BuOH S|02

MeOZC 929 MeO,C 64% (2 steps)

186

1) Me,Culi

BF3°Et,0 Pd (PPh3), 1) Pd/C

Etzo 94% COzNa H2 EtOH

2) NaH, PPhsMel DMF 60% H 2) recrystallization

DMSO, THF, 92%

1 ) ACzo

NEt;, DMAP
CH,Cly, 92%
— &

2) AICly
PhNO,, 67%

) MelLi

Etzo 99%
2)Si0p 96%
(0] 3 ACZO NEt3
DMAP 93%
4) H,, PdIC, 95%

OMe 1) NBS
MeCN, 78%
2) Jones reagent
acetone, 98%
OMe
.O o
OHC OMe
199

1) KzCO3, Mel
acetone
MeOH, 96%
R

2) NaBH,
CeCl, 98%

1) 1,3-Dithiane

n-BuLi, 84% CAN
2) Mel, H,0 MeCN
MeCN, 86% H,0, 54%

3) KHSO4, 82%

191
(cis:trans = 85:15)

72% (2 steps) 192

(single isomer)

PCC
Celite
benzene
0,
86% o 195

NaOMe
Cul

e
MeOH
DMF, 78%

TMSCI

Nal

CH,Cl,
71%

Talwanlaqulnone D (169)
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2) Chiu HIZ X DTBAERL (2008 £)*

Scheme 74.127~ L 72 Banerjee DAL TIL, —BRIEBHKOEEZIIN B UR FOBEBRELZE
AT D720, TERENZL 2DV ERH -7, —JF. Chiu B, 1,24-F VU A hF o
P 4 TIROBHIZE T, RUPUVERECH LN UDMERTRELAZA LT 201 2486
L. %< UF A1k, citral ~OFNN% R TERILATEEA 202 %15 T2 (Scheme 75.), 4D FH#E T
X, Z T LBREEORIT LD 20205 198 ZEHEGKT D TETH 7223, & LT TMSOTE &
FHUN, 100 °C THIEL L 72 BRI 11% DU T 198 Z 15 7- D3 ME— DI TH v (% < DA 1E 203
MEARE LTHE LN, BFERIRBRILIURIZ X 0 Banerjee & 23%H L T % BEE1 1 fRIIA
198 ~ LW,

Scheme 75.
) n-BuLi OMe
Et ()
OMe 8620/0 OMe SnC|4 OMe TfOH OMe
+
Mn02 MeN02 MeN02 H
CH Cl 9 100 °C
OMe o rt, 89% OMe 71% O  OMe
cnral 201 2 198 (known compound)

3) Bisai HIZE5EAR (2016 4F)

Bisai © % 201 % HBEWE & L. B-cyclocitral ~DF1% #% CTERALRITBEA 204 %45 CU> 5 (Scheme
76.). % D%, Lewis % H\ % Nazarov B OBAVEUGIZ K> TH O ZBRILIK 205 1%, L7 4
VERNLDIETCITHE S R D AALOFRAGIZ L 0 BEFIH A 198 ~ L E W TU 5, Banerjee © A
MRS 5 THE, ILEE 23% T Taiwaniaquinone D Z &% L TV 5 23, Bisai HIZHIZH R Z A, 6
THE, XK 37% TAK L TWD,

Scheme 76.
QMe 1) Hy, Pd/C
25
© p-BuLi “ove Bi(OTf)s . OMe" MeoH, 98%
CH Cl) 2)
THF 2C1)2 7z
| 81% 98% \m/
OH OMe OMe HN-N
B- cyclocnral 201 204 205 CrO3, CH,Cly, 91%
) MeMgB OMe OMe
eMgBr
OMe THF 91% . OMe OMe Se0, . O OMe
2) BF3°Et,0 O H20
CH,Cly, 71% dioxane
2v12, ° OMe OMe 83% HO OMe
198 (known compound) 206 (48%) 207 (23%) 208

75% (2 steps)

OMe (0]
. OMe 1) BBrs KOH OH
L o o
ol Lo H,0, MeCN ond
209

(+)-Taiwaniaquinone D
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N

Varand

%—%i Taiwaniaquinone D D& R AFHT

Taiwaniaquinone D D& k% FFHi4 2 LT, %34 1% Bisai H23#4 L72 205 (235 H L7-(Scheme
77). TP H, 205X 211 OO syn FEEIC L > TEBND EEZ, 211 O ABRIZHERARHL
1 Co filflia IV 5 7 U VBLEUSIZ K U V=0 212 D OMERTIE TH 5 LHIE LT, Y=
22134 K 23 BT S LBz 213 Ok FEITo,B-REIFIT 2T L 214 ~D 1 4-FF0
IZE > THEAL, %< 5™ Friedel-Clafts SN2 LY BERAMET L2 H0L Lz, 22T, AE
A ~ETTBICH0 . BOICHEMOT LT RIE215 28K T 52 Lic L,

Scheme 77. Retrosynthetic Analysis

OMe : ~
OMe H202 OMe PhSIH3 O OMe E —N,CO\\N—
|‘§ ’ :tBu—< \>/:o’ ‘o:\</ >—t—Bu
Phs TsSePh By LB
e :
211 OMe 212 OMe CoA
(Reported by Bisai) st
1,4-Addition
(0] OMe
M
H OMe
214 OMe 215 OMe

‘—— Friedel-Crafts Reaction (known compound)

N

&

TH LATINT X 2 DUk AR SEAEEE DR

TOATE NME 215 28T 51720 . BEAFOWER] O 12> T 215 OGRAFHE L7223, 1
TEAOT & b AT 2SO FFEMEIME ) > 722, BNEZ G 5 2 &£1Z L7z (Scheme
78., Route A), % Z T, Majetich HIZ K> THE SN ATV 219 ZfkHT 5 FETEHW L

AR TNV a— U R 20T %2455 Z LI L < K &2 ITI2 LV 220 25K L 72 (Route

B),
Scheme 78.
QMe BR‘LJ'u(t1e1A ) QMe ° Pd/C (10% w/w)
n-BuLi (1.1 eq. b Wiw
OMe - cetone (2.0 eq.) OMe b TsoH (10 mol%) OMe Ha OMe
TMEDA (1.2 eq.) toluene (0.2 M) MeOH (0.3 M)
THF (0.3 M H 9
OMe ( ) OMe (0] 109 °C, 30 min rt, 3 h, 95% OMe
rt,3h 86%
216 217 (17%) 218 220
(recovery of 216 : 80%)
Route B p-TsOH (10 mol%)
) OMe toluene (0 2 M)
n-BuLi (1.1 eq.) OMe MeMgBr 100°C, 1h
CICOzMe (4.3 eq.) (35eq) quant. (2 steps)
THF (0.2 M) THF (0.4 M)
rt, 9h, 91% COMe 4 5 ;
OMe OMe
219 217
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WIZ, TVT & ROBAZFHKIAT=(Table 23.), (XU DIT, BEHIOFE S IZHEV THF 2L L
TR TRE L2 & 2 A, BBMENS DIVTOLERMER 221 2 4B & L TH X 72D entry 1),
ARTFIZEI L TH Majetich HIT K> THESNTCEE TEZHWHZ & T, LAOT AT E R
A 215 % UL 63% T TV D (entry 2),

Table 23.
OMe ) O OMe OMe
OMe ’[’)'Sg"('s(_l'ls_‘)") y OMe OMe
additive * H
OMe oM OMe O OMe
220 215 221
(desired) (undesired)
entry solv. additive (eq.) 215 (%) 221 (%) recovery of 220 (%)

1 THF - 31 40 20
2 t-BuOMe  TMEDA (1.0) 63 14 21

T2, BATET AT AT D 7 b TV 33— 222 v 3 TR TARL L7-(Scheme 79.),

Scheme 79.
o MePPh3Br (2.0 eq.) TsCl (1.2 eq.) LiBr (2.0 eq.)
t-BuOK (2.0 eq.) NEt; (2.0 eq.) acetone (0.6 M)
)J\/\/OH —>)J\/\/OH—> )J\/\/OTs—> )J\/\/Br
THF (0.2 M) DMAP (5 mol%) 60 °C, 2 h, 69%
222 r,5h, 57% 223 CHCl, (0.4 M) 224 225
rt, 2 h, quant.

Wiz, 7T e K215 2% LT 225 B A% L7z Grignard i3 Z (NS, Fil 7 —o
g, AEFIT 27 LD A AT 214 #1572 (Scheme 80.), 7235, Z DAL 5 E KON Z (K1,
BT R a~x T T7 42X BERTRECH - 728, SR LFEITRIE LTV,

Scheme 80.
O OMe )J\/\/B" OMe OMe
H OMe 225 (2.0 eq.) HO OMe MnO, (10.0 eq.) o OMe
Mg (3.0 eq.) CH,Cl, (0.2 M)
I, (1 block) 40°C,70h
OMe Et,0 (0.2 M) OMe OMe
215 rt, 4 h, 96% 226 227 (44%)
(recovery of 226 : 51%)
NaH (2.0 eq.)
PN
MeO,C~ "P(O)(OMe), (2.0 eq.)
THF (0.2 M)

60 °C, 18 h, quant.
(E/Z or ZZE =1.1/1)
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A B-FEIFIT 2T L 214 2155 2 L R T-0, RIC LAAHINT X % A F A SED A & it
L7-(Table24.), L/ L. AF/ALAIE LT MeMgBr }2 () MeLi & AW =4&E 22 gt Lz b
DDONWFTIOLE S ROST—UIE T8 228 21525 Z L IXHDk R0 272,

Table 24.
OMe OMe
= OMe OMe
—
O~ "OMe O~ "OMe
OMe OMe
214 (E or Z single) 228
entry Me-[M] (eq.) CuX (eq.) LiCl (eq.) TMSCI (eq.) solv. (M) comment
1 MeMgBr (1.6) CuBr (0.2) 0.4 1.1 THF (0.3) No Reaction
2 MeMgBr (1.4) CuCl (0.1) 1.2 THF (0.6) No Reaction
3 MeMgBr (2.0)  CuCN (3.0) 6.0 2.0 THF (0.2) No Reaction
4 MelLi (6.0) Cul (3.0) 3.0 CH,CI, (0.06 M) No Reaction

Z Ok — B Do, B-REIFI T A T AT T D LA I ET L ilix, ki
Bernard 52 & » THE TV 5 (Scheme 81.)°, Z OFE, = 271229 % 7z 14 INIEEE <
RN 2 AW THIRINER TH S 7-DIZx L. 7T b RIK231 ~ & ZBH L7258 1 3INER B < 232
KON 233 BEoTn5, 22T, BHEORTHRBRIZKISHED M BT 252 & ZHFF L Tao,p-F
fafn 7 T e Rizxtd 2 1L4-fHmE kit 2 2 iz L,

Scheme 81.
CO,Me CO,Me | CHO CHO
y a) Me,CulLi Me ! y Me,CuLi Me
b) Me,CuLi/BF3-Et,0 ' Et,O
' —_— +
¢) Me,CuLi/TMSCI ; -78°C
SPh ) Me,CuLiiTBSOTf SPh 1 SPh H SPh
Me very low yields Me Me Me
229 230 231 232 (88%) 233 (10%)

BREHZHWS 7 LT e RIK235 1%, =27 U1K 214 Tk < BRI L0 EEMICARKRL T
V% (Scheme 82.),

Scheme 82.

OMe OMe OMe

DIBAL (3.0 eq.) MnO, (10 eq.)
OMe t51uene (0.1 M) = OMe CHClI; (0.2 M) = OMe
_— _— >
o -78°Ctort HO™ gﬁari 16 h 0% H
OMe OMe : OMe
214 234 (2 steps) 235

(E or Z, single) (E or Z, single)

57

(E or Z, single)



AR LTma BRI T LT B K 235 2V C L4 &2 T L 7=(Scheme 83.), £3°, a)li/mL
T-ARIZ 0°C THMEREKZ IR L7-%%., -78°C T235 M2 /=L 2 A, LA 236 135 LN
otz ZORR, HAERMO HNMR IZBWTT VT b ROMEENHER SN0, 146500
4236 L ONMFEME 235 DT VT & REDICKT 2 AT AEKDMHMPEZ > TnDH Z ERTFHS
N5, £72. bIUTR LIZERIC T 7L OFRIRIT KT LT MeLi %-78 °C T F L., -40 °C CTAH SR
Wa P L GA IO — U TS, HEWEZ EEMICEIN Lz, ZRLOBRFHT LD,
LA & 2 D0k R R OREEIIREETH D L HWT L, ARGHE 2 LT+ 52 Llc L,

Scheme 83. a) Cul/Et,0 MeLi@0°C 235/Et,0 @ -78 °C
OMe CuHSggq) OMe ~ el
MelLi (6.0 eq. ° 78 °
y . ( q.) OMe 1h@o0°C 1h@ -78°C
Et;0 (0.1 M) b) Cul / Et,O MelLi @ -78 °C 235/ Et,O0 @ -78 °C
a5 OMe 436 O & &
. t0-40°C,1h  t0-40°C,1h
(E or Z, single) then -78 °C

FEE AT DT AR KB kR FEREEE O R

BT BRI L LT, A T 2 237 DT L WAL % & L7=(Scheme 84.), 1 7 > DR
NALDDT U AL OKRFEITFEMERE RN @ <, IR E DT 7 R ALBARETH B2, *HET 5
TNAXNNTA ROTINZ L > TIURIRFELZ AT L 212 DERPHIFRFTE 5,

Scheme 84.
OMe ()1, 7=
R base ' )
O OMe ajky! halide O OMe : 237a:R = W alkyl halide = Mel
’ e ’ :
. Br |
OMe OMe 1 237b : R =Me alkyl halide = 225 .
237a-b 212 e RS '

237a 13, OB THW - AT K214 D 148 TIC L > THEOND 238 LA TE 5 &

R L7228, Bo SO —UIE T L 729> - 7=(Scheme 85.), 5D 1LA-fHIIOMBFHZBWTEH 214 D
FOSHEDAR S VIR STV e lodh, REEICxH T 20 0@ ek a2 BT 5L b, A7
> 237b W TR 21T ) FNEYCh D L HIEr L, 237a OAEIIEIS L=,

Scheme 85.
OMe OMe H OMe
-z OMe ' NaBH, (2.0 eq.) OMe O OMe
—_— X I, ’
07 “OMe MeOH (0.2 M) 07 “OoMe
OMe t,2h OMe OMe
214 No Reaction 238 237a

(E or Z, single)
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Z T, AT 23T DA AR T-(Scheme 86.), £, 7T b K 215(Z%% %5 MeMgBr
DA, Hi< Swemn f2{t.. Horner-Wadsworth-Emmons S 2 X 0 REF1T 27 L 240 Z157-, &
2. KEBWIMZ L DA VT 4 UENLOETE, A UTe = AT VOIKGFRIZ I D VR FE 241 &
L.ZNER7 0T A R~L 8% 5+ W Friedel-Clafts FUGMZ KX »> TA V& ) 242 ~L i X |
R BITISIC L D T a— ik 243 AR LT-,

Scheme 86.
o oM 1) MeMgBr (2.0 eq.) oM NaH (2.0 eq.)
e THF (0.2 M) e MeO,C~ “P(O)(OMe),
H OMe rt, 1 h, 93% o OMe (2.0 eq.)
2) DMSO (4.0 eq.) THF (0.2 M)
(COCI), (2.0 eq.) 60 °C, 16 h
215 OMe NEt; (10.0 eq.) 239 OMe
CH,Cl, (0.1 M)
-78°C, 1 h, 93%
1) (COCl), (1.1 eq.)
1) Pd/C (20% wiw), Ha OMe DMF (2 drops) OMe OMe
MeOH (0.3 M), rt, 2 h CH,Cl, (0.3 M) NaBH, (2.0 eq.)
quant. (2 steps) OMe 0°C,2h OMe EtOH (0.2 M) OMe
U —
2) NaOH (6.0 eq.) 07 OH 2) AICl3 (2.0 eq.) 80°C,1h
H,O/EtOH (1/4, 0.2 M) OMe CH,Cl, (0.2 M) o) OMe quant. HO OMe
80 °C, 30 min 241 0 5,1 h 242 243
quant. 88% (2 steps)

BRI T v a—AK 243 726 ORKSS Z G LT & 2 A, p-TsOH & W 2% SOG4 Tl
FOSMEMEL L, 237b 2155 Z & 13 Hsk72 7> 7-(Table 25., entry 1), AFER LV, Bikick->T
HEUTA T 2 23T TSI B W TALZE TH D Z LRI NTod, WEMESEETO
MBS e 2 ik Te, T OFER. KERFEED Ms (LSEEAIT L72 2 & 0B te. RERD U 7 LKIRIR %
INZ T30 551895 2 L T237b 28T 5 2 & I2E) Lz (entry 2),

Table 25.

OMe OMe
OMe OMe
— O
HO  Ome OMe
243 237b
entry conditions 237b (%) comment
1 p-TsOH (10 mol%), toluene (0.2 M), 100 °C, 30 min 0 complex mixture

2 MsCI (4.0 eq.), NEt; (6.0 eq.), CH,Cl, (0.06 M), 0 °C to rt, 20 h 96
then K,CO3 aq., rt, 30 min

WIZ, AR LTZ 237b O 7 LU b & Fiit L7=(Scheme 87.), £, 237b @ THF &k (Vi
) 1Ck LT n-Buli 2 F L. 20 0B L7 & ZABVREAZ L2720, 7o kv
LoTT=FrPNECTWD &ML, 7L /L7 1 3 K225 THERIK 21 F LTz, & Of5 5%,
212 KON 243 2 EVEIL, 16%, 56%DINETH X723, Zhbldh 7 Lr7a~ N7 77 4—IC &
STHEET D Z ERREETH 7=, BGHERHCIE, U F A Ic L - THREIR T 236 U 72B, B
T DA MY VIEOBENY F U LIENTDH 2 E T ~ORMELEMH TE D EE X TV
L FEERITIET AT ~O BN EHLNTEITL T LE D 2 & KT 212 & 243 O5yREDS K
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TholeZ eEMb, AT DT NFR NI L 5 U R FHEGLIIWTET 52 LI LT,

Scheme 87. )
n-BuLi (1.5 eq.) inseparable mixture

OMe )J\/\/Br

O OMe 225 (2.0 eq.) O OMe OMe
. THF (0.2 M) .
OMe 78°Ctort OMe OMe

237b 212 (16%, desired) 243 (56%, undeswed)

225/ THF, -78 °C to rt

Li OMe

n-BulLi
-78 °C to rt, 20 min ’O OMe OMe
OMe Li OMe

WG A & DT IVF AT K D TRk R FEEE K OB AL SUS Ot

SEORFIT A T v ONLEBIRA R T VX AL ER TE RS T2 RIZA VX ) 242
DEECTIUARIRFB AR T D LI LT, AV F ) v DIIVR= VB T VX AL EITH
EE LT U7 =4 o RRZ BT 5 T 1L Trost 512 X > THAE 4TV % (Scheme 88.)1°,
Thbb, A% 244 12X L TCLDA & %8Nz 5L, T %EHOLDAWCKYV = T
— IAELD., TEEHDOLDA L L > TR DI OKRENRA T OBEA LRI a2 kv
fbain, VT =F PRI 2525, ZOBE, ZHFEEHDLDAIC L > TELLT =F 0D,
fes EOABERN E DB FNRNIEERET S Z L2 X0 MERIRC T VX AL T L, 245
NEERE L TEOND, T2, AV F )b ALEY I VT ) —)Le—TF )% U F A4k
FTEFELMLNTEY . KFETIETAIAMMEEIT o215, SOl U b7 = &
THIVR= VIO 2 A TF LT 5 Z 1T LTV 5 (Scheme 89.)!', =2 THEHIX. 2 b
DFEERAH 242 1THEHAT 5 2 & TURRFEOEEDZERLTE D EWIRFF L, BEHZEFL
776

Scheme 88.
LDA Etl
(2.0 eq.) (10eq) ”\
—_—
OMe OMe OMe
o) 09I
244 245 (89% 246 (< 3%)
Scheme 89.
Li Mel Me
LDA e
Br (1.2 eq.) Br (1.3eq.) Br
—_— _
OMe OMe g§P12MHC' OMe
TBSO 247 TBSO 1 %o O 248
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FEF. Trost b OWEGNGEN, T =AU PHEEZRET LT VR bR Lizcs 24
WG TH D 242 NEE D DHT, 213 #1525 Z LI1L #7275 > 7-(Scheme 90.),

Scheme 90.
OMe LDA OMe
OMe (30 (30eq) OMe 4 h O’V'e 225 225(20eq) _ OMe
T7:Fc 20°C, 1h
O  OMme OMe OMe O  OMe
242 213 (0%)

(recovery of 242 : 44%)

WIZ, Scheme 89.0 FEZIRFI T H72DICA VX /22 DV Y Vx ) — )L —TF UL % il A
7-(Table 26.), £ TBS &t L7=& 2 A, TLC L TiX 249a DR R T 7273, KR
FRIZBWTH S U LR EIT LT LE o 7o7csd, BBET 2 2 & 3R D> 7o (entry 1), KIZ
Loy U=z ) —nz—7 VORERDOM L2 L TTIPS EZ2REt L : 24, EEMIC
249b % B9 5 = L S HSK 7= (entry 2),

Table 26. Synthesis of silyl enol ether

OMe OMe
OMe OMe
— I
0 OMe Sio OMe
242 249a-b
entry conditions Si 249 (%)  recovery of 242 (%)

1 DBU (3.0 eq.), TBSOTf (2.0 eq.), CH,Cl5 (0.2 M), rt, 1 h TBS 249a (0) 92
2 NEt; (3.0 eq.), TIPSOTf (2.0 eq.), CH,Cl, (0.2 M), 0 °C, 30 min TIPS 249b (quant.) 0

BJFonv > ) — )z —7 )b 249b & W RREHE R & LU FIZ7R 9 (Table 27.), £ 3 LDA
EHWTHEILIZE Z A, A & 242 LILTHEEARH ORIERM Z BT 5 DA THY | 213
35BNy o 2 (entry 1), 72, HiFk L LT LHMDS % AW & A RIS EITHF, 242
DL 84% T H L7z (entry 2), — 7, n-BuLi Z W ZBRICIZ 213 B2 S DD 5% & AR
T, 242 BEARM E LT LT (entry 3),

Table 27. Alkylation of silyl enol ether 249b

O'V'e 225 2 0eq.
base (1.5 eq.), THF
TIPSO OMe

249b
base, -78 °C; Li OMe entry base temp. (°C) 213 (%) 242 (%)
' ’ Me
temp., 1 h OMe| 225/ THF 1 LDA -35 0 56
, 78°Ctort 2 LHMDS -78 0 84
TIPSO OMe then 1N HCI 3 nBuli 78 5 55
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Wasfate LT, HEEARECTH L & PRIV VT ) — V2 —T V& bR THA
S5 LT L7 (Table28.), £7. LDA XX TBSOTf Z W\ CHFtL7zE 2 A, v =z ) —
N —F )L OAERIE TLC THRTE b 0D, LHho 213 2155 Z L I1THET, HBEWE 242
ZEUT B DR TH>T(entry 1), —F7, ¥ U ALAIE LT TMSCI %N L 72 BRIT S 25 FIE I
@ﬁb 213 ZUHE 77% TH:H Z L kT (entry 2), 6724 2 7 2 213 13D FT & [RlkE

T R OBETGICHE S Ms bR THRPEERTH 2P 2121238 2 ERHBRIZTZD, kI
Co I L2 T U NVEBRALIS EGETT 2 Z L IT LT,

Table 28. Alkylation of 242 through in situ generated silyl enol ether

OMe Br/\/\”/ OMe 1)0"13‘?"'4 (2-)0 eq.)
EtOH (0.2 M
OMe 225 (2.0 eq.) OMe  gqc 2'h, 90%
LDA (1.3 + 1.5 eq.) 2) MsClI (2.0 eq.)
0 Ome additive (1.3 eq.), THF O OMe NEt; (3.0 eq.)
242 213 CHyCly, 1t, 17 h
then
LDA (1.3 eq.) 225/ THF aq- KoCOs, 1t 2h
-78°C,1h -78°Ctort, 6 h 91% (2 steps)
then 1N HCI, 1 h
OMe additive OMe LDA Li OMe OMe
OMe| (1.3 eq.) OMe| (1.5¢eq.) OMe OMe
I | U |5 (IO I
. h , 1h )
LO | ome SiO 1 OMe SiO 1 OMe 212 OMe

entry  additive Si 213 (%) recovery of 242 (%)
1 TBSOTf TBS 0 52
2 TMSCI  TMS 77 19

Tx 2 212 % Co fESAIFIZAT LT E . =T Ul T OERUITHL SRR 2 7 2 v
BRALSOGZ X 0 AT 234 U, TsSePh 23 convex [ HEEITT 5 2 & TERAILMK 211 2 3TAEIN
HICHE BN D & B X HILD(Scheme 91.), EESIC TREORMETMEI 21T o7 L 2T A, —BEH DX
JEAE T RIHAER O TH NMR OBLRIZEBW T, HEME 212 04 L7 4 E— 7 BER L TW
D2 EDHERTEITZD, FE MBESUSRIFICA LT b DD, HMERIEAEME 52 5DHTH -
Tre OB, BONTALAEWD 'THNMR A7 R UIZEBWT, 205 DA L7 4 KBITHYET D
E— 7 13— UL SR o 7o 72D, TsSePh LISND T VT o7& 782 — % FW T lRIER D BRIbIX
NERRTT S Z Lz LT,

Scheme 91.
CoA(2 mol%) QMe Ha0p | THE OMe
'O EtOH 02M) H 60 °C, 13 h '
rt, 10 h
PhSe Ome " Ome
212 211 5:6.32 (s, 1H) 205 (known compound)
¢ T NOT Obtained
OMe OMe
Hl QO OMe OMe
B ———
| OMe 1l OMe
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ZIZT, FVINT 78T 2 —L LT TsCN, KO PhSO,SPh Z it L7223, W D5E 6K
ISTEHEE L. BAROBRLIKRESED Z LRk o 7(Table 29.), Z L5 OMRFHI B TG
NDHEIBICHEI T Lo 72D, TA7 L AgE~D e Fa a0 MREIC K2 =T O o4k s .
AT r~DE RaarN MUIZEDZRXC DOV T DNV DERDBHEE Liclooll B 2TV D,
ZDTH, Y 212 13 Co SR IZB W TREEI R LB CTH Y . FRIFRGHT L DR D=
IEREETH D LW L, Hre R BRALRTEMA ARG 5 2 &Il LT,

Table 29.
OMe
OMe )(2?1A2(2qm)ol%) OMe entry X R 250 (%) comment
’ 1 TsCN CN 250a (0) complex mixture
EtOH (0.2 M) H ,
rt, 10 h R OM 2 PhSO,SPh SPh 250b (0) complex mixture
e
212 250a-b

B 2T LABRALSUSIT XD A KB BRIESL O

FEOMFHIIBNT, NPT DHNVDERIN S DB DRB o T & B2 T2l N
NI AN EEZ DTN RIS OR R L 72 D HE 251 TN 253 % EF L 72 (Scheme 92.),
T IR ARA— N HTHHE 251 DA, ETXCUVT VAN T BRETTE, SCFRER
7R BRAL BT L 0 252 NCARIEBIRICE O D E IR LT, 2O, BANZAELTEX VLT
CHINDT VIV AR R — MIxT DAL 4-exo BRAL E 72 D728, T kT D S-exo
BALDMERT D EEZOND, LML, FTIR LIz Fa T Wb RERG 21T 9 e T,
2FLra=y NaeBHTAREICH L TT UARARE— NEEATHZ ERHk o1
D, HE 251 OGMRITNEETH D Z E R TEIND,

T, BbK252 2 U =253 DX T AR LSIC K > TAKT DR EEBER L, T
bbb, AEETHRINCR VNI DHURAETUE, 251 DA L RREIZERLIR 254 350K
BIRPCAER L, Bi< syn BLBE, A U e iR C 252 AR TE D B 2T,

Scheme 92.

OMe
© QO oMe
H

252 OMe
OMe
oMe COA PhSe OMe OMe
X € PhSiH, o OMe 1) H,0, OMe
TsSePh GO 2)0
= o ) O3 H
253 OMe 254 OMe 255 OMe

(known compound)



SEOGRMETENZE-SE, MU 2 253 OFRERET L72(Scheme 93.), £7°. 216 O~ 1 &1k,
< TV IARIZE D 257 RO E LT216 2572 %. TICk ¥ 7 o AF )L AF LT —T
NERWDHEALIMEICE Y, 7T ke RK258 4 L7-, & 57z 258 13 Grignard FA3EOfF
AN, Swern f&{k., Wittig 5UGSD 3 TRIZ Lo TERAILATEKMATH D M =2 253 IZHNTW 5, 7
B, N =2 283137670~ o7 4 —CRBIEMT L L3R, Rl
W% G VTORBE CEBRALEOG A it d 5 2 & 12 L 72 (Scheme 94.),

Scheme 93. Cl
n-BulLi (1.1 eq
216 (21%) OMe PS O OMe
o NBS oMe C!7 “OMe | OMe
(1 2 eq.) 1 3 _ 1 (13eq) ) (2.0eq.) H
CH,Cl, THF (0.5 M) = TiCl4 (4.8 eq.) =
(0.3 M) r,5h CH,Cl, (0.3 M)
OMe r, 3 h 99% OMe OMe -78 °C, 54% OMe
216 256 257 (64%) 258
OH OMe DMSO (4.0 eq.) Me Ph3PMeBr OMe
COCI)Z (2.0 eq (5.0 eq.)
2 _(20eq) NEt3 (10.0 eq.) ome O NaH (5.0 eq.) X OMe
Mg (3 0eq.) CHZCIZ 0.2 M) THF (0.1 M) =
I, (cat.) rt, 3 h, 82% 60 c 4h oM
THF (0.2 M) <81% e
rt, 2 h 81% 253

F9°. 253 & Co fESIEICAT LIz & 2 A, 253 DO TLC THERHKI-D T, B4 8%
LTIHNMR ZHE LT, FORE, AL 740 DE—7RNT_RTHELTWD Z ENMHR SN
Telo, BRAGIR 254 D3ER L TV D & HIRE L. e < BBERS SR AT L7228 ) AR @ 'TH NMR
ARY FZBWT, FililAETL DX Y AF LAY T I E—7 BN Bl SN/ o272
AIE HBALRIEMA & L CREY R CTh D Ll Lz, Z OB EME L L=DiX, %J
T 283 TIE. RUGDEE LRV D DTN U IN=EZ0 0. P ORI AT E R M
DOFENREE 2o T2 B EEZTND

Scheme 94.
OMe Co A (2 mol%) PhSe HO OMe
PhSiH;3 (1.2 eq.) 22
X OMe 155ePh (1.2 eq.) GO “owe THE OMe
- %
= EtOH (0.2 M) ?g hC H
OMe ,12h OMe
253 254 261
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FANET BT VIEEIC LD BRI AR ESE ORENL

AIEI COMREEE 2 X T ABLSIC L > TA KB B Z2 — R IHEE T 2R B I N T
o LW LT, £Z2TC, U xT 253 LREIBRIC, RUVIMIDD DT VAN EGZ DT IV
FUNKIRDORE R E 72D Y b LT 265 TN 266 % 7= 127Gt L7=(Scheme 95.), T 265
OYA ., CofitlitZ Aot Ruv 7 2 BALRIGZ L > TBERPHER TX, fit< A BRIESEIT 263
DHDFWN SN2 BISIC X VR TE 5 L ]F Lz, —JF, Y= 266 DEEITIEREEZA
T5720H, B Fas 7 JRAERIGIZE Y A KB EREZ —FICHEEMRETHDL L E 2T, :h%@
AT TNL T AT E FIK20T O AR TE D EE X, ARBOZYUEEHRT H1-0
NRUB VR RICEBE AR W T AVEEE O CTRILBUS a5 Z &l L,

Scheme 95.

OMe OMe route a
GO 7 ne H NC |
255 OMe 264 OMe

(known compound)

route b COA PhSiH; Co A, PhSiH;
TsCN

OMe
.O OMe
266 OMe 267 OMe

Bz lCfE Ly m 266 DETIVIEE 27313, By 7PV U I RUSICE > TARLET VT
R 269 ~® Grignard FFEDFIIN, Swern Bk, PHBR A # & A Wittig SJURIZ K> TR B L7272
W, Co iz L5t Fri 7 ) BBLEISZ 5 L 72 (Scheme 96.), L7>L, ARIEEITHB N TH K
JSITEMAL U, BRAIK 274 21525 Z L IR D T2, ZOBBUSHEMHME LI-Dix, 20
AR T 205 BSOS ST T3 D BRIC EMR TR LIZEAOREEE a S TR LR b 2AA L
el BEZ D, EITRIZ, ZORRBENRI by 265 DR{LKGE . £T
NHETHEIT 2 Z LT LT,

Scheme 96.
PdClI,(PPhs), (3 mol%) 0
o) allyl bromide (1.2 eq.) 0 (2.0 eq. ) DMSO (4.0 eq.)
aq. Na,CO3 I Mg ( 3 0eq.) (COCl), (2.0 eq.)
H (1.0 M, 2.0 eq.) | I2 (2 blocks) NEt; (10.0 eq.)
—_—
(HO),B THF (0.2 M) THF (0.2 M) CH,Cl, (0.2 M) /
268 reflux, 4 h, 54% 269 rt, 1 h 270 rt,3h / 271
o Ph3;PMeBr Co A (2 mol%)
Grubbs 2nd (2.0 eq.) PhS|H3 (1.2 eq )
(10 mol%) NaH (2.0 eq.) TsCN (1.2 eq
toluene (5 mM) O THF (0.1 M) rt, 6 h NC
100 °C, 17 h 272 60°C,7h 273 974

49% (3 steps) 42%
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F9. T/UT B K269 %595 Grignard sSREEDAINZ MG L7z & 2 A, Grignard iREEOFHRIC
BT DHEMHALHE LTI E TEREBRIZ T UFEE AW EIISN—ET Lo 7z
(Scheme 97.), = Z T, V7 uRETH U ZHW-E ZARNMIMFBIZETL, 7/Lva— K275
ZReH T ERHIKT, FE< Swern BRfb, Wittig SUSIZ LV BT VEEE 277 2 AT 5 2 LA HIK
72723, TLC TGN L2 7 LT, RS 4 TBDPS (T2 W L7z BRALAIEE{R 279 (2 Z5H8 L 72,

Scheme 97.
TBSO._~_Br (COCI), (2.0 eq.) o
(2.0 eq DMSO 4 0eq.) Ph;PMeBr (2.0 eq.)
/i© Mg (4.0 0q) TBsO\/\/\):Q NEt, 100eq TBSO\/:éQ NaH (2.2 eq.)
*Br(CH,),Br (0.2 eq.) CH,Cl, (0.2 M) = THF (0.2 M)
269 THF (0.3 M) 275 1t,13h 276 60°C,1h
60°C,1h

*I, : No Reaction

TBAF (3.0 eq.) TBDPSCI (1.0 eq.)
TBSO THF 0 1M) HO imidazole (1.2 eq.) TBDPSO
rt, 1h DMAP (cat.)
a CH,Cl, (0.2 M), 1t, 1 h a
278

21% (5 steps) 279

WIZ, Y219 D Ru v T 7 BALBOG & fEt L72(Scheme 98.), = DfEF, LA DKL
ZHT 2 280a LN T AT LA~ —280b & ZALEIL 55%., 25%DINER Tz, 7235, BRILIK 280a
DNAALFITBI LTI NOESY HIEIZ L W IRE L TV D, Z DL 280a 28 EARKY & LT LI
DL, BRALSISDEITT BRI IO)ﬁ%iE:r/77w< varERBTLAREOEEEZLND,

Scheme 98.

Co A (2 mol%)
TBDPSO PhSiH3 (1.2 eq.)
TSCN (1.2 eq.). TBPPSO TBDPSO
EtOH o 2 M)
r, 16 280a (55% 280b 25%)
l T y

TBDPSO

H o] 7
H H :
TBDPSO— | TBDPSO——_ |/~ NOESY
~ /\é@’ |.--x:HMBC N CH s

FRDMRrE LT A BRHESE 4237 7= (Scheme 99.), FiFfORE . TBAF (2 X D8V L1k, Appel
FOZ £ 0 AR L72 282 12%F LC-78 °C TLDA % F 325 LBRILIK 274 3G o s Z 2 R L
oo £V DA &3 — RAZ U Z NS Z & THEK AF /LS FBICHET L, BRI EHR LT
OONRRFAEH T 5H 283  H—FMIRE U TH7-, R ERIIRIRETEN, A FLEDS convex
M/NHHEITLIZ 283 THDHEEZTWD

Scheme 99.
CBry (2.0 eq.)
TBDPSO” \//_ é@ TBAF (3.0 eq) HO ; é[j PPhs (2.0 eq.) Br z 'I j
THF (0.2 M) CH,Cl, (0.2 M) NC H
280a rt, 1 h rt, 1 h, 80% (2 steps) 282
gi LDA (2.0 eq.) g Ef < Ef

LDA(1 3eq.) Mel ( 100eq)

THF(O 03 M) THF (0.1 M)

-78 °C tort, 2h 274 -78 Ctort6h 283 283

90% (2 steps)

(dr.=12:1) (single isomer) ‘ (proposed structure)
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FHLHE NEHRSUEVEAET LV UOARK

ATETOET VI 2 W2 MEHZ K U | Taiwaniaquinone D D5 # Z #8925 & BRR BE 23fE N C
e, WIS, NUB VB EOBBEARIZ VT 265 DR ERRTAZ LI L, 2D
BE. T AT B K267 A MRHSRIVEET VIE LRI L FIETUZAZES Z Enisks EHIFF L,
TT b RK267 1%, IO Scheme 93. & [FIER ORI TH L ATRE Td 5 & & X 7=(Table 30.),

ZZT, £79256 OT U AbZA T 072 L T AR 89% T 284 155 Z L HIRIZAY, Hie Av
IUABIT ST L o 7o, Entryl,2 TliE, TiCls & FHWTHRET L2y, BAHD 267 2155 2

Tk T2, ZOB, 'THNMR (ZBWTT VT b RICHYS 45 —27 28l S5 L
EAFTZ, AV 7 4 UEHS B LTz L B S L2 A L iz, IT, AgOTE 2 Wz &
ZA, ZHLOGRIIEDEHLT DRER & 7o T (entry 3), HIZ, n-BuLiiZ L > TXUBv
B EOKFEEB T2 AL L.DMF 2z % Z & T267 NS5 &R LS EME L L.
267 1315 L L7205 T2 (entry 4),

Table 30.
n-BuLi (1.1 eq )

CuI (1.2eq.)

Me allyi bromlde (3.0eq.) OMe condltlons
THF (0.25 M)

rt, 1 h

216 (11% 284 (89%)
entry conditions 267 (%) recovery of 284 (%) comment
1 CI,CHOMe (2.0 eq.), TiCl4 (4.8 eq.), CH,CI, (0.3 M), -78 °C 0 0 undesired aldehyde
2 CI,CHOMe (1.0 eq.), TiCl4 (2.0 eq.), CH,CI, (0.3 M), -78 °C 0 0 undesired aldehyde
3 CI,CHOMe (3.0 eq.), AgOTf (1.0 eq.), CH-CI, (0.2 M), -78tc 0°C 0 0 complex mixture
4 n-Buli (1.1 eq.), DMF (5.0 eq.), THF (0.2 M), -78 °C to rt 0 30 complex mixture

JEORRFIT, 284 1Z%F L C n-BuLi &3 F L7BRICSONEIRDIEWERZ R L2 0D, UTF
fﬁiﬁﬁbfwék%ito%’?\7»?EF%MZﬂﬁmSﬁﬁgﬂék%ﬁbkﬁ\%
BZIZT U AANLOPL T 7 R AT L TE Y 286 L 1N287 % 52 5 DFH T - 7-(Scheme 100.),

Scheme 100.
OMe OH OMe

OMe 289: RCHO (1.1 eq.)
n-BuLi (1.1 eq.)
= THF (0.1 M)
OM rt, 30 min
© R

R= TBDPSO\/\/E
284 285 (0%) 286 (9%) 287 (27%)

AFEREZIT, ETARCBUVRICERFBLEATIVURY FARITHES TVT & RO ETT S
EHIFE L7203, NBS & V2 BRI\ T 284 (13— U1K L 727> > 72 (Scheme 101.),

Scheme 101
OMe OH OMe
NBS (1.2 eq.)
O'V'e CHZCIZ ©03Mm) Br OMe TBDPSO\/\)J\ TBDPSO OMe
rt, 12 h = n-BuLi =
284 OMe No Reaction 288 OMe 285 Ome
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TIFECORREEFE L. TUAEOEANIREBUBORL I MMEERITITI RETh D L
WrL., 7 aEe~_rBr 256 DFL I ALE FE L 72 (Scheme 102.), & DFERLELD 290 1T—U)1E
ST, 221 UK 52% TEHOLNDHE R L o7z,

Scheme 102.

OMe O OMe OMe

TiCl, (2.6 eq.)
oM 4 oM oM
® Cl,CHOMe (3.0eq) H © . €

Br e 2 h Br "

OMe . or OMe O OMe

256 290 (desired, 0%) 221 (undesired, 52%)

T, 7T FiK215 O RFEEME L 72 (Scheme 103.), Z DR, Wik LTy 7 nn
AL OB OGN — T L7e o7 b O D, TFAICEH Lz & ZAEEMNIC T 2%
K290 #1525 Z Lk, BHNT7-290 1XT7 LT RO, 7 Uk, BUR#ELZRTT LT
b RIK267 ~EE X #i< Grignard RIEOFHIN, Swern BR{LIZ L > TH 293 AR LT,

Scheme 103. n-BuLi (1.3 eq.)

(0] OMe (0] OMe HO\/\ I\ OMe Cul (1.3 eq.) (e} OMe
ome NBS OMe OH O 0O OMe allyl bromide OMe
H (1.2eq.) H (10 eq.) H (3.0 eq.) H
—_— —_— —_—
thFA* (0£3 M) g f{gsOI-:;/H)zo Br THF 02M) _~
, quant. mol% rt, 1h
OMe ©  .cp,Cly: OMe toluene (0.5 M) OMe then 1N HCI OMe
215 No Reaction 290 100 °C, 24 h 291 (87%) r,1h 267 (77%)
+
recovery of 290 (11%) 215 (15%)
TBSO._~_Br OH OMe

DMSO (4.0 eq.)
(2 0eq) TBSO OMe (COCI), (2.0 eq.) TBSO Me
Mg(40eq) = NEt; (10.0 eq.)
Br(CH;),Br (0.2 eq.) CH,Cl, (0.2 M)
OMe OMe

THF (0.3 M) -78°Ctort, 1h, 81%
40°C, 1 h, 92% 292 293

B, 7 h 293 OA L7 ¢ b FA AT (Table 31.), entry | TlL, ET/VHE L FREEDOS
1% ket Lt%@@}iﬁ} I—UEIT Loz, F7o, ML LT r-Buli X° -BuOK & #FT L 7=
23, WIS EEZ EEMICET 5 DA ThH > 7 (entry 3,4), I, Peterson Ii<> Tebbe A
LA VLT 4 MR ODONTNE YT 20525252 Llidiemotz, ALV 7 41k
DT Lo iR E LT, FER ) — b LTI &, MREEORE, E1r887%

FERICEV T P OREFHEMET L TWDZ &R ENEZLNDLD, HHEID Scheme 93.12
TR UTZARIZIERLD 7 B 260 TldA L7 4 AT L TV A T2, sElIIARHTH 5,

Table 31.
OMe OMe
TBSO TBSO OMe
293 OMe 265 OMe
entry conditions 265 (%) comment
1 NaH (5.0 eq.), PPhzMeBr (5.0 eq.), THF (0.1 M), 60 °C 0 No Reaction
2  n-Buli (5.0 eq.), PPhzMeBr (5.0 eq.), THF (0.1 M), 60 °C 0 No Reaction
3 t-BuOK (5.0 eq,), PPhgMeBr (5.0 eq.), toluene (0.1 M), 100 °C 0 No Reaction
4  TMSCH,MgCI (5.0 eq.), THF (0.1 M), 60 °C 0 No Reaction
5 Tebbe Reagent (2.0 eq.), THF (0.2 M), -78 °C to rt 0 recovery of 293 : 43%
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SR, BlERE T AR 293 DA LT 4 AL RETT 5 & & BT, Scheme 104127 L72£RIC
T —) K292 75 294 AR L /ST IRV AT LT B R A AW Wittig SO X D P 265
EERTHTETH S,

Scheme 104.
OH OMe PPh3OMe base
TBSO OMe TBSO OMe (HCHO) TBSO
—>
=z
OMe
292
ZE B
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wTE

EHIT. BRSRBMIE L RFE - KELZEWE 2 MO DHHLUSORIE. MOBYE LIZBRLRUS
ERWTE RO EEIIE ATV, LUFITR TSR 21572,

. 7v=nvraranrorrT ) S8 ANRBRRANICORIBICED LTz, £z, NI ~D
b Ra o7 EEee R Y RIFEIEGLE F COMGE, BEARF(LERIC L0 SHEEL B8 LT,

Ni[P(OPh)3ls R2 CN

y J\ \A Me,C(OH)CN - )\l/\/l\l

H H

2. AF vy ruaranrorr ) RS ANRRANSOBRIICKI Lz, £/, AFL v 7
n7anN A R E WD BRGNS RIS EITT A Z LR R LT,

: H
Ni[P(OPh)s] CN Ni[P(OPh)s]
MeZC(OH)aC4N /\l)\l ;TsN/\% MeZC(OH)SC4N S

ArT X —_ > Ar E — > TsN N
A H o % A A

Me Me

3. =g rvrararoe Ray 7 JETiE, ERT LU L ToWEZRL, BREEA
PREDRUVMIE L ONARBIR e Fe o7 kiR ons 2t 2 /AL, £z, 7L A
FrovrzaraXAkoe Kas 7 JBRIETIR, TV Db RISNEITT A Z 2 R L,

Ni[P(OPh)s]4 / Ni[P(OPh)s]4 Me

>= Me20(OH )CN Me,C(OH)CN A

=<l R ————— > TsN

R! A B CN
A

4, VO RuaL T JBALKIEORETIE, KV RERT T HNE 2 DT IV v inbLiEE
RENTPIERHETT D Z 2R LT, ZOBE. v 7 /7 ELOMIZ SPh JEX° SePh Jh & A FIHE

Holzy £l DFRNICTIINT 78T H—L L TAFVLRLT VILRARIR— FEEA LT
AT OERLBUG S FBIZHEIT Lz, O OIS TIEW TS Tk R E OREENFRETH - 72,

<Dienes> <Acylphosphonates> <Ox:mes>

PhS|H3 P(O (OEt), — 22 o Co A 1
ArSOzX PhSiH3 PhS|H3 NHOR

X =CN, SPh, SePh

5. AR AR 2 Rt LTS R, Yok ey 7 2 {bs%E T, Taiwaniaquinoids 7233
WL THT S 6-5-6 BEREHLKD, 2 DOOMMKENPEGERETH L Z L2 A LT,

1) TBAF
TBDPSO PhSlH TBDPSO 2) CBry, PPh;
NC
TeoN A ud 4

4) LDA, Mel
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General remarks: All reactions were performed with dry solvents and reagents were purified by the usual
methods. Reactions were monitored by thin-layer chromatography carried out on 0.25 mm Merck silica gel
plates (60F-254). Column chromatography was performed with silica gel (Fuji Silysia, PSQ-60B)
DIOL-silica (Fuji Silysia, MB100-40/75) or NH-silica (Fuji Silysia, DM2035). NMR spectra were
recorded with calibration using residual undeuterated solvent as an internal reference. High resolution

mass spectra were performed on a TOF LC/MS spectrometer (Ionization method: ESI).

General procedure for hydrocyanation: A solution of starting material (1.0 eq.), P(OPh); (50 mol%),
Ni[P(OPh)3]4 (10 mol%), and acetone cyanohidrin (20.0 eq.) in toluene (0.02 M for starting material) was
heated at 100 °C under an argon atmosphere. The reaction mixture was pored into silica gel to be purified

by column chromatography (hexane/AcOet = 15/1), and the desired product was given.

General procedure for the synthesis of cyclopropylallens (18a—k)

ref. 1

R—CHO (1.1 eq)
TsNHNH, (1.2 eq)

_ Cul (10 19

= 'u t( motte > R&'\A
LiO'Bu (2.7 eq) N
dioxane (0.16 M), 90 °C 18a-k

18a-k were synthesized according to the reported procedure’.

To a 1,4-dioxane (40 ml) solution of TSNHNH?2 (7.1 g, 38.2 mmol) was added benzaldehyde (3.5 ml, 34.5
mmol) at 60 °C under argon. The resulting solution was allowed to stir for an additional 1 h at same
temperature. To this solution was added 1,4-dioxane (160 ml), Cul (608 mg, 3.2 mmol), cyclopropyl
acetylene (2.7 ml, 31.8 mmol), LiOtBu (8.0 g, 85.9 mmol) at 90 °C. The mixture was stirred for an
additional 2 h, and the progress of the reaction was monitored by TLC. Upon completion of the reaction,
the mixture was cooled to room temperature and was filtered through a short silica gel column eluting with
AcOEt. The solvent was removed in vacuum to leave a crude mixture, which was purified by column

chromatography on silica gel (eluting with hexane) to afford pure xxa as a colorless oil (1.84 g, 37%)

(3-cyclopropylpropa-1,2-dien-1-yl)benzene (18a) (CAS-Reg# 200417-79-4)
(37%, 1.84 2)

©/\\A 'H-NMR (400 MHz, CDCL): § 7.35-7.04 (m, 5H), 6.21 (d, J= 6.2 Hz, 1H), 5.45 (t, J =

6.4 Hz, 1H), 1.41-1.32 (m, 1H), 0.78-0.75 (m, 2H), 0.48-0.45 (m, 2H).

1-(3-cyclopropylproopa-1,2-dien-1-yl)-4-methoxybenzene (18b)
'H-NMR (CDCls, 400 MHz) &: 0.40-0.50 (m, 2H), 0.69-0.79 (m, 2H),

A
/@A = 1.30-1.38 (m, 1H), 3.80 (s. 3H), 5.41 (dd, 1H, J= 6.8, 6.8 Hz), 6.16 (d, 1H, J
MeO

= 6.8 Hz), 6.84 (d, 2H, J = 8.8 Hz), 7.20 (d, 2H, J = 8.8 Hz); *C-NMR
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(CDCls, 100 MHz) &: 6.8, 7.0, 9.6, 55.3, 95.6, 99.4, 114.1, 127.2, 127.7, 158.7, 204.0 ; IR (ATR) v: 2928,
1717, 1599, 1510, 1253, 1161, 1023 cm'; HRMS (APPI) Calcd for Ci3HisO, [M+H] * 187.1117, found
187.1117; yellow 0il (25%, 250 mg)

1-(3-cyclopropylpropa-1,2-dien-1-yl)-4-(trifluoromethyl)benzene (18c)
- \/A "H-NMR (CDCls, 400 MHz) &: 0.42-0.52 (m, 2H), 0.78 (dd, 2H, J = 8.4, 2.4
D/\'\ Hz), 1.33-1.41 (m, 1H), 5.50 (dd, 1H, J= 6.4, 6.4 Hz), 6.22 (d, 2H, J = 6.4 Hz),
FsC 7.37 (d, 2H, J = 8.0 Hz), 7.53 (d, 2H, J = 8.0 Hz); *C-NMR (CDCls, 100
MHz) 5: 7.0, 7.0, 9.2, 95.4, 100.2, 125.5, 126.7, 128.5, 138.9, 205.9 ; IR (ATR) v: 3007, 1948, 1615, 1321,
1119, 1106, 1065, 844 cm™'; HRMS (APPI) Calcd for Ci3Hi1F3,[M]*224.0807, found 224.0803; Yellow
0il (23%, 225 mg)

1-(tert-butyl)-4-(3-cyclopropylpropa-1,2-dien-1-yl)benzene (18d)
'"H-NMR (CDCls, 400 MHz) &: 0.42-0.44 (m, 2H), 0.70-0.74 (m, 2H),
/@/\%/A 1.29-1.30 (m, 10H), 5.42 (dd, 1H, J = 6.4, 6.4 Hz), 6.17 (d, 1H, J = 6.4 Hz),
By 7.21 (d, 2H, J = 8.4 Hz), 7.30 (d, 2H, J = 8.4 Hz); 3C-NMR (CDCl3, 100
MHz) &: 6.8, 7.1, 31.3, 34.5, 95.9, 99.2, 125.5, 126.3, 131.9, 149.8, 204.6; IR
(ATR) v: 2961, 1947, 1514, 1268, 1018, 875, 836 cm™'; HRMS (APPI) Caled for Ci6Hao, [M]*212.1560,
found 212.1556; Yellow oil (23%, 228.9 mg)

1-bromo-2-(3-cyclopropylpropa-1,2-dien-1-yl)benzene (18e)
\_\/A 'H-NMR (CDCl3, 400 MHz) &: 0.39-0.50 (m, 2H), 0.69-0.82 (m, 2H), 1.31-1.39
©f\ o (m, 1H), 5.45 (dd, 1H, J= 6.8, 6.8 Hz), 6.64 (d, 1H, J= 6.8 Hz), 7.00 (dd, 1H, J =
o 7.6,7.6 Hz), 7.21 (dd, 1H, J=7.6, 7.6 Hz), 7.42 (d, 1H, J= 7.6 Hz), 7.48 (d, 1H, J
= 7.6 Hz); BC-NMR (CDCls, 100 MHz) &: 6.9, 7.0, 9.3, 95.2, 99.7, 122.4, 127.3, 128.0, 128.2, 132.9,
134.2, 205.9 ; IR (ATR) v: 3003, 1947, 1473, 1019, 740 cm™'; HRMS (APPI) Calcd for CioH; Br,[M]*
234.0039, found 234.0036; Yellow oil (11%, 108.4 mg)

1-bromo-3-(3-cyclopropylpropa-1,2-dien-1-yl)benzene (18f)
\.\/A "H-NMR (CDCl3;, 400 MHz) &: 0.36-0.49 (m, 2H), 0.70-0.80 (m, 2H), 1.30-1.36
A (m, 1H), 5.43 (dd, 1H, J= 6.4, 6.4 Hz), 6.10 (d, 1H, J= 6.4 Hz), 7.09-7.17 (m, 2H),
©/\ 7.26 (d, 1H, J = 7.6 Hz), 7.41 (s, 1H); 3*C-NMR (CDCl;, 100 MHz) &: 7.0, 9.4,
Br 95.1, 100.0, 122.7, 125.2, 129.3, 129.6, 129.9, 137.2, 205.1; IR (ATR) v: 3080,
3003, 1947, 1588, 1564, 1474, 883, 784, 679 cm™'; HRMS (APPI) Caled for CiHyBr, [M] *234.0039,
found 234.0036; Yellow oil (20%, 201.2 mg)

1-bromo-4-(3-cyclopropylpropa-1,2-dien-1-yl)benzene (18g)
'H-NMR (CDCl3, 400 MHz) &: 0.38-0.50 (m, 2H), 0.72-0.81 (m, 2H), 1.30-1.39
/@A%/A (m, 1H), 5.43 (dd, 1H, J= 6.8, 6.8 Hz), 6.13 (d, 1H, J= 6.8 Hz), 7.14 (d, 2H, J =
Br 8.4 Hz), 7.40 (d, 2H, J = 8.4 Hz); *C-NMR (CDCl;, 100 MHz) &: 7.0, 7.1, 9.3,
95.3, 99.9, 120.3, 128.1, 131.5, 133.9, 204.9; IR (ATR) v: 3079, 3003, 1946,
1487, 1068, 1009, 828 c¢cm™'; HRMS (APPI) Caled for Ci2Hi2Br, [M+H] * 235.0117, found 235.0111;
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Yellow oil (41%, 823.6 mg)

2-(3-cyclopropylpropa-1,2-dien-1-yl)naphthalene (18i)
A 'H-NMR (CDCl;, 400 MHz) 8: 0.45-0.53 (m, 2H), 0.72-0.81 (m, 2H),
'\ 1.36-1.43 (m, 1H), 5.51 (dd, 1H, J = 6.8, 6.8 Hz), 638 (d, 1H, J = 6.8 Hz),
7.40-7.50 (m, 3H), 7.65 (s, 1H), 7.75-7.80 (m, 3H); BC-NMR (CDCls, 100
MHz) 5: 6.9, 7.1, 9.5, 96.6, 99.7, 124.6, 125.4, 125.5, 126.1, 127.6, 127.7, 128.1, 132.4, 132.6, 133.7,

205.4 ; IR (ATR) v: 3054, 3003, 1944, 1629, 1597, 1508, 1248 cm™'; HRMS (APPI) Calcd for CisHi4,[M]
*206.1090, found 206.1085; Colorless solid (mp: 45-48 °C, 27%, 269 mg)

2-(3-cyclopropylpropa-1,2-dien-1-yl)thiophene (18j)
S “ \/A 'H-NMR (CDCl3, 400 MHz) &: 0.43-0.51 (m, 2H), 0.74-0.78 (m, 2H), 1.30-1.38
<\J/\'\ (m, 1H), 5.47 (dd, 1H, J = 6.4, 6.4 Hz), 6.41 (d, 1H, J = 6.4 Hz), 6.89 (d, 1H, J =
3.6 Hz), 6.94 (dd, 1H, J=4.8, 3.6 Hz), 7.13 (d, 1H, J= 4.8 Hz); 3'C-NMR (CDCl;,
100 MHz) &: 6.8, 7.4, 9.5, 90.6, 99.9, 124.2, 124.4, 127.4, 139.5, 204.0; IR (ATR) v: 3079, 3002, 1653,
1428, 1256 cm!'; HRMS (APPI) Caled for CioHioS, [M] ¥ 162.0498, found 162.0494; Yellow oil (14%,
143.4 mg)

(3-cyclopropylpropa-1,2-dien-1-yl)cyclohexane (18k)
"H-NMR (CDCls, 400 MHz) &: 0.27-0.41 (m, 2H), 0.62-0.70 (m, 2H), 1.01-1.11
O\/ = (m, 2H), 1.13-1.32 (m, 4H), 1.60-1.64 (m, 1H), 1.69-1.76 (m, 4H), 1.89-1.98 (m,
~ 1H), 5.04 (ddd, 1H, J = 6.4, 6.4, 2.8 Hz), 5.16 (ddd, 1H, J = 6.4, 6.4, 1.2 Hz);
BC-NMR (CDCls, 100 MHz) &: 6.4, 6.9, 9.5, 26.0, 26.2, 33.1, 37.4, 95.9, 99.0, 201.8 ; IR (ATR) v: 2922,
2850, 1447, 1017, 889 cm’!; HRMS (APPI) Caled for CioHio, [M+H] * 163.1481, found 163.1479;
Colorless oil (23%, 180 mg)

Synthesis of 18h
Me
[>—cHo (1.5 eq) onc  MeMgBr (3.0 eq)
C .
Ph—— 4 "BuLi (1.2 eq) Ph—— LiBr (3.0 eq) %A
T Ac,0 (5.0 eq) Cul (3.0 eq)
s1 THF (0.2 M) 52 THF (0.2 M) 18h
rt,2 h rt, 1 h (2 steps,75%)

S1 to S2 : To a THF (23.4 ml) solution of ethynylbenzene (0.51 ml, 4.7 mmol) was added buthyllithium
(3.6 ml, 1.55 M in THF, 5.6 mmol) at -78 °C under argon. The resulting solution was allowed to stir for an
additional 30 min at same temperature. To this solution was added cyclopropanecarboxaldehyde (0.2 ml,
7.0 mmol) at -78 °C. The mixture was stirred for an additional 30 min, then warmed to 0 °C over 2 h. After
acetic anhydride (2.2 ml, 23.4 mmol) was added, the mixture was allowed to stir for 1 h keeping 0 °C. The
reaction was quenched with saturated aqueous ammonium chloride, and the products were extracted with
AcOEt. The combined organic layers were washed with brine and dried over anhydrous sodium sulfate.
After removal of the solvent under reduced pressure, the residue (1.24 g) was used directly in the next step

without further purification.
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18h was synthesized from S2 according to the reported procedure?.

(4-cyclopropylbuta-2,3-dien-2-yl)benzene (18h)
Me '"H-NMR (CDCls, 400 MHz) &: 0.39-0.43 (m, 2H), 0.69-0.73 (m, 2H), 1.27-1.36 (m,
| \/A 1H), 2.08 (dd, 3H, J=2.8, 0.8 Hz), 5.29 (dd, 1H, J= 6.8, 2.8 Hz), 7.17 (dd, 1H, J =
A 8.4, 8.4 Hz), 7.30 (dd, 2H, J = 8.4, 8.4 Hz), 7.39 (dd, 2H, J = 8.4, 8.4 Hz); *C-NMR
(CDCls, 100 MHz) &: 6.9, 6.9, 9.7, 17.3, 97.4, 102.0, 125.6, 126.4, 128.2, 137.5,

203.6 ; IR (ATR) v: 3734, 3669, 3081, 3003, 1943, 1597, 1492, 1442, 1370, 1258 cm’!; HRMS (APPI)
Calcd for Ci3His, [M]*170.1090, found 170.1088: Yellow oil (597.5 mg)

Synthesis of 18i

[>—cHo (1.0 eq)

—=—= TsNHNH, (2.3 e
TsN Cul (20 rrfo(l%) @ TSN /\/%
Me LiO'Bu (5.4 eq) Me
dioxane (0.08 M) 18i
90°C,1.5h

2 steps, 20%  ref. 1

N-(4-cyclopropylbuta-2,3-dien-1-yl)-N,4-dimethylbenzenesulfonamide (18i)

= 'H-NMR (CDCls, 400 MHz) &: 0.26-0.34 (m, 2H), 0.66-0.73 (m, 2H), 1.14-1.23
(m, 1H), 2.42 (s, 3H), 2.73 (s, 3H), 3.63 (d, 2H, J = 6.0 Hz), 5.00-5.06 (m, 2H),
7.31 (d, 2H, J = 8.0 Hz), 7.66 (d, 2H, J = 8.0 Hz); *C-NMR (CDCls, 100 MHz)

d: 6.6, 6.7, 9.2, 34.0, 50.0, 88.0, 97.0, 127.3, 129.6, 134.6, 143.3, 204.9; IR (ATR) v: 3004, 1597, 1451,

1338, 1158, 1089, 1019 cm™'; HRMS (ESI) Calcd for CisH20N10,S, [M+H]* 278.1215, found 278.1220;

Colorless oil (20%, 133.4 mg)

TS'TI/\/
Me

Synthesis of 18m
Ph—CHO (1.5 eq) OAG MeMgBr (3.0 eq) Me
U Buli(12eq) | [ — LiBr(3.0eq) v& o
Ac,0 (5.0 eq) pp  Cul (3.0 eq) X
S3 THF (0.2 M) s4 THF (0.2 M) _
rt, 2 h rt, 1 h ref 1 18m : 17% (2 steps)

S3 to S4 : To a THF (23.4 ml) solution of S1 (4.7 mmol) was added »—BuLi (3.6 ml, 1.55 M in THF, 5.6
mmol) at -78 °C under argon. The resulting solution was allowed to stir for an additional 30 min at same
temperature. To this solution was added benzaldehyde (7.0 mmol) at -78 °C. The mixture was stirred for
an additional 30 min, then warmed to 0 °C over 2 h. After AcxO (2.2 mL, 23.4 mmol) was added, the
mixture was allowed to be stirred for 1 h at 0 °C. The reaction was quenched with saturated aqueous
solution of NH4Cl, and the mixture was extracted with AcOEt. The combined organic layers were washed
with brine and dried over Na;SOa. After removal of the solvent under reduced pressure, the residue (1.24

g) was used directly in the next step without further purification.

74



S4 to 18m : To a stirred suspension of LiBr (1.22 g, 14.1 mmol) and Cul (2.68 g, 14.1 mmol) in THF (10
mL) at 0 °C was slowly added a solution of MeMgBr (4.7 mL, 3.0 M in Et;O, 14.1 mmol). After the
mixture was stirred for 15 min, a solution of S2 (4.7 mmol) in THF (14 mL) was added. The reaction
mixture was allowed to warm to rt over 1 h, and then a saturated solution of NH4Cl was added and the
reaction was extracted with AcOEt. After drying (Na»;SOs), concentration, and flash column

chromatography (n—Hexane), cyclopropylallene 18m was obtained.

(3-cyclopropylbuta-1,2-dien-1-yl)benzene (18m)
Ph Me  H-NMR (CDCls;, 400 MHz) 5:  0.45-0.50 (m, 2H), 0.64-0.72 (m, 2H), 1.24-1.30 (m,
—. 1H), 1.84 (dd, 3H, J = 2.4, 2.4 Hz), 6.09 (brs, 1H), 7.14-7.18 (m, 1H), 7.22-7.30 (m,
:ﬂ> 4H); BC-NMR (CDCls, 100 MHz) 8: 5.96, 6.48, 13.7, 18.0, 95.1, 106.6, 126.5, 126.5,
128.5, 135.7, 202.1; IR (ATR) v: 3730, 3665, 3077, 3000, 1946, 1590, 14929 14438
1373, 1250 cm™'; HRMS (APPI) Calcd for Ci3Hia [M] 7 170.1090, found 170.1088: Yellow oil (2 steps
17%, 450 mg)

Synthesis of 18n

Ph (1.1 eq)

. o TsNHNH, (1.1 eq)
LiAIH, (1.5 eq) TPAP (5 mol%) Ph Cul (20 mol%) Ph

I><Ph THF (0.15 M) I>C NMO (1.5 eq) |>< _
Ar@©15M) NMOWt->eq)
CO,H 1t, 13 h OH MS4A CHO  LiO'Bu (5.4 eq) X
S5 S6 CH,Cl, (0.1 M) §7 dioxane (0.08 M)

n.2h 90°C,3h refq 18n:9% (3 steps)

S5 to S6 : To a solution of LiAlIH4(421 mg, 11.1 mmol) in THF (30 mL) at 0 °C was added slowly S5
(1.22 g, 7.4 mmol) in THF (20 mL). The reaction was then stirred at room temperature for 13 h. To the
reaction mixture was then added H>O, 15% aqueous solution of NaOH, and water while stirring. The
mixture was stirred for 20 min at room temperature, filtered and concentrated to give the crude S6, which

was used for the next step without purification.

S6 to S7 : To a solution of S6 and NMO (1.2 mL, 11.3 mmol) in CH>Cl, (75 mL) was added ground
molecular sieves (3.0 g, 4 A). The mixture was stirred for 10 min at room temperature under argon
atmosphere before TPAP (134 mg, 0.38 mmol) was added. After stirring for an additional 2 h, the solution
was filtered through celite. The solvent was then carefully evaporated and the remaining oil was used for

the next step without purification.

S7 to 18n : To a 1,4-dioxane (8.0 mL) solution of TsSNHNH> (622.8 mg, 3.34 mmol) was added S7 (444.4
mg, 3.04 mmol) at 60 °C under argon. The resulting solution was allowed to stir for an additional 1 h at
same temperature. To this solution was added 1,4-dioxane (30.0 mL), Cul (115.8 mg, 0.61 mmol),
phenylacetylene (0.37 ml, 3.34 mmol), LiO'Bu (1.31 g, 16.4 mmol) at 90 °C. The mixture was stirred for
an additional 3 h, and the progress of the reaction was monitored by TLC. Upon completion of the reaction,
the mixture was cooled to room temperature and was filtered through a short silica gel column eluting with

AcOEt. The solvent was removed in vacuum to leave a crude mixture, which was purified by column
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chromatography on silica gel (eluting with n—Hexane) to afford pure 18n as a colorless oil (3 steps 9%,
63.3 mg)

(3-(1-phenylcyclopropyl)propa-1,2-dien-1-yl)benzene (18n)
'"H-NMR (CDCls, 400 MHz) 8: 1.07-1.17 (m, 4H), 5.89 (d, 1H, J = 6.4 Hz), 6.19 (d,
===\ pp [H,J=6.4Hz),7.08-7.38 (m, 10H); C-NMR (CDCl;, 100 MHz) &: 15.9, 15.9, 24.3,
k 97.2,102.7, 126.2, 126.6, 126.9, 128.0, 128.2, 128.5, 134.5, 144.1, 204.3; IR (ATR)
v: 3027, 1948, 1598, 1493, 1025, 756, 690 cm’'; HRMS (ESI) Calced for CisHj¢Na,
[M+Na]" 255.1150, found 255.1151; Colorless oil (3 steps 9%, 63.3 mg)

(1-cyclopropylpropa-1,2-dien-1-yl)benzene (180)
ph  (CAS-Reg# 85914-04-1)
= "H-NMR (CDCl3, 400 MHz) : 0.52-0.58 (m, 2H), 0.84-0.91 (m, 2H), 1.60-1.53 (m, 1H),
5.09 (d, J=2.9 Hz, 2H), 7.18-7.24 (m, 1H), 7.31-7.37 (m, 2H), 7.54-7.60 (m, 2H),

Synthesis of 18p
Ph (1.1 eq)
OHZNEt, (1.5 eq) OH TPAP (5 mol%) TsNHNH, (1.1 eq) Ph
[v)
CHalp (25eq) <] J NMO(15¢q) <] cHo 011 (20 moi%) Ph/%.\/A
Ti(OPr), S9 MS4A $10 - 309 LiO'Bu (5.4 eq) A
0 CH,Cl, (0.1 M) :30% Coto

(10 mol%) o (2 steps) dioxane (0.08 M) 18p : 24%
CH,Cl, (0.2 M) ’ 90°C, 1h
ft, 14 h ref1

S8 to S9: To a solution of ZnEt, (15 mL, 1.06 M in n—Hexane, 15.9 mmol) in 53 mL dry CH,Cl; at -10 °C
was added dropwise CHal, (2.1 mL, 26.5 mmol). The resulting solution was stirred at that temperature for
15 min and a white precipitate was formed. Then the alcohol S6 (1.4 mL, 10.6 mmol) and Ti(OiPr)4 (0.32
mL, 1.06 mmol) were added successively. The reaction mixture was warmed to room temperature and
stirred for 14 h. The reaction was quenched with saturated aqueous solution of NH4Cl and extracted with
Et,0. The combined organic phase was washed with brine and dried over anhydrous Na>SOs. The solvent

was evaporated. The crude product was used for the next step without purification.
S9 to S10 : Same as S6 to S7 //  S10 to 18p : Same as S7 to 18n

(3-(2-phenylcyclopropyl)propa-1,2-dien-1-yl)benzene (18p)
Ph 'H-NMR (CDCls, 400 MHz) &: 1.12-1.26 (m, 2H), 1.54-1.67 (m, 1H), 1.96-2.02
== (m, 1H), 5.61-5.67 (m, 1H), 6.25-6.27 (m, 1H), 7.07-7.33 (m, 10H); *C-NMR
kPh (CDCl;, 100 MHz) 6: 16.9, 17.0, 21.1, 21.5, 25.8, 25.9, 96.8, 98.2, 125.7, 125.9,
126.7, 127.0, 128.4, 128.6, 134.7, 142.2, 205.0, 205.2; IR (ATR) v: 3028, 1944,
1603, 1495, 1457, 1028, 876, 746, 690 cm™'; HRMS (ESI) Calcd for CisHj¢Na, [M+Na]* 255.1150, found

255.1151; Colorless oil  (24%, 58.8 mg)
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(3E,5E)-2-methyl-6-phenylhexa-3,5-dienenitrile (20a)
CN '"H-NMR (CDCl3, 400 MHz) &: 1.46 (d, 3H, J = 6.8 Hz), 3.44 (qd, 1H, J=6.8, 6.0
©/\/\)\ Hz), 5.67 (dd, 1H, J=10.4, 6.4 Hz), 6.52 (dd, 1H, J=15.2, 10.4 Hz), 6.60 (d, 1H,
J=15.6 Hz), 6.74 (dd, 1H, J = 15.6, 10.4 Hz), 7.23-7.27 (m, 1H), 7.33 (dd, 2H, J
=72, 7.2 Hz), 740 (d, 2H, J = 7.2 Hz); BC-NMR (CDCls, 100 MHz) &: 19.0,
28.1, 120.8, 126.5, 126.9, 127.6, 127.9, 128.6, 132.8, 134.1, 136.7; IR (ATR) v: 3025, 2984, 2937, 2240,

2216, 985, 747, 691 cml; HRMS (APPI) Caled for Ci3HisNNa, [M+H]" 184.1121, found 184.1115;
Colorless oil (72%, 28.4 mg)

(3E,5E)-6-(4-methoxyphenyl)-2-methylhexa-3,5-dienenitrile (20b)
oy 'H-NMR (CDCl;, 400 MHz) 8: 1.45 (d, 3H, J = 6.8 Hz), 3.43 (dq, 1H, J =
6.8, 6.0 Hz), 3.82 (s, 3H), 5.61 (dd, 1H, J = 14.8, 6.0 Hz), 6.48 (dd, 1H, J
/@M)\ =15.2,9.6 Hz), 6.54 (d, 1H, J = 15.2 Hz), 6.61 (dd, 1H, J=15.2, 9.6 Hz),
MeO 6.86 (d, 2H, J = 8.4 Hz), 7.33 (d, 2H, J = 8.4 Hz); 3C-NMR (CDCls, 100
MHz) &: 19.0, 28.1, 55.3, 114.1, 120.9, 124.9, 126.4, 127.7, 129.5, 133.0, 133.6, 159.5; IR (ATR) v: 2935,

2240, 1603, 1509, 1247, 1174, 1030, 984, 831 cm™'; HRMS (APPI) Calcd for C4H;sON, [M] *213.1148,
found 213.1141; Colorless solid (mp: 52-55 °C; 49%, 17.6 mg)

(3E,5E)-2-methyl-6-(4-(trifluoromethyl)phenyl)hexa-3,5-dienenitrile (20c)
cN "H-NMR (CDCl3;, 400 MHz) &: 1.47 (d, 3H, J = 6.8 Hz), 3.43-3.50 (m,
1H), 5.74 (dd, 1H, J = 15.6, 6.4 Hz), 6.51-6.58 (m, 1H), 6.62 (d, 1H, J =
/©/W\ 15.6 Hz), 6.81 (dd, 1H, J = 15.6, 10.4 Hz), 7.48 (d, 2H, J = 8.4 Hz), 7.57
FsC (d, 2H, J = 8.4 Hz); *C-NMR (CDCl3, 100 MHz) &: 18.9, 28.1, 120.6,
125.6, 125.6, 126.6, 129.3, 129.4, 132.2, 132.4, 140.1; IR (ATR) v: 2989, 2243, 1613, 1415, 1321, 1163,

1118, 1106, 1065, 985, 839 cm’'; HRMS (APPI) Caled for Ci14H1oNF3; [M] 7251.0916, found 251.0908;
Yellow oil (65%, 49.0 mg)

(3E,5E)-6-(4-(tert-butyl)phenyl)-2-methylhexa-3,5-dienenitrile (20d)
oN '"H-NMR (CDCl;, 400 MHz) 6: 1.31 (s, 9H), 1.44 (d, 3H, J = 7.2 Hz),
/@/\/\)\ 3.38-3.45 (m, 1H), 5.62 (dd, 1H, J = 15.2, 6.4 Hz), 6.49 (dd, 1H, J = 15.2,
10.4 Hz), 6.57 (d, 1H, J = 15.2 Hz), 6.70 (dd, 1H, J = 15.2, 10.4 Hz),
‘B 7.28-7.38 (m, 4H); *C-NMR (CDCls, 100 MHz) &: 18.9, 28.1, 31.2, 34.6,
120.8, 125.6, 126.1, 126.2, 127.1, 132.9, 133.9, 151.1; IR (ATR) v: 2961, 2242, 1459, 1363, 1269, 985,
835, 732 cm’'; HRMS (APPI) Calcd for Ci7H21N, [M] *239.1169, found 239.1660; Yellow oil (74%, 41.7

mg)

(3E,SE)-6-(2-bromophenyl)-2-methylhexa-3,5-dienenitrile (20e)
"H-NMR (CDCls, 400 MHz) &: 1.47-1.48 (d, 3H, J = 7.6 Hz), 3.45 (dq, 1H, J =

C(\/\ji 7.6, 6.0 Hz), 5.72 (dd, 1H, J = 15.2, 6.0 Hz), 6.58 (dd, 1H, J = 15.2, 10.4 Hz), 6.69
(dd, 1H, J = 10.4, 15.2 Hz), 6.96 (d, 1H, J = 15.2 Hz), 7.10 (dd, 1H, J = 7.2, 7.2
Br Hz), 7.22-7.29 (m, 1H), 7,55 (dd, 2H, J = 7.2, 7.2 Hz); *C-NMR (CDCls, 100
MHz) 5: 18.8, 28.1, 120.7, 124.0, 126.5, 127.5, 128.9, 129.1, 129.5, 132.6, 132.6, 133.1, 136.4; IR (ATR)
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v: 2934, 2242, 1465, 1437, 984, 747 cm™'; HRMS (APPI) Calcd for Ci3Hi2NBr, [M] ©261.0148, found
261.0138; Colorless oil (60%, 25.0 mg)

(3E,5E)-6-(3-bromophenyl)-2-methylhexa-3,5-dienenitrile (20f)
CN  'H-NMR (CDCl3, 400 MHz) &: 1.45 (d, 3H, J = 7.2 Hz), 3.44 (dq, 1H, J= 7.2, 6.4
XX Hz), 5.69 (dd, 1H, J = 16.0, 6.4 Hz), 6..46-6.54 (m, 2H), 6.72 (dd, 1H, J = 16.0,
10.8 Hz), 7.18 (dd, 1H, J = 7.6, 7.6 Hz), 7.29 (d, 1H, J = 7.6 Hz), 7.35-7.38 (m,
Br 1H), 7.54 (dd, 1H, J = 1.6, 1.6 Hz); 3*C-NMR (CDCls, 100 MHz) &: 18.9, 28.1,
120.6, 122.8, 125.1, 128.3, 128.8, 129.1, 130.1, 130.7, 132.3, 132.3, 138.8; IR (ATR) v: 2985, 2243, 1588,
1471, 984, 731 cm’; HRMS (APPI) Calcd for C13H2NBr, [M] *261.0148, found 261.0142; Colorless oil

(67%, 33.6 mg)

(3E,5E)-6-(4-bromophenyl)-2-methylhexa-3,5-dienenitrile (20g)
CN "H-NMR (CDCl3, 400 MHz) 8: 1.45 (d, 3H, J = 6.8 Hz), 3.43 (dq, 1H, J = 6.8,
/©W 6.4 Hz), 5.68 (dd, 1H, J = 15.2, 6.4 Hz), 6.46-6.55 (m, 2H), 6.71 (dd, 1H, J =
15.2, 10.8 Hz), 7.24 (d, 2H, J = 8.4 Hz), 7.43 (d, 2H, J = 8.4 Hz); 3C-NMR
Br (CDCl3, 100 MHz) &: 18.9, 28.1, 120.6, 121.7, 127.6, 127.9, 128.3, 131.7,

132.4, 132.7, 135.6; IR (ATR) v: 2986, 2241, 1486, 1071, 984, 827, 731 cm’'; HRMS (APPI) Calcd for
Ci3Hi2NBr, [M+H] *261.0148, found 261.0140; Colorless solid (mp: 35-39 °C, 68%, 61.8 mg)

(3E,5E)-2-methyl-6-phenylhepta-3,5-dienenitrile (20h)

Me CN '"H-NMR (CDCls, 400 MHz) &: 1.42 (d, 3H, J= 7.2 Hz), 2.17 (s, 3H), 3.41 (qd, 1H,
J=172,64Hz),5.61 (dd, 1H, J=14.8, 6.4 Hz), 6.38 (d, 1H, J=11.2 Hz), 6.73 (ddd,
1H, J=14.8, 11.2, 1.6 Hz), 7.29-7.34 (m, 3H), 7.42 (d, 2H, J = 7.6 Hz); 3C-NMR
(CDCl;, 100 MHz) &: 16.1, 19.0, 28.2, 120.9, 124.9, 125.6, 127.3, 127.8, 128.2, 129.1, 138.1, 142.5; IR
(ATR) v: 3065, 2985, 2937, 2237, 1467, 1437, 1024, 963 cm™'; HRMS (APPI) Calcd for CisH N, [M+H]*
198.1277, found 198.1273; Colorless oil (97%, 104.0 mg)

Ph™ XX

(3E,5E)-2-methyl-6-(naphthalen-2-yl)hexa-3,5-dienenitrile (20i)

CN "H-NMR (CDCls, 400 MHz) &: 1.46 (d, 3H, J = 7.2 Hz), 3.42-3.48 (m, 1H),
“/\/\)\ 5.69 (dd, 1H, J=15.2, 6.4 Hz), 6.56 (dd, 1H, J=15.2, 9.6 Hz), 6.75 (d, 1H, J
OO =15.2, 9.6 Hz), 7.42-7.49 (m, 2H), 7.59 (dd, 1H, J = 8.4, 1.6 Hz), 7.74 (s,

1H), 7.77-7.83 (m, 3H); *C-NMR (CDCls, 100 MHz) &: 19.0, 28.2, 120.8,
123.3, 126.1, 126.4, 126.8, 127.2, 127.7, 127.8, 128.0, 128.3, 132.8, 133.1, 133.5, 134.2; IR (ATR) v:

2996, 2239, 2215, 1507, 1454 cm™; HRMS (APPI) Caled for Ci7H;sN, [M] *233.1199, found 233.1190;
Colorless solid (mp: 117-122 °C, 76%, 51.1 mg)

(3E,5E)-2-methyl-6-(thiophen-2-yl)hexa-3,5-dienenitrile (20j)
CN 'H-NMR (CDCls, 400 MHz) &: 1.45 (d, 3H, J = 6.8 Hz), 3.40-3.46 (m, 1H), 5.63
s N (dd, 1H, J=15.2, 6.0 Hz), 6.45 (dd, 1H, J=15.2, 10.4 Hz), 6.73 (d, 1H, J=15.2
\ ! Hz), 6.97-7.00 (m, 2H), 7.18 (d, 1H, J = 5.2 Hz); *C-NMR (CDCls, 100 MHz) &:

18.9, 28.1, 120.7, 124.9, 126.5, 126.8, 127.4, 127.6, 129.7, 132.2, 142.0; IR (ATR)
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v: 3022, 2984, 2936, 2241, 1593, 1452, 1210 cm™'; HRMS (APPI) Caled for Ci1HiiINS, [M] *189.0607,
found 189.0601; Yellow oil (50%, 38.1 mg)

(3E,5E)-6-cyclohexyl-2-methylhexa-3,5-dienenitrile (20k)

'H-NMR (CDCls, 400 MHz) &: 1.04-1.33 (m, 6H), 1.40 (d, 3H, J = 7.2 Hz),
1.68-1.75 (m, 4H), 1.96-2.05 (m, 1H), 3.31-3.39 (m, 1H), 5.43 (dd, 1H, J=15.6,
6.4 Hz), 5.72 (dd, 1H, J = 15.6, 6.4 Hz), 5.94 (dd, 1H, J=15.2, 10.8 Hz), 6.29
(ddd, 1H, J = 15.2, 10.4, 0.8 Hz); *C-NMR (CDCls, 100 MHz) &: 19.0, 25.9,
26.2, 28.0, 32.7, 40.7, 120.9, 125.1, 126.0, 133.3, 142.7; IR (ATR) v: 2923, 2850, 2241, 1655, 1448, 986
cm™'; HRMS (APPI) Caled for Ci3H2oN, [M+H] " 190.1590, found 190.1584; Colorless oil (52%, 73.4 mg)

CN

N-((2E.,4E)-6-cyanohepta-2,4-dien-1-yl)-N,4-dimethylbenzenesulfonamide (201)
TSN/\M/ "H-NMR (CDCls, 400 MHz) &: 1.41 (d, 3H, J = 7.2 Hz), 2.44 (s, 3H), 2.67 (s,
I\l/le N 3H), 3.34-3.42 (m, 1H), 3.67 (d ,2H, J = 6.0 Hz), 5.51-5.64 (m, 2H), 6.13 (dd,
1H, J=15.2, 6.4 Hz), 6.31 (dd, 1H, J=15.2, 6.4 Hz), 7.32 (d, 2H, J= 8.0 Hz),
7.67 (d, 2H, J = 8.0 Hz); *C-NMR (CDCls, 100 MHz) &: 18.7, 21.5, 27.9, 34.4, 51.9, 120.6, 127.4, 128.3,
129.0, 129.7, 131.3, 132.1, 134.3, 143.5; IR (ATR) v: 2934, 1598, 1452, 1335, 1157, 1089 cm™'; HRMS
(ESI) Calcd for CisH20N2NaO»S, [M+Na]* 327.1143, found 327.1154; Yellow oil (50%, 21.7 mg)

(1E,3E,5E)-1,6-diphenylhexa-1,3,5-triene (21p)

(CAS-Reg# 17329-15-6)

"H NMR (400 MHz, CDCI3) 6: 6.52 (ddd, J = 3.0, 10.1, 15.1 Hz, 2H), 6.60 (d,
J=15.6 Hz, 2H), 6.87 (ddd, J = 3.2, 10.0, 15.1 Hz, 2H), 7.22 (t, /= 7.3 Hz, 2H), 7.32 (d, J= 7.6 Hz, 4H),
7.42 (d,J=17.3 Hz, 4H)

Ph/\/\/\/Ph

(1E,3E)-hexa-1,3,5-trien-1-ylbenzene (21a) (CAS-Reg# 35008-84-5)
(10%, 3.3 mg)
A SN
©/\/\/\ "H NMR (400 MHz, CDCls) 6: 5.14 (d, 1H, J=9.6 Hz), 5.27 (d, 1H, J=17.9
Hz), 6.31-6.51 (m, 3 H), 6.58 (d, 1H, J=15.5 Hz), 6.82 (dd, 1H, J=9.4, 15.5
Hz), 7.20-7.45 (m, 5 H),

Synthesis of Sb
NaH (2 eq)
TMSCI (2.2
R (2.2 eq) Red-Al (1.6 eq) BnBr (2 eq)
=—  _Buli(2.2eq) THF (0.1 M) _ Et,0 (1 M TBAI (10 mol%)
OH -78°Ctort,2h TMS—= oy 30 min TMS _~_OH  THE (0.3 M)
t. rt, 18 h
s11 then .1N HCI (5 eq) s12 quan s13
30 min, 96%
Cp,oZrCl, (1.3 eq)
"Buli (2.6 eq), toluene (0.1 M) OH KH (3 eq)
™S -78°Cto50°C,2h X THF (0.1 M PR XX
then 0 °C rt, 1h AN
TMS 22
s14 P X ~CHO s15

3 steps , 21%
(2eq)  2n (3 steps , 21%)
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S11 to 8122 o a solution of 811 (0.62 mL, 10.5 mmol) in THF (80.8 ml) was added “BuLi (14.2 ml of a 1.63 M solution in hexanes,
23.2 mmol) through a syringe at -78 °C (dry iceMeOH bath). After addition was complete, the solution was allowed to warm to room
temperature. After 1.5 h at the room temperature, the mixture was allowed to cool to -78 °C (dry iceMeOH bath) and TMSCI (3.0 mL,
23.7 mmol) was added dropwise through a syringe. The solution was allowed to slowly warm to room temperature over 12 h, and the
reaction was quenched by the addition of an aqueous solution of 1IN HCI and diluted with Et20. The layers were separated and the
aqueous layer was washed with Et2O. The combined organic layers were washed with a saturated solution of NaCl, dried over
Na2S04, and the solvent was evaporated. The crude product was used for the next step without purification.

S12 t0 S13: To a solution of S12  in Et2O (10.1 ml) was slowly added Red-Al (4.5 mL of a 3.6 M solution in toluene, 16.2 mmol) at 0°C
(ice bath). The mixture was allowed to warm to room temperature over 2 h and then quenched by the addition of 2M HCl at 0 °C.
The resulting solution was diluted with Et20. The layers were separated and the aqueous layer was washed with Et20. The
combined organic layers were washed with a saturated solution of NaCl, dried over NazSOy, filtered and concentrated in vacuo to
afford desired product S18 without purification as a pale yellow oil

S13 to S14: T a solution of S13 (1.69 g, 13 mmol) in THF (43 ml) was added NaH (1.04 g, 26 mmol, 60 % suspension in mineral oil) at
0°C . After the evolution of gas, BnBr (3.1 ml, 26 mmol) and TBAI (480 mg, 1.3 mmol) were added and the solution was stirred for
another 4 h at room temperature. The solution was dissolved in EtzO (50 ml), water was added and the aqueous phase was
extracted with Et20. The combined organic phases were washed with water and sat. sodium chloride solution and dried over Na2SOu.
The solvent was removed in vacuum to leave a crude mixture, which was filtered through a short silica gel column (eluting with
hexane/AcOEt =20/1).

S14 to S15: To a suspension of CP2ZrC12 (730.8 mg, 2.50 mmol) in toluene (8 ml) was added a solution of n-butyllithium (1.63 M in
hexane, 3.1 ml, 5.0 mmol) at -78 °C and the mixture was stirred at the same temperature for 1 h. A solution of IV (364.5 mg, 1.92
mmol) in toluene (12 ml) was added to the reaction mixture at 78 °C and the temperature was gradually raised to 50 °C. After being
stirred at 50 °C for 2 h, a solution of cinnamaldehyde (0.48 ml, 3.84 mmol) was added at 0 °C and the mixture was stirred at the same
temperature for 2 h. The reaction was quenched with saturated aqueous ammonium chloride, and the mixture was extracted with
AcOEt. The combined organic layers were washed with brine and dried over anhydrous sodium sulfate. After removal of the solvent
under reduced pressure, the residue (957.3 mg) was used directly in the next step without further purification.

S15 to 22: To a solution of KH (1.56 g, 11.64 mmol) in THF (20 ml) was added S15 in THF (20 mD at 0 °C, and the solution was
allowed to warm to room temperature over 1 h. The reaction was quenched with saturated aqueous NH4Cl and extracted with Etz0.
The combined organic phase was washed with brine and dried over anhydrous NaaSO4. The solvent was removed in vacuum to
leave a crude mixture, which was purified by column chromatography on silica gel (eluting with hexane) to afford pure 22 as a
colorless solid (54.0 mg, 21%)

(1E,3Z)-hexa-1,3,5-trien-1-ylbenzene (22)
(CAS-Reg# 3864-19-5)

XN '"H-NMR (CDCl3, 400 MHz) &: 5.20 (d, 1H, J = 10.0 Hz), 5.28 (d, 1H, J = 17.2
m Hz), 6.08 (dd, 1H, J =10.8, 10.8 Hz), 6.18 (dd, 1H, J = 10.8, 10.8 Hz), 6.57 (d,
1H, J=15.6 Hz), 6.93 (ddd, 1H, J=17.2, 10.8, 10.8 Hz), 7.21-7.28 (m, 2H), 7.33

(dd, 2H, J= 8.0, 8.0 Hz), 7.42 (d, 2H, J= 8.0 Hz)
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Synthesis of 22: To a THF (0.98 ml) solution of 20a (39.1 mg, 0.21 mmol) was added LHMDS (0.24 ml,
1.0 M in THF, 0.24 mmol) at -78 °C under argon. The resulting solution was allowed to stir for an

additional 30 min at same temperature. To this solution was added Mel (0.13 ml, 2.13 mmol) at -78 °C.

The mixture was warmed to room temperature and stirred for a 1 h. The reaction was quenched with
saturated aqueous ammonium chloride, and the products were extracted with AcOEt. The combined
organic layers were washed with brine and dried over anhydrous sodium sulfate. After removal of the
solvent under reduced pressure, the residue was purified by flash column chromatography
(n-Hexane/AcOEt = 10/1) to afford 22b as a colorless solid (82%, 34.6 mg).

22c¢-f were also synthesized by the same procedure using BnBr (for 22¢) or Allyl bromide (for 22d) or
MVK (for 22e) or Methyl acrylate (for 22f) instead of Mel.

(3E,SE)-2,2-dimethyl-6-phenylhexa-3,5-dienenitrile (22b)
Me_ _Me 'H-NMR (CDCls, 400 MHz) &: 1.50 (s, 6H), 5.63 (d, 1H. J=15.2 Hz), 6.55 (dd,
S T IH, J = 15.2, 10.4 Hz), 6.65 (d, 1H, J = 15.6 Hz), 6.73 (dd, 1H, J = 15.6, 10.4
Hz), 7.23-7.24 (m, 1H), 7.33 (dd, 2H, J = 7.2, 7.2 Hz), 7.39 (d, 2H, J = 7.2 Hz); *C-NMR (CDCls, 100
MHz) 8: 27.5, 34.6, 123.3, 126.4, 127.0, 127.8, 128.6, 130.2, 133.9, 133.9, 136.7; IR (ATR) v: 2983, 2236,
1712, 1448, 1362, 1220 cm'; HRMS (ESI) Calcd for Ci14HsNNa, [M+Na]* 220.1102, found 220.1100;
Colorless solid (mp : 69-72 °C, 82%, 34.6 mg)

(3E,5E)-2-benzyl-2-methyl-6-phenylhexa-3,5-dienenitrile (22c)
Ve (Benzyl bromide was used instead of Mel) 'H-NMR (CDCls, 400 MHz) &:
Ph/\/\XC\NPh 1.47 (s, 3H), 2.93 (d, 2H, J= 6.8 Hz), 5.59 (d, 1H, J = 15.2 Hz), 6.47 (dd, 1H,
J=15.2,10.8 Hz), 6.56 (d, 1H, J=15.6 Hz), 6.72 (dd, 1H, J = 15.6, 10.8 Hz),
7.24-7.40 (m, 10H); 3C-NMR (CDCls, 100 MHz) &: 25.4, 40.7, 46.5, 122.2, 126.5, 127.0, 127.4, 127.9,
128.3, 128.6, 130.4, 131.5, 132.4, 134.1, 134.8, 136.7; IR (ATR) v: 3029, 1711, 1496, 1450, 1361, 1229
cm’'; HRMS (ESI) Calcd for CaoHoNiNa, [M+Na]" 296.1415, found 296.1423; Colorless solid (46%,

17.5 mg)

(3E,SE)-2-allyl-2-methyl-6-phenylhexa-3,5-dienenitrile (22d)
Me _~ (Allyl bromide was used instead of Mel) 'H-NMR (CDCls, 400 MHz) &: 1.47
PhM (s, 3H), 2.40 (d, 2H, J= 7.6 Hz), 5.19-5.24 (m, 2H), 5.56 (d, 1H, J = 15.2 Hz),
5.77-5.87 (m, 1H), 6.56 (dd, 1H, J=15.2, 10.0 Hz), 6.65 (d, 1H, J=15.6 Hz), 6.73 (dd, 1H, J=15.6, 10.0
Hz), 7.23-7.26 (m, 1H), 7.32 (dd, 2H, J = 7.6, 7.6 Hz), 7.39 (d, 2H, J = 7.6 Hz); 3C-NMR (CDCl;, 100
MHz) &: 25.5, 39.6, 44.8, 120.3, 122.3, 126.6, 127.1, 128.0, 128.8, 131.5, 131.8, 132.6, 134.2, 136.9; IR
(ATR) v: 3025, 2980, 2932, 2235, 1641, 1490, 1448 cm™'; HRMS (ESI) Caled for Ci6H17NNa, [M+Na]*
246.1259, found 246.1251; Colorless oil (70%, 22.1 mg)

(3E,SE)-2-methyl-2-(3-oxobutyl)-6-phenylhexa-3,5-dienenitrile (22e)
o (Methyl vinyl ketone waas used instead of Mel)'H-NMR (CDCls, 400

/\/MLMG MHz) §: 1.50 (s, 3H), 1.87-2.04 (m, 2H), 2.16 (s, 3H), 2.52-2.70 (m,
Ph” XX CN

2H), 5.43 (d, 1H, J = 15.2 Hz), 6.58 (dd, 1H, J = 15.2, 9.6 Hz), 6.62 (d,
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1H, J=15.2 Hz), 6.72 (dd, 1H, J=15.2, 9.6 Hz), 7.23-7.27 (m, 1H), 7.33 (dd, 2H, J= 8.0, 8.0 Hz), 7.39 (d,
2H, J = 8.0 Hz); 3C-NMR (CDCls, 100 MHz) &: 26.6, 30.1, 33.7, 39.4, 121.9, 126.4, 126.6, 128.0, 128.6,
131.7, 132.1, 134.3, 136.6, 206.8; IR (ATR) v: 3025, 2932, 2236, 1714, 1448, 1364, 1172 cm’'; HRMS
(ESI) Calcd for Ci17H9NNaO, [M+Na]* 276.1364, found 276.1367; Colorless oil (40%, 29.5 mg)

(S5E,7E)-methyl 4-cyano-4-methyl-8-phenylocta-5,7-dienoate (22f)
o (Methyl acrylate was used instead of Mel) 'H-NMR (CDCls, 400
WOMe MHz) &: 1.25 (s, 3H), 1.90-2.13 (m, 2H), 2.43-2.53 (m, 2H), 3.67 (s,
Ph™ ™" "X "CN 3H), 5.45 (d, 1H, J = 14.4 Hz), 6.57 (dd, 1H, J = 14.4, 10.0 Hz), 6.63
(d, 1H, J=14.8 Hz), 6.72 (dd, 1H, J = 14.8, 10.0 Hz), 7.25-7.27 (m, 1H), 7.33 (dd, 2H, J = 7.2 Hz), 7.39
(d, 2H, J = 7.2 Hz); BC-NMR (CDCls, 100 MHz) &: 26.5, 30.2, 35.1, 39.5, 51.9, 121.6, 126.5, 126.6, 128.0,
128.7, 131.6, 132.0, 134.4, 136.6, 172.8; IR (ATR) v: 3410, 2927, 1735, 1437, 1362, 1200 cm™'; HRMS
(ESI) Calcd for C17H9NNaO,, [M+Na]* 292.1314, found 292.1314; (28%,10.9 mg)

Synthesis of 23a-g

NaH (1.1 eq)
+ - THF (0.2 M), 60 °C, 1 h
PhsP—< Br then /_<—
R
A TDA-1 (10 mol%)
RCHO (1.2 eq), 60 °C,2h 23a-g

23a-g were synthesized from I according to the reported procedure’.

A suspension of NaH (626 mg, 13.1 mmol, 50% oil dispersion) and A (5.0 g, 13.1 mmol) in 50 ml THF
was heated at 62 °C for 1 h. Benzaldehyde (1.0 ml, 10.0 mmol) and TDA-1 (0.32 ml, 1.0 mmol) was then
added to the heated yellow suspension. The resulting mixture was stirred at 62 °C for 3 h. The reaction
mixture was cooled to room temperature, and was filtered through a short silica gel column eluting with
AcOEt. The solvent was removed in vacuum to leave a crude mixture, which was purified by column

chromatography on silica gel (eluting with hexane) to afford pure xxa as a colorless oil (755 mg, 58%)
(cyclopropylidenemethyl)benzene (23a) (CAS-Reg# 7555-67-1)
"H-NMR (CDCl3, 400 MHz) &: 1.17 (t. 2H, J = 8.0 Hz), 1.42 (t, 2H, J = 8.0 Hz), 6.75 (s,
1H), 7.20 (t, 1H, J= 7.6 Hz), 7.32 (dd, 2H, J = 7.6, 7.6 Hz), 7.52 (d, 2H, J = 7.6 Hz);
(58%, 755.0 mg)

1-(cyclopropylidenemethyl)-4-(trifluoromethyl)benzene (23b)

(CAS-Reg# 243449-23-2)
. 'H-NMR (CDCls, 400 MHz) &: 1.20~1.30 (m, 4H), 6.79 (s, 1H), 7.57 (d, 2H, J =
3

8.4 Hz), 7.60 (d, 2H, J = 8.4 Hz); (33%, 660 mg)
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1-(tert-butyl)-4-(cyclopropylidenemethyl)benzene (23c) (CAS-Reg# 918831-65-9)

(75%, 1.49 g)
t m 'H-NMR (CDCls, 400 MHz) 8: 1.16 (t, 2H, J = 8.0 Hz), 1.32 (s, 9H), 1.40 (t, 2H, J
Bu

= 8.0 Hz), 6.73 (s, 1H), 7.34 (d, 2H, J = 8.0 Hz), 7.46 (d, 2H, J = 8.0 Hz)

1-bromo-4-(cyclopropylidenemethyl)benzene (23d)
(CAS-Regt#t 179251-27-5)
"H-NMR (CDCls, 400 MHz) &: 1.18 (t, 2H, J = 7.6 Hz), 1.40 (t, 2H, J = 7.6 Hz),
6.69 (s, 1H), 7.40 (d, 2H, J= 8.8 Hz), 7.43 (d, 2H, J = 8.8 Hz); (84%, 1.68 g)

1-bromo-3-(cyclopropylidenemethyl)benzene (23e) (CAS-Reg# 888505-25-7)
'TH-NMR (CDCl;, 400 MHz) &: 1.19 (t, 2H, J = 8.0 Hz), 1.44 (t, 2H, J = 8.0 Hz), 6.67
w (s, IH), 7.18 (dd, 1H, J= 7.6, 7.6 Hz), 7.31 (d, 1H, J= 7.6 Hz), 741 (d, 1H, J= 7.6
Br

Hz), 7.67 (s, 1H); (25%, 42.8 mg)

2-(cyclopropylidenemethyl)naphthalene (23f)

V. (CAS-Reg# 68854-50-2)
OO 'H-NMR (CDCls, 400 MHz) §: 1.23 (t, 2H, J = 7.6 Hz), 1.52 (t, 2H, J = 7.6 Hz),

6.92 (s, 1H), 7.40-7.47 (m, 2H), 7.77-7.85 (m, SH); (41%, 325.8 mg)

2-(cyclopropylidenemethyl)thiophene (23g)
'H-NMR (CDCl;, 400 MHz) &: 1.29-1.33 (m, 4H), 6.94 (dd, 1H, J = 1.6, 1.6 Hz),
m 6.98-7.00 (m, 2H), 7.15 (d, 1H, J = 4.8 Hz); *C-NMR (CDCls, 100 MHz) &: 2.9, 4.4,
112.7, 123.9, 124.1, 124.4, 127.2, 144.1; IR (ATR) v: 3069, 3046, 2975, 1786, 1660,
1523, 1411, 1215, 1040 cm™'; HRMS (APPI) Calcd for CsHoS, [M+H]"137.0419, found137.0418; Yellow
oil (48%, 964.3 mg)

(E)-2-methyl-4-phenylbut-3-enenitrile (24a)

CN (CAS-Reg# 112528-98-0)
©/\)\ "H-NMR (CDCls, 400 MHz) &: 1.51 (d, 3H, J = 6.8 Hz), 3.51 (td, 1H, J = 6.8, 6.0
Hz), 6.06 (dd, 1H, J = 15.6, 6.0 Hz), 6.70 (d, 1H, J = 15.6 Hz), 7.26-7.39 (m, SH);

(63%, 28.4 mg)

(E)-2-methyl-4-(4-(trifluoromethyl)phenyl)but-3-enenitrile (24b)
"H-NMR (CDCls, 400 MHz) &: 1.53 (d, 3H, J = 7.2 Hz), 3.54 (qd, J = 7.2, 5.6

CN
Hz), 6.16 (dd, 1H, J=16.0, 5.6 Hz), 6.75 (d, 1H, J=16.0 Hz), 7.47 (d, 2H, J =
X
8.0 Hz), 7.59 (d, 2H, J = 8.0 Hz); 3C-NMR (CDCl3, 100 MHz) 5:18.8, 28.3,
FsC 120.4, 125.6, 125.6, 126.7, 126.9, 131.1, 139.1; IR (ATR) v: 2991, 2245, 1617,

1416, 1263, 1164, 1119, 1107, 1065, 1016 cm™'; HRMS (APPI) Calcd for Ci,H;oNFs, [M] *225.0760,
found 225.0755; Colorless oil (79%, 47.3 mg)
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(E)-4-(4-(tert-butyl)phenyl)-2-methylbut-3-enenitrile (24c¢)
CN "H-NMR (CDCls, 400 MHz) 8: 1.32 (s, 9H), 1.49 (d, 3H, J = 7.2 Hz), 3.49 (qd,
1H, J=7.2, 6.4 Hz), 6.02 (dd, 1H, J = 16.0, 6.4 Hz), 6.67 (d, 1H, J = 16.0 Hz),
/©/\)\ 7.30 (d, 2H, J = 8.0 Hz), 7.35 (d, 2H, J = 8.0 Hz); 3C-NMR (CDCl3, 100 MHz)
‘Bu d: 19.1, 28.4, 31.2, 34.6, 121.0, 123.5, 125.6, 126.2, 132.2, 132.9, 151.4; IR

(ATR) v: 3734, 2962, 2242, 1783, 1509, 1456, 1363, 1269, 1109, 966, 814 cm™'; HRMS (APPI) Calcd for
CisHioN, [M] "213.1512, found 213.1507; Colorless oil (67%, 28.8 mg)

(E)-4-(4-bromophenyl)-2-methylbut-3-enenitrile (24d)
CN '"H-NMR (CDCls, 400 MHz) &: 1.50 (d, 3H, J = 7.2 Hz), 3.50 (qd, 1H, J = 7.2,
6.4 Hz), 6.05 (dd, 1H, J=16.0, 6.4 Hz), 6.64 (d, 1H, J=16.0 Hz), 7.23 (d, 2H, J
/@M = 8.0 Hz), 7.45 (d, 2H, J = 8.0 Hz); *C-NMR (CDCls, 100 MHz) &: 18.9, 28.3,
Br 120.6, 122.1, 125.0, 128.0, 131.3, 131.8, 134.5; IR (ATR) v: 2991, 2939, 2243,

1487, 1072, 1008, 965, 807 cm™'; HRMS (APPI) Calcd for Ci1HioNBr, [M]234.9991, found 234.9987,
Colorless solid (mp: 36-40 °C, 76%, 34.1 mg)

(E)-4-(3-bromophenyl)-2-methylbut-3-enenitrile (24¢)
'H-NMR (CDCls;, 400 MHz) &: 1.50 (d, 3H, J = 6.8 Hz), 3.47-3.54 (m, 1H),

CN
6.03-6.10 (m, 1H), 6.64 (dd, 1H, J = 15.6, 6.8 Hz), 7.21 (dd, 1H, J = 8.0, 8.0 Hz),
N 7.27 (dd, 1H, J= 7.2, 7.2 Hz), 7.39 (dd, 1H, J= 7.2, 7.2 Hz), 7.51 (d, 1H, J = 7.2
Hz); BC-NMR (CDClIs, 100 MHz) &: 18.9, 28.3, 120.5, 122.8, 125.3, 125.8, 129.3,
Br

130.2, 131.1, 137.7; IR (ATR) v: 2985, 2242, 1561, 1473, 1072, 961, 883 cm;
HRMS (APPI) Calcd for Ci1H1oNBr, [M] 234.9991, found 234.9986; Colorless oil (72%, 31.2 mg)

(E)-2-methyl-4-(naphthalen-2-yl)but-3-enenitrile (24f)
cn  'H-NMR (CDCls, 400 MHz) 8: 1.53 (d, 3H, J= 6.8 Hz), 3.52-3.59 (qd, 1H, J=
I I S B\ 6.8, 6.0 Hz), 6.16 (dd, 1H, J = 15.6, 6.0 Hz), 6.86 (d, 1H, J = 15.6 Hz),
OO 7.44-7.50 (m, 2H), 7.55 (d, 1H, J = 8.4 Hz), 7.75 (s, 1H), 7.79-7.82 (m, 3H);
BC-NMR (CDCls, 100 MHz) &: 19.1, 28.5, 120.9, 123.2, 124.5, 126.2, 126.4,
126.9, 127.7, 128.0, 128.4, 132.6, 133.0, 133.2, 133.4; IR (ATR) v: 2994, 2237, 1964, 1709, 1508, 1460

cm'; HRMS (APPI) Caled for CisHisN, [M] 7207.1043, found 207.1037; Colorless solid (mp: 85-88 °C,
93%, 38.3 mg)

(E)-2-methyl-4-(thiophen-2-yl)but-3-enenitrile (24g)
CN 'H-NMR (CDCls, 400 MHz) &: 1.48 (d, 3H, J= 7.2 Hz), 3.44 (qd, 1H, J=7.2, 6.0
Hz), 5.89 (d, 1H, J=16.0, 6.0 Hz), 6.82 (d, 1H, J = 16.0 Hz), 6.96-7.00 (m, 2H), 7.19
@/\/l\ (d, 1H, J = 4.8 Hz); *C-NMR (CDCls, 100 MHz) &: 18.9, 28.1, 120.6, 123.5, 125.0,
125.6, 126.7, 127.5, 140.3; IR (ATR) v: 2986, 2938, 2242, 1783, 1645, 1591, 1487,

1452, 1433, 1205, 1040 cm™'; HRMS (APPI) Calcd for CoHoNS, [M]7163.0450, found163.0445; Colorless
oil (75%, 35.2 mg)
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Synthesis of 25, 26, 27
To a THF (0.98 ml) solution of 24f (40.6 mg, 0.20 mmol) was added LHMDS (0.24 ml, 1.0 M in THF,
0.24 mmol) at -78 °C under argon. The resulting solution was allowed to stir for an additional 30 min at

same temperature. To this solution was added Mel (0.12 ml, 2.00 mmol) at -78 °C. The mixture was

warmed to room temperature and stirred for a 1 h. The reaction was quenched with saturated aqueous
ammonium chloride, and the products were extracted with AcOEt. The combined organic layers were
washed with brine and dried over anhydrous sodium sulfate. After removal of the solvent under reduced
pressure, the residue was purified by flash column chromatography (n-Hexane/AcOEt = 5/1) to afford 25
as a colorless solid.

26 and 27 were also synthesized by the same procedure using MVK (methyl vinyl ketone) or
paraformaldehyde instead of Mel.

(E)-2,2-dimethyl-4-(naphthalen-2-yl)but-3-enenitrile (25)
NC.  Me "H-NMR (CDCls, 400 MHz) &: 1.59 (s, 6H), 6.14 (d, 1H, J = 16.0 Hz), 6.91
A me (d, 1H,J=16.0 Hz), 7.44-7.50 (m, 2H), 7.56 (d, 1H, J = 8.4 Hz), 7.77-7.82
(m, 4H); BC-NMR (CDCls, 100 MHz) &: 27.7, 35.0, 123.3, 123.4, 126.2,
126.4, 126.9, 127.6, 128.0, 128.3, 129.9, 130.6, 133.1, 133.4; IR (ATR) v:

3056, 2979, 2236, 1466, 1264, 963, 813 cm’'; HRMS (APPI) Caled for Ci¢Hi3N, [M] 221.1199, found
221.1192; Colorless solid (mp: 64-69 °C, 56%, 23.1 mg)

(E)-2-methyl-2-(2-(naphthalen-2-yl)vinyl)-5-oxohexanenitrile (26)

'H-NMR (CDCls, 400 MHz) &: 1.59 (s, 3H), 2.04-2.08 (m, 2H),
NC e 2.13 (s, 3H), 2.60-2.72 (m, 2H), 5.93 (d, 1H, J = 15.6 Hz), 6.93 (d,
X Me 1H, J = 15.6 Hz), 7.46-7.49 (m, 2H), 7.53 (d, 1H, J = 8.0 Hz),
OO 7.77-7.81 (m, 4H); *C-NMR (CDCl3, 100 MHz) &: 26.8, 30.2, 33.8,
39.5, 39.9, 122.0, 123.2, 126.3, 126.5, 127.0, 127.7, 128.1, 128.5,
128.9, 131.4, 132.8, 133.2, 133.4, 206.9; IR (ATR) v: 3017, 2931, 2236, 1714, 1363, 1171, 964, 812 cm’';

HRMS (APPI) Calcd for Ci9H19ON, [M] 277.1461, found277.1452; Colorless oil (35%, 17.6 mg)

o)

(E)-2-(hydroxymethyl)-2-methyl-4-(naphthalen-2-yl)but-3-enenitrile (27)
NC "H-NMR (CDCls, 400 MHz) &: 1.58 (s, 3H), 3.76 (s, 2H), 6.07 (d, 1H, J
OH 16,0 Hz), 7.02 (d, 1H, J = 16.0 Hz), 7.45-7.52 (m, 2H), 7.57 (dd, 1H, J
= 8.4, 2.0 Hz), 7.79-7.83 (m, 4H); 3C-NMR (CDCls, 100 MHz) &: 21.9,
43.0, 68.6, 121.6, 123.2, 126.1, 126.3, 126.5, 127.2, 127.7, 128.1, 128.4, 132.8, 133.2, 133.3, 133.4; IR

(ATR) v: 3416, 2934, 2242, 1703, 1362, 1055, 963, 811 cm’!; HRMS (ESI) Calcd for CisHisNNaO,
[M+Na] 260.1051, found260.1062; Yellow solid (mp: 100-104 °C, 31%, 11.8 mg)

Synthesis of 11d

To a CH2Cl> (0.79 ml) solution of 10e (32.7 mg, 0.16 mmol) was added mCPBA (32.6 mg, 0.19 mmol) at
0 °C. The resulting mixture was stirred for 24 h, and then sat. NaHCO; was added, and the products were
extracted with AcOEt. The combined organic layers were washed with brine and dried over anhydrous

sodium sulfate. After removal of the solvent under reduced pressure, the residue was purified by flash

85



column chromatography (n-Hexane/AcOEt = 5/1) to afford 11d as a colorless solid.

Synthesis of 28

To a CH,Cl; solution of 24f (32.7 mg, 0.16 mmol, 0.79 mL) was added mCPBA (32.6 mg, 0.19 mmol) at
0 °C. The resulting mixture was stirred for 23 h, and then sat. NaHCO; was added, and the products were
extracted with AcOEt. The combined organic layers were washed with brine and dried over anhydrous
sodium sulfate. After removal of the solvent under reduced pressure, the residue was purified by flash

column chromatography (n-Hexane/AcOEt = 5/1) to afford 28 as a colorless solid.

2-(3-(naphthalen-2-yl)oxiran-2-yl)propanenitrile (28)
cN 'H-NMR (CDCl;, 400 MHz) &: 1.51 (d, 3H, J = 6.8 Hz), 2.92-3.05 (m, 1H),
Q 3.20-3.23 (m, 1H), 4.09 (d, 1H, J = 1.2 Hz), 7.29 (dd, 1H, J = 8.8, 1..2 Hz),
OO 7.47-7.52 (m, 2H), 7.79-7.84 (m, 4H); 3C-NMR (CDCls, 100 MHz) &: 14.6,
14.8, 28.2, 28.4, 57.6, 57.7, 61.3, 119.0, 119.2, 122.5, 125.5, 126.4, 126.6,
127.8,127.8, 128.6, 132.8, 132.8, 133.0, 133.4; IR (ATR) v: 3058, 2991, 2246, 1508, 1456, 1265, 895, 859
cm'; HRMS (APPI) Caled for CisH 30N, [M] ¥223.0992, found223.0983; Colorless solid (mp: 86-90 °C,

62%, 22.0 mg)

Synthesis of 29a-e

CHBr;3 (1.2 eq) Br®" Meli (2 eq)
< 'BUOK (2.4 eq) Et0 (0.4 M) ]
R~ petroleum ether (0.85 M) R \V/ -78°Ctort R/_
A rt, 24 h B 29a-e

29a-e were synthesized from I according to the reported procedure®.

A to B: A solution of CHBr3 (3.34 g, 1.16 mL, 13.2 mmol) in petroleum ether (3 ml) was added dropwise
to a stirred mixture of the A (11.0 mmol) and -BuOK (1.95 g, 26.4 mmol) in petroleum ether (10 ml) at
0 °C under an atmosphere of argon. After 20 min the resulting mixture was slowly warmed up to room
temperature and then stirred for 48 h. Then it was quenched with cold water. The organic phase was
separated, and the water phase was extracted with Et;O. The combined organic layers were dried with
anhydrous MgSOs. The solvent was evaporated in vacuo to leave a crude mixture, which was purified by

column chromatography (eluting with hexane).

B to 29: To a solution of B (1.2 mmol) in Et;O (3 mL) was added MeLi (1.5 M in Et;0, 1.6 mL, 2.4
mmol) at -78 °C. Then the reaction was allowed to warm up to 0 °C and stirred for 2 h. Sat. NH4Cl was
added to quench the reaction. The reaction mixtures were extracted with AcOEt, dried over anhydrous
Na,SO4 and the solid was filtered. The organic layer was concentrated under reduced pressure and the

residue was purified by column chromatography on silica gel (n-Hexane) to afford pure 29.
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(2-cyclopropylidenevinyl)benzene (29a)
. (CAS-Regt#t 42311-14-8)
Ph '"H-NMR (CDCls, 400 MHz) &: 1.65-1.77 (m, 4H), 6.27-6.30 (m, 1H), 7.14-7.29 (m, 5H)
(12%, 16.4 mg)

1-(tert-butyl)-4-(2-cyclopropylidenevinyl)benzene (29b)
"H-NMR (CDCl3, 400 MHz) &: 1.30 (s, 9H), 1.61-1.74 (m, 4H), 6.23 (ddd, 1H, J= 6.8,
3.6, 3.6 Hz), 7.21 (d, 2H, J = 8.4 Hz), 7.30 (d, 2H, J = 8.4 Hz); *C-NMR (CDCls, 100
MHz) 6: 8.7, 31.4, 34.6, 80.0, 96.4, 125.6, 126.3, 133.0, 149.6, 189.9; IR (ATR) v:
2961, 2009, 1699, 1514, 1362, 1268, 841 cm’!; HRMS (ESI) Calcd for CisHisCs,
[M+Cs]"331.0463, found 331.0466; Yellow oil (5%, 9.5 mg)

1-bromo-4-(2-cyclopropylidenevinyl)benzene (29¢)
'"H-NMR (CDCl3, 400 MHz) &: 1.66-1.78 (m, 4H), 6.22 (ddd, 1H, J = 6.8, 3.6, 3.6 Hz),
7.13 (d, 2H, J = 8.4 Hz), 7.38 (d, 2H, J = 8.4 Hz); 3C-NMR (CDCls, 100 MHz) &:
8.9, 80.3,95.7, 119.8, 128.0, 131.5, 133.0, 189.9; IR (ATR) v: 2985, 2008, 1475, 1008,
831 cm’'; HRMS (ESI) Calcd for CiHoBrCs, [M+Cs]"352.8942, found 352.8947;
yellow oil (5%, 25.6 mg)

1-(2-cyclopropylidenevinyl)-4-(trifluoromethyl)benzene (29d)
_ '"H-NMR (CDCls, 400 MHz) &: 1.70-1.82 (m, 4H), 6.29 (ddd, 1H, J= 6.8, 3.6, 3.6 Hz),
7.35 (d, 2H, J = 8.4 Hz), 7.51 (d, 2H, J = 8.4 Hz); *C-NMR (CDCls, 100 MHz) 6: 9.3,
80.2, 95.6, 125.4, 125.4, 126.5, 131.7, 140.0, 190.7; IR (ATR) v: 2993, 2009, 1613,
1320, 1161, 1104, 1064, 846 cm!; HRMS (ESI) Caled for Ci2HoCsFs,
[M+Cs]"342.9711, found 342.9700; Colorless oil (25%, 89.0 mg)
2-(2-cyclopropylidenevinyl)naphthalene (29e)
'H-NMR (CDCl3, 400 MHz) &: 1.69-1.82 (m, 4H), 6.46 (ddd, 1H, J = 7.2, 3.6, 3.6
Hz), 7.38-7.48 (m, 3H), 7.76 (s, 1H), 7.73-7.82 (m, 3H); *C-NMR (CDCl;, 100
QO MHz) &: 8.9, 80.2, 96.9, 124.8, 124.9, 125.3, 126.1, 127.6, 127.7, 128.0, 132.4, 133.4,
133.7, 190.3; IR (ATR) v: 3045, 2006, 1597, 1508, 902, 822 ¢cm’!; HRMS (ESI)
Calcd for CisH12Cs, [M+Cs]"324.9994, found 324.9981; Colorless solid (mp: 63-65 °C, 13%, 124.1 mg)

Synthesis of 32f
MeOH PhSO,Na (1.2 eq) ph—= (1.2eq) e
OTMS t 16 h OH MeOH / H,0 OH THF (0.3 M) OH
A B (1/2,0.2M) C rt, 30 min, 72% D

rt, 22 h
2 steps, 57%
Cul (2 eq)

NEt; (2 eq) Ph  LiCl (2 eq)

MsCl (1.5 eq) = PhMgBr (2 eq)

CH,Cl, (0.3 M) OMs THF (0.1 M) > <

0°C, 80% E -40°C,1 h, 45% 32f
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32f was synthesized according to the reported procedure®”’.

A to B: A (2.31 mL, 11.5 mmol) was dissolved in MeOH (5.2 mL) and stirred for 17 h at room
temperature. Then, the solvent was removed under reduced pressure. Crude B was used in the next step

without further purification.

B to C: To a solution of B (2.0g, 11.5 mmol), PhSO,Na (2.27 g, 13.8 mmol) in a mixture of solvent
(MeOH/H,0O = 1/2, 58 ml) was added HCO,H (6.0 g, 115 mmol) at 0 °C. The mixture was warmed up to
room temperature and stirred overnight. The reaction was quenched with H>O and extracted with CH>Cl .
The combined organic phase was washed with brine and dried over anhydrous Na;SO4. The solvent was
evaporated. The crude product was purified by recrystallization to afford C as a colorless solid (2 steps,
57%, 700 mg).

C to D: To a solution of phenylacetylene (0.41 ml, 3.72 mmol) in THF (7 ml) was added »—BuLi (1.63 M,
4.8 ml, 7.75 mmol) within 20 minutes at -78 °C. The resulting solution was stirred at -78 °C for 2 h before
a solution of C (610.5 mg, 3.10 mmol) in THF (3 ml) was added dropwise. Then, the reaction mixture was
allowed warm up to room temperature and stirred for 4 h. Saturated NH4Cl solution was added to quench
the reaction. The reaction mixtures were extracted with AcOEt, dried over anhydrous Na;SO4 and the solid
was filtered. The organic phase was concentrated under reduced pressure and the residue was purified by

column chromatography on silica gel (Hexane/AcOEt: 10/1) to afford pure D as a yellow oil. (72%, 355.3
mg)

D to E: To a solution of D (355.3 mg, 2.25 mmol) and NEt3 (0.63 ml, 4.5 mmol) in CH2CL (7.5 ml) was
added MsCl (0.26 ml, 3.38 mmol) within 5 minutes at 0 °C. The resulting solution was stirred at 0 °C for
30 min before H>O was added to quench the reaction. The reaction mixtures were extracted with CH>Cly,
dried with anhydrous Na;SO4 and the solid was filtered. The organic phase was concentrated under

reduced pressure and the residue was purified by column chromatography on silica gel (hexane/AcOEt:
10/1) to afford IV as a colorless solid (80%, 425.6 mg).

E to 32f: To a solution of Cul (819 mg, 4.3 mmol) and LiCl (182 mg, 4.3 mmol) in anhydrous THF (17
ml) was added PhMgBr (1.0 M in THF, 4.3 ml, 4.3 mmol) within 5 minutes at -10 °C. The resulting
solution was stirred at -10 °C for 5 min and then the solution was cooled to -40 °C before a solution of E
(508.7 mg, 2.15 mmol) in THF (4 ml) was added dropwise. The reaction mixture was stirred at -40 °C for
at least 8 h. Saturated NH4Cl solution was added to quench the reaction. Extracted with Et,O, dried with
anhydrous Na>SOj4 and the solid was filtered. The organic phase was concentrated under reduced pressure
and the residue was purified by column chromatography on silica gel (eluting with hexane) to afford 32f as
a colorless solid (40%, 187.6 mg).

(2-cyclopropylideneethene-1,1-diyl)dibenzene (32f)
Ph (CAS-Reg# 1403484-23-0)

. =] IH.NMR (CDCls, 400 MHz) 5: 1.74 (s, 4H), 7.20-7.45 (m, 10H); (40%, 187.6 mg)
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(2-(prop-1-en-1-ylidene)cyclopropyl)benzene (29g)
ph (CAS-Reg# 72299-90-2)
Me\:.:<r 'H-NMR (CDCls, 400 MHz) &: 1.56-1.61 (m, 1H), 1.76 (dd, 3H, J = 7.2, 3.2 Hz),
1.99-2.06 (m, 1H), 2.87-2.94 (m, 1H), 5.29-5.39 (m, 1H), 7.14-7.32 (m, 5H)

Synthesis 35a-c

Arl (1.2 eq)
Cl PdCl,(PPhs), ) Ar
n H 0, .
y BuLi (2.1 eq) S (5 mol%) U BuLi (3.0 eq) . O
THF (0.5 M) Cul (10 mol%) THF (0.2 M)
-78°Ctort4d h NEt; (2.0 eq) -78°Ctort,2h
S16 S$17 THF , rt, 16 h S18a-c 35a-c

entry  Ar  S16to S18 (%) S18 to 35 (%)
1 Ph S18a (79) 35a (71)
2 4-MePh $18b (37) 35b (69)
3 4-MeoPh S18c (32) 35¢ (73)

S16 to S17: n-BuLi (46.5 mL, 7.20 mmol, 1.55 M in hexanes) was added to a solution of S16 (4.0 g, 34.3
mmol) in THF (69 mL) dropwise at —78°C. After being stirred for 20 min at =78 °C, it was allowed to
warm up naturally to rt and stirred 4 h. When the reaction was complete, it was quenched with saturated
aqueous solution of NH4Cl and extracted with THF. Drying over anhydrous MgSOs, afforded a solution of
the S17 in THF, which was submitted to next step directly.

S17 to S18: To a THF soulution of S17 (40 mL, 6.86 mmol, 0.17 M in THF) was added aryl iodide (Arl,
8.23 mmol), PACL>(PPh); (241 mg, 0.34 mmol), Cul (131 mg, 0.69 mmol), NEt; (1.9 mL, 13.72 mmol) at
room temperature under argon, and stirred for 16 h at the same temperature. The reaction mixture was
pored into silica gel to be purified by column chromatography (n—Hexane), and the desired product was

given.

S18 to 35: n-BuLi (3.0 eq, 1.55 M in hexanes) was added to a solution of S18 (1.0 eq) in THF (0.2 M)
dropwise at —78 °C. After being stirred for 20 min at =78 °C, it was allowed to warm up naturally to rt
and stirred 2 h. When the reaction was complete, it was quenched with saturated aqueous solution of
NH4Cl1 and extracted with AcOEt. The solvent was removed in vacuum to leave a crude mixture, which

was purified by column chromatography on silica gel (eluting with n—Hexane) to afford pure 35.

(2-cyclobutylidenevinyl)benzene (352)
"H-NMR (CDCls, 400 MHz) &: 1.95-2.08 (m, 2H), 2.89-3.08 (m, 4H), 6.10-6.14 (m,
1H), 7.14-7.18 (m, 1H), 7.26-7.32 (m, 4H); 3*C-NMR (CDCls, 100 MHz) &: 17.6,
29.8, 96.5, 104.6, 126.7, 126.8, 128.5, 135.7, 196.4; IR (ATR) v: 2951, 1948, 1705,
_:<> 1599, 1495, 1452, 824, 758, 691 cm™'; HRMS (ESI) Calcd for Ci2H2Na, [M+Na]*
179.0837, found 179.0840; Yellow oil (71%, 275.1 mg)
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1-(2-cyclobutylidenevinyl)-4-methylbenzene (35b)
"H-NMR (CDCls, 400 MHz) &: 1.94-2.08 (m, 2H), 2.31 (s, 3H), 2.88-3.07 (m,
Me 4H), 6.09 (dt, 1H, J = 8.0, 4.0 Hz), 7.07 (d, 2H, J= 8.0 Hz), 7.18 (d, 2H, J = 8.0
Hz); *C-NMR (CDCls, 100 MHz) &: 17.7, 21.3, 30.1, 96.5, 104.6, 126.8, 129.4,
132.9, 136.6, 196.2; IR (ATR) v: 2954, 1705, 1515, 849, 607 cm’!, HRMS (ESI)
_:<> Calcd for Ci3HjsNa, [M+Na]*193.0993, found 193.0993; Yellow oil (69%, 261.7

mg)

1-(2-cyclobutylidenevinyl)-4-methoxybenzene (35¢)
'H-NMR (CDCls, 400 MHz) &: 1.95-2.06 (m, 2H), 2.88-3.06 (m, 4H), 3.76 (s,
MeQ 3H), 6.08 (dt, 1H, J= 8.0, 4.0 Hz), 6.81 (d, 2H, J = 8.4 Hz), 7.21 (d, 2H, J = 8.4
Hz); BC-NMR (CDCls, 100 MHz) &: 17.5, 29.9, 55.2, 95.9, 104.4, 113.9, 127.8,
132.7, 158.5, 195.6; IR (ATR) v: 2953, 1699, 1607, 1511, 1251, 1036, 834, 540
_:<> cm', HRMS (ESI) Caled for C13H14NaO, [M+Na]* 209.0942, found 209.0944;

Yellow oil (73%, 340.8 mg)

(E)-1-styrylcyclopropanecarbonitrile (32a)

/\X 'H-NMR (CDCl3, 400 MHz) &: 1.15-1.25 (m, 2H), 1.55-1.65 (m, 2H), 5.51 (d, 1H, J =
Ph™ ™ CN  15.6 Hz), 6.80 (d, 1H, J = 15.6 Hz), 7.25-7.33 (m, 5H); 3C-NMR (CDCls, 100 MHz) &:
12.5,16.8, 121.3, 126.1, 126.2, 127.9, 128.7, 130.8, 135.8; IR (ATR) v: 3025, 2234, 1448, 1071, 963, 806
cm’!'; HRMS (ESI) Calcd for C12H1CsN, [M+Cs]" 301.9946, found 301.9939; Colorless oil (63%, 12.2

mg)

(E)-1-(4-(tert-butyl)styryl)cyclopropanecarbonitrile (32b)
"H-NMR (CDCls, 400 MHz) &: 1.15-1.21 (m, 2H), 1.31 (s, 9H), 1.58-1.62 (m,
/@/\XCN 2H), 5.48 (d, 1H, J=16.0 Hz), 6.78 (d, 1H, J = 16.0 Hz), 7.26 (d, 2H, J = 8.4 Hz),
By 7.33 (d, 2H, J = 8.4 Hz); *C-NMR (CDCls, 100 MHz) &: 12.5, 16.8, 31.2, 34.6,
121.5, 125.4, 125.6, 125.8, 129.7, 130.6, 133.0; IR (ATR) v: 2961, 2235, 963,

828 cm!'; HRMS (ESI) Caled for Ci¢Hi9CsN, [M+Cs]"358.0572, found 358.0562; Colorless solid (mp:
65-69 °C, 65%, 4.6 mg)

(E)-1-(4-bromostyryl)cyclopropanecarbonitrile (32c)
'"H-NMR (CDCls, 400 MHz) &: 1.20-1.23 (m, 2H), 1.61-1.65 (m, 2H), 5.50 (d, 1H,
/Q/\XCN J=16.0 Hz), 6.74 (d, 1H, J=16.0 Hz), 7.19 (d, 2H, J=8.0 Hz), 7.43 (d, 2H, J =
Br 8.0 Hz); 3C-NMR (CDCls, 100 MHz) &: 12.6,16.9, 121.1, 121.7, 127.1, 127.6,
129.7, 131.8, 134.8; IR (ATR) v: 3016, 2237, 1488, 1068, 957 cm’!; HRMS (ESI)

Calcd for Ci2HoBrCsN, [M+Cs]"379.9051, found379.9043; Colorless solid (mp: 105-107 °C, 82%, 23.6
mg)
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(E)-1-(4-(trifluoromethyl)styryl)cyclopropanecarbonitrile (32d)
"H-NMR (CDCl3, 400 MHz) &: 1.26 (dd, 2H, J= 7.2, 5.6 Hz), 1.66 (dd, 2H, J =
/Q/\XCN 7.2,5.6 Hz), 5.59 (d, 1H, J=15.6 Hz), 6.84 (d, 1H, J=15.6 Hz), 7.42 (d, 2H, J =
FsC 8.4 Hz), 7.56 (d, 2H, J = 8.4 Hz); *C-NMR (CDCls, 100 MHz) &: 12.7, 17.1,
120.9, 125.6, 125.7, 126.3, 129.1, 129.4, 139.2; IR (ATR) v: 3016, 2240, 1326,

1103, 1067, 967 cm’!; HRMS (ESI) Calcd for C13H19CsF3sN, [M+Cs]369.9820, found 369.9826; Colorless
solid (mp: 91-93 °C, 76%, 35.9 mg)

(E)-1-(2-(naphthalen-2-yl)vinyl)cyclopropanecarbonitrile (32e)
V. 'H-NMR (CDCls, 400 MHz) &: 1.24 (dd, 2H, J = 6.8, 5.2 Hz), 1.63 (dd, 2H, J =
X" >cn 6.8, 5.2 Hz), 5.63 (d, 1H, J = 15.6 Hz), 6.96 (d, 1H, J = 15.6 Hz), 7.43-7.50 (m,
3H), 7.72-7.80 (m, 4H); '*C-NMR (CDCl3, 100 MHz) &: 12.7, 16.9, 121.3, 123.0,
126.0, 126.2, 126.4, 126.5, 127.6, 128.0, 128.3, 130.8, 133.0, 133.2, 133.5; IR (ATR) v: 3054, 2236, 969,

954, 818 cm’'; HRMS (ESI) Caled for Ci6Hi3CsN, [M+Cs]*352.0102, found 352.0092; Colorless solid
(mp: 93-95 °C, quant, 31.6 mg)

1-(2,2-diphenylvinyl)cyclopropanecarbonitrile (32f)

(CAS-Regit 260261-08-3)

'H-NMR (CDCls, 400 MHz) &: 1.51 (d, 3H, J = 6.8 Hz), 3.51 (qd, 1H, J = 6.8, 6.0 Hz),
6.04 (dd, 1H, J=15.6, 6.0 Hz), 6.70 (d, 1H), 7.26-7.39 (m, 5H); (17%, mg)

Ph

Ph™ X CN

(E )-1-styrylcyclobutanecarbonitrile (9a)
'H-NMR (CDCl;, 400 MHz) &: 2.05-2.15 (m, 1H), 2.23-2.32 (m, 1H), 2.34-2.45
(m, 2H), 2.67-2.74 (m, 2H), 6.26 (d, 1H, J = 16.0 Hz), 6.70 (d, 1H, J = 16.0 Hz),
N CON 7.28-7.30 (m, 1H), 7.34 (dd, 2H, J = 8.0, 8.0 Hz), 7.39 (d, 2H, J = 8.0 Hz);
BC-NMR (CDCl3, 100 MHz) &: 17.1, 33.9, 38.2, 123.0, 126.5, 127.9, 128.1, 128.7,
130.5, 135.7; IR (ATR) v: 2948, 2231, 1448, 963, 749, 694 cm!, HRMS (ESI)
Calcd for Ci3Hi3sNNa, [M+Na]"206.0946, found 206.0952; Colorless oil (72%, 35.1 mg)

(E )-1-(4-methylstyryl)cyclobutanecarbonitrile (9b)
Me "H-NMR (CDCl;, 400 MHz) &: 2.03-2.15 (m, 1H), 2.21-2.41 (m, 6H),
2.66-2.72 (m, 2H), 6.20 (d, 1H, J=16.0 Hz), 6.66 (d, 1H, J = 16.0 Hz), 7.13
(d, 2H, J= 8.0 Hz), 7.28 (d, 2H, J = 8.0 Hz); 3*C-NMR (CDCl;, 100 MHz) &:
17.1, 21.2, 33.9, 38.2, 123.1, 126.4, 126.9, 129.4, 130.3, 132.9, 138.1; IR
(ATR) v: 2948, 2231, 1514, 1445, 964, 803 cm™', HRMS (ESI) Calcd for C14H;5NNa, [M+Na]*220.1102,
found 220.1109; Colorless oil (64%, 33.2 mg)

(E )-1-(4-methoxystyryl)cyclobutanecarbonitrile (9¢)
MeO '"H-NMR (CDCl;, 400 MHz) &: 2.02-2.13 (m, 1H), 2.21-2.30 (m, 1H),
2.32-2.40 (m, 2H), 2.65-2.71 (m, 2H), 3.81 (s, 3H), 6.11 (d, 1H, J = 15.6
Hz), 6.63 (d, 1H, J=15.6 Hz), 6.86 (d, 2H, /= 8.8 Hz), 7.32 (d, 2H, /= 8.8
Hz); 3C-NMR (CDCls, 100 MHz) &: 17.0, 33.9, 38.2, 55.3, 114.0, 123.2,
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125.7, 127.7, 128.4, 129.9, 159.5; IR (ATR) v: 2950, 2232, 1607, 1513, 1251, 1176, 1034, 740 cm.
HRMS (ESI) Calcd for Ci4H sNNaO, [M+Na]*236.1051, found 236.1060; Colorless solid (mp: 58-61 °C,
64%, 33.2 mg)

Synthesis of 38
OH OT:
TsCl + N Py (2.0 eq) __ S
S A CH,Cl, (0.5 M) Ho/ —
rt, 2 h
$19 (3.0 eq) $20 : 78%

S19 to S20 : To a stirring 0 °C. solution of S19 (20.3 g, 236.1 mmol) in anhydrous CH>Cl, (157 mL) was
added pyridine (12.5 g, 157.4 mmol). TsCl (15.6 g, 78.7 mmol) was then added portionwise over a period
of 15 min. After stirring for another 2 h at 0°C, 1N HCI was added to quench the reaction. The CH,Cl,
layer was washed with H>O, then finally dried over anhydrous Na,SO4. After evaporation of the solvent,

the crude product was purified by column chromatography (n—Hexane/AcOEt = 3/1) to afford S20.

Boc,0O (1.1 eq)

DMAP (10 mol%)
TsNH; ———— TsNHBoc

NEt; (1.1 eq)

CH,Cl, (0.3 M)

rt,2h
TsNH; to TsNHBoc : To a stirred suspension of TsNH» (10 g, 58.4 mmol) in dry CH2Cl, (70 mL) was
added NEt;3 (8.95 mL, 64 mmol) followed by DMAP (713 mg, 0.584 mmol). To this suspension, a solution
of Boc,O (14.7 g, 67.16 mmol) in anhydrous CH>Cl» (110 mL) was added dropwise via an addition funnel
over 10 min. The mixture was stirred at room temperature for 2 h. The solvent was evaporated and AcOEt
was added. The organic layer was washed with 1N HCI, water and brine. The organic layer was dried
overNa;SQs. Filtered and evaporated all solvent. The crude product was used for next step without
purification.

"BulLi (2.0 eq)
(CHO), (2.0 eq) OH

THF (0.2 M)
S21 rt,15h S22

S21 to S22: At -78 °C, n—BuLi (3.9 mL, 1.55 M in hexane, 6.0 mmol) was added to S21 (0.42 mL, 5.0
mmol) in THF (25 mL). The reaction mixture was stirred at 0 °C for 1 h, then cooled to —78 °C.
Paraformaldehyde (300 mg, 10 mmol) was added. The reaction mixture was then stirred at —78 °C and
warmed to room temperature overnight. The reaction mixture was then concentrated, AcOEt was added,
and the organic layer was washed with brine. The organic layer was concentrated carefully, and the crude

S22 was used for next step without purification.
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PPhs (1.8 eq) MeMgBr (2.0 eq)
oTs DEAD (1.5 eq) OTS  CuCN (3.0 eq)

— / TsNHBoc (1.0eq)  ,—=—" [ici(6.0eq)
TsN - =
HO THF (0.3 M) S B THF (0.2 M)
rt,1h oc t,1h
$23 (1.1 eq) $24:51%
HO
= KyCO03 (3.0 eq) o :I Me 7
TN MeOH (0.2 M) . N/Y./ S22 (4.8 eq) . N/M
| ——> Ts > Ts
Boc Me 60 °C, 18 h ' me  PPhs(1.8eq) SN
DEAD (1.5 eq)
S25 S26 THF (0.3 M) 38: 10%
rt, 1h (3 steps)

S23 to S24: To a solution of S23 (2.91 g, 12.1 mmol), PPh3 (5.19 g, 19.8 mmol), TsNHBoc (2.98 g, 11.0
mmol) in THF (36.7 mL) was added DEAD (7.5 mL, 16.5 mmol) at 0 °C. The reaction mixture was
warmed to room temperature and stirred forl h, the solvent was removed under reduced pressure and the
residue was purified by flash column chromatography (»Hexane/AcOEt =5/ 1), to afford S24 (52%, 2.85
g)-

S24 to S25: To a stirred suspension of LiCl (1.55 g, 36.5 mmol) and CuCN (1.63 g, 18.2 mmol) in THF
(20.0 mL) at 0 °C was slowly added a solution of MeMgBr (4.1 mL, 3.0 M in Et;O, 12.4 mmol). After the
mixture was stirred for 15 min, a solution of S24 (3.0 g, 6.1 mmol) in THF (10.0 mL) was added. The
reaction mixture was allowed to warm to rt over 1 h, and then a saturated solution of NH4Cl was added and
the reaction was extracted with AcOEt. After drying (Na»SOs), concentration, and flash column

chromatography (n—Hexane/AcOEt = 5/1), crude S25 was obtained.

S25 to S26: To the solution of crude S25 (1.62 g, 4.81 mmol) in MeOH (48 mL) was added K,CO3(3.98 g,
28.8 mmol) and stirred for 18 h at 60 °C. The reaction was quenched by H>O and aqueous layer was
extracted with AcOEt. The combined organic layers were washed with brine, dried over MgSO4 and
filtrated off, the resulting residue was concentrated, and the crude S26 was used for next step without

purification.
S26 to 38: Same as S23 to S24.

N+3-cyclopropylprop-2-yn-1-yl}4-methyl-N-(2-methylbuta-2,3-dien-1-yl)benzenesulfonamide (38)
Me ~ 'HNMR (CDCls, 400 MH2) & 0.27-0.31 (m, 2H), 0.56:0.61 (m, 2H), 0.87-0.97 (m, 1H), 1.71 , 3H, /= 3.2 H2),
TsN™ 243 (s, 3H), 3.74 (s, 2H), 4.03 (5, 2H), 4.66 (ors, 2H), 7.29 (d, 2H, /=80 Hy), 7.71 (d, 2H, J= 8.0 Hz); 3C NMR
S (CDCls, 400 MHz): 8.8, 16.8, 22,5, 37.1, 50.7, 68.3, 75.9, 902, 94.4, 128.7, 130.3, 137.2, 1442, 2086; IR (ATR) v:
2922, 2250, 1962, 1728, 1346, 1158, 1092, 900 cm; HRMS (ESI) Caled for C1sHaiNNaOsS, [M+Nal*338.1191,
found 338.1190; Yellow ol ( 10%, 39.1 mg)
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Synthesis of 36

benzoic acid (20 mol%) OH
[><0Et MeOH (2.2 M) I><OEt PPh;CHCO,Et (1.5 eq) _ CO:Et  pIBALH (2.2 eq)[ e
oms ™ 17h oy benzene (0.3 M) > Et,O (0.5 M)
s27 s2g reflux,15h $29: 2 steps, 25% ' 22N

S$30: 41%

S27 to S28 : S27 (2.15 mL, 10.7 mmol) was dissolved in MeOH (4.9 mL) and stirred for 17 h at room
temperature. Then, the solvent was removed under reduced pressure. The residue S28 was dissolved in
benzene (20 mL) and added benzoic acid (261 mg, 2.14 mmol). This flask was brought to gentle reflux. To
a refluxing solution was added ylide (5.6 g, 16.1 mmol) dissolved in benzene (16 mL) at a rate so as to
maintain reflux. After complete addition, the mixture was allowed to reflux for 15 h. After cooling to room
temperature, benzene was removed under reduced pressure and the residue was purified by flash column
chromatography (n-Hexane/AcOEt = 3 /1) to afford S29 (334 mg, 2 steps, 25%) as a colorless oil.

S29 to S30 : To a solution of S29 (334 mg, 2.65 mmol) in Et;O (5.3 mL) was added DIBALH (5.8 mL, 1.0
M solution in toluene, 5.83 mmol) at —78 °C and the reaction was warmed to 0 °C for 3 h, then quenched
by MeOH and saturated solution of Rochell salt at 0 °C. After being stirred for 1 h, the precipitate was
filtrated through a Celite pad and the organic layer was washed with brine, dried over Na,SO4 and
concentrated in vacuo. The residue was purified by flash column chromatography (n-Hexane/Et,O = 1/ 4),
to afford S22 (41%, 90.7 mg) as a colorless oil.

Me 4
TsN DMEAD (2.0 e TsN/\V
S \/W PPhs (2.0 eq) N
H THF (0.3 M), 1t, 3 h
331 S30 (1.0 eq) 36: 26%

S31 to 36: Same as S23 to S24 (DMEAD was used instead of DEAD)

N-(2-cyclopropylideneethyl)-4-methyl-/V-(2-methylbuta-2,3-dien-1-yl)benzenesulfonamide (36)
Me '"H-NMR (CDCl3, 400 MHz) 8:  0.98-1.06 (m, 4H), 1.66 (d, 3H, J= 3.2 Hz), 2.42 (s, 3H),
~ 3.76 (brs, 2H), 3.94 (d, 2H, J = 6.8 Hz), 4.57 (q, 2H, J = 3.2 Hz), 5.50-5.57 (m, 1H), 7.27
X (d, 2H, J= 8.0 Hz), 7.69 (d, 2H, J= 8.0 Hz); !*C-NMR (CDCl;, 100 MHz) &: 1.7, 2.5,
15.9, 21.4, 48.0, 50.1, 74.8, 94.5, 112.3, 127.1, 127.2, 129.5, 137.7, 143.0, 207.3; IR
(ATR) v: 2982, 2923, 1961, 1335, 1155, 1092 cm™'; HRMS (ESI) Caled for Ci7H2/NNaO,S, [M+Na]*
326.1191, found 326.1182; Orange oil (26%, 121 mg)

N-(but-2-yn-1-yl)-/V-(2-cyclopropylideneethyl)-4-methylbenzenesulfonamide (40)
(CAS-Reg# 1262899-40-0)
TsN/\% '"H-NMR (CDCl3, 400 MHz) &: 1.01-1.14 (m, 4H), 1.54 (s, 3H), 2.43 (s, 3H), 3.94 (d,

\ 2H, J = 6.8 Hz), 4.00 (d, 2H, J = 1.6 Hz), 5.65-5.75 (m, 1H), 7.30 (d, 2H, J = 8.0 Hz),
X

Me 7.75(d,2H,J=8.0Hz)
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(E)-N-(but-2-yn-1-yl)-4-methyl-NV-(penta-2,4-dien-1-yl)benzenesulfonamide (44)
TN NN (CAS-Reg# 478176-01-1)

'"H-NMR (CDCl3, 400 MHz) &: 1.56 (t, 3H, J = 2.0 Hz), 2.42 (s, 3 H), 3.83 (d, 2H, J =
Me 8.0 Hz), 4.00 (q, 2H, J=2.0 Hz), 5.11 (d, 1H, J=10.0 Hz), 5.20 (d, 1H, J = 16.4 Hz),
5.58 (dt, 1H, J = 15.6, 8.0 Hz), 6.22 (dd, 1H, J = 15.6, 10.0 Hz), 6.33 (dt, 1H, J=16.4, 10.0 Hz), 7.31 (d,
2H,J=8.4Hz),7.72 (d,2H, J= 8.4 Hz)

A

Synthesis of 45
>—CHO (2.0 eq) ref.1
——Me '/
A TsNHNH, (2.0 eq) TsN~ >F
TN N P (20ea) TN Cul (20 mol%)

I A N Y

H K,CO3 (3.0 eq) S LiO'Bu (5.4 eq) %
MeCN (0.3 M) A " dioxane (0.08 M) Me 45
80°C,5h ® 90°C, 1 h, 22% (2 steps)

N-(but-2-yn-1-yl)-N-(4-cyclopropylbuta-2,3-dien-1-yl)-4-methylbenzenesulfonamide (45)
_ 'H-NMR (CDCls, 400 MHz) &: 0.34-0.36 (m, 2H), 0.68-0.72 (m, 2H), 1.18-1.28 (m,
TsN/\/-/w 1H), 1.55-1.57 (m, 3H), 2.42 (s, 3H), 3.73-3.88 (m, 2H), 4.07-4.12 (m, 2H),
AN 5.03-5.11 (m, 1H), 7.28 (d, 2H, J = 8.4 Hz), 7.72 (d, 2H, J = 8.4 Hz); *C-NMR
Me (CDCls, 100 MHz) &: 3.2, 6.8, 9.1, 21.4, 36.3, 46.1, 71.5, 81.4, 87.9, 97.1, 127.7,
129.2, 136.2, 143.2, 204.9; IR (ATR) v: 2921, 1726, 1597, 1345, 1157, 1092 cm™'; HRMS (ESI) Calcd for
CisH22NO,S, [M+H]" 316.1371, found 316.1382; Yellow oil (22%, 54 .1 mg)

1-((3S5,4R)-4-methyl-1-tosyl-4-vinylpyrrolidin-3-yl)cyclopropanecarbonitrile (37)

"H-NMR (CDCl;3, 400 MHz) &: 0.72-0.77 (m, 1H), 0.87-0.92 (m, 1H), 1.13-1.16 (m, 1H),
1.18 (s, 3H), 1.25-1.33 (m, 2H), 2.44 (s, 3H), 3.11 (d, 1H, J=10.0 Hz), 3.30 (dd, 1H, J =
9.6, 9.6 Hz), 3.39 (d, 1H, J = 10.0 Hz), 3.66 (dd, 1H, J = 9.6, 9.6 Hz), 5.08 (d, 1H, J =
17.2 Hz), 5.15 (d, 1H, J=10.4 Hz), 5.89 (dd, 1H, J=17.2, 10.4 Hz), 7.34 (d, 2H, J="7.6
Hz), 7.73 (d, 2H, J = 7.6 Hz); 3C-NMR (CDCl;, 100 MHz) &: 8.9, 13.7, 14.1, 21.7, 23.9, 47.2, 50.0, 53.4,
58.4, 115.8, 121.9, 127.5, 129.9, 133.8, 138.4, 143.9; IR (ATR) v: 3018, 2229, 1598, 1342, 1154, 1093
cm’'; HRMS (ESI) Caled for CisH22N>NaQO,S, [M+Na]"353.1300, found 353.1308; Colorless solid (mp:
103-107 °C, 34%, 19.8 mg)

TsN

(E )-2-cyclopropyl-2-(4-methyl-1-tosyl-4-vinylpyrrolidin-3-ylidene)acetonitrile (39)
Me "H-NMR (CDCl3, 400 MHz) 8: 0.71-0.77 (m, 2H), 0.83-0.89 (m, 2H), 1.23-1.30 (m, 1H),
N 1.45 (s, 3H), 2.46 (s, 3H), 3.08 (d, 1H, J=9.6 Hz), 3.15 (d, 1H, J= 9.6 Hz), 3.95 (d, 1H,
NN U=160 Hz), 4.09 (d, 1H, J=16.0 Hz), 5.19 (d, 1H, J=17.2 Hz), 5.21 (d, 1H, /=104
Hz), 5.78 (dd, 1H, J=17.2, 10.4 Hz), 7.37 (d, 2H, J= 8.0 Hz), 7.71 (d, 2H, J = 8.0 Hz);
BC-NMR (CDCIl3, 100 MHz) &: 6.3, 6.4,7.8, 12.2,21.6,49.1,52.2, 60.4, 110.4, 113.9,
115.8, 128.0, 129.9, 131.5, 138.4, 144.3, 157.9; IR (ATR) v: 2929, 2215, 1597, 1486, 1347, 1161 cm';
HRMS (ESI) Calcd for Ci9H22N2NaO,S, [M+Na]* 365.1300, found 365.1317; Colorless solid (mp :

97-100 °C, 72%, 29.7 mg)

TsN
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(E )-2-(4-((E )-prop-1-en-1-yl)-1-tosylpyrrolidin-3-ylidene)propanenitrile (43)
"H-NMR (CDCls, 400 MHz) 6: 1.65 (d, 3H, J = 7.2 Hz), 1.81 (s, 3H), 2.46 (s, 3H),
Me 3.21(dd, 1H, J= 9.6, 6.4 Hz), 3.32 (dd, 1H, J = 9.6, 3.2 Hz), 3.49-3.52 (m, 1H),
TsN «__CN 3.70 (d, 1H, J=16.4 Hz), 3.98 (d, 1H, J=16.4 Hz), 5.24 (dq, 1H, J=15.2, 7.2 Hz),
5.64 (dd, J = 15.2, 6.4 Hz), 7.36 (d, 2H, J = 8.0 Hz), 7.70 (d, 2H, J = 8.0Hz);
BC-NMR (CDCls, 100 MHz) &: 17.3, 17.7, 21.5, 46.9, 50.6, 53.5, 103.2, 117.5,
127.1, 127.8, 129.2, 129.9, 131.8, 144.2, 156.7; IR (ATR) v: 3649, 2922, 2215, 1712, 1341, 1158 cm’;
HRMS (ESI) Calcd for Ci7H20N2NaO,S, [M+Na]*® 339.1143, found 339.1144; Colorless solid (mp :
109-112 °C, 27%, 16.3 mg)

H

Me

N-((E )-3-cyanobut-2-en-1-yl)-N-((E )-4-cyanopent-2-en-1-yl)-4-methylbenzenesulfonamide (41)
Me 'H-NMR (CDCIls, 400 MHz) &: 1.38 (d, 3H, J= 6.8 Hz), 1.88 (s, 3H), 2.45 (s, 3H),
TSN/\/\C(N 3.28-3.32 (m, 1H), 3.80 (d, 2H, J = 5.6 Hz), 3.91 (d, 2H, J = 6.8 Hz), 5.53 (dd, 15.6,
i 5.6 Hz), 5.64-5.71 (m, 1H), 6.10 (dd, 1H, J = 6.8, 6.8 Hz), 7.34 (d, 2H, J = 8.4 Hz),
CN 7.67 (d, 2H, J = 8.4 Hz); 3C-NMR (CDCl3, 100 MHz) &: 15.3, 18.5, 21.6, 27.7,
442,489, 112.8, 120.2, 127.1, 127.5, 130.0, 130.1, 136.3, 141.6, 144.3; IR (ATR) v: 3649, 2928, 2220,
1339, 1156 cm!; HRMS (ESI) Calcd for CisH21N3NaO,S, [M+Na]* 366.1252, found 366.1238; Colorless

oil (38%, 24.5 mg)

N-((E )-2-cyanobut-2-en-1-yl)-N-((E )-4-cyanopent-2-en-1-yl)-4-methylbenzenesulfonamide (42)
Me '"H-NMR (CDCl;, 400 MHz) 6: 1.38 (d, 3H, J = 7.2 Hz), 1.94 (d, 3H, J = 7.2 Hz),
TSN/\/\r 2.44, s, 3H), 3.27-3.38 (m, 1H), 3.89 (d, 2H, J= 5.6 Hz), 3.97 (s, 2H), 5.59 (dd, 1H,
EECN N J=15.6,5.6 Hz), 5.65 (dt, IH, J=15.6, 5.6 Hz), 6.59 (q, 1H, J=7.2 Hz), 7.33 (d, J
Me H =8.4Hz),7.72 (d, 2H, J = 8.4 Hz); *C-NMR (CDCls, 100 MHz) &: 14.9, 18.4, 21.6,
27.7, 43.5, 49.0, 111.5, 118.8, 118.9, 120.3, 127.3, 129.9, 130.4, 136.0, 144.2,
148.0; IR (ATR) v: 3628, 2928, 2238, 1456, 1339, 1156, 1091 cm’'; HRMS (ESI) Calcd for

Ci3H21N3NaO,S, [M+Na]* 366.1252, found 366.1238; Colorless oil (10%, 6.9 mg)
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B _EDRER

General procedure for hydrocyanative cyclization: EtOH (0.2 M for diene) was added to the mixture of
diene (1.0 eq.), Co A (2 mol%), TsCN (1.2 eq.) under an argon atmosphere at rt, then PhSiH3 (1.2 eq.) was
added at rt and the solution was stirred at room temperature. Then, the solvent was removed under reduced

pressure, and the residue was purified by flash column chromatography.

[T\ :HMBC ;7T :NOESY

diethyl 2,2-diallylmalonate (61a)
/ (CAS-Reg# 3195-24-2)
'H-NMR (CDCls, 400 MHz) &: 1.23 (t, 6 H, J= 7.2 Hz), 2.62 (d, 4 H, J = 7.2 Hz), 4.17 (q,
Ft00 ™\ 4H,/=7.2Hz),5.08(d, | H,J=11.2Hz),5.09 (d, | H,J=16.0 Hz), 5.65 (m, 1 H)

EtO,C

diethyl 2-allyl-2-(3-methylbut-2-en-1-yl)malonate (61b)

oo /) (CASRegt408333-38-0)

t

’ ><:/>7 'H-NMR (CDCLs, 400 MHz) 8:1.23 (t, J = 7.2 Hz, 6H), 1.61 (s, 3H), 1.69 (s, 3H),
\

EtO;C 2.58-2.64 (m, 2H), 4.12-4.22 (m, 4H), 4.94-5.00 (m, 1H), 5.01 (s, 1H), 5.08-5.12 (m,
1H), 5.60-5.72 (m, 1H)
diethyl 2-allyl-2-(2-methylallyl)malonate (61c)
(CAS-Regi 5309-50-2)
'H-NMR (CDCl3, 400 MHz) &: 1.25 (t, 6H, J = 7.2 Hz), 1.67 (s, 3H), 2.67 (d, 2H, J= 7.2
EtO,C \ Hz), 2.69-2.71 (m, 2H), 4.13-4.22 (m, 4H), 4.75-4.77 (m, 1H), 4.86-4.89 (m, 1H),
5.06-5.08 (m, 1H), 5.11 (d, 1H, J= 6.0 Hz), 5.64-5.75 (m, 1H).

EtO,C

diethyl 2-allyl-2-cinnamylmalonate (61d)
(CAS-Reg# 139566-47-5)
FO5/\_,, 'H-NMR (CDCl;, 400 MHz) 8:1.25 (t, 6H, J = 7.2 Hz), 2.69 (d, 2H, J = 7.2 Hz), 2.79
Etoch (dd, 2H, J = 7.6, 1.6 Hz), 4.17-4.23 (m, 4H), 5.11-5.17 (m, 2H), 5.64-5.76 (m, 1H),
6.00-6.08 (m, 1H), 6.44 (d, 1H, J = 13.6 Hz), 7.21-7.33 (m, 5H)

Synthesis of 61e
NBS (1.0 eq)
peysi—cl +  Jl ZnClxTMEDA (1 mo%) AN, (PRC02) (10mo%)
BrMg™ Me gioxane (0.5 M) 2 CCly (0.4 M)
(1.5eq) rt, 24 h, 54% s1 80 °C, 10 h, 63%
EtO,C =~ 83
e 10,0 R (10 0a) 10,0,
F)hMe2S| NaH (1.2 eq) SiMezPh
(1.2eq)  THF (0.4 M) EtO,C \
s2 i, 5 h, 70% 61e
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Synthesis of S1': ZnCl,> TMEDA (25.2 mg, 0.1 mmol) was placed in a 50-mL reaction flask under argon.
Chlorodimethylphenylsilane (1.66 mL, 10 mmol) in 1,4-dioxane (20 mL) was added to the flask. Then,
p-methylphenylmagnesium bromide (0.5 M in THF solution, 30 mL, 15 mmol) was added. The mixture
was stirred at 20°C for 1 h. A saturated aqueous solution of NH4Cl was added. The organic compounds
were extracted with ethyl acetate three times. The combined organic part was dried over Na,SO4 and
concentrated in vacuo. Chromatographic purification on silica gel by using hexane as an eluent afforded S1
(947 mg, 54%)

S1 to S22: S1 (947 mg, 5.37 mmol) and NBS (672 mg, 3.78 mmol) were refluxed in CCl4 (9.5 ml) for 10 h
with a catalytic quantity of benzoyl peroxide (92 mg, 0.378 mmol). Filtration, evaporation, and

chromatography (SiO., n-hexane) gave S2 (612 mg, 63%)

S2 to 61e: To a stirred solution of S3 (131 mg, 0.65 mmol) in THF (0.6 mL) at 0°C was added NaH (38
mg, 0.78 mmol) slowly, and the reaction mixture was stirred for 30 min. Then S2 (200 mg, 0.78 mmol)
was added at 0 °C, and the solution was warmed up to 1t stirred for another 5h. The reaction was quenched
with saturated aqueous ammonium chloride, extracted with EtOAc, dried over Na>SOs, filtered, and
concentrated in vacuo. Purification by flash column chromatography (SiO», n-hexane/AcOEt = 4/1)
afforded 61e (170.9 mg, 70%)

diethyl 2-allyl-2-(2-(dimethyl(phenyl)silyl)allyl)malonate (61e)
'"H-NMR (CDCls, 400 MHz) &: 0.37 (s, 6H), 1.20 (t, 6H, J = 6.8 Hz), 2.66 (d, 2H, J
SiMe,Ph 7.6 Hz), 2.76 (s, 2H), 4.11 (q, 4H, J = 6.8 Hz), 4.95 (s, 1H), 4.97 (d, 1H, J=9.2
\ Hz), 5.48-5.59 (m, 2H), 5.70 (d, 1H, J = 1.6 Hz), 7.31-7.36 (m, 3H), 7.48-7.51 (m,
2H); *C-NMR (CDCl;, 100 MHz) &: -3.0, 13.9, 35.7, 36.8, 57.3, 61.1, 118.5, 127.7,
128.1, 129.0, 132.6, 133.9, 137.6, 145.0, 171.1; IR (ATR) v: 2980, 1729, 1217, 817 cm’'; HRMS (ESI)
Caled for C21H30NaO4Si | [M+Na]* 397.1811, found 397.1814; colorless oil

EtO,C

EtO,C

N,N-diallyl-4-methylbenzenesulfonamide (61f)
(CAS-Regt 50487-72-4)
/_/ 'H-NMR (CDCls, 400 MHz) 8: 2.39 (s, 3H), 3.77 (d, 4H, J = 6.4 Hz), 5.08-5.51 (m, 4H), 5.56
TSNL\\ (ddt, 2H, J = 16.4 Hz, 10.0 Hz, 6.4 Hz), 7.27 (d, 2H, J = 8.0 Hz), 7.67 (d, 1H, J = 8.4 Hz)

N,N-diallylaniline (61g)
/ (CAS-Regit 6247-00-3)
.~ '"H-NMR (CDCls, 400 MHz) &: 3.79 (d, 2H, J = 4.8 Hz, 2 H), 5.17-5.33 (m, 2 H), 5.98 (m, 1
\—\ H) ,6.63-6.65 (m, 2 H), 6.71-6.75 (m, 1 H), 7.18-7.22 (m, 2 H)

tert-butyl diallylcarbamate (61h)
/ (CAS-Reg# 151259-38-0)
BocN "H-NMR (CDCls, 400 MHz) &: 1.45 (s, 9H), 3.80 (s, 4H), 5.08-5.13 (m, 4H), 5.70-5.82 (m,
N\ 2H)
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Diallyldiphenylsilane (61i)
/ (CAS-Reg# 10519-88-7)

Ph,Si '"H-NMR (CDCls, 400 MHz) &: 2.12-2.14 (m, 4H), 4.87-4.95 (m, 4H), 5.76-5.84 (m, 2H),
\ 7.24-7.63 (m, 10H)

Synthesis of 61j
Br NaN3(35ed) N, PPhy(1.2eq) TsN /\!(
H,0/CCl, THF (0.3 M) ? TsCl (1.2 eq) 2 0 eq)
an, 03M) rt, 18h NEt; 30eq K2C03 (2.0 eq)
rt, 18 h then H,0 CH2C|2 (0.2 M) Na' 50 mol%)

rt, 16 h (0.3 M) )
32% (3steps) ST 80 c 16h 72%  61j

S4 to S5: To a stirred solution of S4 (1.0 mL, 8.6 mmol) in CCl4 (15 mL) at rt was added NaN3 (1.95 g, 30
mmol) in H,O (15 mL), and the reaction mixture was stirred for 18 h at rt. The reaction mixture was
extracted with CH2Cl,, dried over Na>SOs, filtered, and concentrated in vacuo gave crude S5 which was

used in the next step without further purification.

S5 to S6: A mixture of the crude S5 (approximately 8.6 mmol), PPhs (2.7 g, 10.32 mmol), THF (29 mL)
was stirred for 16 h. The mixture was extracted with 1 N HCI (3 times). The combined aqueous phases
were made basic with NaOH. The aqueous solution was extracted with CH,Cl,. The organic phases were
combined, washed with water and brine, dried over sodium sulfate, filtered, and concentrated under

reduced pressure to yield crude S6 (444 mg) which was used in the next step without further purification.

S6 to S7: To a stirred solution of crude S6 (444 mg) in CH>Cl, (23 mL) was added NEt; (1.9 mL, 13.71
mmol), and TsCl (1.05 g, 5.48 mmol) at 0 °C, and the reaction mixture was stirred for 8 h at rt. The
reaction was quenched with 1 N HCI, extracted with CH>Cl,, dried over Na,SOs, filtered, and concentrated
in vacuo. Purification by flash column chromatography (SiO., n-hexane/AcOEt = 5/1) afforded S7 (686
mg, 32%, 3 steps)

S7 to 61j: A solution of crude S7 (234 mg), K»CO3 (259 mg, 1.88 mmol), 4-chloro-2-methyl-1-butene
(0.18 mL, 1.88 mmol), Nal (71 mg, 0.47 mmol) in MeCN (3.1 mL) was stirred for 8 h at 80 °C. The
reaction was quenched with aqueous sodium thiosulfate, extracted with AcOEt, dried over Na,SOs, filtered,
and concentrated in vacuo. Purification by flash column chromatography (SiO,, n-hexane/AcOEt = 10/1)
afforded 61j (219.9 mg, 72%)

N-(cyclohex-2-en-1-yl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (61j)
TS 'H-NMR (CDCls, 400 MHz) &: 1.52-1.65 (m, 2H), 1.71-1.75 (m, 1H), 1.77 (s, 3H),
©//\\k 1.85-1.93 (m, 3H), 2.43 (s, 3H), 3.44 (16.4 Hz), 3.80 (d, 1H, J = 16.4 Hz), 4.48-4.55 (m,
1H), 4.88 (s, 1H), 4.93 (d, 1H, J=10.8 Hz), 5.00 (s, 1H), 5.69-5.81 (m, 1H), 7.28 (d, 2H,
J = 8.0 Hz), 7.71 (d, 2H, J = 8.0 Hz); *C-NMR (CDCl3, 100 MHz) 8:20.0, 21.3, 21.6, 24.2, 28.5, 49.6,
55.4, 112.0, 126.6, 126.8, 129.5, 132.3, 137.8, 142.7, 142.9; IR (ATR) v: 2935, 1337, 1161, 759 cm’!;
HRMS (ESI) Caled for Ci17H23NNaO,S | [M+Na] * 328.1347, found 328.1343; yellow oil
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diethyl-3-(cyanomethyl)-4-methylcyclopentane-1,1-dicarboxylate (62a)
"H-NMR (CDCl3, 400 MHz) &: 0.94 (dd, 3H, J=7.2, 2.4 Hz), 1.25 (t,
6H, J=17.2 Hz), 1.99 (ddd, 1H, J=14.0, 7.2, 2.0 Hz), 2.16 (ddd, 1H,
J =140, 7.2, 2.0 Hz), 2.25-2.65 (m, 6H), 4.19 (q, 4H, J = 7.2 Hz);
© BC-NMR (CDCls;, 100 MHz) &: 13.9, 14.5, 17.9, 35.7, 38.3, 39.3,
1 40.5, 58.6, 61.6, 119.1172.1, 172.2; IR (ATR) v: 2984, 1711, 1360,
1219 cm’!; HRMS (ESI) Caled for Ci4HNNaOs | [M+Na] *
290.1368, found 290.1372; colorless oil (60.3 mg, 82%).

diethyl-3-(2-cyanopropan-2-yl)-4-methylcyclopentane-1,1-dicarboxylate (62b)

"H-NMR (CDCl3, 400 MHz) 8: 1.06 (d, 3H, J= 6.8 Hz), 1.24 (t,
3H, J=17.6 Hz), 1.26 (t, 3H, J = 7.2 Hz), 1.41 (d, 6H, J=4.8
Hz), 1.86 (ddd, 1H, J = 13.6, 6.8, 6.8 Hz), 2.24-2.41 (m, 4H),
2.49 (dd, 1H, J = 13.6, 6.8 Hz), 4.14-4.26 (m, 4H); 3*C-NMR
(CDCls, 100 MHz) &: 14.0, 15.3, 25.7, 28.6, 32.7, 34.0, 35.1,
41.4, 51.8, 57.7, 61.6, 124.2, 172.0, 172.9; IR (ATR) v: 2980,
1728, 1253 cm’'; HRMS (ESI) Calecd for CisHasNNaOy,
[M+Na] © 318.1681, found 318.1684; colorless oil (22.6 mg,
62%).

Mex2: 25.7, 28.6 (1.41)

diethyl-4-(cyanomethyl)-3,3-dimethylcyclopentane-1,1-dicarboxylate (62c)

'"H-NMR (CDCl3, 400 MHz) &: 0.85 (d, 3H, /= 2.0 Hz), 1.10 (d, 3H, J =
2.0 Hz), 1.25 (t, 3H, J= 7.2 Hz), 1.26 (t, 3H, J = 7.2 Hz), 1.90-2.08 (m,
1H), 2.12-2.29 (m, 4H), 2.34 (ddd, 1H, J=16.4, 5.6, 2.0 Hz), 2.60 (ddd,
1H, J=13.6, 6.8, 2.0 Hz), 4.18 (q, 2H, J= 7.2 Hz), 4.19 (q, 2H, J=7.2
Hz); BC-NMR (CDCls, 100 MHz) 8:13.9, 17.1, 21.9, 27.7, 38.7, 41.1,
45.3,48.4,57.0,61.6,61.7,119.0, 172.1, 172.4; IR (ATR) v: 2981, 1716,
1239 cm!'; HRMS (ESI) Caled for C1sH23NNaO4  [M+Na] * 304.1525,
found 304.1520; colorless oil (24.4 mg, 72%).

Mex2: 21.9, 27.7

2-4-methyl-1-tosylpyrrolidin-3-yl)acetonitrile (62f)

"H-NMR (CDCl3, 400 MHz) 8: 0.87 (d, 2.1H, J= 6.4 Hz), 0.98 (d, 0.9H, J
= 6.4 Hz), 1.86-2.48 (m, 7H), 2.85 (dd, 0.3H, J = 10.4, 8.0 Hz), 3.00 (dd,
0.7H, J=10.4, 5.6 Hz), 3.06 (dd, 0.3H, J = 10.4, 8.0 Hz), 3.20 (dd, 0.7H,
J=104, 5.6 Hz), 3.41-3.58 (m, 2H), 7.34 (d, 2H, J= 8.4 Hz), 7.72 (d, 2H,
J = 8.4 Hz); BC-NMR (CDCls, 100 MHz)* &: 12.8, (16.2), 16.4, (19.1),
21.5, 35.1, (38.1), 38.7, (41.7), 51.2, (52.0), 53.4, (54.3), 118.1, 1274,
129.8, 133.4, 143.8; IR (ATR) v: 2970, 1736, 1345, 1167 cm’'; HRMS
(EST) Calcd for Ci4HsN2NaO,S | [M+Na]* 301.0987, found 301.0998;
yellow oil (35.2 mg, 68%); *( ) in '*C NMR is peak of trans-62f
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2-4-methyl-1-phenylpyrrolidin-3-yl)acetonitrile (62g)

"H-NMR (CDCls, 400 MHz) 6: 1.05 (dd, 2.1H, J = 6.8, 1.6 Hz), 1.16 (d,
0.9H, J = 4.4 Hz), 2.10-2.72 (m, 4H), 2.97 (dd, 0.3H, J = 7.6, 7.6 Hz),
3.05(dd, 0.7H,J=17.2,7.2 Hz), 3.17 (dd, 0.3 H, J= 7.2, 7.2 Hz), 3.25 (dd,
0.7H, J=8.4,5.6 Hz), 3.49 (ddd, 1.4 H, J=14.4, 7.2, 7.2 Hz), 3.58 (ddd,
0.6H,J=14.4,7.2,7.2Hz), 6.52 (d, 2H, J=7.6 Hz), 6.69 (dd, 1H, J=17.6,
7.6 Hz), 7.23 (dd, 2H, J = 7.6, 7.6 Hz); 3C-NMR (CDCls, 100 MHz)
5:13.6, (16.8), 17.0, (19.6), 34.9, (38.0), 38.8, (41.8), 51.5, (52.4), 53.7,
(54.7), 111.4, 116.0, 118.9, 129.2, 147.2; IR (ATR) v: 2974, 1736, 1345
cm’'; HRMS (ESI) Caled for Ci3HigNoNa [M+Na] * 223.1211, found 223.1203; yellow oil (28.9 mg,
47%); *( ) in 3C NMR is peak of trans-62g

3,3-dimethyl-1-tosyloctahydro-1H-indole-4-carbonitrile (62j)
H 1s  'H-NMR (CDCl;s, 400 MHz) &: 0.62 (s, 3H), 1.15 (s, 3H), 1.56-1.68 (m, 4H), 1.76 (dd, 1H,
N J=9.6, 6.0 Hz), 2.05-2.14 (m, 1H), 2.44 (s, 3H), 2.41-2.48 (m, 2H), 3.06 (d, 1H, /J=10.8
Hz), 3.27 (d, 1H, J = 10.8 Hz), 3.61 (brs, 1H), 7.33 (d, 2H, J = 7.6 Hz), 7.68 (d, 2H, J =
CNH 7.6 Hz); 3C-NMR (CDCls;, 100 MHz) &: 18.2, 21.5, 23.0, 26.6, 27.1, 27.9, 28.8, 39.6,
49.6,57.8, 60.2, 122.8, 127.5, 129.7, 133.1, 143.8; IR (ATR) v: 2938, 1337, 1159, 669 cm™'; HRMS (ESI)

Calcd for CisH24N2NaO>S, [M+Na] © 355.1456, found 355.1450; colorless solid (30.7 mg, 70%, mp:
115-118 °C).

diethyl 2-(buta-2,3-dien-1-yl)-2-(2-methylallyl)malonate (65)

.// (CAS-Regt# 1320363-33-4)
"H-NMR (CDCl3, 400 MHz) &: 1.26 (t, 6H, J = 7.6 Hz), 1.67 (s, 3H), 2.62-2.66 (m, 2H),
2.74 (s, 2H), 4.18 (q, 4H, J = 7.6 Hz), 4.63-4.66 (m, 2H), 4.77 (s, 1H), 4.88 (s, 1H),
4.93-5.00 (m, 1H)

X

EtO,C

EtO,C

diethyl 2-allyl-2-(prop-2-yn-1-yl)malonate (69)

4 (CAS-Reg# 101268-55-7)
EtozC: C 'H-NMR (CDCls, 400 MHz) &: 1.26 (t, 6H, J= 7.2 Hz), 2.01 (t, 1H, J = 2.8 Hz), 2.80 (d,

EO.C 2H, J = 2.8 Hz), 2.81 (d, 1H, J = 7.6 Hz), 4.21 (q, 4H, J = 7.2 Hz), 5.14 (dq, 1H, J =
2 —
10.8, 1.2 Hz), 5.19 (dq, 1H, J= 17.2, 1.2 Hz), 5.63 (ddt, 1H, J=17.2, 10.8, 7.2 Hz).
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Synthesis of 72a-e,h,i

Py. (3.0 eq) K,CO3 (2.0 eq)
TsCl (1.1 eq) RX (2.0 eq)
CH,Cl, (0.5 M) MeCN (0.3 M) _R
NHz t 2'h, 94% NHTs gg °c N
S8 s9 see Table 72
RX time (h) 72 (%) RX time (h) 72 (%)
ANF 16 72a (quant
Br (quant) Br/Y 24 72e (quant)
TN 4 72b (96)
B " pp 16 72c (98) O_\ 2 72h (quant)
OMs
Br/\)\ 24 72d (51) B NN 24 72i (90)

NEt; (1.5 eq)

LiAlH, (3.0 eq) MsCI (1.2 eq)
coMe — " "1 -,
Et,0 (0.2 M) CH,Cl, (0.2 M)
0°C,3h OH K 15h OMs

S10 S11 2 steps, <46% S12
(without purification)

S8 to S9: To a stirred solution of S8 (2 mL, 14.7 mmol) in CH2Cl, (29 mL) was added pyridine (3.6 mL,
44.1 mmol), and TsClI (3.1 g, 16.2 mmol) at 0 °C, and the reaction mixture was stirred for 2 h at rt. The
reaction was quenched with 1 N HCI, extracted with CH>Cly, dried over Na,SOs, filtered, and concentrated
in vacuo. Purification by flash column chromatography (SiOa, n-hexane/AcOEt = 2/1) afforded S9 (3.96 g,
94%)

S9 to 72: To a stirred solution of S9 (1.0 eq.) in MeCN (0.3 M for S9) was added K»CO3 (2.0 eq.), and RX
(2.0 eq.), and the reaction mixture was stirred at 80 °C. The reaction was quenched with H>O, extracted
with AcOEt, dried over NaxSOs, filtered, and concentrated in vacuo. Purification by flash column

chromatography afforded 72.

S10 to S11: A solution of S10 (2 mL, 14.7 mmol) was added dropwise to a suspension of LiAlH4 (1.67 g,
44.1 mmol) in Et,O (74 mL) at 0 °C under argon atmosphere. After addition, the mixture was warmed to rt,
and the mixture was stirred for 3 h. Then, worked up by precipitation with 1.7 mL of water and 1.7 mL of
15% NaOH and 5.1 mL of water at 0 °C, and filtration through celite and washed thoroughly with ethyl
acetate. The solvent was reduced under vacuum gave crude S11 which was used in the next step without

further purification.

S11 to S12: To a stirred solution of crude S11 in CH»Cl, (74 mL) was added NEt; (3.1 mL, 22.1 mmol),
and MsCl (1.4 mL, 17.6 mmol) at 0 °C, and the reaction mixture was stirred for 15 h at rt. The reaction
was quenched with 1 N HCI, extracted with CH2Cl,, dried over Na>SOs, filtered, and concentrated in

vacuo. Crude S12 (1.3 g) was used in the next step without further purification.
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N-allyl-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72a)

(CAS-Reg# 402822-74-6)
©\)LM6 'H-NMR (CDCls, 400 MHz) &: 2.18 (s, 3H), 2.44 (s, 3H), 4.12 (d, 2H, J = 6.8 Hz),
N

4.94 (dd, 1H, J = 11.2, 1.6 Hz), 4.98 (d, 1H, J = 3.2 Hz), 5.05 (dd, 1H, J = 1.2, 0.8
Hz), 5.22 (dd, 1H, J = 1.6, 1.2 Hz), 5.69 (dddd, 1H, J=17.2, 112, 6.8, 6.8 Hz), 6.74
(d, 1H, J= 8.0 Hz), 7.12 (ddd, 1H, J = 7.8, 6.4, 2.4 Hz), 7.27-7.31 (m, 4H), 7.67 (d, 2H, J = 8.4 Hz); (675

mg, quant.)

(E)-N-(but-2-en-1-yl)-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72b)
'"H-NMR (CDCls, 400 MHz) &: 1.49 (d, 3H, J = 5.6 Hz), 2.17(s, 3H), 2.43 (s, 3H),
d‘\Me 4.05 (brs, 2H), 5.05 (s, 1H), 5.21 (s, 1H), 5.26-5.42 (m, 2H), 6.71 (d, 1H, J = 8.4
PN Hz), 7.11 (dd, 1H, J = 7.6, 2.0 Hz), 7.21-7.29 (m, 4H), 7.65 (d, 2H, J = 8.4 Hz);
BC-NMR (CDCls, 100 MHz) &: 17.5, 21.4, 24.1, 24.2, 54.0, 116.3, 125.0, 127.1,
127.9, 128.0, 128.5, 129.3, 129.8, 130.6, 136.4, 136.8, 143.2, 143.6, 144.9 11; IR (ATR) v: 2982, 1736,

1237, 1044 cm'; HRMS (ESI) Caled for C20H23NNaOsS | [M+Na] * 364.1347, found; 364.1360; yellow oil
(126.2 mg, 96%).

N-cinnamyl-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72c)
"H-NMR (CDCl3, 400 MHz) &: 2.18 (s, 3H), 2.40 (s, 3H), 4.27 (brs, 2H), 5.05 (s,
d‘\ 1H), 5.23 (s, 1H), 6.05 (dd, 1H, J = 16.0, 6.8 Hz), 6.22 (d, 1H, J = 16.0 Hz), 6.77
/\/\Ph (d, 1H, J = 8.0 Hz), 7.09-7.36 (m, 10H), 7.68 (d, 2H, J = 8.4 Hz); *C-NMR
(CDCls, 100 MHz) &: 21.7, 24.5, 54.6, 116.8, 123.9, 126.5, 127.5, 128.0, 128.4,
128.4, 128.6, 128.8, 129.6, 130.3, 134.2, 136.4, 136.8, 137.1, 143.6, 143.9, 145.2; IR (ATR) v: 2983, 1712,

1239, 1044 cm™'; HRMS (ESI) Calcd for C2sHasNNaO2S, [M+Na] * 426.1504, found 426.1496; yellow
solid (157.2 mg, 98%).

4-methyl-N-(3-methylbut-2-en-1-yl)-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72d)
'"H-NMR (CDCl3, 400 MHz) &: 1.37 (s, 3H), 1.54 (s, 3H), 2.18 (s, 3H), 2.43 (s,
3H), 4.12 (brs, 2H), 5.03 (t, 1H, J= 7.2 Hz), 5.06 (s, 1H), 5.22 (s, 1H), 6.74 (d, 1H,
N/\)\ J =17.6 Hz), 7.09-7.29 (m, 5H), 7.66 (d, 2H, J = 8.4 Hz); >*C-NMR (CDCls, 100
Ts MHz) &: 17.7, 21.7, 24.3, 25.8, 49.6, 116.5, 118.4, 127.3, 128.2, 128.3, 128.6,
129.5, 130.0, 136.8, 137.1, 137.3, 143.4, 143.9 145.1; IR (ATR) v: 2969, 1737, 1347, 756 cm™'; HRMS
(ESI) Calcd for CioH2sNNaO,S [M+Na] * 378.1504, found 378.1515; orange solid (133.7 mg, 51%).

4-methyl-N-(2-methylallyl)-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72e)
"H-NMR (CDCls, 400 MHz) 8: 1.61 (s, 3H), 2.13 (s, 3H), 2.44 (s, 3H), 4.05 (s, 2H),
4.55 (brs, 1H), 4.68 (brs, 1H), 5.07 (brs, 1H), 5.21 (brs, 1H), 6.88 (d, 1H, J = 8.4 Hz),
7.12-7.17 (m, 1H), 7.22-7.26 (m, 2H), 7.29 (d, 2H, J = 7.6 Hz), 7.69 (d, 2H, J = 7.6
"I\'ls/\’/ Hz); *C-NMR (CDCl;, 100 MHz) &: 20.6, 21.5, 24.4, 58.0, 116.0, 116.8, 127.2,
127.9, 128.1, 128.6, 129.4, 130.0, 136.9, 137.2, 140.1, 143.1, 143.4, 144.5; IR (ATR)
v: 2983, 1737, 1239, 1045, 758 cm'; HRMS (ESI) Calcd for C2oH23NNaO2S, [M+Na] * 364.1347, found
364.1355; colorless solid (305.8 mg, quant.).
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N-(cyclohex-1-en-1-ylmethyl)-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72h)
'H-NMR (CDCl3, 400 MHz) &: 0.88 (t, 1H, J = 6.8 Hz), 1.23-1.33 (m, 1H), 1.43
(brs, 3H), 1.81 (brs, 3H), 2.16 (s, 3H), 2.43 (s, 3H), 3.98 (brs, 2H), 5.06 (s, 1H),
5.21 (s, 1H), 5.30 (brs, 1H), 6.84 (d, 1H, J = 8.0 Hz), 7.10-7.29 (m, 5H), 7.68 (d,
"Fls/\@ 2H, J = 8.4 Hz); *C-NMR (CDCls, 100 MHz) &: 21.4, 21.7, 22.2, 24.4, 25.0, 26.7,
58.7, 116.6, 127.1, 127.8, 128.1, 128.6, 129.2, 129.9, 132.6, 137.3, 137.4, 143.1,
143.3, 144.5; IR (ATR) v: 2968, 2147, 1364, 1216 cm’'; HRMS (ESI) Calcd for C23H27NNaO,S [M+Na] *
404.1660, found 404.1648; colorless solid (354 mg, quant.).

N-(but-3-en-1-yl)-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72i)
(CAS-Reg# 402822-86-0)
"H-NMR (CDCls, 400 MHz) &: 2.08 (br, 2H), 2.18 (s, 3H), 2.44 (s, 3H), 3.53 (br,
NN 2H), 4.91-4.96 (m, 2H), 5.05 (s, 1H), 5.22 (s, 1H), 5.54-5.64 (m, 1H), 6.80 (d, 1H,

Ts J=17.6Hz), 7.16 (dd, 1H, J = 8.0, 2.8 Hz), 7.27-7.31 (m, 4H), 7.66 (d, 2H, J = 8.4
Hz); (354 mg, 90%)
Synthesis of 72f,g,1
con Rjt/ time (h) 72 (%) ﬁ:Mg)Br
(1.5 eq) _~ 1 T2(@80) | phoHO —
DMEAD HO : THF (0.5 M)
(16eq) Ph : rt, 2 h
1 729 (38)
N N HOJ\/ seE Ph
s9 G gagn ' )\/
-9; I :
(0.1 M), rt Ho<T— 3 721(99) | HO Z s13

S9 to 72f,g,1: To a stirred solution of S9 (1.0 eq.), ROH (1.5 eq.), PPh; (1.8 eq.) in THF (0.1 M for S9) was
added DMEAD (1.6 eq.) at 0 °C, and the reaction mixture was stirred for 1-3 h at rt. Then, the reaction

mixture was concentrated in vacuo. Purification by flash column chromatography gave 72f,g,l.

PhCHO to S13: To a stirred solution of vinyl magnesium bromide (6.0 mL, 1.0 M in THF, 6.0 mmol) in
THF (10 mL) was added PhCHO (0.51 mL, 5.0 mmol) at 0 °C, and the reaction mixture was stirred for 2 h
at rt. The reaction was quenched with sat. NH4Cl aq., extracted with AcOEt, dried over Na,SOs, filtered,

and concentrated in vacuo. The crude S13 (1.1 g) was used in the next step without further purification.

4-methyl-N-(3-methylbut-3-en-2-yl)-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72f)
H-NMR (CDCls, 400 MHz) &: 1.22 (d, 3H, J = 7.2 Hz), 2.16 (s, 3H), 2.43 (s, 3H),
4.54-4.74 (m, 1H), 4.85-5.05 (m, 2H), 5.22-5.49 (m, 3H), 6.79 (d, 1H, J = 7.6 Hz),
NM 7.13-7.30 (m, 5H), 7.74 (dd, 2H, J = 8.0, 8.0 Hz); *C-NMR (CDCls, 100 MHz)
Ts 8:17.5, 19.6, 21.5, 24.2, 24.9, 54.0, 58.6, 58.9, 115.2, 1164, 116.6, 117.7, 115.0,
126.7, 127.1, 128.0, 128.1, 128.4, 128.5, 129.2, 129.4, 129.9, 130.2, 130.6, 130.9, 131.4, 133.8, 136.4,
136.8, 137.2, 138.1, 139.0, 143.2, 143.6, 146.1; IR (ATR) v: 2970, 1712, 1340, 1159 cm’!; HRMS (ESI)
Calcd for C20H23NNaO:S, [M+Na] * 364.1347, found 364.1345; yellow solid (142 mg, 80%).
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4-methyl-N-(2-methyl-1-phenylallyl)-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72g)
"H-NMR (CDCl3, 400 MHz) 8: 2.18 (s, 3H), 2.42 (s, 3H), 4.28 (brs, 1H), 5.05 (s, 1H),
5.23 (s, 1H), 6.02 (ddd, 1H, J=15.6, 7.6, 6.8 Hz), 6.23 (d, 1H, J = 15.6 Hz), 6.77 (d,
1H, J = 8.4 Hz), 7.10-7.29 (m, 11H), 7.69 (d, 2H, J = 8.4 Hz); '*C-NMR (CDCl3, 100
TS/F”h\’/ MHz) &: 21.5, 24.3, 54.4, 116.6, 123.6, 126.3, 126.6, 127.3, 127.7, 128.0, 128.2,
128.4, 128.5, 129.1, 129.2, 129.4, 130.0, 134.0, 136.2, 136.6, 136.8, 143.4, 143.7, 145.0; IR (ATR) v:
2982, 1735, 1235, 1043 cm’!; HRMS (ESI) Caled for C,sH»sNNaO»S, [M+Na] * 426.1504, found
426.1496; yellow oil (80 mg, 38%).

4-methyl-N-(penta-1,4-dien-3-yl)-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (72I)
'H-NMR (CDCl3;, 400 MHz) &: 2.17 (s, 3H), 2.45 (s, 3H), 4.09-4.21 (m, 1H),
4.92-5.10 (m, 4H), 5.21-5.29 (m, 1.5H), 5.49-5.71 (m, 1H), 5.88-6.04 (m, 1H),
NC 6.09-6.19 (m, 0.5H), 6.73 (d, 1H, J=8.4 Hz), 7.11-7.31 (m, 5H), 7.68 (dd, 2H, J = 8.4,
s \—= g4 Hz); BC-NMR (CDCls, 100 MHz) &: 21.5, 24.3, 24.9, 53.9, 66.8, 116.6, 117.6,
118.0, 118.4, 126.8, 127.3, 127.5, 128.2, 128.6, 129.2, 129.4, 130.0, 130.1, 131.3, 134.8, 135.8, 136.3,
136.5, 136.8, 137.9, 143.3, 143.4, 143.6, 144.9, 145.8; IR (ATR) v: 2983, 1736, 1372, 1234, 1043 cm’!;
HRMS (ESI) Calcd for C»1H23sNNaO,S, [M+Na] * 376.1347, found 376.1346; yellow solid (399.1 mg,
94%).

Synthesis of 72j
O (6]
cn EtMgBr (3.0 eq) TsCl (1.1 eq)
@ THF (0.5 M), rt, 20 h_ Bt NEt; (3.0 eq) . Et
then CH,Cl, (0.5 M)
NH2 400 HCI, 1t, 2 h NH2 1 7h, > 19% (2 steps) NHTs
S14 S15 S16
B N i "BuLi (2.0 eq)
(2.0 eq) Et PhsMePBr (2.0 eq) Et
K,CO3 (2.0 eq) N/\/ THF (0.2 M) N/\/
MeCN (03M)  _ = % 60°C,24h,29% . s

80 °C, 22 h, 93%

S14 to S15: Ethylmagnesium bromide (10 mL, 3.0 M in Et;O, 30 mmol) was added to a solution of S14
(1.18 g, 10 mmol) in THF (20 mL) at 0 °C. Then the reaction was allowed to warm to ambient temperature
and allowed to stir at this temperature for 20 h. The reaction was quenched by slow addition of 10% HCI
and made basic by the addition of NaOH at 0 °C. The organic layer was separated and the remaining
aqueous layer was extracted with AcOEt for three times. The combined organic layers were washed with
brine, dried over Na;SO4 and concentrated. The crude S15 (1.68 g) was used in the next step without

further purification.

S15 to S16: To a stirred solution of crude S15 (1.68 g) in CH2Cl» (20 mL) was added NEt; (4.2 mL, 30
mmol), and TsCl (1.9 g, 10 mmol) at 0 °C, and the reaction mixture was stirred for 7 h at rt. The reaction
was quenched with 1 N HCI, extracted with CH,Cl,, dried over Na,SOs, filtered, and concentrated in
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vacuo. Purification by flash column chromatography (SiO, n-hexane/AcOEt = 4/1) afforded S16 (573 mg,
19%, 2 steps)

S16 to S17: To a stirred solution of S16 (150 mg, 0.49 mmol) in MeCN (1.6 mL) was added K.CO3 (136
mg, 0.99 mmol), and allyl bromide (0.08 mL, 0.99 mmol), and the reaction mixture was stirred at 80 °C for
22 h. The reaction was quenched with 1N HCI, extracted with AcOEt, dried over Na,SOs, filtered, and
concentrated in vacuo. Purification by flash column chromatography afforded S17 (158 mg, 93%).

S17 to 72j: To a stirred solution of PhsPMeBr (357 mg, 1.0 mmol) in THF (2.5 mL) was added »n-BuLi
(0.63 mL, 1.6 M in hexane, 1.0 mmol) at 0 °C, and the reaction mixture was stirred at rt for 1 h. Then, S17
(158 mg, 0.46 mmol)in THF (1.0 mL) was added at 0 °C, and the reaction mixture was stirred at 60 °C for
24 h. The reaction was quenched with H»O, extracted with AcOEt, dried over Na,SOs, filtered, and
concentrated in vacuo. Purification by flash column chromatography afforded 72j (45.6 mg, 29%).

N-allyl-N-(2-(but-1-en-2-yl)phenyl)-4-methylbenzenesulfonamide (72j)
'"H-NMR (CDCl3, 400 MHz) &: 1.07 (t, 3H, J = 7.2 Hz), 2.45 (s, 3H), 2.50 (q, 2H, J =

Et 7.2 Hz), 4.11 (d, 2H, J = 6.8 Hz), 4.92-4.98 (m, 2H), 5.04 (s, 1H), 5.21 (d, 1H, J = 6.0
7 Hz),5.66 (ddd, 1H, J= 168, 104, 6.8 Hz), 6.79 (d, 1H, /= 8.0 Hz), 7.14 (ddd, 1H, J
Ts = 7.6, 7.6, 2.0 Hz), 7.20-7.27 (m, 2H), 7.30 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J = 8.0

Hz); 3C-NMR (CDCl;, 100 MHz) &: 12.5, 21.5,29.7, 54.6, 114.2, 119.1, 127.2, 128.0, 128.2, 128.8, 129.5,
130.7, 132.6, 136.5, 137.1, 143.4, 144.6, 149.8; IR (ATR) v: 2965, 1349, 1165, 1091 cm™!'; HRMS (ESI)
Calcd for C0H23NNaO,S [M+Na] * 364.1347, found 364.1356; yellow oil

Synthesis of 72k

Br s20 Ar
o) TsNHNH (1.5 eq.) NNHTs |
dioxane (0.1 M) NH2 (1.0 eq.) L— pd X

)’I\ —_—
Ph Me 90°c, 1h Ph 819Me Pd(PPh3),Cl, (2.5 mol%) Ph — )Q/
t+-BuOLi (3.7 eq.), 100 °C, 2 h

Py. (3.0 eq.) K,CO3 (2.0 eq.)
elhmmatfon Ph TscCl TsCl (1.2eq) allyl bromide (2.0 eq.) Ph
70% CH,Cl, (0.5 M) NHTs MeCN (0.3 M) N/\/

rt, 12 h 80°C,4h N
31% (2 steps) 72k

S18 to S213: A well stirred mixture of S18 (0.51 mL, 4.4 mmol), TSNHNH: (819 mg, 4.4 mmol), in
dioxane (33 mL) was heated at 90 °C for 2 h gave intermediate S19. To this reaction mixture was added
S20 (500 mg, 2.9 mmol), Pd(PPh3),Cl, (50.8 mg, 0.073 mmol), -BuOLi (859 mg, 10.7 mmol) under
argon atmosphere at 100 °C and the reaction was further stirred at 100 °C for 2 h (monitored by TLC).
Then, the reaction mixture was cooled to room temperature and diluted with EtOAc and passed through a
short Celite pad; the solvent was evaporated under reduced pressure, and purified on a silica gel column to

obtain the product S21 as an orange solid (397 mg, 70%).
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S21 to S22: Same as S8 to S9 // S22 to 72k: S9 to 72
N-allyl-4-methyl-N-(2-(1-phenylvinyl)phenyl)benzenesulfonamide (72k)
'"H-NMR (CDCls, 400 MHz) &: 2.41 (s, 3H), 3.69 (brs, 2H), 4.75 (d, 1H, J= 16.0 Hz),
d‘\Ph 4.82 (d, 1H, J=9.2 Hz), 5.28-5.34 (m, 1H), 5.39 (s, 1H), 5.73 (s, 1H), 6.95 (d, IH, J
N/\/ = 8.0 Hz), 7.22-7.33 (m, 10H), 7.52 (d, 2H, J = 8.0 Hz); 3C-NMR (CDCls, 100 MHz)
Ts o: 21.5, 53.9, 117.4, 118.7, 127.1, 127.5, 127.9, 128.1, 129.3, 129.7, 131.9, 132.8,

136.8, 137.6, 141.2, 142.8, 143.3, 146.7; IR (ATR) v: 2984, 1735, 1712, 1240, 1044 cm™'; HRMS (ESI)
Calcd for C24H23NNaO,S, [M+Na] * 412.1347, found 412.1339; colorless solid (82.6 mg, 31%, 2 steps).

Synthesis of 72m

(o}

oA

(1.2 eq)

—_—
NEt; (1.2 eq) —
NHTs  CcH,CI, (0.25 M) ¥
S9 72m 'S

rt, 5h, 72%

To a stirred solution of crude S9 (150 mg, 0.52 mmol) in CH>Cl> (2 mL) was added NEt; (0.1 mL, 0.71
mmol), and acryloyl chloride (0.1 mL, 1.22 mmol) at 0 °C, and the reaction mixture was stirred for 5 h at rt.
The reaction was quenched with 1 N HCI, extracted with CH>Cl,, dried over Na;SOs, filtered, and
concentrated in vacuo. Purification by flash column chromatography (SiO,, n-hexane/AcOEt = 4/1)
afforded 72m (163.7 mg, 92%)

N-(2-(prop-1-en-2-yl)phenyl)-N-tosylacrylamide (72m)
"H-NMR (CDCls, 400 MHz) &: 2.13 (s, 3H), 2.44 (s, 3H), 5.04 (s, 1H), 5.30 (s, 1H),
5.58 (dd, 1H, J =10.4, 1.6 Hz), 5.83 (dd, 1H, J = 16.4, 10.4 Hz), 6.38 (dd, 1H, J =
N{ 16.4, 1.6 Hz), 7.06 (7.6 Hz), 7.32-7.49 (m, 5H), 7.99 (d, 2H, J = 8.4 Hz); *C-NMR
s \— (CDCl3, 100 MHz) &: 21.6, 23.9, 117.8, 128.0, 128.2, 129.2, 129.5, 130.0, 131.5,
132.8, 136.2, 141.9, 144.8, 164.6; IR (ATR) v: 2970, 1689, 1358, 1159, 768 cm™'; HRMS (ESI) Calcd for
Ci9H19NNaOsS, [M+Na] * 364.0983, found 364. 0997; yellow oil

2-(2,4,4-trimethyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)acetonitrile (73a)
(1.06 or 1.01) H H (1.06 or 1.01) "H-NMR (CDCls, 400 MHz) &: 1.01 (s, 3H), 1.06 (s, 3H),
1.60-1.72 (m, 1H), 2.06 (dd, 1H, J = 16.8, 10.0 Hz), 2.35
H(206&2.35 (4d, 1H, J = 16.8, 4.8 Hz), 2.39 (s, 3H), 3.45 (dd, 1H, J =
14.0, 10.4 Hz), 4.22 (dd, 1H, J = 14.0, 3.6 Hz), 7.13-7.26
(m, 5H), 7.53 (d, 2H, J = 8.8 Hz), 7.83 (d, 1H, J = 8.4 Hz);
BC-NMR (CDCls, 100 MHz) &: 16.8, 21.5, 25.4, 28.6, 35.8,
39.1,46.2, 118.3, 124.1, 125.3, 126.8, 127.1, 127.2, 129.8,
134.8, 136.2, 136.5, 144.1; IR (ATR) v: 3000, 1709, 1357,
1219 ¢cm'; HRMS (ESI) Caled for C0H2N2NaO,S [M+Na] * 377.1300, found 377.1297; yellow solid
(31.1 mg, 71%).

25.4 or 28.6 25.4 or 28.6

H (3.45 & 4.22)
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2-(4,4-dimethyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)propanenitrile (73b)
(1.22)H H (1.05) "H-NMR (CDCls, 400 MHz) &: 1.05 (s, 3H), 1.22 (s, 3H), 1.34

(d, 3H, J = 7.2 Hz), 1.60-1.66 (m, 1H), 2.38 (s, 3H), 2.51 (g, 1H,

163 J=17.2 Hz), 3.26 (dd, 1H, J = 14.0, 10.0 Hz), 4.19 (dd, 1H, J =

HUS9) 140,3.6 Hz), 7.14-7.30 (m, 5H), 7.46 (dd, 2H, J = 8.0, 2.8 Hz),

CN 7.84 (dd, 1H, J = 8.0, 1.6 Hz); 3C-NMR (CDCls, 100 MHz) §:

163, 18.9, 23.2, 242, 25.8, 26.0, 28.1, 29.6, 36.8, 37.0, 43.7,

Ts 19 43.8,44.6,44.7, 1207, 122.8, 124.2, 124.7, 125.6, 125.7, 126.7,

126.7, 127.2, 127.2, 127.5, 129.6, 129.7, 135.0, 136.1, 136.8, 137.9, 138.1, 144.0, 144.1; IR (ATR) v:
2984, 1716, 1344, 1213 cm’'; HRMS (ESI) Caled for C;1H24N2NaO»S, [M+Na] * 391.1456, found
391.1469; yellow oil (31.7 mg, 90%).

2-(4,4-dimethyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)propan-2-ol (74d)

"H-NMR (CDCl3, 400 MHz) &: 1.14 (s, 3H), 1.26 (s, 3H), 1.34 (s,
6H), 1.54 (dd, 1H, J=10.8, 2.8 Hz), 2.37 (s, 3H), 3.24 (dd, 1H, J
= 14.0, 10.8 Hz), 4.21 (dd, 1H, J = 14.0, 2.8 Hz), 7.12-7.20 (m,
4H), 7.30 (dd, 1H, J= 8.0, 2.8 Hz), 7.45 (d, 2H, J = 8.0 Hz), 7.78
(d, 1H, J = 8.0, 2.8 Hz); 3C-NMR (CDCl;, 100 MHz) &: 21.5,
26.5, 28.6, 32.0, 32.1, 38.6, 46.5, 50.2, 73.5, 124.0, 125.3, 126.1,
127.3, 127.6, 129.4, 135.7, 137.2, 141.1, 143.6; IR (ATR) v:
3541, 2970, 1342, 1157 cm'; HRMS (ESI) Calcd for
CxH26N2NaO,S [M+Na] * 405.1613, found 405.1602; yellow oil (9.2 mg, 20%).

H (3.24 & 4.21)

N
Ts

2-(2,4,4-trimethyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)acetonitrile (73f)
081 IH-NMR (CDCls, 400 MHz) &: 0.81 (s, 3H), 1.31 (d, 3H, J = 6.0 Hz),
1.37 (s, 3H), 1.68 (dt, 1H, J = 6.4, 6.4 Hz), 2.39 (s, 3H), 2.54 (dd, 2H, J =
H(@254) 11.6 Hz, 6.4 Hz), 4.22 (dq, 1H, J = 6.4, 6.0 Hz), 7.13-7.25 (m, 5H), 7.61
CN (d, 1H, J = 7.6 Hz), 7.68 (d, 2H, J = 7.6 Hz); 3C-NMR (CDCl;, 100
H(4.22) MHz) &: 18.1, 21.5, 21.5, 23.2, 26.5, 36.0, 50.7, 55.4, 118.9, 124.1, 124.9,
125.6, 127.1, 127.3, 129.7, 134.7, 137.4, 140.5, 143.8; IR (ATR) v: 2969,
1710, 1358, 1219, 1162 cm™'; HRMS (ESI) Calcd for C21H24N2NaOsS,
[M+Na] * 391.1456, found 391.1446; brown oil (9.3 mg, 25%).

(1.37) H

2-((4S)-4-ethyl-4-methyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)acetonitrile (73j)

H—. Et 'H-NMR (CDCls, 400 MHz) 5:  0.05 (t, 2.3H, J = 8.0 Hz), 0.60 (t, 3H, J = 7.6
m “ScN Hz), 0.98 (s, 3H), 1.03 (s, 2.3H), 1.20-1.39 (m, 2+1.5H), 1.53-1.67 (m, 2+1.5H),
N 2.36 (s, 2.3H), 2.38 (s, 3H), 3.43 (dd, 0.8H, J = 14.0, 9.6 Hz), 3.65 (dd, 1H, J =

Ts 14.0, 9.6 Hz), 4.09 (dd, 1H, J = 13.6, 4.4 Hz), 4.34 (dd, 0.8H, J = 14.0, 3.2 Hz),

7.10-7.24 (m, 5+3.8H), 7.54 (d, 2H, J = 8.0 Hz), 7.59 (d, 1.5H, J = 8.4 Hz), 7.88 (d, 1H, J = 8.0 Hz), 7.94
(d, 0.8H, J = 8.4 Hz); 3C-NMR (CDCL, 100 MHz) §: 7.6, 9.1, 16.4, 16.6, 21.5, 25.5, 25.8, 28.8, 31.0,
33.8, 38.3, 39.1, 39.7, 45.9, 46.9, 118.4, 123.7, 124.5, 124.7, 125.4, 126.4, 126.8, 127.0, 127.1, 127.4,
129.7, 129.9, 135.3, 136.2, 144.0; IR (ATR) v: 2682, 1721, 1366, 1238 cm’'; HRMS (ESI) Caled for
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C21H24N2NaOsS, [M+Na] * 391.1456, found 391.1469; yellow oil (11.4 mg, 58%).

2-(4,4-dimethyl-1-tosyl-2-vinyl-1,2,3,4-tetrahydroquinolin-3-yl)acetonitrile (731)
'H-NMR (CDCl3;, 400 MHz) &: 1.00 (s, 3H), 1.44 (s, 3H),
oo or 264 1.74-1.79 (m, 1H), 2.39 (s, 3H), 2.56 (d, 2H, J = 5.2 Hz), 4.62 (dd,
H(256) 1H, J= 8.8, 8.8 Hz), 5.27 (d, 1H, J = 10.0 Hz), 5.38 (d, 1H, J =
17.2 Hz), 5.66 (ddd, 1H, J=17.2, 10.0, 8.8 Hz), 7.11-7.21 (m, 5H),
7.48 (d, 1H, J = 7.6 Hz), 7.70 (d, 2H, J = 8.0 Hz); *C-NMR
(CDCl;, 100 MHz) &: 16.7, 21.0, 21.5, 26.4, 36.2,47.8, 61.3, 118.8,
Ts 118.8,123.9, 124.0, 125.4, 127.2, 127.6, 129.5, 134.9, 137.2, 137.7,
140.2; IR (ATR) v: 2921, 1733, 1355, 1249 cm’'; HRMS (ESI) Calcd for C2H24N>NaO,S, [M+Na] *
403.1456, found 403.1471; yellow oil (16.0 mg, 30%).

(1.00 or 1.44) H H (1.00 or 1.44)

21.0 or 26.4

Synthesis of 79d and 80d

EtOH was added to the mixture of 72a (40.8 mg, 0.13 mmol), Co A (1.5 mg, 0.003 mmol), PhSO,SPh (38
mg, 0.15 mmol) under an argon atmosphere at rt, then PhSiH3 (18 pl) was added at rt and the solution was
stirred at room temperature for 16 h. Then, the solvent was removed under reduced pressure gave crude
79d (30.6 mg) and 80d (13.0 mg).

4,4-dimethyl-3-((phenylthio)methyl)-1-tosyl-1,2,3,4-tetrahydroquinoline (79d)
(1:09)H H (0.99) '"H-NMR (CDCls, 400 MHz) &: 0.99 (s, 3H), 1.05 (s, 3H), 1.46
(ddt, 1H, J=11.2, 11.2, 2.8 Hz), 2.26 (s, 3H), 2.35 (dd, 1H, J =
13.6, 11.2 Hz), 3.14 (dd, 1H, J = 13.6, 2.8 Hz), 3.26 (dd, 1H, J =
SPh 11.2,13.6 Hz), 4.59 (dd, 1H, J = 13.6, 2.8 Hz),; '*C-NMR (CDCls,
100 MHz) 5: 21.4, 25.7, 28.2, 32.1, 36.4, 41.0, 46.2, 124.4, 125.2,
125.9, 126.5, 127.2, 127.2, 128.4, 129.0, 129.3, 135.3, 136.3,
136.5, 138.3, 143.3; IR (ATR) v: 2968, 1711, 1350, 1161, 660 cm'; HRMS (ESI) Calcd for
C2sH27NNaO,S2 [M+Na] * 460.1381, found 460.1375; colorless solid (30.6 mg, 56%).

H(2.35 & 3.14)

H (3.26 & 4.59)

N
Ts

4,4-dimethyl-3-((phenylsulfinyl)methyl)-1-tosyl-1,2,3,4-tetrahydroquinoline (80d)
(1.04)H H (0.98) "H-NMR (CDCls, 400 MHz) &: 0.98 (s, 3H), 1.04 (s, 3H),
2.19 (dd, 1H, J = 6.4, 6.4 Hz), 2.38 (s, 3H), 2.38-2.42 (m,
H(240&276) 1H), 2.76 (dd, 1H, J = 9.6, 9.6 Hz), 3.77 (dd, 1H, J = 9.2,
6.0 Hz), 440 (d, 1H, J = 9.2 Hz), 7.08-7.22 (m, 4H),
I 7.50-7.70 (m, 9H); 3C-NMR (CDCls;, 100 MHz) &: 21.5,
26.1,29.2, 36.9, 38.3, 46.0, 58.6, 123.1, 123.8, 124.9, 126.7,
H(3.77 & 4.40) 127.2,127.2, 129.4, 129.8, 129.8, 131.1, 135.0, 136.2, 136.9,
143.9, 144.1; IR (ATR) v: 2968, 1712, 1352, 1162, 662
cm’'; HRMS (ESI) Caled for Co2H27NNaO,S,, [M+Na] * 476.1330, found 476.1314; colorless solid (13 mg,

23%).

26.1
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(E)-(2-(phenylsulfonyl)vinyl)benzene*

(CAS-Reg# 16212-06-9 )

I (3.3 g, 13.11 mmol) was added to a suspension mixture of styrene (1.0 mL, 8.74
mmol), PhSO,Na (4.3 g, 26.22 mmol), and NaOAc (1.1 g, 13.11 mmol) in MeCN (35

mL) and the reaction mixture was vigorously stirred at refluxing temperature for 12 h. Upon completion of

o Xy S02Ph

the reaction, the reaction mixture was quenched by the addition of saturated aqueous sodium thiosulfate
(NaxS,03) and basified with saturated aqueous sodium hydrogen carbonate (NaHCO3). Further stirring was
followed by extraction with ethyl acetate. The combined organic extracts were washed with water and
brine, dried (anhydrous Na>SOs), filtered, and concentrated. The residue was purified by column
chromatography (silica gel) to furnish the analytically pure product, (£)-(2-(Phenylsulfonyl)vinyl)benzene
as a white solid (1.94 g, 91%).; 'H-NMR (CDCls, 400 MHz) &: 6.89 (d, 1H, J = 15.4 Hz), 7.40-7.65 (m,
8H), 7.71 (d, 1H, J=15.4 Hz), 7.98 (d, 2H, J = 8.4 Hz)

N-(diphenylmethylene)-4-methylbenzenesulfonamide’
(CAS-Reg# 10399-00-5)
NTs TsNH, (1.03 g, 6.0 mmol) and benzophenone (1.09 g, 6.0 mmol) were dissolved in
dichloroethane (20 mL) and TiCls (3.0 mL, 1.0 M in CH2Cl,, 3.0 mmol) was added with
stirring, followed by dropwise addition of NEt3 (1.7 mL, 12.0 mmol), and the reaction

Ph Ph

mixture was heated at reflux for 3-5 h. The reaction was quenched with H»O, extracted with CH,Cl,, dried
over Na,SOq, filtered, and concentrated in vacuo. Purification by flash column chromatography afforded
N-(diphenylmethylene)-4-methylbenzenesulfonamide (1.31 g, 65%).; 'H-NMR (CDCls, 400 MHz) &:
2.43 (s, 3H), 7.25-7.83 (m, 14H).

Se-phenyl 4-methylbenzenesulfonoselenoate
(CAS-Reg# 68819-94-3)

Ts—seph 1o a stirred solution of PhSeSePh (1.98 g, 6.34 mmol) and TsNa*4H,O (6.35 g, 25.37 mmol)

in CH2Cl> (50 mL) was added PhI(OCOCF3)2 (3.0 g, 6.98 mmol) at 0 °C, and the reaction

mixture was stirred for 13 h at rt. The reaction was quenched with H»O, extracted with CH,Cl,, dried over
NaySOs, filtered, and concentrated in vacuo. Purification by flash column chromatography (SiO.,
n-hexane/AcOEt = 15/1) afforded Se-phenyl 4-methylbenzenesulfonoselenoate (3.34 g, 85%).; 'H-NMR
(CDCls, 400 MHz) o: 2.41 (s, 3H), 7.18 (d, 2H, J = 8.0 Hz), 7.31-7.52 (m, 7H)

4,4-dimethyl-3-((phenylsulfonyl)methyl)-1-tosyl-1,2,3,4-tetrahydroquinoline (81)

EtOH was added to the mixture of 72a (61 mg, 0.19 mmol), Co A (2.3 mg,
so,ph  0.004 mmol), PhSO,SPh (55.8 mg, 0.22 mmol) under an argon atmosphere at
N rt, then PhSiH3 (27.4 pl) was added at rt and the solution was stirred at room

Ts temperature for 3 h. Then, the solvent was removed under reduced pressure
gave crude mixture of 79d and 80d. Then, to the solution of crude mixture in CH>Cl> (1.9 mL), mCPBA
(208 mg, 0.93 mmol) was added at 0 °C, and the mixture was stirred at rt for 2 h. Then, the solvent was
removed under reduced pressure, and the residue was purified by flash column chromatography gave 81
(52,4 mg, 60%, 2 steps).; 'H-NMR (CDCls, 600 MHz) 8: 0.90 (s, 3H), 1.00 (s, 3H), 2.25 (ddd, 1H, J = 9.6,
9.6, 3.6 Hz), 2.38 (s, 3H), 2.81 (dd, 1H, J=14.4, 9.6 Hz), 3.00 (d, 1H, J= 14.4 Hz), 3.42 (dd, 1H, J = 13.8,
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9.6 Hz), 4.52 (dd, 1H, J=13.8, 3.6 Hz), 7.08 (dd, 1H, J= 7.8, 7.8 Hz), 7.16 (d, 1H, J= 7.8 Hz), 7.18 (d,
1H, J=7.2Hz), 7.23 (d, 2H, J= 7.2 Hz), 7.58-7.69 (m, 5H), 7.82 (d, 1H, J= 8.4 Hz), 7.97 (d, 2H, J=7.2
Hz); BC-NMR (CDCls, 100 MHz) &: 21.5, 26.0, 27.8, 35.9, 36.9, 46.4, 55.0, 123.5, 124.9, 126.7, 127.1,
127.5, 128.0, 129.4, 129.6, 133.9, 134.9, 136.2, 136.6, 139.3, 143.8; IR (ATR) v: 1349, 1308, 1166, 1089
cm'; HRMS (ESI) Caled for CosH27NNaO4S,, [M+Na] * 492.1279, found 492.1283; yellow solid

(79¢)

H (0.96) EtOH was added to the mixture of 72a (98.4 mg, 0.3 mmol), Co A
(3.6 mg, 0.006 mmol), TsSePh (76.6 mg, 0.25 mmol) under an
argon atmosphere at rt, then PhSiH3 (30 pl) was added at rt and

(1.02)H 0gq H(23683.10)

the solution was stirred at rt for 16 h. Then, the solvent was
SePh

H (1.49-1.56) removed under reduced pressure, and the residue was purified by

flash column chromatography gave 79e (88.2 mg, 61%).
N H (3.25 & 4.55)

'H-NMR (CDCls;, 400 MHz) &: 0.93 (s, 3H), 0.99 (s, 3H),
1.49-1.56 (m, 1H), 2.28 (s, 3H), 2.36 (dd, 1H, J=12.0, 12.0 Hz), 3.10 (d, 1H, J=12.0 Hz), 3.25 (dd, 1H, J
=13.6, 11.6 Hz), 4.55 (dd, 1H, J=13.6, 3.2 Hz), 6.96 (d, 2H, J = 7.6 Hz), 7.10-7.45 (m, 10H), 7.86 (d, 1H,
J = 8.0 Hz); *C-NMR (CDCls, 100 MHz) 8:21.4, 25.5, 26.5, 28.1, 36.9, 42.1, 46.7, 124.2, 125.1, 126 .4,
126.8,127.2, 127.2,129.2, 129.3, 130.7, 131.7, 135.4, 136.4, 138.3, 143.3; IR (ATR) v: 2771, 1349, 1165
cm’!'; HRMS (ESI) Caled for C2sH27NNaO2SSe, [M+Na]* 508.0825, found 508.0830; colorless solid: mp:

112-115°C

4,4-dimethyl-3-methylene-1-tosyl-1,2,3,4-tetrahydroquinoline (82)
EtOH was added to the mixture of 72a (53.6 mg, 0.16 mmol), Co A (5.0 mg, 0.008
mmol), TsSePh (76.6 mg, 0.25 mmol) under an argon atmosphere at rt, then PhSiH3 (30
N pl) was added at rt and the solution was stirred at room temperature for 16 h. Then, the
Ts solvent was removed under reduced pressure gave crude 79e. Then, to the solution of
crude 79e in THF (7.5 mL), H20; (0.75 mL) was added at rt, and the mixture was stirred at 60 °C for 24 h.
Then, aq. sodium thiosulfate the solvent was added to the mixture, extracted with AcOEt, dried over
NaySOq, filtered, and concentrated in vacuo. Purification by flash column chromatography (SiO-,
n-hexane/AcOEt = 4/1) afforded 79e (27.9 mg, 52%)
"H-NMR (CDCls, 400 MHz) 5:1.00 (s. 6H), 2.31 (s, 3H), 4.34 (s, 2H), 4.77 (s, 1H), 4.94 (s, 1H), 7.05 (d,
2H, J = 8.4 Hz), 7.18-7.28 (m, 5H), 7.81 (dd, 1H, J = 6.8, 2.4 Hz); *C-NMR (CDCls, 100 MHz) 5:21.4,
30.9, 38.6, 51.5, 111.0, 126.2, 126.3, 126.3, 127.3, 128.1, 128.7, 135.7, 135.8, 140.0, 143.2, 146.3; IR
(ATR) v: 2969, 1711, 1349, 1219, 1161, 669 cm'; HRMS (ESI) Calcd for CioH2iNNaO,S [M+Na] *
350.1191, found 350.1199; colorless solid.

(Z)-cyclooct-4-ene-1-carbonitrile (96)
(CAS-Regt# 112654-91-8)

O 'H-NMR (CDClLs, 400 MHz) &: 1.51 (m, 1H), 1.85 (m, 4H), 1.97 (m, 1H), 2.14 (m, 2H),
CN  2.24 (m, 1H), 2.39 (m, 1H), 2.77 (m, 1H), 5.69 (m, 2H); (36.6 mg, 33%)
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Synthesis of 97a,b
CO,Et MVK (1.3 eq) Ph3PMeBr (2.2 eq)

ﬁ Pd(OAC), (5 mol%) KO'Bu (2.2 eq)
benzene (0.7 M) EtO,C THF (0.1 M) Et0,C—

N
2823 40°C,5h, 35% ,1h

TsHN
LiAlH, (2.0 eq) [: Zf $27 (1.3eq.) R _

THF (0.3 M) DMEAD (2.0 eq) TsN R

r, 16 h HO PPh; (2.0 eq) —< 97a (R = H, 52%)
(<50%, 2 steps) S26 THF (0.1 M), rt, 2 h 97b (R = Me, 69%)

S23 to S24: To a stirred solution of MVK (10.1 mL, 123.1 mmol), Pd(OAc), (500 mg, 2.23 mmol) in
benzene (50 mL) was added S23 (5 mL, 47.3 mmol) in benzene (40 mL) at 40 °C using dropping funnel
over 1 h. Then, Pd(OAc), (500 mg, 2.23 mmol) was added and the solution of S23 (5 mL, 47.3 mmol) in
benzene (40 mL) was added at 40 °C using dropping funnel over 1 h. The reaction mixture was stirred for
5 h at 40 °C, and the reaction was quenched with sat. Na,CO3, extracted with Et,O, dried over Na;SOs,
filtered, and concentrated in vacuo. Purification by flash column chromatography (SiO2, n-hexane/AcOEt
=10/1) afforded S24 as a yellow oil (5.21 g, 35%).

S24 to S25: To a stirred solution of PhsPMeBr (5.5 g, 15.4 mmol) in THF (46 mL) was added ~BuOK
(1.73 g, 15.4 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 30 min. Then, S24 (1.0 g, 6.4
mmol) in THF (18 mL) was added at 0 °C, and the reaction mixture was stirred at rt for 1 h. The reaction
was quenched with H>O, extracted with Et,O, dried over Na,SOs, filtered, and concentrated in vacuo_at
0 _°C. Purification by flash column chromatography (Et;O : pentane = 1 : 4) afforded crude S25 (925 mg)

as a colorless liquid.

S25 to S26: LiAlH4 (456 mg, 12 mmol) was added to a solution of crude S25 (925 mg) in Et,O (20 mL) at
0 °C under argon atmosphere. After addition, the mixture was warmed to rt, and the mixture was stirred for
16 h. Then, worked up by precipitation with 0.5 mL of water and 0.5 mL of 15% NaOH and 1.5 mL of
water at 0 °C, and filtration through celite and washed thoroughly with Et;O. The solvent was reduced
under vacuum at 0 °C. Purification by flash column chromatography (Et,O) afforded crude S26 (362 mg)

as a yellow oil.

S26 to 97: To a stirred solution of S26 (1.0 eq.), S27 (1.3 eq.), PPhs (2.0 eq.) in THF (0.1 M for S26) was
added DMEAD (2.0 eq.) at 0 °C, and the reaction mixture was stirred for 2 h at rt. Then, the reaction
mixture was concentrated in vacuo. Purification by flash column chromatography (hexane/AcOEt = 20/1)

gave 97.

N-allyl-4-methyl-N-((2-(prop-1-en-2-yl)cyclopropyl)methyl)benzenesulfonamide (97a)

'H-NMR (CDCls, 400 MHz) &: 0.47-0.52 (m, 1H), 0.68-0.72 (m, 1H), 0.97-1.05 (m,
/—D_/< 1H), 1.56 (s, 3H), 2.42 (s, 3H), 2.99 (dd, 1H, J = 14.0, 7.2 Hz), 3.18 (dd, 1H, J = 14.0,
TsN 6.4 Hz), 3.84 (dd, 1H, J = 15.6, 6.4 Hz), 3.93 (dd, 1H, J = 15.6, 6.4 Hz), 4.62 (s, 1H),
\_\\ 4.65 (s, 1H), 5.13 (d, 1H, J=11.6 Hz), 5.20 (d, 1H, J = 16.8 Hz), 5.60-5.70 (m, 1H),

7.28 (d, 2H, J = 8.4 Hz), 7.69 (d, 2H, J = 8.4 Hz); 3C-NMR (CDCl3, 100 MHz) &: 11.0,
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17.2,20.7,21.3, 24.6, 49.8, 50.6, 108.7, 118.3, 126.9, 129.5, 133.2, 137.3, 142.9, 144.5; IR (ATR) v: 2921,
1737, 1338, 1153, 1090, 658 cm; HRMS (ESI) Calcd for Ci7H23NNaO,S [M+Na] * 328.1347, found
328.1342; yellow oil (241.3 mg, 52%).

4-methyl-N-(2-methylallyl)-N-((2-(prop-1-en-2-yl)cyclopropyl)methyl)benzenesulfonamide (97b)
'"H-NMR (CDCl3, 400 MHz) 8:0.43 (br, 1H), 0.63 (br, 1H), 0.98 (br, 1H), 1.18 (br, 1H),
1.50 (s, 3H), 1.71 (s, 3H), 2.40 (s, 3H), 2.90-2.96 (m, 1H), 3.15-3,19 (m, 2H),
TsN 3.68-3.86 (m, 3H), 4.57 (d, 1H, J= 6.4 Hz), 4.63 (d, 1H, J= 6.4 Hz), 4.89 (s, 2H), 7.28
\_< (d, 2H, J=8.0 Hz), 7.72 (d, 2H, J = 8.0 Hz); 3C-NMR (CDCl3, 100 MHz) 8:11.1, 16.8,
19.8, 19.9, 21.4, 24.8, 51.1, 53.7, 108.7, 114.0, 127.0, 129.5, 137.3, 140.7, 143.0,
144.7; IR (ATR) v: 2981, 1735, 1337, 1239, 1156 cm’!'; HRMS (ESI) Calcd for C1gH2sNNaO,S [M+Na] *
342.1504, found 342.1515; yellow oil (301.6 mg, 69%).

2-methyl-2-2-tosyloctahydrocyclopenta[c]pyrrol-5-yl)propanenitrile (98a)
H 'H-NMR (CDCls, 400 MHz) &: 1.21-1.27 (m, 2H), 1.30 (s, 6H), 1.79-1.88 (m,

TSN<I > < oy THD, 1:98-2.08 (m, 2H), 2.44 (s, 3H), 2.54-2.63 (m, 2H), 3.02 (dd, 2H, J = 9.6,
~ 6.8 Hz), 3.09 (dd, 1H, J=9.6, 1.6 Hz), 7.32 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J =
H 8.0 Hz); *C-NMR (CDCls, 100 MHz) &: 21.5, 25.6, 34.5, 35.0, 41.9, 50.5, 53.5,

123.9, 128.0, 129.6, 132.4, 143.6; IR (ATR) v: 2963, 1736, 1240, 1163, 1045, 664 cm'; HRMS (ESI)

Calcd for CisH24N2NaO>S, [M+Na] © 355.1456, found 355.1451; colorless solid (18.4 mg, 38%, mp:
155-158 °C)

2-methyl-2-3a-methyl-2-tosyloctahydrocyclopenta|c]pyrrol-5-yl)propanenitrile (98b)
H "H-NMR (CDCls, 400 MHz) &: 1.05 (s, 3H), 1.21-1.31 (m. 2H), 1.29 (s, 6H),
B 1.54 (dd, 1H, J = 12.6, 12.6 Hz), 1.67 (dd, 1H, J= 12.6, 7.2 Hz), 1.90-1.99 (m,
TSNMCN 1H), 2.01-2.10 (m, 2H), 2.44 (s, 3H), 2.71 (d, 1H, J = 9.0 Hz), 3.10 (d, 2H, J =
= 4.8 Hz), 3.20 (d, 1H, J=9.0 Hz), 7.33 (d, 2H, J= 8.4 Hz), 7.70 (d, 2H, J = 8.4
Hz); 3C-NMR (CDCls, 100 MHz) 8:21.6, 25.5, 25.6, 26.1, 35.2, 41.2, 48.8, 49.1, 49.2, 53.4, 60.1, 124.0,

128.0, 129.6, 132.6, 143.6; IR (ATR) v: 2969, 1736, 1344, 1158, 664 cm™'; HRMS (ESI) Calcd for
Ci19H26N2NaO,S, [M+Na] * 369.1613, found 369.1607; colorless solid (16.9 mg, 31%, 124-127 °C)

Synthesis of 102
CO,Et MeNHOMe+HCI (2 eq.) 0
—/ iPrMgCl (4 eq.)
)J\ Ny S23 (2 eq.) /{}COgEt
Ph Ph CuSO, (10 mol%) Ph THF (0.5 M) Ph N—OMe
benzene (0.4 M) Ph rt,4h Ph  me
S28 80 °C, 17 h S29 S30
0 KOBu(2.5eq.)
MeMgBr (2 eq.) /l>_< Ph3sPMeBr (2.5 eq.)
D >
THF (0.2 M), rt Ph Me THF (0.1 M) Ph”” Me
Ph rt,1h Ph
S31 102 (4steps, 64%)

S28 to S29: To a stirred solution of S28 (1.71 g, 9.49 mmol), CuSO4 (152 mg, 0.95 mmol) in benzene (13
mL) was added S23 (5 mL, 47.3 mmol) in benzene (10 mL) at 80 °C using dropping funnel over 1 h. The
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reaction mixture was stirred for 17 h at 80 °C, and the reaction was quenched with H,O, extracted with
Et,0, dried over Na,SOs, filtered, and concentrated in vacuo. Purification by flash column chromatography
(Si02, n-hexane/AcOEt = 10/1) afforded crude S29 as a colorless oil (2.1 g).

S29 to S30: To a stirred solution of crude S29 (2.1 g), MeNHOMe*HCI (1.57 g, 16.13 mmol) in THF (16
mL) was added iPrMgCl (16 mL, 2.0 M in THF, 32 mmol) at -20 °C. The reaction mixture was stirred for
4 h at rt, and the reaction was quenched with sat. NH4Cl, extracted with AcOEt, dried over NaxSOs,

filtered, and concentrated in vacuo gave crude S30 which was used without further purification.

S30 to S31: To a stirred solution of crude S30 in THF (40 mL) was added MeMgBr (5.4 mL, 3.0 M in
Et,0, 16.12 mmol) at 0 °C. The reaction mixture was stirred for 2 h at rt, and the reaction was quenched
with sat. NH4Cl, extracted with AcOEt, dried over NaSOs, filtered, and concentrated in vacuo.
Purification by short column chromatography afforded crude S31 (1.73 g).

S31 to 102: To a stirred solution of PhsPMeBr (5.8 g, 16.12 mmol) in THF (25 mL) was added ~BuOK
(1.8 g, 16.12 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 30 min. Then, crude S31 (1.73
g) in THF (10 mL) was added at 0 °C, and the reaction mixture was stirred at rt for 1 h. The reaction was
quenched with H»O, extracted with Et,O, dried over Na;SO, filtered, and concentrated in vacuo.
Purification by flash column chromatography (hexane) afforded 102 (1.42 g, 63%, 4 steps) as a colorless

oil.

(2-(prop-1-en-2-yl)cyclopropane-1,1-diyl)dibenzene (102)
(CAS-Reg# 39520-11-1)
'H-NMR (CDCl3, 400 MHz) &: 1.49 (dd. 1H, J= 8.8, 5.2 Hz), 1.64 (s, 3H), 1.88 (dd, 1H, J

o Nppy = 64 5.2 H2), 2.36-2.40 (m, 1H), 4.68 (s, 1H), 4.79 (s, 1H), 7.15-7.60 (m, 10H)
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FBEDER

General procedure for hydroacylation: EtOH (0.2 M for alkenylacylphosphonate) was added to the
mixture of alkenylacylphosphonate (1.0 eq.), Co A (5 mol%) under an argon atmosphere at rt, then PhSiH3
(1.5 eq.) was added at rt and the solution was stirred at rt. Then, the solvent was removed under reduced

pressure, and the residue was purified by flash column chromatography.

General procedure for the synthesis of acylphosphonate.

X
R OR NaOH (6.0 eq.)

S1 H,O/EtOH \ o (COC), (2.0eq) P(OEt); (1.0 eq.)
R = Me, w~ (1/1,0.5M) DMF (3 drops) CH,Cl, (1.0 M)

" 80°c, 1h M ameraon e N o N
R™ "OH CHxCl; (1.0M) R”™ ~cI rt,>12h R™ “P(OEt),
o TFA (10 eq.) s3 n2h s4 s5 O
S2 rt, 2 h

S1 to S3: To a solution of S1 (1.0 eq.) in EtOH (1.0 M for S1) was added H,O (1.0 M for S1) and NaOH
(6.0 eq.) at rt, and the reaction mixture was stirred at 80 °C for 1 h. The reaction was quenched with 1 N
HCI (pH = 1), extracted with CH>Cl,, dried over Na>SOs, filtered, and concentrated in vacuo. Purification

by flash column _chromatography afforded S3. (*Caution!!: Purification of S3 is necessary even if crude

S3 is seems to be pure.)

S2 to S3: To a solution of S2 (1.0 eq.) in CH2Cl> (0.4 M for S2) was added TFA (10 eq.) at 0 °C, and the
reaction mixture was stirred at rt for 2 h. The reaction mixture was evaporated under reduced pressure and
diluted with CH2Cl; and 1 N HCI. The organic layer was separated and the mixture was further extracted
with CH,Cl,. The combined organic extract was then dried over anhydrous sodium sulfate, concentrated

under reduced pressure. Purification by flash column_chromatography afforded S3. (*Caution!!:

Purification of S3 is necessary even if crude S3 is seems to be pure.)

S3 to S4: To a solution of S3 (1.0 eq.) in CH2Cl, (1.0 M for S3), (COCIl); (2.0 eq.) followed by DMF (3
drops) was added at 0 °C, and the reaction mixture was stirred at 0 °C for 15 min. and then, the reaction
mixture was allowed to warm to rt. After 2 h, the reaction mixture was evaporated under reduced pressure

gave crude S4, and the resulting volatiles were removed under reduced pressure (at 50 °C, 1 h) to give S4

which was used in the next step without further purification. (¥*Caution!!: Careful removal of volatiles

under heating condition is necessary even if crude S4 seems to be pure.)

S4 to S5: P(OEt); (1.0 eq.) was added to the solution of S4 (1.0 eq.) in CH»Cl, (1.0 M) at 0 °C, and stirred
for 1 h at the same temperature. Then, the reaction mixture was allowed to warm to rt, and stirred for
overnight. Any volatiles were removed under reduced pressure and the crude S5 was purified by column
chromatography. (*Caution!!: Excess addition of trichylphosphite gave complex mixture. // Even if TLC

indicates the generation of S5 only in a few hours, stirring for overnight is necessary.)
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Synthesis of 114a-c

K2003 4 0 eq
R! CO,H g same as S1 to 85 R’
_(40eq) (vield: 3 steps from S7) P(O)(OEt),
\©ion-| MeCN (0.2 M) /ﬁ 114a (R!, R? = H): 49% o N\F
R2 80°C, 17 h 114b (R" = H, R? = OMe): 45% R2
s6  quant 14c (R' = Br RZ = H): 11% M4a<c

S6 to S7: To a stirred solution of S6 (1.0 eq.) in MeCN (0.2 M for S6) was added K,COs (4.0 eq.), and
allyl bromide (4.0 eq.), and the reaction mixture was stirred at 80 °C for 17 h. The reaction was quenched
with H,0O, extracted with AcOEt, dried over Na,;SQOs, filtered, and concentrated in vacuo. Purification by
flash column chromatography afforded S7 (quant.).

S7 to 114a-c: Same as general procedure (S1 to S5)

diethyl (2-(allyloxy)benzoyl)phosphonate (114a)
o (CAS-Regt 1454663-48-9); 'H-NMR (CDCl3, 400 MHz) &: 1.35 (t, 6H, J = 7.1 Hz),
P(O)(OEt), 4.23 (m, 4H), 4.69 (d, 2H, J=5.1 Hz), 5.38 (m, 2H), 6.13 (m, 1H), 7.02 (m, 2H), 7.50
o (m, 1H), 7.92 (dd, 1H, J=7.8 Hz, J= 1.4 Hz); (2.11 g, 49%)

diethyl (2-(allyloxy)-3-methoxybenzoyl)phosphonate (114b)
o) "H-NMR (CDCl3, 400 MHz) 8:1.34 (t, 6H, J= 7.2 Hz), 3.89 (s, 3H), 4.25 (q, 4H, J =
P(O)OEt), /-2 Hz),4.63(d,2H, J=5.6 Hz), 5.20 (d, I1H, J=10.0 Hz), 5.31 (dd, 1H, J = 17.2,
o F 1.2 Hz), 6.09-6.21 (m, 1H), 7.10-7.17 (m, 2H), 7.48 (dd, 1H, J = 7.2, 2.4 Hz),
OMe BC-NMR (CDCls, 100 MHz) &: 16.2, 16.2, 55.9, 63.7, 63.8, 75.0, 117.0, 118.0,
121.4, 123.8, 131.9, 132.5, 133.8, 147.2, 152.9, 152.9, 200.2, 202.0; IR (ATR) v: 2982, 1724, 1474, 1016
cm'; HRMS (ESI) Caled for CisH2NaOgP | [M+Na] * 351.0973, found 351.0963; yellow oil (492 mg,

45%).

diethyl (2-(allyloxy)-5-bromobenzoyl)phosphonate (114c)
o '"H-NMR (CDCls, 400 MHz) 6: 1.36 (t, 6H, J = 7.2 Hz), 4.24 (q, 4H, J = 7.2 Hz),
P(O)©OEt), 4.67 (d, 2H, J= 5.2 Hz), 531 (d, 1H, J = 9.6 Hz), 5.43 (d, 1H, J = 17.2 Hz),
o7 6.06-6.16 (m, 1H), 6.87 (d, 1H, J = 8.8 Hz), 7.57 (dd, 1H, J = 8.8, 2.8 Hz), 7.90
(d, 1H, J=2.8 Hz); 3*C-NMR (CDCl3, 100 MHz) &: 16.2, 16.2, 63.7, 63.8, 70.1, 112.9, 115.1, 118.1, 128.2,
128.9, 132.1, 132.9, 137.3, 157.3, 198.7, 200.5; IR (ATR) v: 2984, 1727, 1482, 1227, 1012 ¢cm’'; HRMS
(ESI) Calcd for Ci14HisBrNaOsP  [M+Na] * 398.9973, found 398.9963; yellow oil (195 mg, 11%).

Br

2
$9(2.0eq) R R' RZ 114 (%)
CO,Me r/H\H\ CO,Me H H 114d (88)
@ P(O)(OEt MeO H OH 114e 42)
— R R!" —
NH NaH (2.0 eq) H H 114f (40)
PG Me H 114g (48)
rt, 16h quant R2 Me H Me 114h (60)
S8 114d-i Me 2 H H 114i (56)

*3 steps from S10

R—<)-$0, DMF(05M)

N = 2 a a afls
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Synthesis of 114d-i

S8 to S10: To a solution of S8 (1.0 eq.) in DMF (0.5 M for S8) was added 60% sodium hydride (2.0 eq.) at
0 °C and the mixture was stirred at room temperature for 30 minutes. S10 (2.0 eq.) was then added and the
mixture was stirred for 16 h. Water was added and the mixture was diluted with ethyl acetate. The layers
were separated and the organic layer was washed with water and brine, dried over anhydrous Na,SO4 and
concentrated under reduced pressure. The crude product was purified by silica gel column chromatography

to afford the corresponding S10 (quant.).
S10 to 114: Same as general procedure (S1 to S5)

diethyl (2-((N-allyl-4-methylphenyl)sulfonamido)benzoyl)phosphonate (114d)
o] (CAS-Regt# 1454663-49-0)

(:ﬁLP(O)(OEt)Z "H-NMR (CDCls, 400 MHz) &: 1.36 (m, 6H), 2.42 (s, 3H), 4.27 (m, 6H), 5.02 (m,
NNF 2H), 5.94 (m, 1H), 6.86 (m, 1H), 7.23 (d, 2H, J = 8.4 Hz), 7.44 (m, 4H), 8.27 (m,

N
° 1H); (354.2 mg, 88%)

diethyl (2-((N-allyl-4-methoxyphenyl)sulfonamido)benzoyl)phosphonate (114e)
o] "H-NMR (CDCls, 400 MHz) &: 1.37 (t, 6H, J = 6.8 Hz), 3.86 (s, 3H), 4.21-4.32
(:f‘\p(o)(oEt)z (m, 6H), 5.02 (d, 1H, J=16.0 Hz), 5.03 (d, 1H, J = 10.8 Hz), 5.90-6.00 (m, 1H),
NN 6.88-6.91 (m, 3H), 7.41-7.47 (m, 2H), 7.51 (d, 2H, J = 8.8 Hz), 8.24-8.27 (m,
MeO éOz 1H); BC-NMR (CDCls, 100 MHz) &: 16.0, 16.1, 54.3, 55.3, 63.9, 113.7, 118.8,
127.8, 129.5, 130.0, 130.2, 131.0, 132.5, 132.8, 136.8, 136.9, 137.0, 137.6, 162.7,
199.2, 201.0; IR (ATR) v: 2969, 1733, 1594, 1158, 1019 cm'; HRMS (ESI) Calcd for C21H26NNaO7PS,

[M+Na] * 490.1065, found 490.1053; yellow oil (610.6 mg, 42%).

diethyl (2-((N-allyl-4-fluorophenyl)sulfonamido)benzoyl)phosphonate (114f)

o) '"H-NMR (CDCls, 400 MHz) &: 1.37 (t, 6H, J = 6.8 Hz), 4.26 (brs, 6H), 5.03 (d, 1H,
po)oEt, J = 18.4Hz),5.05(d, 1H, J=9.2 Hz), 5.838-5.98 (m, 1H), 6.94-6.96 (m, 1H), 7.12
NN (dd, 2H, J = 8.4, 8.4 Hz), 7.45-7.50 (m, 2H), 7.60-7.63 (m, 2H), 8.30-8.32 (m, 1H);
F—@—éoz BC-NMR (CDCls, 100 MHz) &: 16.0, 16.1, 54.5, 64.0, 115.7, 115.9, 119.1, 128.2,
130.0, 130.1, 130.8, 131.5, 132.5, 132.8, 134.8, 134.8, 136.4, 136.4, 137.0, 163.5,
166.1, 198.8, 200.6; IR (ATR) v: 2984, 1719, 1492, 1154, 1011, 839 cm’'; HRMS (ESI) Calcd for

C20H23FNNaOgPS, [M+Na] * 478.0865, found 478.0861; yellow oil (588 mg, 40%).

diethyl (2-((4-methyl-N-(2-methylallyl)phenyl)sulfonamido)benzoyl)phosphonate (114g)
0 "H-NMR (CDCls, 400 MHz) &: 1.37 (t, 6H, J = 7.2 Hz), 1.79 (s, 3H), 2.41 (s, 3H),
(:ﬁ‘\p(o)(oa)z 4.13 (s, 2H), 4.27 (q, 4H, J= 7.2 Hz), 4.69 (s, 1H), 4.76 (s, 1H), 6.93-7.00 (m, 1H),
N/Y 7.21 (d, 2H, J= 8.4 Hz), 7.42-7.49 (m, 4H), 8.35 (dd, 1H, J= 6.0, 3.6 Hz); *C-NMR
™ (CDCl3, 100 MHz) &: 16.2,20.4, 21.4, 57.1, 64.1, 115.9, 127.6, 129.2, 129.9, 131.7,
132.6, 135.3, 135.7, 136.3, 136.5, 136.5, 139.9, 143.3, 198.3, 200.1; IR (ATR) v: 2984, 1346, 1159, 1018
cm'; HRMS (ESI) Calcd for C2HosNNaOgPS, [M+Na] ™ 488.1273, found 488.1280; yellow oil (731 mg,
48%).
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diethyl (2-((4-methyl-N-(3-methylbut-2-en-1-yl)phenyl)sulfonamido)benzoyl)phosphonate (114h)

0 JH-NMR (CDCls, 400 MHz) &: 1.37 (brs, 6H), 1.41 (s, 3H), 1.58 (s, 3H), 2.42 (s,
(:ﬁkp(o)(oa)z 3H), 4.27 (brs, 6H), 5.23 (t, 1H, J= 7.2 Hz), 6.88 (d, 1H, J = 8.4 Hz), 7.22 (d, 2H, J
N = 7.6 Hz), 7.39-7.50 (m, 4H), 8.27 (d, 1H, J = 7.2 Hz); *C-NMR (CDCls, 100 MHz)
Ts/j\ §:16.7, 16.2, 17.5, 21.4, 25.5, 49.5, 64.1, 118.6, 127.5, 127.9, 129.2, 130.7, 131.2,

132.5,136.3, 137.0, 137.0, 137.1, 137.2, 137.6, 143.1, 199.1, 200.9; IR (ATR) v: 2983, 1725, 1346, 1158,
1017 cm’!; HRMS (ESI) Calcd for Ca3H3oNNaOgPS, [M+Na] " 502.1429, found 502.1438; yellow oil (930
mg, 60%).

diethyl (2-((N-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)benzoyl)phosphonate (114i)
o '"H-NMR (CDCls, 400 MHz) &: 1.36 (m, 6H), 2.41 (s, 3H), 2.39 (brs, 2H), 3.63 (brs,
P(O)OEt), 2H), 4.28 (brs, 4H), 4.97 (d, 1H, J=11.2 Hz), 4.98 (d, 1H, J = 17.2 Hz), 5.66-5.76
N X (m, 1H), 6.91 (dd, 1H, J= 7.6, 1.6 Hz), 7.22 (d, 2H, J = 8.8 Hz), 7.43-7.50 (m, 4H),
* 8.32-8.34 (m, 1H); *C-NMR (CDCls, 100 MHz) &: 16.2, 21.3, 32.7, 50.8, 64.0,
116.6, 127.4, 127.8, 129.2, 129.7, 131.3, 132.7, 134.5, 135.4, 136.9, 137.0, 137.0, 137.5, 143.2, 198.8,
200.6; IR (ATR) v: 2984, 1669, 1346, 1159, 1018, 657 cm’'; HRMS (ESI) Calcd for C2,H2sNNaOgPS,
[M+Na] * 488.1273, found 488.1254; yellow oil (853 mg, 56%).

Synthesis of 114j-1

Br” CO,t-Bu o o n R M4%)
EtO,C H (12eq) EtOLC EtO,C 2 H 114j(51)
R N H—’(1 2 eq) Ot-Bu—> P(O)OEt), 1 H 114k (84)
EtO,C ar{t.2eq.)  Egio,C R EtO,C R
2v U\ THF (0.4 M) 26 (O 2 1 Me 114l (25)
s11 rt, 16 h s12 114j-1 *4 steps from S$11

S11 to S12: To a solution of S11 (1.0 eq.) in THF (0.4 M for S11) was added 60% sodium hydride (1.2
eq.) at 0 °C and the mixture was stirred at room temperature for 30 minutes. ferz-Butyl Bromoacetate (1.2
eq.) was then added and the mixture was stirred for 16 h. Water was added and the mixture was diluted
with ethyl acetate. The layers were separated and the organic layer was washed with water and brine, dried
over anhydrous Na>SOj4 and concentrated under reduced pressure. The crude product was purified by silica

gel column chromatography to afford the corresponding S12.
S12 to 114j-1: Same as general procedure (S2 to S5)

diethyl 2-(but-3-en-1-yl)-2-(2-(diethoxyphosphoryl)-2-oxoethyl)malonate (114j)
o "H-NMR (CDCls, 400 MHz) &: 1.25 (t, 6H, J = 6.8 Hz), 1.38 (t, 6H, J = 7.2 Hz),
EtO2C, 1.92-2.15 (m, 4H), 3.52 (s, 2H), 4.14-4.27 (m, 8H), 4.96 (d, 1H, J = 10.0 Hz), 5.00
EtO,C PO (d, IH, J=17.2 Hz), 5.68-5.81 (m, 1H); *C-NMR (CDCls, 100 MHz) &: 13.4, 15.8,
28.5,32.1,44.8,45.4, 54.3,61.2, 63.5, 114.9, 136.5, 169.4, 206.5, 208.2; IR (ATR)
v: 2983, 1731, 1184, 1012 cm!'; HRMS (ESI) Calcd for C17H290NaOsP, [M+Na] * 415.1498, found

415.1508; colorless oil (794.5 mg, 51%).
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diethyl 2-allyl-2-(2-(diethoxyphosphoryl)-2-oxoethyl)malonate (114Kk)

0 (CAS-Reg# 593254-57-0)
B eoyory, 'H-NMR (CDCl, 400 MHz) 8: 125 (t, 6H, J = 7.2 Hz), 1.37 (t, 6H, J = 7.2 Hz),
10,6 M\ 2.76 (d, 2H, J = 7.6 Hz), 3.50 (d, 2H, J = 2.8 Hz), 4.21 (m, 8H), 5.10 (m, 2H), 5.66

(m, 1H); (1.60 g, 84%)

diethyl 2-(2-((diethylperoxy)(oxo)-14-phosphanyl)-2-oxoethyl)-2-(2-methylallyl)malonate (114l)

0 '"H-NMR (CDCl3, 400 MHz) &: 1.25 (t, 6H, J = 7.2 Hz), 1.37 (t, 6H, J = 1.62 (s,
2.4H), 1.65 (s, 0.6H, s 0.6H), 2.84 (s, 1.6H), 2.88 (s, 0.4H), 3.05 (s, 0.6H), 3.55 (s,
1.6H), 4.14-4.24 (m, 8H), 4.65 (s, 0.8H), 4.74 (s, 0.2H), 4.87 (s, 0.8H), 4.90 (s,
0.2H); 3C-NMR (CDCls, 100 MHz) 8: 13.7, 16.1, 16.2, 22.7, 40.5, 44.8, 45.4, 54.1,
54.2,61.7,63.8,63.9, 116.4, 140.3, 169.8, 170.2, 207.1, 208.8; IR (ATR) v: 2982, 1731, 1183, 1019 cm!;
HRMS (ESI) Calcd for C17H290NaOsP, [M+Na] * 415.1498, found 415.1493; yellow oil (357 mg, 25%).

EtO,C,
P(O)(OEY),
EtO,C

Synthesis of 114m
H,S0, Ph LHMDS (1.2 eq.) Ph 55%
Ph MeOH Ph O Nal (60 mol% 3 steps)
H H P(O)(OEt),
70°C. 19h °C,19h
H quant H OMe (B1r W
s13 s14 THF 02M) 114m

65°C, 1 h, 86%

S13 to S14: To a solution of S13 (2.0 g) in MeOH (100 mL) was added H2SO4 (1.0 mL) at rt and the
mixture was stirred at 70 °C for 19 h, then MeOH was removed under reduced pressure. sat. NaHCOj3 aq.
was added and the mixture was diluted with CH,Cl,. The layers were separated and the organic layer was
washed with water and brine, dried over anhydrous Na,;SO4 and concentrated under reduced pressure. The

crude S14 was used in the next step without further purification.

S14 to S15: To a solution of crude S14 (500 mg, 2.21 mmol) in THF (11 mL) was added LHMDS (2.7 mL,
1.0 M in THF, 2.7 mmol) at -78 °C and the mixture was stirred at 0 °C for 1 h. 4-Bromo-1-butene (0.27
mL, 2.65 mmol) and Nal (199 mg, 1.33 mmol) was then added at -78 °C and the mixture was stirred for 1
h at 65 °C. Water was added and the mixture was diluted with ethyl acetate. The layers were separated and
the organic layer was washed with water and brine, dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The crude product was purified by silica gel column chromatography to afford the
corresponding S15 (528 mg, 86%).

S15 to 114m: Same as general procedure (S1 to S5).

1-((diethylperoxy)(oxo)-14-phosphanyl)-2,2-diphenylhex-5-en-1-one (114m)
Ph o '"H-NMR (CDCls, 400 MHz) &: 1.14 (t, 6H, J = 7.2 Hz), 1.76-1.83 (m, 2H), 2.65 (dt,
P(O)(OEH), 2H, J = 8.0, 4.0 Hz), 3.71-3.92 (m, 4H), 5.73-5.83 (m, 1H), 7.27-7.37 (m, 10H);
\ BC-NMR (CDCls, 100 MHz) 6: 16.0, 16.0, 29.2, 29.6, 34.9, 37.1, 63.5, 63.6, 66.6,
67.2,114.4,114.8, 126.7, 127.4, 127.7, 128.2, 128.9, 129.8, 137.7, 138.3, 142.7, 207.6,

Ph
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209.2; IR (ATR) v: 2981, 1736, 1237, 1016, 700 cnr'; HRMS (ESI) Caled for Co;Hy7NaO4P, [M+Na] *
409.1545, found 409.1532; yellow oil (399.8 mg, 55%).

Synthesis of 114n
Bn Bn Bn
FIO& P NaH(12eq) E0,C] /S KOH(1eq) EOC A  65%  EOC
t BnBr (1.2 eq.) og; EIOH (03 M) o (2 steps) o(O)OEL
_— —_— —_—
THF (0.4 M) r, 15 h, 26% (O)(OE)
\ rt, 3 h, quant. \ (SM: 59%) \ \
$16 $17 s18 114n

S16 to S17: To a solution of S16 (549 mg, 2.56 mmol) in THF (6.4 mL) was added 60% sodium hydride
(123 mg, 3.07 mmol) at 0 °C and the mixture was stirred at room temperature for 30 minutes. Benzyl
bromide (0.36 mL, 3.07 mmol) was then added and the mixture was stirred for 3 h. Water was added and
the mixture was diluted with ethyl acetate. The layers were separated and the organic layer was washed
with water and brine, dried over anhydrous Na>SO4 and concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography to afford the corresponding S17 (779 mg,
quant.).

S17 to S18: To a stirred solution of S17 (779 mg, 2.56 mmol) in EtOH (8.5 mL) at rt, KOH (143 mg, 2.56
mmol) was added. After 15 h, the mixture was acidified with 1 N HCI and filtered. The filter cake (KCI)
was washed with EtOH. The combined filtrate was concentrated and residual liquid was subjected to
column chromatography to afford S18 (186 mg, 26%) and unreacted S17 (481 mg, 59%).

S18 to 114n: Same as general procedure (S3 to S5).

ethyl 2-benzyl-2-(((diethylperoxy)(oxo)-14-phosphanyl)carbonyl)hex-5-enoate (114n)

£0,0. 5" P 'H-NMR (CDCls, 400 MHz) &: 1.19 (t, 3H, J = 7.6 Hz), 1.36 (t, 6H, J = 7.2 Hz),
po)oEy, 1:90-2:05 (m, 4H), 3.22 (d, 1H, J = 14.0 Hz), 3.29 (d, 1H, J = 14.0 Hz), 4.10-4.18
\ (m, 2H), 4.22-4.28 (m, 4H), 4.96 (d, 1H, J = 10.0 Hz), 5.01 (d, 1H, J = 17.2 Hz),

5.69-5.83 (m, 1H), 7.08 (d, 2H, J = 8.0 Hz), 7.20-7.25 (m, 3H); *C-NMR (CDCl;,
100 MHz) &: 13.6, 16.1, 16.1,27.7,29.2, 36.2, 61.4, 63.8, 63.8, 63.9, 64.1, 64.6, 115.1, 126.8, 128.0, 129.9,
135.2, 136.8, 169.9, 207.1, 208.8; IR (ATR) v: 2981, 1731, 1197, 1011, 700 cm'; HRMS (ESI) Calcd for
C20H290NaOgP, [M+Na] * 419.1599, found 419.1604; yellow oil (165 mg, 55%).

Ph Br 88%
Ph 0 (20ea)Me ) Me (2steps) _
7‘—-/{ P(O)(OEt),
H OH LDA 2 2 eq)
THF (0.5 M)

s19 45 c 17 h, 38% 1140

Synthesis of 1140

S19 to S20: To a solution of diisopropylamine (4.4 mL, 31.1 mmol) in THF (16 mL) at -78 °C was slowly
added n-BuLi (1.6 M in hexane, 19.4 mL, 31.1 mmol), and the mixture was stirred at 0 °C for 1 h. To the
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solution was added S19 (3.0 g, 14.1 mmol) in THF (14 mL) at 0 °C, and the mixture was stirred at 45 °C
for 30 min. 3-Bromo-2-methyl-1-propene (2.9 mL, 31.1 mmol) was added to the solution and the mixture
was stirred at 45 °C for 17 h. 1 N HCIl was added to the mixture and the aqueous layer was washed with
AcOEt. The combined organic layers were washed with brine, dried over Na>SOs, filtered, and
concentrated on a rotary evaporator. Short column chromatography gave solid residue, which was
recrystallized from CHCl3 and hexane to give S20 as a white solid (1.41 g, 38%).

S20 to 1140: Same as general procedure (S3 to S5)

1-((diethylperoxy)(oxo)-14-phosphanyl)-4-methyl-2,2-diphenylpent-4-en-1-one (1140)
Ph 0 '"H-NMR (CDCl3, 400 MHz) &: 1.11 (t, 6H, J = 7.2 Hz), 1.33 (s, 3H), 3.40 (s, 2H),
S—— 3.65-3.75 (m, 2H), 3.79-3.89 (m, 2H), 4.45 (s, 1H), 4.67 (s, 1H), 7.28-7.38 (m, 10H);
BC-NMR (CDCls, 100 MHz) &: 16.0, 16.0, 24.5, 43.8, 63.3, 63.4, 66.9, 67.4, 115.8,
127.3, 127.9, 130.2, 138.3, 141.2, 207.4, 208.9; IR (ATR) v: 2983, 1682, 1443, 1255,
1013, 751 cm™'; HRMS (ESI) Calcd for C22H27NaO4P, [M+Na] * 409.1545, found 409.1548; yellow oil

(1.49 g, 88%).

Ph

Synthesis of 114p,q

CO,Me
X .
DIBAL (2.5 eq.) NHTs

CO,M
MeO,C ) CH,Cl, (0.4 M) Ho ) S$23 (1.0 eq.) 2lvle P(O)(OEt),
"rt,2h " PPhg (2.0 eq.) N N
DMEAD (2.0 eq.
s21 $22 (15eq) SF (0.1(M) q.) o Ts/@)n TS/\Q)n

rt, 2 h n=1:72% (2 steps) 114p (n = 1): 65% (3 steps)
n=2: 91% (2 steps) 114q (n = 2): 42% (3 steps)

S21 to S22: To a stirred solution of S21(1.0 eq.) in CH>Cl» (0.4 M for S21) at 0 °C was added DIBAL (2.5
eq., 1.0 M in toluene) dropwise. The mixture was stirred at 0 °C to rt for 2 h then treated with ice cold
Rochelles salt (saturated Na/K tartrate) and allowed to stir at 0 °C open to air. The reaction became a
gray-white gelatinous suspension that solubilized over the course of 30 min to 1 h with stirring at room
temperature open to air. The mixture was poured into diethyl ether and H,O. The layers were separated,
and the aqueous layer was extracted twice more with diethyl ether. The organic layers were combined,

dried over Na,SOs4, and concentrated to afford a crude S22 which was used without further purification.
S22 to S24: To a stirred solution of S22 (1.5 eq.), S23 (1.0 eq.), PPh3 (2.0 eq.) in THF (0.1 M for S23) was
added DMEAD (2.0 eq.) at 0 °C, and the reaction mixture was stirred for 2 h at rt. Then, the reaction

mixture was concentrated in vacuo. Purification by flash column chromatography gave S24.

S24 to 114p,q: Same as general procedure (S1 to S5)
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diethyl (2-((N-(cyclopent-1-en-1-ylmethyl)-4-methylphenyl)sulfonamido)benzoyl)phosphonate (114p)
o] '"H-NMR (CDCl3, 400 MHz) 8:1.36 (t, 6H, J = 7.2 Hz), 1.75 (dt, 2H, J = 15.2, 7.2
@P(O)(OE% Hz), 2.11-2.24 (m, 4H), 2.41 (s, 3H), 4.23-4.31 (m, 6H), 5.42 (s, 1H), 6.95-6.98 (m,
N/\© 1H), 7.21 (d, 2H, J = 8.0 Hz), 7.42-7.48 (m, 4H), 8.36 (m, 1H); 3C-NMR (CDCls,
™ 100 MHz) &: 16.3, 21.5, 23.4, 32.2, 33.6, 51.5, 64.2, 127.6, 127.7, 129.2, 130.4,
131.7, 132.7, 135.9, 136.5, 136.9, 138.8, 143.2, 198.3, 200.2; IR (ATR) v: 2982, 1670, 1159, 1018, 750
cm’!; HRMS (ESI) Caled for C24H30NNaOgPS, [M+Na] * 514.1429, found 514.1430; yellow oil (301.5 mg,
65%).

diethyl (2-((N-(cyclohex-1-en-1-ylmethyl)-4-methylphenyl)sulfonamido)benzoyl)phosphonate (114q)
o '"H-NMR (CDCl;, 400 MHz) &: 1.33-2.18 (m, 14H), 2.41 (s, 3H), 4.07 (s, 2H),
(:ﬁj\P(O)(OEt)Z 4.19-4.35 (m, 4H), 5.34 (brs, 1H), 6.94 (m, 1H), 7.21 (d, 2H, J = 8.4 Hz), 7.43-7.48
¥s/\© (m, 4H), 3.36 (dd, 1H, J = 6.0, 3.6 Hz); *C-NMR (CDCl;, 100 MHz) &: 16.2, 16.3,
21.4,21.8,22.2,25.0,26.5,57.7, 64.0, 64.1, 127.5, 128.0, 129.1, 130.5, 131.7, 132.3,
132.5, 135.8, 135.9, 136.4, 136.7, 136.8, 143.1, 198.2, 199.9; IR (ATR) v: 2930, 1672, 1161, 1027 cm;
HRMS (ESTI) Calcd for C2sH3,NNaOeS, [M+Na]* 528.1586, found 528.1582; yellow oil (310 mg, 42%).

3-methylchroman-4-one (115a)
(CAS-Regtt 16982-86-8)
i "H-NMR (CDCls, 400 MHz) 6: 1.19 (d, 3H, J = 6.8 Hz), 2.78-2.91 (m, 1H), 4.13 (dd, 1H,
d‘j/ J=11.2,11.2 Hz), 4.46 (dd, 1H, J=11.2, 5.2 Hz), 6.93 (d, 1H, J = 8.4 Hz), 6.99 (dd, 1H,
© J=17.6,72Hz),7.43 (dd, 1H, J=8.4,7.2 Hz), 7.89 (d, 1H, J= 7.6 Hz); (28.5 mg, 65%)

8-methoxy-3-methylchroman-4-one (115b)

0 'H-NMR (CDCls, 400 MHz) &: 1.23 (d, 3H, J = 7.2 Hz), 2.84-2.93 (m, 1H), 3.92 (s, 3H),
4.23 (dd, 1H, J=10.8, 10.8 Hz), 4.61 (dd, 1H, J = 10.8, 4.8 Hz), 6.96 (dd, 1H, J= 7.6, 7.6

o Hz), 7.04 (d, 1H, J = 7.6 Hz), 7.49 (d, 1H, J = 7.6 Hz); 3C-NMR (CDCl;, 100 MHz) §:
OMe 10.7, 40.5, 56.1, 72.7, 116.2, 118.4, 120.8, 121.0, 148.6, 151.5, 194.7; IR (ATR) v: 2983,

1736, 1373, 1237, 1045 cm’!; HRMS (ESI) Caled for Ci1H2NaOs, [M+Na] * 215.0684, found 215.0678;
colorless solid (15.5 mg, 69%).

6-bromo-3-methylchroman-4-one (115c)

0 'H-NMR (CDCls, 400 MHz) &: 1.21 (d, 3H, J = 7.2 Hz), 2.82-2.91 (m, 1H), 4.15 (dd,
Br 1H, J=11.2, 11.2 Hz), 4.50 (dd, 1H, J = 11.2, 5.2 Hz), 6.87 (d, 1H, J = 8.4 Hz), 7.53
0 (dd, 1H, J = 8.4, 2.8 Hz), 8.00 (d, 1H, J = 2.8 Hz); '*C-NMR (CDCL, 100 MHz) &:

10.6,40.4,72.2, 114.0, 119.8, 121.7, 129.7, 138.3, 160.6, 193.5; IR (ATR) v: 2991, 1738, 1239, 822 cm!;
HRMS (ESI) Caled for CijoHoBrNaO,, [M+Na] * 262.9684, found 262.9681; colorless solid (26.4 mg,
59%).
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3-methyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one (115d)
0 (CAS-Reg# 30504-93-9); '"H-NMR (CDCl3, 400 MHz) &: 1.13 (d, 3H, J= 7.2 Hz), 2.39 (s,
(:f‘j/ 3H), 2.42-2.49 (ddq, 1H), 3.64 (dd, 1H, J=13.8, 13.8 Hz), 4.46 (dd, 1H, J= 13.8, 4.8 Hz),
N 7.22-7.27 (m, 3H), 7.53 (dd, 1H, J = 8.4, 8.4 Hz), 7.60 (d, 2H, J = 8.4 Hz), 7.84 (d, 1H, J
T =8.4 Hz), 7.95 (d, 1H, J= 8.4 Hz); (28.5 mg, 57%)
1-((4-methoxyphenyl)sulfonyl)-3-methyl-2,3-dihydroquinolin-4(1H)-one (115¢)
o "H-NMR (CDCls, 400 MHz) &: 1.13 (d, 3H, J = 7.2 Hz), 2.41-2.51 (m, 1H), 3.63 (dd,
1H, J=13.6, 13.6 Hz), 3.83 (s, 3H), 4.45 (dd, 1H, J = 13.6, 4.8 Hz), 6.89 (d, 2H, J =
(:ﬁ:j/ 9.2 Hz), 7.22 (dd, 1H, J=17.6, 7.6 Hz), 7.53 (ddd, 1H, J= 8.4, 7.6, 1.6 Hz), 7.64 (d, 2H,
Meo_©_é02 J=9.2Hz), 7.84 (d, IH, J= 8.4 Hz), 7.95 (dd, 1H, J= 7.6, 1.6 Hz); 3*C-NMR (CDCl;,
100 MHz) &: 12.3, 40.2, 52.2, 55.6, 114.5, 123.1, 124.6, 125.0, 128.1, 128.9, 131.1,

134.4, 142.4, 163.4, 195.5; IR (ATR) v: 2983, 1736, 1372, 1233, 1043 cm™'; HRMS (ESI) Caled for
C17H17NNaO4S, [M+Na] * 354.0776, found 354.0785; yellow oil (32.6 mg, 56%).

1-((4-fluorophenyl)sulfonyl)-3-methyl-2,3-dihydroquinolin-4(1H)-one (115f)
0 '"H-NMR (CDCls, 400 MHz) &: 1.14 (d, 3H, J = 6.8 Hz), 2.42-2.52 (m, 1H), 3.65 (dd, 1H,
J=13.6,13.6 Hz), 4.46 (dd, 1H, J=13.6, 4.8 Hz), 7.15 (dd, 2H, J = 8.8, 8.8 Hz), 7.23 (dd,
N 1H, J = 8.0, 8.0 Hz), 7.55 (ddd, 1H, J = 8.8, 8.0, 1.6 Hz), 7.75 (dd, 2H, J = 8.8, 4.8 Hz),
F_O_é% 7.81 (d, 1H, J = 8.8 Hz), 7.97 (dd, 1H, J = 8.0, 1.6 Hz); 3*C-NMR (CDCls, 100 MHz) &:
12.4, 404, 52.4, 116.7, 116.9, 122.9, 124.7, 125.4, 128.3, 129.5, 129.6, 134.5, 135.7, 142.0, 164.5, 166.2,
195.2; IR (ATR) v: 2932, 1690, 1355, 1170, 734 cm™'; HRMS (ESI) Calcd for Ci6H14FNNaOsS, [M+Na]*
342.0576, found 342.0586; colorless solid (20.2 mg, 46%).

3,3-dimethyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one (115g)

o (CAS-Reg# 112565-67-0)
'H-NMR (CDCls, 400 MHz) &: 1.27 (s, 6H), 2.42 (s, 3H), 3.97 (s, 2H), 7.10 (dd, 1H, J =
N 7.6, 7.6 Hz), 7.33 (d, 2H, J = 8.0 Hz), 7.42 (dd, 1H, J = 8.0, 7.6 Hz), 7.61 (d, 1H, J = 8.0

Hz), 7.80 (d, 2H, J = 8.0 Hz), 8.00 (d, 1H, J= 7.6 Hz); (36.5 mg, 57%)

diethyl 4-methyl-3-oxocyclohexane-1,1-dicarboxylate (115j)
o "H-NMR (CDCls, 400 MHz) 6: 1.06 (d, 3H, J = 6.4 Hz), 1.22-1.27 (m, 6H), 1.40-1.51
EtO,C (m, 1H), 2.02-2.11 (m, 1H), 2.18 (ddd, 1H, J=13.6, 13.6, 3.6 Hz), 2.32 (qd, 1H, /= 6.4,
EtO,C 6.4 Hz), 2.41 (dd, 1H, J=13.6, 2.8 Hz), 2.51 (d, 1H, J = 14.8 Hz), 2.96 (d, 1H, J=14.8
Hz), 4.13-4.26 (m, 4H); *C-NMR (CDCl;, 100 MHz) &: 13.9, 13.9, 14.5, 29.9, 30.2,
44.0, 45.1, 57.6, 61.8, 61.8, 170.3, 170.4, 208.2; IR (ATR) v: 2980, 1735, 1229, 1045 cm™'; HRMS (ESI)
Calcd for Ci3H20NaOs [M+Na] * 279.1208, found 279. 1214; yellow oil (26.4 mg, 37%).

diethyl 3-methyl-4-oxocyclopentane-1,1-dicarboxylate (115Kk)

EtO,C O 'H-NMR (CDCls, 400 MHz) &: 1.11 (d, 3H, J= 7.6 Hz), 1.27 (t, 6H, J= 7.2 Hz), 1.97 (dd,
><:/|i 1H, J=12.8, 12.8 Hz), 2.41 (m, 1H), 2.72 (d, 1H, J = 18.8 Hz), 2.84 (dd, 1H, J = 12.8,

8.8 Hz), 2.95 (d, 1H, J = 18.8 Hz), 4.22 (q, 4H, J = 7.2 Hz); *C-NMR (CDCls, 100 MHz)

EtO,C
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5:13.9,38.1,42.5,44.4, 54.8, 61.9, 62.0, 170.7, 171.0, 215.8; IR (ATR) v: 2984, 1731, 1238, 1044 cm!;
HRMS (ESI) Calcd for Ci2HisNaOs, [M+Na] * 265.1052, found 265.1060; yellow oil (56 mg, 81%).

diethyl 3,3-dimethyl-4-oxocyclopentane-1,1-dicarboxylate (115I)

EtOoC O TH-NMR (CDCls, 400 MHz) &: 1.07 (s, 6H), 1.27 (t, 6H, J = 7.2 Hz), 2.52 (s, 2H), 2.98 (s,
><:/g 2H), 4.23 (m, 4H); 3*C-NMR (CDCls, 100 MHz) &: 13.9, 25.2, 43.9, 44.3, 45.2, 53.9, 62.1,

171.4, 218.5; IR (ATR) v: 2970, 1731, 1366, 1184 c¢cm™; HRMS (ESI) Calcd for

Ci3H20NaOs, [M+Na] * 279.1208, found 279.1203; yellow oil (25.1 mg, 54%).

EtO,C

5-methyl-2,2-diphenylcyclopentan-1-one (115m)

pp Ph (CAS-Reg# 1912-08-9); 'H-NMR (CDCl3, 400 MHz) &: 1.16 (d, 3H, J = 7.6 Hz), 1.56-1.62
(m, 1H), 2.18-2.26 (m, 1H), 2.37-2.45 (m, 1H), 2.52-2.59 (m, 1H), 2.78-2.84 (m, 1H),
7.18-7.32 (m, 10H); (24.9 mg, 53%)

ethyl 1-benzyl-3-methyl-2-oxocyclopentane-1-carboxylate (115n)
Eto,C_Bn o '"H-NMR (CDCls, 400 MHz) &: 0.62-0.73 (m, 1H), 0.88 (d, 3H, J = 7.2 Hz), 1.25 (t, 3H, J
{t/( =17.2 Hz), 1.89-2.01 (m, 1H), 2.06-2.12 (m, 1H), 2.24-2.41 (m, 2H), 3.11 (d, 1H, J = 14.0
Hz), 3.17 (d, 1H, J=14.0 Hz), 4.16 (q, 2H, J=7.2 Hz), 7.11 (d, 2H, J= 7.6 Hz), 7.21-7.26
(m, 3H); BC-NMR (CDCls, 100 MHz) &: 26.4, 26.6, 37.6, 39.2, 46.6, 50.5, 64.1, 64.6, 116.9, 118.0, 119.6,
124.6, 152.8, 188.6; IR (ATR) v: 2964, 1747, 1722, 1454, 1156, 702 c¢cm’'; HRMS (ESI) Calcd for
CisH20NaO3, [M+Na] * 283.1310, found 283.1303; yellow oil (20.4 mg, 50%)

5,5-dimethyl-3,3-diphenyldihydrofuran-2(3H)-one (1160)
pp Ph (CAS-Reg# 109394-96-9)
"H-NMR (CDCl3, 400 MHz) &: 1.36 (s, 6H), 3.03 (s, 2H), 7.40.7.24 (m, 10H);
©  (23.6mg, 56%)
1'-tosyl-1',2'-dihydro-4'H-spiro[cyclopentane-1,3'-quinolin]-4'-one (115p)
o '"H-NMR (CDCl3, 400 MHz) &: 1.68-1.87 (m, 6H), 2.00-2.11 (m, 2H), 2.41 (s, 3H), 3.99
(s, 2H), 7.08 (dd, 1H, J = 7.2, 7.2 Hz), 7.32 (d, 2H, J = 8.4 Hz), 7.39 (dd, 1H, J = 7.8,
7.8 Hz), 7.59 (d, 1H, J = 8.4 Hz), 7.78 (d, 2H, J = 8.4 Hz), 8.00 (d, 1H, J = 7.8 Hz);
s BC-NMR (CDCls, 100 MHz) &: 21.5, 25.7, 33.2, 53.9, 54.9, 118.4, 122.3, 123.3, 126.8,
129.0, 130.0, 134.2, 136.9, 142.3, 144.4, 197.6; IR (ATR) v: 2953, 1683, 1351, 1161 cm’'; HRMS (ESI)
Calcd for CyoH2i1NNaOsS, [M+Na] * 378.1140, found 378.1153; colorless solid (19.5 mg, 30%, mp:
117-119 °C)

1-tosyl-1,2-dihydro-SH-spiro[benzo[e][1,4]oxazepine-3,1'-cyclopentan]-5-one (116p)
"H-NMR (CDCls, 400 MHz) &: 1.20-1.72 (m, 8H), 2.41 (s, 3H), 4.12 (s, 2H), 7.22 (d,

(@]

dL)OO 2H, J = 8.8 Hz), 7.40 (d, 2H, J = 8.8 Hz), 7.44-7.48 (m, 1H), 7.57-7.71 (m, 3H);
N 13C-NMR (CDCls, 100 MHz) &: 21.6, 24.3, 39.9, 59.3, 88.7, 127.3, 129.2, 129.8, 130.9,
Ts 132.1, 132.5, 133.3, 134.9, 135.3, 144.3, 167.4; IR (ATR) v: 2924, 1721, 1350, 1166,

1088 cm'; HRMS (ESI) Calcd for CooH2iNNaO4S, [M+Na]* 394.1089, found 394.1092; yellow solid (6.4
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mg, 9%).

1'-tosyl-1',2'-dihydro-4'H-spiro[cyclohexane-1,3'-quinolin]-4'-one (115q)
o) '"H-NMR (CDCls, 400 MHz) &: 1.33-1.87 (m, 10H), 2.42 (s, 3H), 4.10 (s, 2H), 7.09 (dd,
(:Eujo 1H,J=172,7.2Hz),7.32 (d,2H, J=8.4 Hz), 7.40 (dd, 1H, /= 7.2, 7.2 Hz), 7.62 (d, 1H,
N J=38.8 Hz), 7.81 (d, 2H, J = 8.8 Hz), 7.99 (dd, 1H, J = 7.6, 1.2 Hz); *C-NMR (CDCl;,
100 MHz) &: 21.2, 21.6, 25.6, 29.1, 45.6, 53.1, 118.2, 122.2, 123.2, 126.9, 129.1, 130.0,

134.2, 136.8, 141.9, 144.4, 198.0; IR (ATR) v: 2926, 1683, 1351, 1162, 658 cm™'; HRMS (ESI) Calcd for
C21H23NNaO;S, [M+Na] * 392.1296, found 392.1295; yellow solid (14 mg, 25%).

Ts

1-tosyl-1,2-dihydro-SH-spiro[benzo[e][1,4]oxazepine-3,1'-cyclohexan]-5-one (116q)
"H-NMR (CDCl3, 400 MHz) &: 1.25-1.63 (m, 10H), 2.41 (s, 3H), 3.99 (s, 2H), 7.22 (d,
d\o 2H, J = 8.0 Hz), 7.43-7.47 (m, 3H), 7.61 (m, 2H), 7.66 (d, 1H, J = 7.2 Hz); 3C-NMR
N)<:> (CDCl3, 100 MHz) &: 21.6, 21.8, 24.8, 31.3, 37.3, 38.2, 59.4, 59.6, 80.6, 127.5, 129.4,
129.9, 131.0, 131.4, 132.6, 133.7, 135.6, 136.2, 144.3, 167.0; IR (ATR) v: 2920, 1745,

1357, 1092 cm’!; HRMS (ESI) Caled for C2;H23NNaO4S, [M+Na] * 408.1246, found 408.1232; colorless
solid (7.4 mg, 13%, mp: 118-122 °C).

Synthesis of 117
327 1% MeO
MeO (2 0ed.) Br MeO (1.5 eq (3steps) o
—>
o K,CO3 (2 eq.) K2CO3 (3ed.) TsN /\/\/NPG TsN /\/\/NPG
_NPG MeCN (0.3 M) NpG MeCN (0.3 M)
H” 80 °C
0,
s25 oM T7% $26 _..?Y.”..?f‘_/f’ ________ ‘ S28 17

S25 to S26: To a stirred solution of S25 (1.0 g, 3.23 mmol) in MeCN (11 mL) was added KoCO3 (891 mg,
6.46 mmol), and trans-1,4-dibromo-2-butene (1.38 g, 6.46 mmol), and the reaction mixture was stirred at
80 °C. The reaction was quenched with H,O, extracted with AcOEt, dried over Na,SOs, filtered, and
concentrated in vacuo. Purification by flash column chromatography afforded S26 (1.1 g, 77%).

S26 to S28: To a stirred solution of S26 (442.3 mg, 1.0 mmol) in MeCN (3.3 mL) was added K.CO3 (414
mg, 3.0 mmol), and S27 (338 mg, 1.5 mmol), and the reaction mixture was stirred at 80 °C. The reaction
was quenched with H»O, extracted with AcOEt, dried over Na,SOs, filtered, and concentrated in vacuo.

Purification by flash column chromatography afforded S28 (491 mg, 84%).

S28 to 117: Same as general procedure (S1 to S5)
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diethyl(E)-(2-((4-fluoro-N-(4-((4-methyl-N-(2-methylallyl)phenyl)sulfonamido)but-2-en-1-yl)phenyl)s
ulfonamido)benzoyl)phosphonate (117)

'"H-NMR (CDCl3, 400 MHz) &: 1.31-1.43 (m, 6H), 1.52 (s, 3H), 2.42 (s,

(EtO),(O)P: 3H), 3.31-3.69 (br, 4H), 4.15 (q, 4H, J = 6.8 Hz), 4.26 (brs, 2H), 4.63 (s,

o) o 1H), 4.79 (s, 1H), 5.30 (dt, 1H, J = 15.2, 6.8 Hz), 5.68 (d, 1H, J=15.2,

J \©\ 6.8 Hz), 6.84 (d, 1H, J= 6.8 Hz), 7.09 (d, 1H, J= 8.4 Hz), 7.14 (d, 1H, J

e =88Hz),7.21-7.39 (m, 2H), 7.44-7.49 (m, 2H), 7.54 (d, 1H, J = 8.8 Hz),

7.58 (d, 1H, J = 8.8 Hz), 7.61 (d, 2H, J = 8.0 Hz), 8.26 (dd, 1H, J = 6.8,

2.8 Hz); 3C-NMR (CDCls, 100 MHz) &: 16.2, 16.3, 19.7,21.4,47.9, 52.7, 53.3, 114.4, 115.9, 116.2, 127.1,

128.3, 129.2, 129.5, 129.5, 130.2, 130.3, 130.7, 131.6, 133.0, 134.5, 136.5, 136.5, 136.7, 136.9, 137.3,

139.8, 143.2,163.8, 166.3, 199.2, 201.0; IR (ATR) v: 2809, 1348, 1158, 1022 cm™'; HRMS (ESI) Calcd for
C3H33FN2NaOsPS, [M+Na] © 715.1689, found 715.1685; yellow oil (100.2 mg, 11%).

3-(4,4-dimethyl-1-tosylpyrrolidin-3-yl)-1-((4-fluorophenyl)sulfonyl)-2,3-dihydroquinolin-4(1H)-one
(118)

'"H-NMR (CDCls, 400 MHz) &: 0.74 (s, 3H), 1.07 (s, 3H), 2.44 (s, 3H),
2.59-2.68 (m, 1H), 2.87 (d, 1H, J=9.6 Hz), 3.10 (dd, 1H, J=10.8, 7.6 Hz),
3.20 (d, 1H, J= 9.6 Hz), 3.57-3.62 (m, 2H), 3.92 (dd, 1H, J=13.6, 9.6 Hz),
4.20 (dd, 1H, J=13.6, 4.4 Hz), 7.14-7.22 (m, 3H), 7.32 (d, 2H, J = 8.4 Hz),
7.48-7.56 (m, 2H), 7.70 (d, 2H, J = 8.4 Hz), 7.76-7.84 (m, 2H), 7.92 (d, 1H,
J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) &: 21.5, 21.6, 26.0, 40.4, 44.0, 45.5, 49.2, 49.4, 61.2, 116.8,
117.0, 120.8, 123.9, 124.8, 127.4, 128.7, 129.6, 129.7, 129.8, 133.4, 134.9, 141.7, 143.6, 193.9; IR (ATR)
v: 1734, 1345, 1158, 634 cm’'; HRMS (ESI) Calcd for CasHz9FN;NaOsS;, [M+Na] * 579.1400, found
579.1399; colorless solid (23.5 mg, 28%, 135-137 °C).

TsN

Synthesis of 120

H MeCN (0.1 M) MeCN (0.3 M) T
80 °C 80 °C s
$29 17 h, 56% ovn, 91% 120 (25%, 3 steps)

| 0]
H S30 (4 0eq.) H S§32 (1 2 eq. ) (EtO)2 O)P
TsN . K2003 5 eq TsN K2003 2 4 eq. )

TsN

S29 to S31: To a stirred solution of S29 (1.5 g, 7.1 mmol) in MeCN (71 mL) was added K,COs (4.9 g,
6.46 mmol), and S30 (2.8 mL, 28.4 mmol), and the reaction mixture was stirred at 80 °C for 17 h. The
reaction was quenched with H,O, extracted with AcOEt, dried over Na,SQOy, filtered, and concentrated in

vacuo. Purification by flash column chromatography afforded S31 (1.18 g, 56%).

S31 to S33: To a stirred solution of S31 (452 mg, 1.45 mmol) in MeCN (4.8 mL) was added K>COs3 (480
mg, 3.48 mmol), and S32 (531 mg, 1.74 mmol), and the reaction mixture was stirred at 80 °C for 17 h. The

reaction was quenched with H,O, extracted with AcOEt, dried over Na,;SQOy, filtered, and concentrated in
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vacuo. Purification by flash column chromatography afforded S33 (765 mg, 91%).
S33 to 120: Same as general procedure (S1 to S5)

diethyl-(2-((N-(4-((N-allyl-4-methylphenyl)sulfonamido)but-2-yn-1-yl)-4-methylphenyl)sulfonamido)
benzoyl)phosphonate (120)

o '"H-NMR (CDCls, 400 MHz) &: 1.37 (t, 6H, J = 7.2 Hz), 2.38 (s, 3H), 2.41 (s,

| (EtO)z(O)P)D 3H), 3.64 (d, 2H, J = 6.0 Hz), 3.95 (s, 2H), 4.16 (q, 4H, J = 7.2 Hz), 4.26 (brs,

2H), 5.08 (d, 1H, J=17.2 Hz), 5.16 (d, 1H, J=10.0 Hz), 5.62 (ddt, 1H, J=17.2,

TN / Ts 10.0, 6.0 Hz), 6.99 (d, 1H, J = 8.4 Hz), 7.21-7.32 (m, 4H), 7.38-7.44 (m, 3H),

7.51 (dd, 1H, J = 8.4, 6.4 Hz), 7.64 (d, 2H, J = 8.4 Hz), 8.15 (d, 1H, J = 8.0 Hz); 3C-NMR (CDCl;, 100

MHz) &: 16.2, 16.3, 21.4, 21.5, 35.9, 41.5, 49.0, 61.8, 64.1, 78.4, 80.2, 119.6, 127.5, 127.9, 128.9, 129.1,

129.3, 129.4, 130.7, 131.0, 131.8, 132.9, 135.7, 135.8, 137.0, 137.6, 138.2, 143.7, 143.8, 200.2, 202.0; IR

(ATR) v: 2719, 1350, 1163, 666 cm'; HRMS (ESI) Calcd for C3;H37N2NaOgPS, [M+Na] * 695.1627,
found 695.1622; yellow oil (226 mg, 25%).

Synthesis of 114r
S34: See S8 to 114d
cocl NEt3 (2.0 eq.)
PhSH (2.0eq.) S34 to 114r: To a stirred solution of S34 (1.39 g, 3.99
/\/

Ts/\/ g”;gb?go/f M) mmol) in CH,Cl; (13.3 mL) was added NEt; (1.1 mL, 7.98
S34 mmol), and PhSH (0.81 mL, 7.98 mmol) at 0 °C, and the
reaction mixture was stirred at rt for 5 h. The reaction was quenched with sat. NH4Cl, extracted with
CHxClp, dried over NaSOs, filtered, and concentrated in vacuo. Purification by flash column

chromatography afforded 114r (1.18 g, 70%).

S-phenyl 2-((N-allyl-4-methylphenyl)sulfonamido)benzothioate (114r)
o] 'H-NMR (CDCls, 400 MHz) &: 2.42 (s, 3H), 4.23 (d, 2H, J = 6.8 Hz), 4.97 (d, 1H, J =
SPh 17.2 Hz), 5.04 (d, 1H, J=9.2 Hz), 5.93 (ddt, 1H, J=17.2, 9.2, 6.8 Hz), 6.97-6.99 (m,
N 1H), 7.21-7.30 (m, 3H), 7.41-7.52 (m, 6H), 7.56 (d, 2H, J = 6.8 Hz), 7.89-7.92 (m, 1H);
™ BC-NMR (CDCl3, 100 MHz) &: 21.6, 55.0, 119.4, 127.9, 128.5, 129.2, 129.5, 131.0,
131.9, 132.9, 134.7, 136.0, 136.1, 138.9, 139.1, 143.5, 190.1; IR (ATR) v: 1735, 1364, 1216, 611 cm’';
HRMS (ESI) Caled for C21H23NNaO4S [M+Na] * 408.1246, found 408.1242; yellow solid

Synthesis of 114s
co PhSeSePh (1.5 eq.) 0 S35: See S8 to 114d
2 n-BusP (1.5 eq.) SePh S35 to 114s: To a stirred solution of S35 (275 mg,
NN gﬁzggz/(o.s M) N 0.83 mmol) in CHxCL (2.8 mL) was added
Ts , 53% Ts
539 as PhSeSePh (390 mg, 1.25 mmol), and n-BusP (0.31

mL, 1.25 mmol) at 0 °C, and the reaction mixture was stirred at rt for 5 h. The reaction was quenched with
H,0, extracted with CH2Cl,, dried over Na>SOs, filtered, and concentrated in vacuo. Purification by flash
column chromatography gave crude 114s, and recrystallization from hexane/AcOEt afforded pure 114s as
a white solid (206 mg, 53%).
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Se-phenyl 2-((N-allyl-4-methylphenyl)sulfonamido)benzoselenoate (114s)
0 "H-NMR (CDCls, 400 MHz) 6: 2.42 (s, 3H), 4.21 (d, 2H, J = 6.8 Hz), 4.97 (d, IH, J =
SePh  17.2 Hz), 5.04 (d, 1H, J=10.2 Hz), 6.99 (ddt, 1H, J=17.2, 10.2, 6.8 Hz), 6.99 (dd, 1H,
¥S/\/ J=15.6,3.6 Hz), 7.39-7.49 (m, 6H), 7.50-7.63 (m, 5H), 7.87 (dd, 1H, J = 6.0, 3.2 Hz);
BC-NMR (CDCl;, 100 MHz) &: 21.5, 54.9, 119.5, 127.0, 127.5, 127.8, 128.5, 128.8,
129.2,129.4, 130.8, 132.1, 132.6, 135.1, 135.5, 135.8, 140.2, 143.6, 192.7; IR (ATR) v: 2969, 1737, 1362,
1216, 662 cm™'; HRMS (ESI) Calcd for C23H21NNaO3SSe, [M+Na] * 494.0305, found 494.0288; colorless

solid

diethyl benzoylphosphonate (124)
i (CAS-Reg# 3277-27-8)

Ph” “P(O)(OEY), 'H-NMR (CDCls, 400 MHz) &: 1.36 (t, 6H, J = 7.2 Hz), 4.22-4.30 (m, 4H), 7.49 (t, 2H,
J=17.6Hz), 7.62 (t, 1H, J= 7.6 Hz), 8.25 (d, 2H, J = 7.6 Hz)

1-(diethoxyphosphoryl)vinyl 4-methylbenzenesulfonate (127)
(CAS-Regi# 1309980-37-7)

OT:
° TH-NMR (CDCls, 400 MHz) 5: 1.28 (td, 6H, J = 7.2, 0.8 Hz), 2.45 (s, 3 H), 3.95-4.12 (m, 4
(T)T(OE“Z H), 5.94-5.96 (m, 1 H), 5.97-6.01 (m, 1 H), 7.36 (d, 2H, J = 8.0 Hz), 7.83 (d, 2H, J = 8.0 Hz)

3,3,4,4-tetramethyl-1-tosylpyrrolidine (128)

(CAS-Reg# 1456776-51-4)
TSNC’i 'H-NMR (CDCls, 400 MHz) &: 0.74 (s, 12H), 2.42 (s, 3H), 3.13 (s, 4H), 7.30 (d, 2H, J = 8.0
Hz), 7.71 (d, 2H, J = 8.0 Hz); (25.3 mg, 37%)

diethyl 2-(prop-1-en-2-yl)cyclopropane-1,1-dicarboxylate (130)
(CAS-Regt 86726-22-9)
EtO,C CO,E "H-NMR (CDCls, 400 MHz) &: 1.23 (t, 3H, J= 7.2 Hz), 1.27 (t, 3H, J = 7.2 Hz), 1.43
(dd, 1H, J= 8.4, 5.2 Hz), 1.81 (s, 3H), 1.83 (dd, 1H, J=8.4, 5.2 Hz), 2.45 (dd, 1H, J =
8.4, 8.4 Hz), 4.09-4.27 (m, 4H), 4.71 (s, 1H), 4.86 (s, IH)

Synthesis of 133

triphosgene 0o 0

OH (06eq) O_(C, P(OEt); (1 eq.) O—KP(O)(OEQZ
Py. (2 eq.) rt, 4 h
" CH,Cl, (0.5 M) N 63% (2 steps) N

36 0°Ctort, 17h 37 133

S36 to S37: To a solution of S36 (1.0 mL, 7.6 mmol) and triphosgene (1.35 g, 4.56 mmol) in CH,Cl> (7
mL), pyridine (1.2 mL, 15.2 mmol) was added using dropping funnel over 1 h at 0 °C. The temperature
was allowed to rise to room temperature gradually after the addition of pyridine and the solutions was
stirred for 17 h at room temperature (color of the solution: clear yellow to clear dark orange). The reaction
was quenched with 1N HCI, extracted with CH»Cla, dried over Na>SOys, filtered, and concentrated in vacuo

gave crude S37 as a deep red oil which was used without further purification.
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S37 to 133: P(OEt); (0.18 mL, 1.07 mmol) was directly added to the crude S37 (210 mg, 1.07 mmol) at
0 °C, and the mixture was stirred at rt for 4 h. Any volatiles were removed under reduced pressure and the

crude S5 was purified by column chromatography (201 mg, 63%, 2 steps).

2-allylphenyl (diethoxyphosphoryl)formate (133)
'"H-NMR (CDCl3, 400 MHz) &:1.45 (t, 6H, J= 7.2 Hz), 3.31 (d, 2H, J = 6.4 Hz),
@O/_i (O)(OEt), 4.40 (q, 4H, J=7.2 Hz), 5.05 (d, 1H, J = 17.2 Hz), 5.10 (d, 1H, J = 10.8 Hz),
A 5.84-5.94 (m, 1H), 7.08 (d, 1H, J = 8.0 Hz), 7.21-7.29 (m, 3H); *C-NMR
(CDCI3, 100 MHz) 8:16.3, 16.3, 34.3, 64.8, 64.9, 116.7, 121.9, 126.9, 127.5, 130.6, 131.6, 135.3, 147.9,
164.1; IR (ATR) v: 2982, 1721, 1011, 772 cm’!; HRMS (ESI) Calcd for C14H190NaOsP, [M+Na] * 321.0868,
found 321.0857; yellow oil

3-methylchroman-2-one (134)
o. .o (CAS-Reg# 66122-70-1)
@I 'H-NMR (CDCls, 400 MHz) &: 1.54 (d, 3H, J = 6.8 Hz), 2.89-2.99 (m, 2H), 4.64-4.73 (m,
1H), 7.26 (t, 1H, J= 6.8 Hz), 7.39 (t, 1H, J= 7.6 Hz), 7.53 (dt, 1H, J= 7.6, 1.6 Hz), 8.10
(d, 1H, J=17.6 Hz); (17.8 mg, 52%)

Synthesis of 135
LDA (2.5 . i
o ( eq J LAH, 2 eq) / triphosgene S13 to S38: To a solution of
2eq EO(O3M) 069(1) diisopropylamine (1.7 mL, 11.8
40 C 1h 2 eq) . .
Ph CO.H 4TsHFc(01%'\r/1l Ph CO,H quant. CHZCIZ (0.5 M) mmol) in THF (3 mL), n-BuLi
$13 82% 0°Ctort, 77h (1,6 M in hexane, 7.4 mL, 11.8

/.. P(OEt); (1eq.) / mmol) was slowly added at 0 °C,

Ph O CH,cl, (1 M) PN 0 . .
)k #» )L and the mixture was stirred at
e 2% @steps) TN PIONOR: 0 °C for 1 h. To the solution was
added S13 (1.0 g, 4.71 mmol) in
THF (6 mL) at 0 °C, and the mixture was stirred at 45 °C for 1.5 h. Allyl bromide (0.81 mL, 9.4 mmol)
was added to the solution and the mixture was stirred at 45 °C for 16 h. 1 N HCI was added to the mixture
and the aqueous layer was washed with Et,0O. The combined organic layers were washed with brine, dried

over NaySOs, filtered, and concentrated on a rotary evaporator gave solid residue, which was recrystallized
from CHCIl3 and hexane to give S38 as a white solid (796 mg, 67%).

S38 to S39: LiAlH4 (138 mg, 3.62 mmol) was added to a solution of S38 (456.7 mg, 1.81 mmol) in Et,O
(6 mL) at 0 °C under argon atmosphere. After addition, the mixture was stirred for 1 h at 40°C. Then,
worked up by precipitation with 0.2 mL of water and 0.2 mL of 15% NaOH and 0.6 mL of water at 0 °C,
and filtration through celite and washed thoroughly with Et,O. The solvent was reduced under vacuum at

0 °C. Purification by flash column chromatography (Et,O) afforded S39 (530 mg, quant.) as a colorless oil.

S39 to S40: To a solution of S39 (530 mg, 1.81 mmol) and triphosgene (322 mg, 1.09 mmol) in CH2Cl,
(1.8 mL), pyridine (0.29 mL, 3.62 mmol) in CH>Cl> (1.8 mL) was added using dropping funnel over 1 h at

0 °C. The temperature was allowed to rise to room temperature gradually after the addition of pyridine and
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the solutions was stirred for 17 h at room temperature (color of the solution: clear yellow to dark orange).
The reaction was quenched with IN HCI, extracted with CH>Cl,, dried over Na,SO,, filtered, and
concentrated in vacuo gave crude S40 (485.8 mg) as an orange oil which was used without further

purification.

S40 to 135: P(OEt)3 (0.28 mL, 1.62 mmol) was added to the crude S40 (485.8 mg, 1.62 mmol) at 0 °C, and
the mixture was stirred at rt for 3 h. Any volatiles were removed under reduced pressure and the crude 135

was purified by column chromatography (454 mg, 62%, 2 steps).

2,2-diphenylpent-4-en-1-yl (diethoxyphosphoryl)formate (135)

3.92-4.15 (m, 4H), 4.85 (s, 2H), 5.02 (d, 1H, J = 10.0 Hz), 5.07 (d, IH, J= 16.8

Hz), 5.38 (ddt, 1H, J=16.8, 10.0, 7.2 Hz), 7.16-7.23 (m, 6H), 7.27-7.31 (m, 4H);
BC-NMR (CDCls, 100 MHz) &: 16.0, 16.1, 41.2, 49.0, 64.3, 64.3, 69.5, 69.6, 117.9, 119.0, 126.2, 126.4,
127.5, 128.0, 128.1, 133.2, 134.4, 144.3, 145.2, 165.1, 167.8; IR (ATR) v: 2985, 1717, 1212, 1013, 756
cm'; HRMS (ESI) Caled for C22H27NaOsP, [M+Na] " 425.1494 found 425.1478; yellow oil

>C// 'H-NMR (CDCls, 400 MHz) &: 1.24 (t, 6H, J = 6.8 Hz), 3.01(d, 2H, J = 7.2 Hz),
Ph O
Ph o)L P(O)(OEt),
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B E D EE

General procedure for cyclization: EtOH (0.2 M for alkenyloxime) was added to the mixture of
alkenyloxime (1.0 eq.), Co A (5 mol%) under an argon atmosphere at rt, then PhSiH3 (1.5 eq.) was added
at rt and the solution was stirred at rt. Then, the solvent was removed under reduced pressure, and the

residue was purified by flash column chromatography.

General procedure for the synthesis of alkenyloximes

1 AcONa (5.0 eq.) 1 NEt; (2.0 eq.) R 1
H,NOH-HCI (3.0 eq.) R AcCl (2.0 eq.) R
—_—
R>=o H,O/EtOH (1/4, 0.2 M) R>=NOH CH,Cl, (0.2 M) >=N0A° R>=NOTBS
2 80°C,1h 2 n,2h 2
s1 s2 s3 s4
|TBSCI (2.0 €q.), imidazole (2.0 eq.) }

DMAP (10 mol%), CH,Cl, (0.2 M), rt, 1 h

S1 to S2: To a solution of S1 (1.0 eq.) in H.O/EtOH (1/4, 0.2 M for S1), HONOH*HCI (5.0 eq.) and
AcONa (5.0 eq.) was added at rt, and the mixture was stirred for 1 h at 80 °C. Then, the mixture was
diluted with water and the aqueous layer was extracted with CH>Cl,. The combined organic layers were
washed with brine, dried over Na SOy, filtered, and concentrated on a rotary evaporator gave crude S2

which was purified by column chromatography.

S2 to S3: To a solution of S2 (1.0 eq.) in CH»Cl> (0.2 M for S2), NEt3 (2.0 eq.) and AcCl (2.0 eq.) was
added at 0 °C, and the mixture was stirred for 2 h at rt. Then, the mixture was diluted with 1N HCI and the
aqueous layer was extracted with CH,Cl,. The combined organic layers were washed with brine, dried
over NaySOs, filtered, and concentrated on a rotary evaporator gave crude S3 which was purified by

column chromatography.

S2 to S4: To a solution of S2 (1.0 eq.) in CH2Cl> (0.2 M for S2), imidazole (2.0 eq.) and TBSCI (2.0 eq.)
was added at 0 °C, and the mixture was stirred for 1 h at rt. Then, the mixture was diluted with H,O and
the aqueous layer was extracted with CH,Cl,. The combined organic layers were washed with brine, dried
over NaySOs, filtered, and concentrated on a rotary evaporator gave crude S4 which was purified by

column chromatography.

Synthesis of 142a

Cl TsNH; (2 eq.) Ph
K,COs (4 eq.) Br” Y TN /Y AcONa (5 eq.) N
Nal (1eq.) _ TsHN /\( (15e9.) 0 H,NOH-HCI (3 eq.)

Ph Me Ph Me
Me MeCN (0.2 M) Me K,COj; (2 eq.) H,O/EtOH

80 °C S6 acetone (0.3 M) 0 g7 (1/4,0.2 M) N

17 h, 68% rt, 16 h, quant. 80°C,1h ™oH

67% (E/Z=1/3.1)
142a (E/Z=1/3.1)
recrystallization (Hexane/AcOEt, 3 times) 142a (Z onIy)<—_|
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S5 to S6: To a stirred solution of S5 (3.0 mL, 30.81 mmol) in MeCN (154 mL) was added K»COs (17.0 g,
123.2 mmol), Nal (4.6 g, 30.81 mmol) and TsNH (10.5 g, 61.6 mmol), and the reaction mixture was
stirred at 80 °C. The reaction was quenched with H»>O, extracted with AcOEt, dried over Na,SOs, filtered,
and concentrated in vacuo. Purification by flash column chromatography afforded S6 (4.5 g, 65%).

S6 to S7: To a stirred solution of S6 (2.55 g, 10.0 mmol) in acetone (33 mL) was added K,CO3 (2.76 g, 20
mmol), phenayl bromide (2.99 g, 15.0 mmol) and the reaction mixture was stirred at rt for 16 h. The
reaction was quenched with H»O, extracted with AcOEt, dried over Na,;SOs, filtered, and concentrated in

vacuo. Purification by flash column chromatography afforded S7 (3.42 g, quant.).
S7 to 142a: Same as general procedure (S1 to S2).

1-(4-isopropyl-2,3,5-trimethoxyphenyl)-5-methylhex-5-en-1-ol (142a)
. "H-NMR (CDCl3, 400 MHz) &: 1.33 (s, 3H), 2.43 (s, 3H), 3.51 (s, 2H), 4.50 (s, 2H), 4.72
Ph Me (s, 1H), 4.76 (s, 1H), 7.28 (d, 2H, J = 8.4 Hz), 7.33-7.40 (m, 3H), 7.60-7.69 (m, 4H),
9.30 (brs, 1H); 3C-NMR (CDCls, 100 MHz) 8: 19.8, 21.5, 42.4, 56.0, 114.4, 127.3,
127.5, 128.3, 129.4, 129.7, 133.7, 135.0, 140.0, 143.6, 154.9; IR (ATR) v: 3245, 3069,
2906, 1327, 1155, 752, 661 cm™'; HRMS (ESI) Caled for C1oH22N2NaO3S, [M+Na] *381.1249, found
381.1252; colorless solid (323 mg, 67%, mp: 140-143 °C)

N\
OH

(Z)-N-(2-((benzyloxy)imino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (142b)
TSN To a stirred solution of 142a (103.3 mg, 0.289 mmol) in THF (1.4 mL) was added NaH
Ph Me (35 mg, 0.88 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 30 min. Then,
N<ogn benzyl bromide (0.1 mL, 0.84 mmol) was added at 0 °C, and the mixture was stirred for 2
h at rt. The reaction mixture was quenched with H>O, extracted with AcOEt, dried over
NayS0qs, filtered, and concentrated in vacuo. Purification by flash column chromatography afforded 142b

(E/Z mixture) which was recrystallized from hexane and AcOEt to give 142b (Z only, 45.9 mg, 35%).

'H-NMR (CDCls, 400 MHz) &:1.31 (s, 3H), 2.42 (s, 3H), 3.47 (s, 2H), 4.46 (s, 2H), 4.62 (s, 1H), 4.67 (s,
1H), 5.14 (s, 2H), 7.20-7.41 (m, 10H), 7.57-7.72 (m, 4H); *C-NMR (CDCl3, 100 MHz) 8:19.7, 21.5, 42.7,
55.7, 76.6, 114.4, 127.4, 127.5, 128.0, 128.2, 128.4, 128.5, 129.2, 129.6, 1334.0, 135.3, 137.2, 139.9,
143.4, 153.9; IR (ATR) v: 2970, 1738, 1365, 1216, 612 cm’'; HRMS (ESI) Calcd for C26H2sN2NaOsSi,
[M+Na] *471.1718, found 471.1716; colorless solid

(Z)-N-(2-((benzoyloxy)imino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (142c)
ToN To a solution of 142a (319 mg, 0.89 mmol) in CH>ClL, (1.8 mL), NEt3 (0.25 mL, 1.78
Ph Me mmol) and BzCl (0.21 mL, 1.78 mmol) was added at 0 °C, and the mixture was stirred for
N 2 h at rt. Then, the mixture was diluted with water and the aqueous layer was extracted
08z with CH2Cl,. The combined organic layers were washed with brine, dried over NaxSOg,
filtered, and concentrated on a rotary evaporator gave crude 142¢ which was purified by column

chromatography (378 mg, 92%).

132



"H-NMR (CDCl3, 400 MHz) 5:1.39 (s, 3H), 2.44 (s, 3H), 3.54 (s, 2H), 4.70 (s, 2H), 4.80 (s, 1H), 4.84 (s,
1H), 7.24 (d, 2H, J = 7.6 Hz), 7.38 (dd, 2H, J = 7.6, 7.6 Hz), 7.44-7.66 (m, 8H), 8.07 (d, 2H, J = 7.6 Hz);
BC-NMR (CDCls, 100 MHz) &: 19.5, 21.2, 43.0, 55.4, 115.3, 127.2, 128.1, 128.1, 128.3, 128.4, 129.4,
129.5, 130.3, 132.2, 133.4, 134.8, 139.0, 143.6, 162.6, 163.0; IR (ATR) v: 2942, 1763, 1344, 1212 cm’};
HRMS (ESI) Calcd for C26H2sN2NaO4S, [M+Na] * 485.1510, found 485.1506; colorless solid

(£)-N-(2-(((tert-butyldimethylsilyl)oxy)imino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulf
onamide (142d)
ToN /\( 142a to 142d: Same as general procedure (S2 to S4).

Ph\ﬂ) Me  'H-NMR (CDCls, 400 MHz) 8: 0.17 (s, 6H), 0.91 (s, 9H), 1.34 (s, 3H), 2.43 (s, 3H), 3.50
(s, 2H), 4.53 (s, 2H), 4.69 (s, 1H), 4.72 (s, 1H), 7.28 (d, 2H, J = 8.4 Hz), 7.32-7.35 (m,
3H), 7.66-7.70 (m, 4H); 3C-NMR (CDCls, 100 MHz) &: -5.1, 18.0, 19.8, 21.5, 26.0,
42.1,55.3,113.9, 127.2, 127.5, 128.1, 129.1, 129.6, 134.3, 135.2, 140.0, 143.4, 157.0; IR (ATR) v: 2954,
1737, 1372, 1238, 1045, 744, 666 cm™'; HRMS (ESI) Calcd for CosH3¢N2NaO3SSi  [M+Na] 495.2114,
found 495.2096; colorless oil (143.8 mg, quant.).

N
OTBS

N-(2-(acetoxyimino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (142¢)
TN 142a to 142d: Same as general procedure (S2 to S3).

Ph Me 'H-NMR (CDCls;, 400 MHz) &: 1.36 (s, 1.8 H), 1.41 (s, 1.2H), 2.03 (s, 1.2H), 2.24 (s, 1.8
NOAG H), 2.42 (s, 1.2H), 2.44 (s, 1.8H), 3.51 (s, 1.2H), 3.63 (s, 0.8H), 4.31 (s, 0.8H), 4.54 (s,
(E/Z=1/115) 1.2H), 4.75 (s, 0.6H), 4.81 (s, 0.6H), 4.83 (s, 0.4H), 4.86 (s, 0.4H), 7.23 (dd, 2H, J = 8.4,

8.4 Hz), 7.36-7.46 (m, 4H), 7.62-7.73 (m, 3H); *C-NMR (CDCls, 100 MHz) &: 19.4, 19.6, 19.7, 19.7, 21.5,
43.6, 50.8, 55.1, 55.9, 115.2, 115.8, 127.4, 127.5, 128.1, 128.2, 128.3, 128.4, 129.6, 129.7, 130.0, 130.1,
130.5, 132.3, 135.1, 135.3, 139.5, 139.8, 143.6, 143.8, 161.4, 161.5, 168.2, 168.9; IR (ATR) v: 2928, 1739,
1349, 1160, 812, 782 cm™'; HRMS (ESI) Calcd for C21H24N2NaO4Si  [M+Na] * 423.1255, found 423.1347;
yellow oil (45.1 mg, 80%).

Synthesis of 145a
Ph
B ~F ~F
= TsN TsN
TsHN N (15eq) 0 oh 72% (2 steps) _
K2C03 (2 eq)
S8 acetone (0.3 M) O g9 NOAc 14523
rt, 16 h, 81%

S8 to S9: Same as S6 to S7 /' S9 to 145a: Same as general procedure (S2 to S3).

N-(2-(acetoxyimino)-2-phenylethyl)-N-allyl-4-methylbenzenesulfonamide (145a)
"H-NMR (CDCl3, 400 MHz) &: 2.05 (s, 0.48H), 2.24 (s, 2.52H), 2.42 (s, 0.48H), 2.45 (s,
2.52H), 3.57 (d, 1.68H, J = 6.4 Hz), 3.70 (d, 0.32H, J= 6.4 Hz), 4.39 (s, 0.32H), 4.60 (s,
N onc 1.68H), 5.04-5.18 (m, 2H), 5.39-5.51 (m, 1H), 7.29 (d, 2H, J = 8.4 Hz), 7.39-7.52 (m,
(Ez=153) 3H),7.60(d, 2H, J = 8.4 Hz), 7.72 (d, 2H, J = 7.2 Hz); *C-NMR (CDCl;, 100 MHz) 3:
19.4, 19.7, 214, 21.5, 42.5, 50.1, 50.7, 51.3, 119.9, 120.1, 127.4, 128.1, 128.2, 128.5,
129.6, 129.8, 130.1, 130.2, 130.6, 131.5, 131.8, 132.1, 135.6, 135.8, 143.6, 143.8, 161.5, 168.2, 168.6; IR

TSN ANF

Ph
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(ATR) v: 2925, 1771, 1348, 1199, 1163, 928 cm!; HRMS (ESI) Calcd for C20H22NoNaO4Si | [M+Na] *
409.1198, found 409.1195; yellow oil (253 mg, 72%).

Synthesis of 145b
. OMe 3N HCI (1.2 eq.) e 32% TsN /\]/
OMe (z;m/ /< THF@E3M) /7" (3 steps from S11) v)
TsN
7sHN. ome Nal (1eq) TN OMe ghec,3h \ ( |
K,CO3 (2 eq.) NOTBS
s10 MeCN (0.3 M) s11 s12 Me 145b

80°C, 17 h, 79% Me (E/Z=11)

S10 to S11: To a stirred solution of S10 (1.25 g, 4.83 mmol) in MeCN (16 mL) was added K,CO3 (1.33 g,
9.65 mmol), Nal (724 mg, 4.83 mmol) and 3-chloro-2-methyl-1-propene (0.94 mL, 9.65 mmol), and the
reaction mixture was stirred at 80 °C for 17 h. The reaction was quenched with H,O, extracted with AcOEFt,

dried over NaySOs, filtered, and concentrated in vacuo. Purification by flash column chromatography
afforded S11 (1.2 g, 79%).

S11 to S12: To a stirred solution of S11 (1.2 g, 3.83 mmol) in THF (12 mL) was added 3N HCI (1.5 mL,
4.5 mmol) at rt, and the reaction mixture was stirred at 60 °C for 3 h. The reaction was quenched with H,O,
extracted with AcOEt, dried over Na,SOy, filtered, and concentrated in vacuo. Purification by flash column
chromatography afforded crude S12 (864 mg) and S11 (223 mg, 19%).

S12 to 145b: Same as general procedure (S1 to S4).

N-(2-(((tert-butyldimethylsilyl)oxy)imino)ethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide
(145b)
"H-NMR (CDCls, 400 MHz) &: 0.11 (s, 3H), 0.13 (s, 3H), 0.90 (s, 9H), 1.69 (s, 1.5H), 1.75
(s, 1.5H), 2.43 (s, 3H), 3.68 (s, 1H), 3.69 (s, 1H), 3.85 (d, 1H, J=6.0 Hz), 4.03 (d, IH, J=
ll\lOTBS 3.6 Hz), 4.86 (s, 1H), 4.93 (s, 1H), 6.74 (t, 0.5H, J = 4.0 Hz), 7.28-7.33 (m, 2.5H), 7.69 (d,
(E/z=11)  2H, J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) &: -5.5, -5.5, 17.9, 19.7, 21.4, 25.8, 25.8,
42.5,45.5,53.7,55.2,115.0, 115.5, 127.1, 129.7, 129.8, 135.8, 136.4, 139.3, 139.3, 143 .4,
143.6, 149.9, 152.1; IR (ATR) v: 2929, 1739, 1350, 1249, 1160, 912, 754 cm™'; HRMS (ESI) Calcd for
Ci9H3,N,NaO3SSi  [M+Na] " 419.1801, found 419.1791; colorless oil (250 mg, 32%).

TsN

Synthesis of 145¢

Cl
Me (2 eq.) Me Me Me

@O K2CO3 (2 eq.) @O 30% (3 steps from $13) @N/OAC
- >

acetone (0.3 M)
s13 60°C,18h s14 Me 145¢ Me

S13 to S14: To a stirred solution of S13 (1.0 mL, 8.3 mmol) in acetone (28 mL) was added KoCO; (2.3 g,
16.6 mmol), KI (2.8 g, 16.6 mmol) and 3-chloro-2-methyl-1-propene (1.6 mL, 16.6 mmol), and the
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reaction mixture was stirred at 60 °C for 18 h. The reaction was quenched with H»O, extracted with AcOEt,
dried over Na SOy, filtered, and concentrated in vacuo. Purification by flash column chromatography
afforded S14 (1.11 g, 75%) and S13 (283 mg, 25%) as an inseparable mixture. (*You should use excess

amount of 3-chloro-2-methyl-1-propene)

S14 to 145¢: Same as general procedure (S1 to S3).

(E)-1-(2-((2-methylallyl)oxy)phenyl)ethan-1-one O-acetyl oxime (145c)
Me '"H-NMR (CDCls, 400 MHz) &: 1.81 (s, 3H), 2.25 (s, 3H), 2.37 (s, 3H), 4.46 (s, 2H),
@N/OAC 4.99 (s, 1H), 5.06 (s, 1H), 6.89 (d, 1H, J = 8.4 Hz), 6.96 (dd, 1H, J = 7.2, 7.2 Hz),
o 7.33-7.40 (m, 2H); *C-NMR (CDCls, 100 MHz) &: 17.5, 19.4, 19.8, 71.9, 112.0, 112.8,
Me  120.7, 125.3, 129.9, 131.1, 140.2, 156.6, 164.7, 168.9; IR (ATR) v: 2980, 1752, 1120
cm’!'; HRMS (ESI) Caled for C14H;7NNaOs , [M+Na] * 270.1106, found 270.1115; yellow oil (93.7 mg,
30%)

Synthesis of 145d, f, g
RO.C. (7

H,NOH-HCI NEt; (1.2 eq.) RO,C 0
? (Feq) NOH AcCl (12 6q)) NOAC R0, $18 (1 eq.) "\ Ron 145(%)
= —_— = Et 2 145d(76)
Ph H,O/MeOH Ph THF (0.2M)  Ph NaH (1.2 eq.) RO,C Et 1 145f(78)

Cl (178, 0.4 M) clm2h $17 | THF (0.2 M) Ph

s15 r17h s16  54% (2steps) (1.2eq) rt,2h 145 NOAc Bn 1 1459 (87)

S15 to S16: To a slurry of phenacyl chloride (3.0 g, 19.4 mmol) and hydroxylamine hydrochloride (4.02 g,
58.2 mmol) in 5 mL of water was added with stirring portionwise methanol (40 mL) to yield a clear
solution. The clear solution was stirred for 17 h at room temperature and was added cold water, whereupon
an orange solid precipitated out. The oxime product was filtered out, washed several times with water, and

dried under reduced pressure gave crude S16 which was used in the next step without further purification.

S16 to S17: To a solution of crude S16 in THF (116 mL), NEt; (3.3 mL, 23.3 mmol) and AcCI (1.7 mL,
23.3 mmol) was added at 0 °C, and the mixture was stirred for 2 h at rt. Then, the mixture was diluted with
H>O and the aqueous layer was extracted with AcOEt. The combined organic layers were washed with
brine, dried over Na>SQs, filtered, and concentrated on a rotary evaporator gave crude S17 which was

purified by column chromatography (2.2 g, 54%, 2 steps).

S17 to 145: To a solution of S18 (1.0 eq.) in THF (0.2 M for S18) was added 60% sodium hydride (1.2 eq.)
at 0 °C and the mixture was stirred at room temperature for 30 minutes. S17 (1.2 eq.) was then added and
the mixture was stirred for 2 h. Water was added and the mixture was diluted with ethyl acetate. The layers
were separated and the organic layer was washed with water and brine, dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The crude product was purified by silica gel column chromatography

to afford the corresponding 145.
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diethyl 2-(2-(acetoxyimino)-2-phenylethyl)-2-(3-methylbut-3-en-1-yl)malonate (145d)

EtO,C 'H-NMR (CDCl;, 400 MHz) &: 1.17 (t, 6H, J = 6.8 Hz), 1.63 (s, 0.52H), 1.67 (s, 2.48H),
AN 1.82-2.31 (m, 7H), 3.39 (s, 1.66H), 3.57 (s, 0.34H), 3.80-4.20 (m, 4H), 4.58 (s, 0.17H),
2
Ph 4.61 (s, 0.17H), 4.64 (s, 1.83H), 4.68 (s, 1.83H), 7.29-7.82 (m, 5H); 3C-NMR (CDCl;,
NOAc

100 MHz) &: 13.8, 19.5, 22.2, 30.4, 32.0, 37.3, 56.0, 61.4, 110.5, 127.7, 127.9, 129.7,
132.2, 144.5, 162.4, 168.4, 170.1; IR (ATR) v: 2982, 1728, 1183, 903, 697 cm’;
HRMS (ESI) Calcd for C22H20NNaOg , [M+Na] © 426.1893, found 426.1902; yellow oil (404.0 mg, 76%).

(E/Z=4.811)

diethyl 2-(2-(acetoxyimino)-2-phenylethyl)-2-(2-methylallyl)malonate (145f)
IH-NMR (CDCls, 400 MHz) &: 1.13 (t, 0.9H, J = 6.8 Hz), 1.22 (t, 5.1H, J = 6.8 Hz), 1.62
Ve (5, 0.45H), 1.65 (s, 2.55H), 2.02 (s, 2.55H), 2.21 (s, 0.45H), 2.65 (s, 0.3H), 2.97 (s, 1.7H),
Etgﬁc 3.35 (s, 1.7H), 3.61 (s. 0.3H), 3.86-4.18 (m, 4H), 4.72 (s, 0.15H), 4.80 (s, 0.85H), 4.85 (s,
NoAc  0.15H), 4.88 (s, 0.85H), 7.28-7.59 (m, 5H); 3*C-NMR (CDCl;, 100 MHz) &: 13.7, 19.6,
(E/Z=5.711)  23.0,37.6,39.6, 55.4, 61.5, 116.0, 127.3, 128.0, 129.5, 132.9, 140.6, 162.5, 168.6, 170.3;
IR (ATR) v: 2981, 1770, 1732, 1202, 760 cnr'; HRMS (ESI) Caled for C21H27NNaOs . [M+Na] * 412.1736,

found 412.1725; yellow oil (284.2 mg, 78%).

EtO,C,

dibenzyl 2-(2-(acetoxyimino)-2-phenylethyl)-2-(2-methylallyl)malonate (145g)
"H-NMR (CDCl3, 400 MHz) &: 1.56 (s, 3H), 1.98 (s, 2.17H), 2.17 (s, 0.83H), 2.69 (s,

BnO,C
’ Me 0.56H), 3.03 (s, 1.44H), 3.37 (s, 1.44H), 3.68 (s, 0.56H), 4.58-5.06 (m, 6H), 7.11-7.55 (m,
B”P?hzc 15H); 3C-NMR (CDCls, 100 MHz) &: 14.1, 19.5, 20.9, 22.9, 23.8, 31.3, 37.7, 39.8, 40.9,

NOAc  55.5,56.0, 60.2, 67.3, 67.3, 113.8, 116.2, 127.3, 128.0, 128.1, 128.1, 128.3, 129.5, 130.2,

(E2=2810) 1327, 134.1, 134.6, 135.1, 140.3, 140.4, 162.0, 163.5, 168.7, 169.8, 169.9; IR (ATR) v:
2943, 1730, 1194, 903, 736 cm'; HRMS (ESI) Caled for C3iH3INNaOg . [M+Na] * 536.2049, found
536.2049; yellow oil (504.5 mg, 87%).

Synthesis of 145¢
Br” “CO,Et TN MeNHOMe-*HCI (2 eq.) Me TsN
TSN /Y (2eq.) £ /Y iPrMgCl (4 eq.) lll /Y
M K,COs (2 eq.) THF 05M), i, 2h  MeO” j‘)
s19 Acetone (0.2 M) 0 s20 82% (2steps) e} s21
55°C, 18 h

MeMgBr (3 eq.) \’T;N /Y 63% (3 steps from 821) @ /Y

THF (0.2 M), rt, 2 h
NOTBS 145e

S19 to S20: To a stirred solution of S19 (1.0 g, 4.44 mmol) in acetone (22 mL) was added K,COs (1.23 g,
8.88 mmol), ethyl bromoacetate (0.98 mL, 8.88 mmol) and the reaction mixture was stirred at 55 °C for 18
h. The reaction was quenched with H»O, extracted with AcOEt, dried over Na;SOs, filtered, and

concentrated in vacuo. Short column chromatography gave crude S20.

S20 to S21: To a solution of crude S20 and MeNHOMe+*HCI (866 mg, 8.88 mmol) in THF (9 mL) was
added iPrMgClI (2.0 M in THF, 8.9 mL, 17.8 mmol) at -20 °C and the mixture was stirred at room
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temperature for 2 h. Sat. NH4Cl aq. was added and the mixture was diluted with ethyl acetate. The layers
were separated and the organic layer was washed with water and brine, dried over anhydrous Na,SO4 and
concentrated under reduced pressure. The crude product was purified by silica gel column chromatography

to afford the corresponding S21 as a yellow oil (1.19 g, 82%, 2 steps).

S21 to S22: To a solution of S21 (136.4 mg, 0.42 mmol) in THF (2 mL) was added MeMgBr (3.0 M in
Et,0, 0.42 mL, 1.3 mmol) at 0 °C and the mixture was stirred at room temperature for 2 h. Sat. NH4Cl aq.
was added and the mixture was diluted with ethyl acetate. The layers were separated and the organic layer
was washed with water and brine, dried over anhydrous Na>SO4 and concentrated under reduced pressure.

The crude S22 was used in the next step without further purification.
S22 to 145e: Same as general procedure (S1 to S4). (108.2 mg, 63%, 3 steps)

N-(2-(((tert-butyldimethylsilyl)oxy)imino)propyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide
(145e)
TsN/\]/ '"H-NMR (CDCls, 400 MHz) &: 0.13 (s, 5.3H), (s, 0.7H), 0.90 (s, 1.1H), 0.91 (s, 7.9H),
Me Me 1.65 (s, 2.6H), 1.68 (s, 0.4H), 1.84 (s, 2.6H), 1.92 (s, 0.4H), 2.43 (s, 2.6H), 2.44 (s,
NOTBS 0.4H), 3.62 (s, 0.2H), 3.64 (s, 1.8H), 3.78 (s, 1.8H), 4.04 (s, 0.2H), 4.76 (s. 0.1H), 4.80
(E/z=117.3) (s, 0.9H), 4.87 (s, 1H), 7.29 (d, 2H, J = 8.0 Hz), 7.69(d, 2H, J = 8.0 Hz); *C-NMR
(CDCls, 100 MHz) &: -5.3, 12.3, 18.0, 20.0, 21.5, 26.0, 51.9, 54.3, 114.8, 127.3, 129.6, 136.2, 139.7, 143.3,
157.7; IR (ATR) v: 2928, 1342, 1160, 916, 777, 655 cm'; HRMS (ESI) Calcd for CzoH34N2NaOsSi |
[M+Na]*433.1957, found 433.1953; colorless oil

Synthesis of 145h
OH TsNHBoc

(1eq.) Ko,CO3 (6 eq.) Br
PPh; (2 eq.) TsN MeOH (0.1 M) TsN (2ea)o eq)
OVMEAD . Boc S0c2on . N \’H — 145h

DMEAD 60 °C, 20 h K2003 (2 eq.)

2 oo S TR e gy 0on
12eq. :
(1:2ed) 5 16 h, 60%

S23 to S24: To a stirred solution of S23 (469 mg, 4.8 mmol), TsNHBoc (1.08 g, 4.0 mmol), PPh3 (2.1 g,
8.0 mmol) in THF (20 mL) was added DMEAD (1.9 g, 8.0 mmol) at 0 °C, and the reaction mixture was
stirred for 3 h at rt. Then, the reaction mixture was concentrated in vacuo. Short column chromatography

gave crude S24 which was used in the next step without further purification.

S24 to S25: To a stirred solution of crude S24 in MeOH (40 mL) was added K,COs (3.3 g, 24 mmol) and
the reaction mixture was stirred for 20 h at 60 °C. Water was added and the mixture was diluted with ethyl
acetate. The layers were separated and the organic layer was washed with water and brine, dried over
anhydrous Na;SO4 and concentrated under reduced pressure. The crude product was purified by silica gel

column chromatography to afford S25 (790 mg, 79%, 2 steps).
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S25 to S26: To a stirred solution of S25 (385 mg, 1.53 mmol) in acetone (5 mL) was added K>COs3 (422
mg, 3.06 mmol), phenayl bromide (366 mg, 1.84 mmol) and the reaction mixture was stirred at 50 ° for 16
h. The reaction was quenched with H»O, extracted with AcOEt, dried over Na;SQs, filtered, and
concentrated in vacuo. Purification by flash column chromatography afforded S26 as an orange oil (338.8
g, 60%).

S26 to 145h: Same as general procedure (S1 to S3). (350 mg, 89%, 2 steps)

N-(2-(acetoxyimino)-2-phenylethyl)-N-(cyclopent-1-en-1-ylmethyl)-4-methylbenzenesulfonamide
(145 h)
TsN/\[> 'H-NMR (CDCl3, 400 MHz) §8: 1.58-2.47 (m, 12H), 3.62 (s. 1.58H), 3.73 (s, 0.42H),
Ph 4.32 (s, 0.42H), 4.55 (s, 1.58H), 5.39 (s, 0.79H), 5.47 (s, 0.21H), 7.28-7.72 (m, 9H);
NOAc BC-NMR (CDCl3, 100 MHz) &: 19.7, 21.4,22.9, 32.2, 32.9, 49.6, 127.3, 127.9, 128.2,
(E/Z=113.8) 129.6, 130.5, 130.5, 132.1, 135.2, 138.0, 143.7, 161.4, 168.7; IR (ATR) v: 2923, 1708,
1358, 1220, 1160, 662 cm™'; HRMS (ESI) Caled for Ca3Ha¢NoNaO4Si | [M+Na] © 449.1511, found
449.1500; yellow oil

O-benzoyl-N-(4,4-dimethyl-3-phenyl-1-tosylpyrrolidin-3-yl)hydroxylamine (143c)
"H-NMR (CDCls, 400 MHz) &: 0.70 (s, 3H), 1.10 (s, 3H), 2.28 (s, 3H), 3.37 (d, 1H, J =
TsN/\:'\/ 9.2 Hz), 3.46 (d, 1H, J=9.2 Hz), 3.94 (d, 1H, J=11.2 Hz), 4.21 (d, 1H, J=11.2 Hz),
NHOBZ 5 17 (d, 2H, J = 8.4 Hz), 7.28-7.38 (m, 7H), 7.53 (dd, 1H, J = 7.2, 7.2 Hz), 7.64 (d, 2H,
J=84Hz),7.76 (d, 2H, J = 7.6 Hz), 7.92 (s, 1H); *C-NMR (CDCls, 100 MHz) &: 19.6, 21.4, 24.9, 44.8,
53.1, 60.0, 72.8, 126.5, 127.4, 127.8, 128.3, 128.4, 129.0, 129.6, 133.3, 143.5, 165.5; IR (ATR) v: 2924,
1718, 1343, 1157, 705 cm’'; HRMS (ESI) Calcd for CcHzsN>NaO3Si | [M+Na] * 487.1662, found

487.1160; colorless solid (20.9 mg, 35%).

O-(tert-butyldimethylsilyl)-N-(4,4-dimethyl-3-phenyl-1-tosylpyrrolidin-3-yl)hydroxylamine (143d)
"H-NMR (CDCl3, 400 MHz) &: -0.21 (s, 3H), -0.09 (s, 3H), 0.46 (s, 3H), 0.71 (s, 9H),
Ts”(:i\/ 1.05 (s, 3H), 2.43 (s, 3H), 3.26 (d, 1H, J= 9.6 Hz), 3.30 (d, 1H, J = 9.6 Hz), 3.87 (d,
NHOTES 1H, J=10.0 Hz), 4.19 (d, 1H, J=10.0 Hz), 4.97 (brs, 1H), 7.19-7.30 (m, 5H), 7.33 (d,
2H, J = 8.0 Hz), 7.79 (d, 2H, J = 8.0 Hz); *C-NMR (CDCls, 100 MHz) &: -5.53, -5.45, 17.8, 19.6, 21.5,
25.6,25.9,44.0,51.2,59.9,73.5,127.1, 127.3, 127.5, 127.6, 129.7, 134.5, 138.4, 143.4; IR (ATR) v: 2926,
1713, 1345, 1158, 1092, 826 cm’'; HRMS (ESI) Calcd for C2sH3sN2NaO3Si | [M+Na] * 497.2270, found

497.2257; colorless solid (23.7 mg, 60%).

0O-acetyl-N-(4,4-dimethyl-3-phenyl-1-tosylpyrrolidin-3-yl)hydroxylamine (143e)
"H-NMR (CDCls, 400 MHz) &: 0.58 (s, 3H), 1.04 (s, 3H), 1.80 (s, 3H), 2.44 (s, 3H),
TSN/\:I\/ 3.28 (d, 1H, J=9.6 Hz), 3.40 (d, 1H, J=9.6 Hz), 3.83 (d, 1H, J=11.2 Hz), 4.08 (d, 1H,
p,NHOAC  J=11.2 Hz), 7.25-7.31 (m, 4H), 7.33 (d, 2H, J = 8.0 Hz), 7.79-7.81 (m, 3H); *C-NMR
(CDCl3, 100 MHz) o: 18.8, 19.7, 21.5, 24.7, 44.6, 53.1, 59.8, 72.4, 126.5, 127.4, 127.7,
128.2, 129.5, 134.2, 136.9, 143.5, 169.7; IR (ATR) v: 2969, 1739, 1343, 1220, 1157, 813 cm’'; HRMS
(ESI) Calcd for C21H26N2NaO4Si  [M+Na]* 425.1511, found 425.1504; colorless solid (32.8 mg, 61%).
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O-(tert-butyldimethylsilyl)-N-(3,4,4-trimethyl-1-tosylpyrrolidin-3-yl)hydroxylamine (146e)
"H-NMR (CDCls, 400 MHz) &: -0.02 (s, 3H), 0.02 (s, 3H), 0.78 (s, 3H), 0.84 (s, 3H),
TSN\/:I\/ 0.87 (s, 3H), 0.96 (s, 3H), 2.42 (s, 3H), 3.04 (d, 1H, J=10.8 Hz), 3.16 (brs, 2H), 3.64
NHOTBS 4, 1H, J = 10.8 Hz), 4.42 (brs, 1H), 7.30 (d, 2H, J = 7.6 Hz), 7.72 (d, 2H, J = 7.6 Hz);
BC-NMR (CDCl3, 100 MHz) &: -5.6, -5.5, 16.0, 17.9, 19.1, 21.5, 24.3, 26.1, 43.0, 54.2, 59.9, 68.1, 127.3,
129.6, 134.4, 143.2; IR (ATR) v: 2952, 1542, 1344, 1158, 1094, 665 cm’!; HRMS (ESI) Calcd for
C20H36N>NaO3SSi | [M+Na] * 435.2114, found 435.2107; yellow oil (25.7 mg, 66%).

diethyl 3-(acetoxyamino)-4,4-dimethyl-3-phenylcyclopentane-1,1-dicarboxylate (146f)

E10,C '"H-NMR (CDCls, 400 MHz) &: 0.66 (s, 3H), 1.15 (s, 3H), 1.28 (t, 6H, J = 7.2 Hz),
X 1.79 (s, 3H), 2.17 (d, IH, J= 14.4 Hz), 2.91 (d, IH, J= 14.4 Hz), 3.06 (d, IH, J=

PO 4 4 Hy), 335 (d, TH, J = 14.4 Hz), 4.16-4.32 (m, 4H), 7.24-7.40 (m, SH), 8.09 (brs,

1H); 3C-NMR (CDCls, 100 MHz) &: 14.0, 18.9, 21.4, 27.4, 39.3, 45.7, 47.4, 56.7, 61.5, 61.7, 74.6, 126.5,

127.1, 127.9, 138.8, 169.8, 172.1, 173.0; IR (ATR) v: 2980, 1730, 1369, 1238, 1044, 700 cm’'; HRMS

(ESI) Calcd for C21H290NNaOg ,[M+Na] * 414.1893, found 414.1906; orange oil (57.5 mg, 96%).

EtO,C

dibenzyl 3-(acetoxyamino)-4,4-dimethyl-3-phenylcyclopentane-1,1-dicarboxylate (146g)
BnO,C "H-NMR (CDCl3, 400 MHz) 6: 0.63 (s, 3H), 1.13 (s, 3H), 1.64 (s, 3H), 2.18 (d, 1H,
X J=14.4Hz),2.97 (d, IH, J= 144 Hz), 3.11 (d, IH, J= 144 Hz), 3.37 (d, 1H, J=
PhNOA 14,4 Hy), 5.06-5.20 (m, 4H), 7.24-7.36 (m, 15H), 8.14 (s, 1H)); *C-NMR (CDCl;,
100 MHz) 6: 18.8, 21.4, 27.5, 39.5, 45.6, 47.5, 56.9, 67.3, 67.4, 74.7, 126.4, 127.1, 127.9, 127.9, 128.0,
128.0, 128.2, 128.4, 128.5, 135.4, 135.8, 138.6, 169.9, 171.8, 172.7; IR (ATR) v: 2969, 1731, 1239, 698
cm'; HRMS (ESI) Caled for C3iH33NNaOg , [M+Na] * 538.2206, found 538.2193; yellow oil (69.2 mg,
83%).

BnO,C

Sytnhesis of 147
NaH (4 eq.) TsHN COQMe
Ph3PMeBr (2eq.) (2 eq ) 35 (1 2eq.)
THF (0.25 M) cho3 (2 eq. ) ch:o3 (2.4 eq.)
rt, 8 h MeCN (0.3 M) MeCN (0.3 M)
80°C, 14 h Br 80°C, 6 h, quant.

62% (2 steps)

NaOH (6 6q) HNMe(?Me-HC)I (1.3 eq.)
MeO.,C a eq. HO.C DMAP (1.3 eq.
€2 ™ H:O/MeOH (113,02 M) _ N NEt (13eq) X
AA~NTs 60°C, 2h, 88% AN A
0 2, 0 EtN=C=N NMe,

S30 S31 CH.Cl, (0.2 M)  S32
rt, 16 h, quant. (1.3 eq)

@)
Me MeMgBr (3 eq.) 81%
Me N""" THF (0.2 THF(0.2M) Me (3 steps from $33)
| > 147
/\/\/NTS OMe (¢, 1h /\/\/NTS

S27 to S28: To a suspension of NaH (3.4 g, 84 mmol) in THF (84 mL) was added PhsPMeBr in one
portion (15 g, 42 mmol) at 0 °C, and the resulting mixture was stirred at rt for 1 h. Then, S27 (2.5 mL, 21

S33

mmol) was added at 60 °C, and the mixture was stirred 8 h at rt. Water was added and the aqueous phase
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was extracted with AcOEt. The organic phase was dried over Na,SOs, filtered and concentrated. The

compound was purified by short column chromatography to give crude S28 (2.13 g).

S29 to S30: To a stirred solution of S29 (753 mg, 2.1 mmol) in MeCN (7 mL) was added KoCOs3 (696 mg,
5.1 mmol), and S35 (613 mg, 2.5 mmol), and the reaction mixture was stirred at 80 °C for 6 h. The
reaction was quenched with H»O, extracted with AcOEt, dried over Na,;SOs, filtered, and concentrated in

vacuo. Purification by flash column chromatography afforded S30 (1.1 g, quant.).

S30 to S31: To a solution of S30 (1.1 g, 2.1 mmol) in MeOH (9 mL) was added H,O (3 mL) and NaOH
(504 mg, 12.6 mmol) at rt, and the reaction mixture was stirred at 60 °C for 2 h. The reaction was
quenched with 1 N HCI, extracted with CH,Cl,, dried over Na,SQs, filtered, and concentrated in vacuo.
Purification by flash column chromatography afforded S31 (937.2 mg, 88%).

S31 to S33: To a stirred solution of S31 (83 mg, 0.2 mmol), HNMeOMe*HCI (25 mg, 0.26 mmol), DMAP
(32 mg, 0.26 mmol) and NEt3 (36 pL, 0.26 mmol) in CH>Cl, (1 mL) was added S32 (50 mg, 0.26 mmol) at
0 °C and the reaction mixture was stirred at rt for 6 h. The reaction was quenched with 1N HCI, extracted
with CH2Cl,, dried over NaxSOs, filtered, and concentrated in vacuo. Purification by flash column

chromatography afforded S33 (91.7 mg, quant.).

S33 to S34: To a solution of S33 (91.7 mg, 0.2 mmol) in THF (1 mL) was added MeMgBr (3.0 M in Et,0,
0.2 mL, 0.6 mmol) at 0 °C and the mixture was stirred at room temperature for 1 h. Sat. NH4Cl aq. was
added and the mixture was diluted with ethyl acetate. The layers were separated and the organic layer was
washed with water and brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The

crude S34 was used in the next step without further purification.
S34 to 147: Same as general procedure (S1 to S3). (40.0 mg, 81%, 3 steps)

N-(2-(acetoxyimino)propyl)-4-methyl-N-((E)-4-(2-(prop-1-en-2-yl)phenoxy)but-2-en-1-yl)benzenesulf
onamide (147)

NOAc 'H-NMR (CDCls, 400 MHz) &: 2.06 (s, 3H), 2.08 (s, 3H), 2.11 (s, 3H), 2.41

d‘\ HLMe (s, 3H), 3.75 (d, 2H, J = 6.8 Hz), 3.91 (s, 2H), 4.44 (d, 2H, J=4.0 Hz), 5.03

oSNNS (s, 1H), 5.12 (s, 1H), 5.58-5.64 (m, 1H), 5.78-5.84 (m, 1H), 6.76 (d, 1H, J =

8.4 Hz), 6.92 (dd, 1H, J=17.6, 7.6 Hz), 7.19 (d, 2H, J=7.2 Hz), 7.29 (d, 2H,

J = 8.0 Hz), 7.66 (d, 2H, J = 8.4 Hz); 3*C-NMR (CDCls, 100 MHz) &: 13.9,

19.4, 21.5, 23.2, 50.2, 51.4, 67.5, 112.1, 115.1, 120.9, 125.8, 127.2, 128.2, 129.5, 129.8, 129.9, 131.2,

132.9, 135.4, 143.9, 155.2, 162.8, 168.2; IR (ATR) v: 2920, 1772, 1343, 1201, 1162, 758 cm’'; HRMS
(ESI) Calcd for C2sH30N2NaOsS  [M+Na]*493.1773, found 493.1773; yellow oil

(E or Z, single isomer)
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Synthesis of 149

TsNHBoc (1.2 eq.)
PPh; (2 eq.) -Boc K,COj3 (6 eq.)

OH TsN NHTs
DMEAD (2 eq.) MeOH (0.1 M)
_—
THF (0.5 M) 60 °C, 17 h
s35 . 2h s36 83% (2 steps) S37
Br Ph ol NOTBS
2 . [)
(2eq.)0 Ph 77% (2 steps) Ph
K2CO3(2eq.)  TsN TsN
acetone (0.3 M)
rt, 16 h, 93% S38 149

S35 to S36: To a stirred solution of S35 (178 mg, 1.59 mmol), TsNHBoc (517 mg, 1.91 mmol), PPhs (833
mg, 3.18 mmol) in THF (10 mL) was added DMEAD (744 mg, 3.18 mmol) at 0 °C, and the reaction
mixture was stirred for 2 h at rt. Then, the reaction mixture was concentrated in vacuo. Short column

chromatography gave crude S36 which was used in the next step without further purification.

S36 to S37: To a stirred solution of crude S36 in MeOH (16 mL) was added K>CO3 (1.36 g, 9.86 mmol)
and the reaction mixture was stirred for 17 h at 60 °C. Water was added and the mixture was diluted with
ethyl acetate. The layers were separated and the organic layer was washed with water and brine, dried over
anhydrous Na,SO4 and concentrated under reduced pressure. The crude product was purified by silica gel

column chromatography to afford S37 (420 mg, 83%, 2 steps).

S37 to S38: To a stirred solution of S37 (420 mg, 1.58 mmol) in acetone (5 mL) was added K>COs3 (437
mg, 3.17 mmol), phenayl bromide (630 mg, 3.17 mmol) and the reaction mixture was stirred at 50 ° for 16
h. The reaction was quenched with H»O, extracted with AcOEt, dried over Na,SO, filtered, and
concentrated in vacuo. Purification by flash column chromatography afforded S38 as a yellow solid (562.5
mg, 93%).

S38 to 149 Same as general procedure (S1 to S4). (94.3 mg, 77%, 2 steps)

N-(2-(((tert-butyldimethylsilyl)oxy)imino)-2-phenylethyl)-4-methyl-N-((2-(prop-1-en-2-yl)cyclopropy
I)methyl)benzenesulfonamide (149)

NOTBS 'H-NMR (CDCl3, 400 MHz) : 0.18 (s, 6H), 0.34-1.38 (m, 1H), 0.48-0.52 (m, 1H),
Ph 0.92 (s, 9H), 0.93-0.99 (m, 1H), 1.07-1.13 (m, 1H), 1.40 (s, 3H), 2.42 (s, 3H), 2.85
ToN (dd, 1H, J = 14.4, 6.8 Hz), 2.93 (dd, 1H, J= 14.4, 6.8 Hz), 4.45 (s, 1H), 4.52 (s, 1H),

(Eor Z, single isomer)  4.60 (d, 1H, J = 13.2 Hz), 4.61 (d, 1H, J = 13.2 Hz), 7.27 (d, 2H, J = 8.0 Hz),
7.31-7.40 (m, 3H), 7.64 (d, 2H, J = 8.0 Hz), 7.72-7.81 (m, 2H); *C-NMR (CDCls, 100 MHz) &: -5.2, 11.6,
17.6, 18.1, 20.3, 21.5, 24.7, 26.0, 41.5, 52.6, 108.5, 127.0, 127.4, 128.3, 129.3, 129.6, 134.0, 135.8, 143.3,
144.8, 157.3; IR (ATR) v: 2928, 1737, 1342, 1158, 936 cm™'; HRMS (ESI) Calcd for C2sH4N2NaO3SSi |
[M+Na] * 535.2427, found 535.2431; colorless solid
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(E)-1-phenylethan-1-one O-acetyl oxime (152)
N-OAC  (CAS-Reg# 1257846-17-5); 'H-NMR (CDCls, 400 MHz) &: 2.27 (s, 3H), 2.39 (s, 3H),

L 7.38-7.47 (m, 3H), 7.74 (d, 2H, J = 8.4 Hz)

Ph Me

bis(methylsulfonyl)methanone O-benzyl oxime (154)

N-OBn (CAS-Regt# 192139-47-2); 'TH-NMR (CDCl;, 400 MHz) &: 3.21 (s, 3H), 3.30 (s, 3H),
veo, S)l\ some 530 (52H), 7.38-7.41 (m, 5H)
diethyl 2-allyl-2-(cyanomethyl)malonate (156)
/  (CAS-Reg# 217822-81-6)
'"H-NMR (CDCls, 400 MHz) &8: 1.22-1.31 (m, 6H), 2.83-2.85 (m, 2H), 2.90-2.92 (m, 2H),
4.23-4.29 (m, 4H), 5.23-5.30 (m, 2H), 5.58-5.65 (m, 1H)

Et0,C

Et0,C “—CN

diethyl 2-(cyanomethyl)-2-(2-oxopropyl)malonate (158)
'"H-NMR (CDCl3, 400 MHz) &: 1.28 (t, 6H, J = 7.2 Hz), 2.23 (s, 3H), 3.26 (s, 2H), 3.37 (s,
EtOZC>C<O 2H), 4.24 (g, 2H, J = 7.2 Hz); BC-NMR (CDCls, 100 MHz) 5:13.8, 21.8, 30.0, 45.4, 52.8,
EtO,C —CN 628, 116.7, 167.6, 204.8; IR (ATR) v: 2983, 1732, 1196 cm™'; HRMS (ESI) Calcd for
C12H17NNaOs, [M+Na] * 278.1004, found 278.1000; yellow oil (36 mg, 10%).

diethyl 3-hydroxy-3-methyl-4-oxocyclopentane-1,1-dicarboxylate (159)

Et0,C on (CAS-Reg# 914657-10-6)
2 ><i 1.28 (t, 6H, J = 6.8 Hz), 1.30 (s, 3H), 2.50 (d, 1H, J = 14.8 Hz), 2.62 (brs, 1H), 2.74 (d,

EtO,C
’ ©  H,J=14.8Hz),2.92 (d, 1H, J= 19.2 Hz), 3.09 (d, 1H, J = 19.2 Hz), 4.24 (q, 4H, J =
6.8 Hz); (21.4 mg, 20%)

N-allyl-N-(cyanomethyl)-4-methylbenzenesulfonamide (162a)
/_// (CAS-Reg#t 709650-90-8)

'"H-NMR (CDCls, 400 MHz) &: 2.46 (s,3H), 3.81 (d, 2H, J= 7.2 Hz), 4.22 (s, 2H), 5.34 (d, 2H,
“cN J=96 Hz), 5.36 (d, 1H, J= 16.8 Hz), 5.72 (ddt (1H, J = 16.8, 9.6, 7.2 Hz), 7.37 (d, 2H, J =
8.4 Hz), 7.73 (d, 2H, J = 8.4 Hz)

TsN

2-phenylhex-5-enenitrile (162a)
/  (CAS-Reg# 61559-26-0)
'"H-NMR (CDCl3, 400 MHz) &: 1.81-2.10 (m, 2H), 2.12-2.28 (m, 2H), 3.80 (dd, 1H, J= 8.8 Hz,

CN' 6.4 Hz), 4.93-5.13 (m, 2H), 5.61-5.83 (m, 1H), 7.27-7.45 (m, SH)

Ph

2,2-diphenylhex-5-enenitrile (162c)
/ (CAS-Reg# 171819-23-1)
'H-NMR (CDCl3, 400 MHz) &: 2.17-2.21 (m, 2H), 2.46-2.49 (m, 2H), 5.01 (dd, 1H, J=11.2,
Ph——CN 1.2 Hz, 1H), 5.06 (dd, 1H, J = 17.2, 1.6 Hz, 1H), 5.78-5.86 (m, 1H), 7.297.32 (m, 2H),
P 7.36-7.41 (m, 8H).
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2-allylbenzonitrile (162d)
- (CAS-Regt 61463-61-4)
'"H-NMR (CDCls, 400 MHz) &: 3.53 (d, 2H, J = 6.0 Hz), 5.06 (dd, 1H, J = 17.2, 2.0 Hz),
N 5.08 (dd, 1H, J=10.0, 2.0 Hz), 5.88 (ddt, 1H, J=17.2, 10.0, 6.0 Hz), 7.24-7.56 (m, 4H)

2-vinylbenzonitrile (162e¢)

@\ (CAS-Reg# 656807-25-9)
on  'H-NMR (CDCls, 400 MHz) 8: 3.76 (s, 2H), 5.43 (d, 1H, J = 10.2 Hz), 5.67 (d, 1H, J = 17.6
Hz), 6.84 (dd,1H, J = 17.6, 10.2 Hz), 7.28-7.40 (m, 3H), 7.50 (d, 1H, J = 6.8 Hz)

N-(cyanomethyl)-N-(2-hydroxypropyl)-4-methylbenzenesulfonamide (164a)
'"H-NMR (CDCl3, 400 MHz) &: 1.24 (d, 3H, J = 6.4 Hz), 1.96 (d, 1H, J = 4.0 Hz), 2.45 (s,
TSNK/C:OG 3H), 3.08 (dd, 1H, J = 14.4, 8.0 Hz), 3.23 (dd, 1H, J= 14.4, 2.0 Hz), 4.03-4.16 (m, 1H), 4.39
(d, 1H, J=18.4 Hz), 4.50 (d, 1H, J=18.4 Hz), 7.37 (d, 2H, /= 8.4 Hz), 7.73 (d, 2H, J = 8.4
Hz); BC-NMR (CDCls, 100 MHz) &: 20.9, 21.6, 37.2, 54.1, 67.1, 114.2, 127.5, 130.1, 134.3, 144.8; IR
(ATR) v: 3212, 1549, 1357 cm’'; HRMS (ESI) Calcd for C12Hi6N2NaOsS, [M+Na] * 291.0779, found
291.0775; yellow oil (26.5 mg, 35%).

2-(2-(1-hydroxyethyl)phenyl)acetonitrile (164e)
OH (CAS-Regt# 1897827-29-0)

©i\ 'H-NMR (CDCls, 400 MHz) &: 1.52 (d, 3H, J = 6.4 Hz), 2.10 (brs, 1H), 3.88 (d, 2H, J=2.4
CN' Hz), 5.04 (q, 1H, J= 6.4 Hz), 7.29-7.41 (m, 3H), 7.46 (d, 1H, J= 7.2 Hz); (18.6 mg, 36%)

2-(2-acetylphenyl)acetonitrile (165¢)
o (CAS-Regtt 58422-85-8)
(:i‘/\ "H-NMR (CDCl3, 400 MHz) &: 2.65 (s, 3H), 4.16 (s, 2H), 7.46-7.61 (m, 3H), 7.90 (d, 1H, J
CN' = 7.6 Hz); (21.2 mg, 42%)

N-(2-cyanophenyl)-N-(2-hydroxypropyl)-4-methylbenzenesulfonamide (164f)
CN "H-NMR (CDCl3, 400 MHz) &: 1.17 (d, 3H, J = 6.0 Hz), 2.45 (s, 3H), 3.53-3.61 (m, 2H),
(:[ 3.89 (brs, 1H), 7.23 (d, 1H, J = 7.8 Hz), 7.31 (d, 2H, J = 7.8 Hz), 7.45 (dd, 1H, J="7.8,
%/\é? 7.8 Hz), 7.58-7.61 (m, 3H), 7.67 (d, 1H, J = 7.8 Hz); 3*C-NMR (CDCl3, 100 MHz) &:
20.3, 21.6, 59.2, 66.1, 115.0, 116.6, 128.1, 128.7, 129.9, 130.2, 133.6, 133.8, 134.6,
142.8, 144.5; IR (ATR) v: 3170, 1595, 1488, 1352, 1165 cm™'; HRMS (ESI) Calcd for C7HsN>NaOsS |
[M+Na] * 353.0936, found 353.0948; yellow oil (12.3 mg, 30%).
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FHREDRER

1-(4-isopropyl-2,3,5-trimethoxyphenyl)-5-methylhex-5-en-1-ol (226)
To a solution of Mg (324 mg, 13.35 mmol) and I (2 blocks) in Et2O (3 mL) was

OMe added a solution of 225 (5-bromo-2-methylpent-1-ene, 1.45 g, 8.90 mmol) in
oM
HO © Et;0O (4 mL) slowly at rt, and the mixture was stirred for 1 h at rt. Then the
solution was cool down to 0 °C, and the solution of aldehyde 215 (1.06 g, 4.45
OMe

mmol) in Et,O (7 mL) was added and the solution was stirred for another 4 h at
room temperature. The solution was dissolved in AcOEt, sat. NH4Cl ag. was added and the aqueous phase
was extracted with AcOEt. The combined organic phases were washed with water and sat. sodium chloride
solution and dried over NaaSOs. The solvent was removed in vacuum to leave a crude mixture, which was
filtered through a short silica gel column (eluting with hexane/AcOEt = 10/1) to afford 226 (1.37 g, 96%).

'H-NMR (CDCls, 400 MHz) 8:1.29 (d, 6H, J = 7.2 Hz), 1.45-1.82 (m, 4H), 1.72 (s, 3H), 2.07 (t, 2H, J =
6.8 Hz), 2.29 (d, 1H, J = 5.2 Hz), 3.48 (septet, 1H, J = 7.2 Hz), 3.78 (s, 3H), 3.80 (s, 3H), 3.83 (s, 3H),
4.68 (s, 1H), 4.71 (s, 1H), 4.86-4.97 (m, 1H), 6.60 (s, 1H); '*C-NMR (CDCl;, 100 MHz) &: 21.1, 21.1, 22.2,
24.0, 25.0, 37.5, 37.9, 55.6, 60.5, 60.6, 69.8, 104.1, 109.9, 129.4, 135.2, 144.1, 145.6, 151.3, 154.7; IR
(ATR) v: 3413, 2935, 1741, 1407, 1027 cm™'; HRMS (ESI) Caled for Ci9H30NaOs [M+Na] * 345.2042,
found 345.2038; yellow oil

1-(4-isopropyl-2,3,5-trimethoxyphenyl)-5-methylhex-5-en-1-one (227)
MnO> (102 mg, 1.18 mmol) was added to a stirred solution of 226 (38 mg,
OMe 0.118 mmol) in CH>Cl, (2 mL) at rt, and the solution was stirred for another 70
o OMe  h at 40 °C. The solution was dissolved in CH>Cly, sat. NH4Cl aq. was added and
the aqueous phase was extracted with CH,Cl,. The combined organic phases
OMe were washed with water and sat. sodium chloride solution and dried over
Na;SO4. The solvent was removed in vacuum to leave a crude mixture, which was filtered through a short
silica gel column (eluting with hexane/AcOEt = 20/1) to afford 227 (22.0mg, 65%) and 227 (12.3 mg,
32%)

"H-NMR (CDCls, 400 MHz) &: 1.29 (d, 6H, J = 7.6 Hz), 1.74 (s, 3H), 1.80-1.89 (m, 2H), 2.05-2.12 (m,
2H), 2.96-3.01 (m, 2H), 3.52 (septet, 1H, J = 7.6 Hz), 3.80 (s, 3H), 3.83 (s, 3H), 3.85 (s, 3H), 4.71 (s, 1H),
4.73 (s, 1H); 3C-NMR (CDCls, 100 MHz) &: 20.8, 22.1, 22.2, 25.5, 37.3, 42.6, 55.6, 60.9, 61.1, 105.9,
110.3, 130.5, 135.5, 145.4, 147.1, 152.0, 154.5, 202.1 IR (ATR) v: 2935, 1676, 1403, 1058, 1024, 886
cm'; HRMS (ESI) Caled for CioHasNaO4 [M+Na] *343.1885, found 343.1873; yellow oil

Synthesis of 214

Diethylphosphonoacetic acid methyl ester (0.22 mL, 1.36 mmol) was added to a stirred solution of NaH
(54 mg, 1.36 mmol) in THF (2 mL) at 0 °C, and the solution was stirred for another 30 min at 0 °C. Then
227 (217 mg, 0.68 mmol) in THF (1.4 mL) was added at 0 °C, and the solution was stirred for 18 h at

60 °C. The solution was dissolved in AcOEt, H,O was added and the aqueous phase was extracted with
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AcOEt. The combined organic phases were washed with water and sat. sodium chloride solution and dried
over NaySOj4. The solvent was removed in vacuum to leave a crude mixture, which was filtered through a
short silica gel column (eluting with hexane/AcOEt = 20/1) to afford 214-less (133.6mg, 53%) and
214-more (121.4 mg, 47%)

methyl 3-(4-isopropyl-2,3,5-trimethoxyphenyl)-7-methylocta-2,7-dienoate (214-less polar)
"H-NMR (CDCls, 400 MHz) &: 1.30 (d, 6H, J = 7.2 Hz), 1.53 (tt, 2H, J = 7.2,

OMe 7.2 Hz), 1.66 (s, 3H), 2.05 (t, 2H, J = 7.2 Hz), 3.05 (t, 2H, J = 7.2 Hz), 3.50

P OMe (septet, 1H, J = 7.2 Hz), 3.72 (s, 3H), 3.74 (s, 3H), 3.76 (s, 3H), 3.82 (s, 3H),
Ao 4.62 (s, 1H), 4.67 (s, 1H), 5.90 (s, 1H), 6.35 (s, 1H); PC-NMR (CDCls, 100
OMe MHz) &: 21.1, 22.2, 25.2, 26.5, 31.9, 37.7, 51.0, 55.7, 60.8, 60.9, 106.8, 109.9,

118.8, 130.7, 133.7, 144.4, 145.7, 151.8, 154.2, 160.9, 166.7; IR (ATR) v: 2935, 1687, 1401, 1232, 1110,
1025, 884, 809 cm'; HRMS (ESI) Caled for C2xH3NaOs [M+Na] *399.2147, found 399.2155: yellow oil

methyl 3-(4-isopropyl-2,3,5-trimethoxyphenyl)-7-methylocta-2,7-dienoate (214-more polar)
'H-NMR (CDCls, 400 MHz) &: 1.30 (d, 6H, J = 7.2 Hz), 1.59 (tt, 2H, J = 7.2,
oMe 7.2 Hz), 1.68 (s, 3H), 2.05 (t, 2H, J = 7.2 Hz), 2.43 (t, 2H, J = 7.2 Hz), 3.49
ome (septet, 1H, J= 7.2 Hz), 3.55 (s, 3H), 3.71 (s, 3H), 3.72 (s, 3H), 3.81 (s, 3H),
4.66 (s, 1H), 4.71 (s, 1H), 5.93 (s, 1H), 6.22 (s, 1H); 3C-NMR (CDCls, 100
MHz) &: 21.2, 22.2, 25.1, 25.2, 37.1, 39.0, 50.9, 55.8, 60.5, 60.8, 106.2, 110.3,
117.7, 129.8, 131.6, 143.4, 145.2, 151.5, 154.1, 157.1, 166.2; IR (ATR) v: 2938,
1690, 1397, 1234, 1106, 888 cm!; HRMS (ESI) Calcd for CyH3NaOs [M+Na] * 399.2147, found

399.2155: yellow oil

4

0~ "OMe
OMe

3-(4-isopropyl-2,3,5-trimethoxyphenyl)-7-methylocta-2,7-dienal (235-more polar)
DIBAL (1.0 M intoluene, 1.0 mL, 1.0 mmol) was added to a stirred solution of

OMe 214 (122.6 mg, 0.326 mmol) in toluene (2.5 mL) at -78 °C, and the solution was

= OMe sslowly warmed up to rt, and stirred for additional 4 h at rt, the reaction mixture

0% H was quenched by addition of methanol and saturated aqueous Rochelle salt.
OMe An organic layer was separated and the aqueous layer was extracted with

AcOEt. The combined organic phases were washed with water and sat. sodium chloride solution and dried
over NaxSO4. The solvent was removed in vacuum to leave a crude mixture, which was used without

further purification.

MnO> (250 mg, 1.29 mmol) was added to a stirred solution of crude mixture (89.6 mg, 0.257 mmol) in
CHCl; (2 mL) at rt, and the solution was stirred for another 16 h at 40 °C. The solution was dissolved in
CH,Cl,, sat. NH4Cl aq. was added and the aqueous phase was extracted with CH>Cl,. The combined
organic phases were washed with water and sat. sodium chloride solution and dried over Na;SOs. The
solvent was removed in vacuum to leave a crude mixture, which was filtered through a short silica gel
column (eluting with hexane/AcOEt = 20/1) to afford 227 (110 mg, quant, 2steps)

'H-NMR (CDCls, 400 MHz) &: 1.31 (d, 6H, J = 7.2 Hz), 1.64 (tt, 2H, J= 7.2, 7.2 Hz), 1.69 (s, 3H), 2.08 (t,
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2H, J=17.2 Hz), 2.57 (t, 2H, J = 7.2 Hz), 3.53 (septet, 1H, J= 7.2 Hz), 3.71 (s, 3H), 3.76 (s, 3H), 3.83 (s,
3H), 4.67 (s, 1H), 4.73 (s, 1H), 6.11 (d, 1H, J = 8.4 Hz), 6.33 (s, 1H), 9.44 (d, 1H, J = 8.4 Hz); BC-NMR
(CDCl3, 100 MHz) 8: 21.0, 22.1, 25.1, 37.0, 38.5, 55.7, 60.6, 60.8, 107.4, 110.5, 128.6, 129.1, 131.3, 144.2,
144.8, 151.9, 154.1, 163.9, 193.7; IR (ATR) v: 2935, 1674, 1402, 1024, 752 cm™'; HRMS (ESI) Calcd for
C21H30NaO4, [M+Na] *369.2042, found 369.2028; yellow oil

1-(4-isopropyl-2,3,5-trimethoxyphenyl)ethan-1-ol (215”)
OMe MeMgBr (7.28 mL, 21.84 mmol) was added to a stirred solution of 215 (2,6 g, 10.92
HO OMe  mmol) in THF (5.5 mL) at 0 °C, and the solution was stirred for another 1 h at rt.
Then, sat. NH4Cl aq. was added and the aqueous phase was extracted with AcOEt.
OMe The combined organic phases were washed with water and sat. sodium chloride
solution and dried over Na;SOu. The solvent was removed in vacuum to leave a crude mixture, which was
filtered through a short silica gel column (eluting with hexane/AcOEt = 10/1) to afford 215’ (2.58 g, 93%)

'"H-NMR (CDCls, 400 MHz) &: 1.26 (d, 6H, J = 6.8 Hz), 1.44 (d, 3H, J = 6.4 Hz), 2.96 (brs, 1H), 3.45
(septet, 1H, J = 6.8 Hz), 3.74 (s, 3H), 3.76 (s, 3H), 3.78 (s, 3H), 5.07 (q, 1H, J = 6.4 Hz), 6.64 (s, 1H);
BC-NMR (CDCls, 100 MHz) &: 21.0, 24.1, 25.0, 55.5, 60.5, 65.2, 65.4, 103.5, 129.3, 136.2, 143.9, 151.2,
154.7; IR (ATR) v: 3410, 2958, 1407, 1026 cm’!; HRMS (ESI) Calcd for C14H2NaOs4 [M+Na] *277.1416,
found 277.1408; yellow oil

1-(4-isopropyl-2,3,5-trimethoxyphenyl)ethan-1-one (239)

OMe To an oven-dried 100 mL round-bottomed flask equipped with a stir bar was added 40

0 OMe  mL of CH>Cl and dimethyl sulfoxide (0.17 mL, 2.32 mmol), and the reaction mixture
was cooled in a -78 °C. Oxalyl chloride (0.1 mL, 1.16 mmol) was added carefully, and

OMe the reaction stirred for 30 min at -78 °C, then 215’ (147 mg, 0.58 mmol) in CH,Cl> (1

mL) was added, and the reaction mixture was stirred 30 min at -78 °C. Triethylamine (0.8 mL, 5.8 mmol)
was added, and the reaction was allowed to warm to r.t. over 2 h. The reaction mixture was concentrated in
vacuo and partitioned between EtOAc and 1 M HCI (aq). The layers were separated, and the aqueous layer
was extracted with EtOAc (x1). The combined organic layers were washed with sat. NaHCO3 (aq), water,
brine, dried over MgSO4, and concentrated in vacuo. This crude mixture was filtered through a short silica
gel column (eluting with hexane/AcOEt = 20/1) to afford 239 (135.9 mg, 93%)

'"H-NMR (CDCls, 400 MHz) &: 1.30 (d, 6H, J = 6.8 Hz), 2.65 (s, 3H), 3.53 (septet, 1H, J= 6.8 Hz), 3.80 (s,
3H), 3.83 (s, 3H), 3.87 (s, 3H), 6.97 (s, 1H); *C-NMR (CDCls, 100 MHz) &: 20.7, 25.4, 31.1, 55.5, 60.7,
60.9, 105.9, 129.8, 136.0, 147.8, 152.0, 154.4, 198.7; IR (ATR) v: 2935, 1676, 1403, 1117, 1021 cm’';
HRMS (ESI) Caled for C14H20NaO4 [M+Na] ©275.1259, found 275.1265; yellow oil

methyl 3-(4-isopropyl-2,3,5-trimethoxyphenyl)butanoate (240)

OMe To a mixture of diethylphosphonoacetic acid methyl ester (1.8 mL, 11.2 mmol) in

OMe " THF (20 mL) was added NaH (536 mg, 60% in mineral oil, 11.18 mmol) under

0% “oMe argon at 0 °C, and stirred at same temperature for 1 h. 239 (1.41 g, 5.59 mmol) in
OMe THF (8 mL) was added slowly to the reaction mixture at 0 °C. The reaction mixture
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was stirred at 60 °C for 16 h. Then, the reaction mixture was quenched with H>O, and extracted with
AcOEt. The organic phase was washed with brine, dried over anhydrous Na,SO., filtered, and

concentrated. The residue was purified with silica gel short column chromatography to give 240 (1.7 g).

To a solution of 240 (1.7 g, 5.52 mmol) in MeOH (15 mL) was added palladium on carbon (350 mg). The
mixture was stirred at room temperature for 12 h under hydrogen atmosphere. The catalyst was filtered off
through celite pad, then the filtrate was concentrated and purified via flash chromatograph gave 240’ (1.71
g, quant, 2steps)

'"H-NMR (CDCls, 400 MHz) 6: 1.26 (d. 3H, J = 7.6 Hz), 1.30 (d, 6H, J = 7.6 Hz), 2.52 (dd, 1H, J = 15.2,
9.2 Hz), 2.64 (dd, 1H, J=15.2, 6.0 Hz), 3.47 (septet, J = 7.6 Hz), 3.59-3.68 (m, 1H), 3.65 (s, 3H), 3.76 (s,
3H), 3.80 (s, 6H), 6.41 (s, 1H); *C-NMR (CDCl3, 100 MHz) &: 21.0, 21.2, 29.9, 41.7, 51.3, 55.6, 60.5,
104.4, 128.4, 136.2, 144.7, 151.7, 154.4, 172.8; IR (ATR) v: 2954, 1736, 1600, 1407, 1223, 1117, 1054,
1025, 832 cm’!; HRMS (ESI) Caled for C17H27NaOs, [M+H] *311.1859, found 311.1187; yellow oil

3-(4-isopropyl-2,3,5-trimethoxyphenyl)butanoic acid (241)

OMe NaOH (1.32 g, 33.1 mmol) was added to a stirred solution of 240° (1.71 g, 5.52

OMe mmol) in EtOH (22 mL) and H,O (6 mL) at rt, and the solution was stirred for

0% “NOH another 30 min at 80 °C. 1N HCI was added and the aqueous phase was extracted
OMe with CH,Cl,. The combined organic phases were washed with water and sat. sodium

chloride solution and dried over Na;SO4. The solvent was removed in vacuum to leave a crude mixture,
which was filtered through a short silica gel column (eluting with hexane/AcOEt = 2/1) to afford 241 (1.63

g, quant.)

"H-NMR (CDCls, 400 MHz) 6: 1.29 (d, 6H, J = 7.6 Hz), 1.30 (d, 3H, J = 7.6 Hz), 2.55 (dd, 1H, J = 15.6,
9.2 Hz), 2.68 (dd, 1H, J = 15.6, 6.0 Hz), 3.47 (septet, 1H, J = 7.6 Hz), 3.58-3.68 (m, 1H), 3.76 (s, 3H),
3.80 (s, 6H), 6.42 (s, 1H). 10.78 (brs, 1H); '*C-NMR (CDCls, 100 MHz) &: 21.0, 21.2, 25.0, 29.7, 41.7,
55.7, 60.5, 104.5, 128.6, 136.0, 144.7, 151.7, 154.5, 178.8; IR (ATR) v: 2957, 1706, 1407, 1226, 1025,
832 cm’'; HRMS (ESI) Calcd for C16H24NaOs, [M+Na] *319.1521, found 319.1522; colorless solid

6-isopropyl-4,5,7-trimethoxy-3-methyl-2,3-dihydro-1H-inden-1-one (242)
OMe Oxalyl chloride (0.19 mL, 2.18 mmol) was charged to a stirred solution of 241 (322 mg,
OMe 1 09 mmol) in CH»Cl, (5.5 mL) at 0 °C. Anhydrous N,N-dimethylformamide (3 drops)
was added and the reaction continued to stir for an hour at room temperature. When the
© OMe reaction was complete, the solvent was removed in vacuo to yield crude oil. To remove
additional oxalyl chloride, additional CH>Cl, (10 mL) was added and removed in vacuo. The product was

used in the next step without further purification.

To a stirred solution of crude oil from the previous procedure in anhydrous CH>Cl, (3 mL) was added
AICI3 (188 mg, 1.42 mmol) in small portions to prevent the reaction from overheating. Upon the addition
of AICls, the reaction turned dark green. After stirring for 1 h at room temperature, the reaction was poured

over ice. Once the ice melted, the product was extracted using 2 x 50 mL of CH»Cl,. The organic layers
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were combined and dried with MgSOa. The solvent was removed in vacuo to produce a crude 242, which
was passed through a silica plug using (n-hexane/AcOEt = 30/1) as the eluent to give 242 (267.3 mg, 88%,
2 steps)

'"H-NMR (CDCl3, 400 MHz) &: 1.25 (d, 6H, J = 6.8 Hz), 1.34 (d, 3H, J = 6.8 Hz), 2.17 (d, 1H, J = 18.8
Hz), 2.81 (dd, 1H, J = 18.8 Hz, 8.0 Hz), 3.34-3.54 (m, 2H), 3.81 (s, 3H), 3.84 (s, 3H), 3.87 (s, 3H);
BC-NMR (CDCls, 100 MHz) &: 21.2, 21.7, 21.7, 25.2, 30.3, 46.3, 60.0, 60.4, 62.3, 124.5, 134.8, 146.2,
151.6, 152.9, 158.3, 202.6; IR (ATR) v: 2957, 1704, 1320, 1032, 753 cm™'; HRMS (ESI) Calcd for
Ci6H22NaO4 [M+Na] *301.1416, found 301.1419; colorless oil

S5-isopropyl-4,6,7-trimethoxy-1-methyl-1H-indene (237b)
OMe NaBH4 (36 mg, 0.96 mmol) was added to a stirred solution of 242 (133 mg, 0.48 mmol)
OMe  in EtOH (2.4 mL) at 0 °C and the solution was stirred for another 1 h at 80 °C. H,O was
CO added and the aqueous phase was extracted with CH,Cl,. The combined organic phases
OMe were washed with water and sat. sodium chloride solution and dried over Na,SOs. The
solvent was removed in vacuum to leave a crude mixture, which was filtered through a short silica gel
column (eluting with hexane/AcOEt = 10/1) to afford crude 243 (134 mg).

243 (98 mg, 3.36 mmol) was dissolved in CH2Cl, (5§ mL) at 0 °C and NEt3 (0.3 mL, 2.14 mmol) was
added. After slow addition of MsCI (0.11 mL, 1.43 mmol) the solution became yellow colored and was
stirred for 20 h at rt. The reaction was stopped by adding aq. K»COs (5 mL) and the phases were separated.
The aqueous layer was extracted with CH>Cl, and the combined organic layers were dried over MgSOa.
After filtration the solvent was removed under reduced pressure to provide a yellow oil. Pure 237b (89.9

mg, 96%, 2 steps) was obtained by flash column chromatography (n-Hexane/AcOEt = 10/1) as the eluent.

"H-NMR (CDCl3, 400 MHz) &: 1.26 (d, 6H, J= 7.6 Hz), 1.29 (d, 3H, J = 7.2 Hz), 3.40 (septet, IH, J=7.6
Hz), 3.52 (q, 1H, J=7.2 Hz), 3.75 (s, 3H), 3.77 (s, 3H), 3.80 (s, 3H), 6.23 (d, 1H, J=5.2 Hz), 6.71 (d, 1H,
J =5.2 Hz); BC-NMR (CDCls, 100 MHz) &: 15.1, 22.1, 22.2, 25.7, 44.5, 59.9, 60.7, 62.0, 126.3, 132.3,
133.2, 139.2, 139.9, 146.3, 147.8, 149.9; IR (ATR) v: 2932, 1740, 1454, 1415, 1336, 1119, 1041 cm;
HRMS (ESI) Calcd for Ci6H22NaOs3, [M+Na] ©285.1467, found 285.1458; yellow oil

6-isopropyl-4,5,7-trimethoxy-3-methyl-3-(4-methylpent-4-en-1-yl)-2,3-dihydro-1H-inden-1-one (213)
OMe Preparation of LDA: n-BuLi (4.15 mL, 6.43 mmol) was added to asolution of

OMe  ipr,NH (0.9 mL, 6.43 mmol) in THF (12.9 mL) at -78 °C, and the solution was

stirred at 0 °C for 30 min. Resulting LDA was added to asolution of 242 (1.38 g,

O oOme 4.94 mmol) in THF (9.9 mL) at -78 °C, and the solution was stirred for 1 h. Then,
freshly distilled TMSCI (0.81 mL, 6.43 mmol) was added at -78 °C, and the solution was stirred for 1 h.
Then, LDA (prepared by previous procedure, 7.41 mmol) was added at -78 °C, and the solution was stirred
for 1 h, and then, 225 (1.21 g, 7.41 mmol) in THF (7.4 mL) was added at -78 °C, and the solution was
warmed to rt, and stirred it overnight. 1IN HCI was added to quench the reaction, and the phases were
separated. The aqueous layer was extracted with AcOEt and the combined organic layers were dried over

MgSOs4. After filtration the solvent was removed under reduced pressure to provide a crude mixture, which
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was purified by flash column chromatography (n-Hexane/AcOEt = 50/1) as the eluent to give 213 (1.36 g,
77%)

'"H-NMR (CDCl3, 400 MHz) &: 1.02-1.13 (m, 1H), 1.31 (d, 6H, J = 6.8 Hz), 1.33-1.41 (m, 1H), 1.49 (s,
3H), 1.65 (s, 3H), 1.72-2.04 (m, 4H), 2.37 (d, 1H, J = 18.8 Hz), 2.60 (d, 1H, J = 18.8 Hz), 3.50 (q, 1H, J =
6.8 Hz), 3.85 (s, 3H), 3.88 (brs, 6H), 4.61 (s, 1H), 4.67 (s, 1H); 3C-NMR (CDCls, 100 MHz) §: 21.9, 22.3,
232,253,274, 38.1, 39.9, 41.7, 51.6, 59.9, 60.3, 62.4, 110.2, 124.8, 135.2, 145.5, 146.7, 152.8, 153.1,
158.8,202.4; IR (ATR) v: 2935, 1704, 1321, 1034, 753 cm’!'; HRMS (ESI) Calcd for C22H3:NaO4, [M+Na]
*383.2198, found 383.2196; orange oil

5-isopropyl-4,6,7-trimethoxy-1-methyl-1-(4-methylpent-4-en-1-yl)-1H-indene (212)
OMe NaBH4 (261 mg, 6.92 mmol) was added to a stirred solution of 213 (1.25 g, 3.46
CO OMe mmol) in EtOH (17.3 mL) at 0 °C and the solution was stirred for another 1 h at
80 °C. H,O was added and the aqueous phase was extracted with CH>Cl,. The
OMe combined organic phases were washed with water and sat. sodium chloride
solution and dried over Na;SO4. The solvent was removed in vacuum to leave a crude mixture, which was

filtered through a short silica gel column (eluting with hexane/AcOEt = 20/1) to give crude alcohol (1.23
g)-

Crude alcohol (416 mg, 1.15 mmol) was dissolved in CH>Cl, (11.5 mL) at 0 °C and NEt; (0.48 mL, 3.45
mmol) was added. After slow addition of MsCl (0.18 mL, 2.3 mmol) the solution became yellow colored
and was stirred for 17 h at rt. The reaction was stopped by adding aq. K2CO;3 (15 mL) and the phases were
separated. The aqueous layer was extracted with CH2Cl, and the combined organic layers were dried over
MgSO4. After filtration the solvent was removed under reduced pressure to provide a crude oil, which was
purified by flash column chromatography (n-Hexane/AcOEt = 100/1) as the eluent to give 212 (360 mg,
91%, 2 steps)

"H-NMR (CDCls, 400 MHz) 6: 0.95-1.06 (m, 1H), 1.21-1.28 (m, 1H), 1.34 (d, 6H, J = 7.2 Hz), 1.39 (s,
3H), 1.62 (s, 3H), 1.77-1.93 (m, 4H), 3.46 (q, 1H, J= 7.2 Hz), 3.81 (s, 3H), 3.81 (s, 3H), 3.85 (s, 3H), 4.59
(s, 1H), 4.64 (s,1H), 6.13 (d, 1H, J = 5.6 Hz), 6.66 (d, 1H, J = 5.6 Hz); 3C-NMR (CDCls, 100 MHz) &:
22.3, 23.0, 25.8, 36.4, 38.3, 54.9, 60.0, 60.5, 62.2, 109.9, 124.9, 131.7, 133.2, 142.0, 144.5, 145.9, 146.2,
147.7, 150.2; IR (ATR) v: 2934, 1453, 1414, 1119, 1041, 757 cm’'; HRMS (ESI) Calcd for C2,H3,NaO:s,
[M+Na] *367.2249, found 367.2262; orange oil

3-isopropyl-1,2,4-trimethoxy-5-(3-methylbut-2-en-1-yl)benzene (257)

OMe n-BuLi (7.15 mL, 1.55 M in hexane, 7.15 mmol) was added to a stirred solution of

OMe 256 (1.88 g, 6.5 mmol) in THF (14 mL) at -78 °C and the solution was stirred for

% another 30 min at -78 °C. Then, 1-Bromo-3-methyl-2-butene (0.98 mL, 8.45
OMe mmol) was added at -78 °C, and the solution was stirred at rt for 5 h. sat. NH4Cl aq.

was added and the aqueous phase was extracted with AcOEt. The combined organic phases were washed
with water and sat. sodium chloride solution and dried over Na,SO4. The solvent was removed in vacuum

to leave a crude mixture, which was filtered through a short silica gel column (eluting with hexane/AcOEt
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=100/1) to give 257 (1.15 g, 64%), 216 (21%). *It is very difficult to separate 257 and 216 completely.

'"H-NMR (CDCl3, 400 MHz) &: 1.34 (d, 6H, J = 7.2 Hz), 1.74 (s, 3H), 1.75 (s, 3H), 3.32 (d, 2H, J = 7.2
Hz), 3.43 (q, 1H, J="7.2 Hz), 3.67 (s, 3H), 3.81 (s, 3H), 3.83 (s, 3H), 5.29 (t, 1H, J= 7.2 Hz), 6.58 (s, 1H);
BC-NMR (CDCls, 100 MHz) &: 18.0, 22.1, 25.9, 26.2, 28.5, 55.9, 60.7, 61.9, 111.0, 123.3, 129.5, 132.5,
134.9, 146.9, 149.6, 149.6; IR (ATR) v: 2935, 1481, 1252, 1114, 1038 cm’!; HRMS (ESI) Calcd for
C17H26NaOs, [M+Na] *301.1780, found 301.1778; yellow oil

4-isopropyl-2,3,5-trimethoxy-6-(3-methylbut-2-en-1-yl)benzaldehyde (258)

O OMe To a solution of 257 (178 mg, 0.64 mmol) in CH>Cl, (3.8 mL) was added

H OMe 1 1-dichlorodimethyl ether (0.11 mL, 1.28 mmol), followed by TiCl4 (3.07 mL,
= 3.07 mmol) at -78 °C. After stirring for 1 h at -78 °C, the reaction was quenched
OMe with 1N HCI and the mixture was extracted with AcOEt. The combined organic

layers were washed with brine and dried over MgSQO4. The solvent was removed in vacuum to leave a
crude mixture, which was filtered through a short silica gel column (eluting with hexane/AcOEt = 10/1) to
afford 258 (105.8 mg, 54%)

"H-NMR (CDCls, 400 MHz) &: 1.33 (d, 6H, J = 6.4 Hz), 1.93 (s, 3H), 2.27 (s, 3H), 3.41 (q, 1H, J = 6.4
Hz), 3.64 (brs, 2H), 3.71 (s, 3H), 3.73 (s, 3H), 3.81 (s, 3H), 6.32 (s, 1H), 10.26 (s, 1H); 3C-NMR (CDCls,
100 MHz) &: 19.7, 22.1, 24.0, 24.6, 26.1, 55.9, 60.7, 61.8, 110.3, 127.7, 134.7, 135.9, 147.0, 149.5, 149.5,
158.0, 191.0; IR (ATR) v: 2935, 1665, 1454, 1227, 1105, 1038 cm'; HRMS (ESI) Caled for CisH2¢NaOs,
[M+Na] *329.1729, found 329.1740; orange oil

1-(4-isopropyl-2,3,5-trimethoxy-6-(3-methylbut-2-en-1-yl)phenyl)pent-4-en-1-ol (259)

OH OMe To a solution of Mg (53.8 mg, 2.21 mmol) and I, (2 blocks) in THF (3.6 mL)

\ OMe  \as added a solution of 4-bromo-1-butene (0.15 mL, 1.48 mmol) in THF (1.2
Z mL) slowly at rt, and the mixture was stirred for 10 min at rt. Then the solution

OMe was stirred at 60 °C for 1 h, the solution of 258 (226 mg, 0.74 mmol) in THF

(1.2 mL) was added at 0 °C, and the solution was stirred for another 2 h at room temperature. The solution
was dissolved in AcOEt, sat. NH4Cl aq. was added and the aqueous phase was extracted with AcOEt. The
combined organic phases were washed with water and sat. sodium chloride solution and dried over Na>SOs.
The solvent was removed in vacuum to leave a crude mixture, which was filtered through a short silica gel
column (eluting with hexane/AcOEt = 15/1) to afford 259 (217.1 g, 81%)

'"H-NMR (CDCls, 400 MHz) 6: 1.32 (d, 6H, J = 6.8 Hz), 1.38-1.43 (m, 1H), 1.46-1.53 (m, 1H), 1.75 (s,
3H), 1.80 (s, 3H), 1.88 (brs, 1H), 1.96-2.05 (m, 1H), 2.08-2.17 (m, 1H), 3.39 (q, 1H, J = 6.8 Hz), 3.47 (d,
2H, J=9.6 Hz), 3.72 (s, 3H), 3.76 (s, 3H), 3.82 (s, 3H), 4.67 (t, 1H, /= 6.4 Hz), 4.91 (d, 1H, J=11.2 Hz),
4.99 (d, 1H, J = 16.8 Hz), 5.75 (m, 1H), 6.55 (brs, 1H); *C-NMR (CDCls, 100 MHz) &: 20.2, 22.0, 22.1,
22.2,26.2,264, 304,354,559, 60.7, 61.7, 71.3, 110.5, 114.7, 129.0, 129.8, 133.1, 134.9, 138.5, 147.0,
149.2, 149.6; IR (ATR) v: 3465, 2934, 1455, 1220, 1039, 753 cm’'; HRMS (ESI) Calcd for C2,H34NaOy,
[M+Na] *385.2355, found 385.2395; orange oil
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1-(4-isopropyl-2,3,5-trimethoxy-6-(3-methylbut-2-en-1-yl)phenyl)pent-4-en-1-one (260)

O OMe To an oven-dried 100 mL round-bottomed flask equipped with a stir bar was

AN OMe  added 3 mL of CH,Cl, and dimethyl sulfoxide (0.25 mL, 3.45 mmol), and the
= reaction mixture was cooled in a -78 °C. Oxalyl chloride (0.15 mL, 1.73 mmol)

OMe was added carefully, and the reaction stirred for 30 min at -78 °C, then 259 (313

mg, 0.86 mmol) in CH>Cl, (1.3 mL) was added, and the reaction mixture was stirred 30 min at -78 °C.
Triethylamine (1.2 mL, 8.63 mmol) was added, and the reaction was allowed to warm to r.t. over 3 h. The
reaction mixture was concentrated in vacuo and partitioned between AcOEt and 1 N HCI. The layers were
separated, and the aqueous layer was extracted with AcOEt. The combined organic layers were washed
with sat. NaHCOj; aq., water, brine, dried over MgSQOs, and concentrated in vacuo. This crude mixture was
filtered through a short silica gel column (eluting with hexane/AcOEt = 50/1) to afford 260 (254.7 mg,
82%)

"H-NMR (CDCls, 400 MHz) 8:1.33 (d, 6H, J = 6.8 Hz), 1.83 (s, 3H), 1.89 (s, 3H), 2.20 (dt, 2H, J = 6.8,
6.8 Hz), 2.44 (t, 2H, J = 6.8 Hz), 3.40 (q, 1H, J = 6.8 Hz), 3.64 (s, 2H), 3.68 (s, 3H), 3.76 (s, 3H), 3.82 (s,
3H), 4.87 (d, 1H, J=9.2 Hz), 4.94 (d, 1H, J=16.8 Hz), 5.71 (ddt, 1H, J=16.8, 9.2, 6.8 Hz), 6.48 (s, 1H);
BC-NMR (CDCls, 100 MHz) &: 21.5, 22.1, 22.7, 26.1, 27.9, 29.6, 41.6, 56.0, 60.7, 61.6, 110.7, 115.0,
126.7, 135.0, 135.3, 137.5, 137.8, 147.4, 149.6, 149.7, 207.5; IR (ATR) v: 2936, 1684, 1480, 1226, 1105,
1039, 754 cm™'; HRMS (ESI) Calcd for C2,H3:NaO4, [M+Na] * 383.2198, found 383.2190; yellow oil

(2)-6,7,8,11-tetrahydro-5H-benzo[9]annulen-5-one (272)
o) (CAS-Reg# 1310584-58-7)
'"H-NMR (CDCl3, 400 MHz) 6: 1.99 (tt, 2H, J = 6.8, 6.4 Hz), 2.34 (dt, 2H, J = 7.2, 6.8
.O Hz), 2.67 (t, 2H, J= 6.4 Hz), 3.63 (d, 2H, J = 7.2 Hz), 5.48-5.58 (m, 2H), 7.17-7.24 (m,
3H), 7.35 (ddd, 1H,J=7.2,7.2, 1.6 Hz)

(Z)-5-methylene-6,7,8,11-tetrahydro-SH-benzo[9]annulene (273)
To a suspension of MePPh;Br (165.6 mg, 0.464 mmol) in THF (1 mL) was added NaH in
one portion (19 mg, 0.46 mmol) at 0 °C, and the resulting mixture was stirred at 60 °C for
.O 1 h. Then, 272 (43.2 mg, 0.23 mmol) in THF (1 mL) was added at 60 °C, and the mixture
was stirred 7 h at 60 °C. A saturated ammonium chloride solution was added and the
aqueous phase was extracted with AcOEt. The organic phase was dried over Na,SOs, filtered and
concentrated. The compound was purified by flash (100:1 Hex:EtOAc) to give 273 (17.9 mg, 42%)

'H-NMR (CDCls, 400 MHz) &: 1.79 (brs, 2H), 2.21 (brs, 2H), 2.40 (brs, 2H), 3.40 (brs, 2H), 5.13 (s, 1H),
5.22 (s, 1H), 5.35 (dt, 1H, J = 10.0, 8.8 Hz), 5.59 (dt, 1H, J = 10.0, 8.8 Hz), 7.00 (d, 1H, J = 6.8 Hz),
7.12-7.21 (m, 3H); *C-NMR (CDCls, 100 MHz) &: 23.3, 27.1, 32.1, 32.8, 114.1, 126.1, 127.1, 127.9,
128.2, 129.7, 130.1, 137.2, 146.5, 149.8; IR (ATR) v: 2921, 1738, 1457 cm’'; HRMS (ESI) Calcd for
C14H,eNa, [M+Na] * 207.1150, found 207.1150; yellow ol

151



((4-(2-allylphenyl)pent-4-en-1-yl)oxy)(tert-butyl)diphenylsilane (279)
A solution of Mg (566 mg, 23.28 mmol) and 1,2-dibromoethane (0.1 mL, 1.16
TBDPSOV:)\I:Ej mmol) in THF (3.6 mL) was stirred at 60 °C for 15 min, then cooled to rt, and
Z a solution of Br(CH»);OTBS (2.95 g, 11.64 mmol) in THF (6 mL) was added
slowly at rt, and the mixture was stirred for 10 min at rt. Then the solution was stirred at 60 °C for 1 h, the
solution of 269 (850.8 mg, 5.82 mmol) in THF (6 mL) was added at 0 °C, and the solution was stirred for
another 2 h at room temperature. The solution was dissolved in AcOEt, sat. NH4Cl aq. was added and the
aqueous phase was extracted with AcOEt. The combined organic phases were washed with water and sat.
sodium chloride solution and dried over Na;SO4. The solvent was removed in vacuum to leave a crude

mixture, which was filtered through a short silica gel column (eluting with hexane/AcOEt = 50/1) to afford
crude 275 (940 mg).

To an oven-dried 100 mL round-bottomed flask equipped with a stir bar was added 13 mL of CH,Cl, and
dimethyl sulfoxide (0.89 mL, 12.48 mmol), and the reaction mixture was cooled in a -78 °C. Oxalyl
chloride (0.54 mL, 6.24 mmol) was added carefully, and the reaction stirred for 30 min at -78 °C, then
crude 275 (940 mg) in CH,Cl, (3 mL) was added, and the reaction mixture was stirred 30 min at -78 °C.
Triethylamine (4.3 mL, 31.2 mmol) was added, and the reaction was allowed to warm to r.t. over 13 h. The
reaction mixture was concentrated in vacuo and partitioned between EtOAc and 1 M HCI (aq). The layers
were separated, and the aqueous layer was extracted with EtOAc (x1). The combined organic layers were
washed with sat. NaHCOs (aq), water, brine, dried over MgSQy, and concentrated in vacuo. This crude
mixture was filtered through a short silica gel column (eluting with hexane/AcOEt = 20/1) to afford crude
276 (614.6 mg)

To a suspension of MePPh;Br (1.38 g, 3.86 mmol) in THF (8 mL) was added NaH in one portion (204 mg,
4.25 mmol) at 0 °C, and the resulting mixture was stirred at 60 °C for 1 h. Then, crude 276 (614.6 mg) in
THF (2 mL) was added at 60 °C, and the mixture was stirred 1 h at 60 °C. A saturated ammonium chloride
solution was added and the aqueous phase was extracted with AcOEt. The organic phase was dried over
NayS0s, filtered and concentrated. The compound was purified by flash (10:1 Hex:EtOAc) to give crude
277 (497 mg)

TBAF (4.7 mL, 1.0 M in THF, 4.7 mmol) was added to the solution of crude 278 (497 mg) in THF (15.7
mL) at 0 °C, and the solution was stirred at rt for 1 h. H,O was added and the aqueous phase was extracted

with AcOEt. The organic phase was dried over Na;SOs, filtered and concentrated. The compound was
purified by flash (150:1 Hex:EtOAc) to give crude 278 (220 mg)

To a solution of crude 278 (78.2 mg), 1H-imidazole (31.6 mg, 0.46 mmol), DMAP (2 blocks) in CH,Cl,
(1.9 mL) was added TBDPSCI (0.1 mL, 0.387 mmol) at 0 °C, and the mixture was stirred at rt for 1 h. sat.
NH4Cl aq. was added and the aqueous phase was extracted with CH>Cl,. The organic phase was dried over
NayS0Os, filtered and concentrated. The compound was purified by flash (75:1 Hex:EtOAc) to give 279
(147.1 mg, 21%, 5 steps)

'H-NMR (CDCl;, 400 MHz) &: 1.03 (s, 9H), 1.66 (t, 2H, J = 8.0, 6.4 Hz), 2.47 (t, 2H, J = 8.0 Hz), 3.36 (d,
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2H, J = 6.4 Hz), 3.66 (t, 2H, J= 6.4 Hz), 4.86 (d, 1H, J= 1.2 Hz), 4.96-5.04 (m, 2H), 5.16 (d, 1H, J=1.2
Hz), 5.87-5.97 (m, 1H), 7.03-7.47 (m, 10H), 7.64 (dd, 4H, J = 8.0, 2.0 Hz); *C-NMR (CDCl3, 100 MHz)
3: 19.2, 26.8, 30.7, 34.5, 37.1, 63.4, 114.0, 115.6, 125.7, 126.8, 127.6, 128.5, 129.4, 129.5, 133.9, 135.5,
136.6, 138.0, 142.9, 149.2; IR (ATR) v: 2938, 1740, 1239, 1047 cm!; HRMS (ESI) Caled for C30H3¢NaOs;,
[M+Na] *463.2433,found 463.2435; yellow oil

2-(1-(3-((tert-butyldiphenylsilyl)oxy)propyl)-1-methyl-2,3-dihydro-1H-inden-2-yl)acetonitrile (280a)

To the solution of 279 (74.3 mg, 0.169 mmol), TsCN (36.7 mg, 0.203 mmol),
TBDPSO
% Co A (2.0 mg, 0.034 mmol) in EtOH (0.85 mL), PhSiH3 (25 ul, 0.203 mmol)
NC H was added at rt, and the solution was stirred for 16 h at rt. Then, the solvent was

removed under reduced pressure, and the residue was purified by flash column chromatography to give
280a (43.2 mg, 55%), and 280b (20.1 mg, 25%).

"H-NMR (CDCls, 400 MHz) &: 1.00 (s, 9H), 1.32 (s, 3H), 1.24-1.45 (m, 4H), 2.33 (dd, 1H, J = 15.6, 8.8
Hz), 2.44 (dddd, 1H, J=9.6, 8.8, 7.2, 5.2 Hz), 2.50 (dd, 1H, J=15.6, 5.2 Hz), 2.71 (dd, 1H, J=15.2, 9.6
Hz), 3.11 (dd, 1H, J = 15.2, 7.2 Hz), 3.56 (dd, 2H, J = 10.4, 5.6 Hz), 7.07 (dd, 1H, J = 8.8, 3.2 Hz),
7.17-7.21 (m, 3H), 7.34-7.44 (m, 6H), 7.58 (d, 4H, J = 7.6 Hz); *C-NMR (CDCl;, 100 MHz) &: 17.2, 19.1,
24.5,26.8,27.5,31.3,36.4,47.9, 48.0, 64.0, 119.5, 123.5, 124.6, 126.4, 126.8, 127.6, 129.6, 133.8, 135.5,
140.1, 149.2; IR (ATR) v: 2930, 2857, 1736, 1427, 1241, 1105, 755, 700 cm’!'; HRMS (ESI) Calcd for
C31H37NnaOs;, [M+Na] *490.2542, found 490.2529; yellow oil

2-(1-(3-bromopropyl)-1-methyl-2,3-dihydro-1H-inden-2-yl)acetonitrile (282)

TBAF (1.23 mL, 1.0 M in THF, 1.23 mmol) was added to the solution of 280a (191.9

Br
% mg) in THF (2.1 mL) at 0 °C, and the solution was stirred at rt for 1 h. H,O was
NC H added and the aqueous phase was extracted with AcOEt. The organic phase was dried

over NaxSOs, filtered and concentrated. The compound was purified by flash (10:1 Hex:EtOAc) to give
crude 281 (79.8 mg)

To a solution of crude 281 (79.8 mg) in CH2Cl, (1.7 mL) was added CBrs (23.1 mg, 0.07 mmol) and PPh;
(18.4 mg, 0.07 mmol) at 0 °C, and the solution was stirred at rt for 1 h. The solution was directly pored to
flash column chromatography to give 282 (95.3 mg, 80%, 2 steps)

'"H-NMR (CDCls, 400 MHz) &: 1.39 (s, 3H), 1.44-1.83 (m, 4H), 2.48-2.54 (m, 2H), 2.58-2.65 (m, 1H),
2.78 (dd, 1H, J=16.0, 9.6 Hz), 3.14 (dd, 1H, J = 16.0, 7.2 Hz), 7.09-7.26 (m, 4H); 3*C-NMR (CDCls, 100
MHz) é: 17.1, 24.2, 27.8, 33.7, 34.0, 36.3, 47.8, 48.0, 119.2, 123.5, 124.7, 126.5, 127.1, 140.0, 148.5; IR
(ATR) v: 2959, 1740, 1477, 1216, 909, 754, 729 cm™'; HRMS (ESI) Calcd for CisHisBrNNa, [M+Na] *
314.0520, found 314.0520; yellow oil
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1,4a-dimethyl-2,3,4,4a,9,9a-hexahydro-1H-fluorene-1-carbonitrile (283)

Preparation of LDA: n-BuLi (0.92 mL, 1.43 mmol) was added to a
solution of iProNH (0.2 mL, 1.43 mmol) in THF (6.02 mL) at -78 °C,
and the solution was stirred at 0 °C for 1 h. Resulting LDA was added
to the solution of 282 (26.4 mg, 0.09 mmol) in THF (3 mL) at -78 °C,
and the solution was slowly warmed to rt, and stirred for 2 h. Then,

sat. NH4Cl aq. was added and the aqueous phase was extracted with

AcOEt. The organic phase was dried over Na,SOs, filtered and
concentrated. The compound was purified by flash (20:1 Hex:EtOAc) to give crude 274 (16.9 mg)

LDA (prepared by the same scale for the synthesis of 274) was added to the solution of crude 283 (16.9
mg) in THF (0.82 mL) at -78 °C, and stirred for 1h at the same temperature. Then, Mel (50 pL, 0.803
mmol) was added to the solution at -78 °C, and the solution was slowly warmed to rt, stirred for 6 h. Then,
sat. NH4Cl aq. was added and the aqueous phase was extracted with AcOEt. The organic phase was dried
over NaySOs, filtered and concentrated. The compound was purified by flash (20:1 Hex:EtOAc) to give

283 (15.2 mg) as a single diastereomer.

"H-NMR (CDCl3, 600 MHz) &: 1.10-1.29 (m, 3H), 1.39 (s, 3H), 1.43-1.62 (m, 2H), 1.56 (s, 3H), 1.77-1.84
(m, 1H), 2.33-2.36 (m, 1H), 2.64-2.69 (m, 1H), 2.72-2.77 (m, 1H), 7.02-7.19 (m, 4H) ; 3C-NMR (CDCl;,
150 MHz) o6: 19.8, 23.2, 26.5, 31.7, 32.3, 33.8, 35.5, 45.2, 53.0, 121.5, 124.7, 126.2, 126.5, 126.8, 138.6,
153.0; IR (ATR) v: 2980, 1755, 1234 cm’!; HRMS (ESI) Calcd for Ci¢HioNNa [M+Na] © 248.1452,
found 248.1414; yellow oil

1- allyl-3-isopropyl-2,4,5-trimethoxybenzene (284)

OMe n-BuLi (0.76 mL, 1.55 M in hexane, 1.18 mmol) was added to a stirred solution of

OMe 256 (311 mg, 1.08 mmol) in THF (4.3 mL) at -78 °C and the solution was stirred for

= another 30 min at -78 °C. Then, Cul (245 mg, 1.29 mmol) was added at -78 °C, and
OMe the solution was stirred at 0 °C for 30 min, and allyl bromide (0.27 mL, 3.23 mmol)

was added to the solution at 0 °C. Then, the solution was solely warmed to rt for 1 h. sat. NH4Cl aq. was
added and the aqueous phase was extracted with AcOEt. The combined organic phases were washed with
water and sat. sodium chloride solution and dried over Na,SOs4. The solvent was removed in vacuum to
leave a crude mixture, which was filtered through a short silica gel column (eluting with hexane/AcOEt =
75/1) to give 284 (280.2 mg, 89%), 216 (11%). *It is very difficult to separate 284 and 216 completely.

'"H-NMR (CDCls, 400 MHz) 6: 1.34 (d, 6H, J = 6.8 Hz), 3.40 (d, 2H, J = 6.4 Hz), 3.43 (q, 1H, J= 6.8 Hz),
3.66 (s, 3H), 3.80 (s, 3H), 3.83 (s, 3H), 5.08 (d, 1H, J=16.8 Hz), 5.10 (d, 1H, J=12.0 Hz), 5.97 (ddt, 1H,
J=16.8, 12.0, 6.4 Hz), 6.58 (s, 1H); 3 C-NMR (CDCl;, 100 MHz) &: 21.9, 25.9, 34.0, 55.6, 60.5, 61.8,
111.0, 115.7, 127.5, 134.8, 137.3, 147.0, 149.3, 149.4; IR (ATR) v: 2938, 1480, 1226, 1040 cm™'; HRMS
(ESI) Calcd for CisH2:NaO3, [M+Na] *273.1467, found 273.1469; yellow oil
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7-((tert-butyldiphenylsilyl)oxy)-3-(3-isopropyl-2,4,5-trimethoxyphenyl)hept-1-en-4-o0l (286)
on "H-NMR (CDCls, 400 MHz) &: 1.04 (s, 9H), 1.34 (d, 6H, J = 6.8 Hz),
e
oMe 1.65-1.84 (m, 4H), 3.40 (q, 1H, J = 6.8 Hz), 3.66 (s, 3H), 3.68-3.77 (m,
4H), 3.81 (s, 3H), 3.85 (s, 3H), 5.11 (d, 1H, J=18.4 Hz), 5.13 (d, 1H, J
=9.6 Hz), 6.01 (ddd, 1H, J =184, 9.6, 2.4 Hz), 6.71 (s, 1H), 7.35-7.42
TBDPSO OMe
OH (m, 6H), 7.65-7.68 (m, 4H); '3C-NMR (CDCls, 150 MHz) &: 19.2, 22.0,
26.2, 26.8, 28.7, 31.4, 49.6, 55.9, 60.6, 62.5, 64.0, 74.1, 109.3, 116.6, 127.6, 128.5, 129.5, 133.9, 135.2,
135.6, 139.2, 147.6, 149.8, 150.3; IR (ATR) v: 3434, 2982, 1439, 699 ¢cm; HRMS (ESI) Calcd for
C35HsNaOsSi [M+Na] *599.3169, found 599. 3178; yellow oil (12 mg, 9%).

(E)-7-((tert-butyldiphenylsilyl)oxy)-1-(3-isopropyl-2,4,5-trimethoxyphenyl)hept-1-en-4-ol (287)

"H-NMR (CDCl3, 400 MHz) 8: 1.05 (s, 9H), 1.33 (d, 6H, J = 6.8 Hz), 1.49-1.75
Me (m, 4H), 2.28 (brs, 1H), 2.34-2.49 (m, 2H), 3.44 (q, 1H, J = 6.8 Hz), 3.65 (s,
3H), 3.71-3.80 (m, 3H), 3.84 (s, 6H), 6.15 (ddd, 1H, J=16.0, 7.6, 7.6 Hz), 6.68
(d, 1H, J=16.0 Hz), 6.85 (s, 1H), 7.35-7.42 (m, 6H), 7.66 (d, 4H, J = 7.6 Hz);
BC-NMR (CDCl3, 100 MHz) &: 19.3, 22.1, 25.9, 26.9, 28.9, 33.9, 41.6, 56.0,
60.9, 62.3, 64.3, 71.3, 107.3, 125.9, 126.5, 127.8, 127.9, 129.7, 133.8, 135.2, 135.7, 148.4, 149.6, 149.8;
IR (ATR) v: 3442, 2933, 1427, 1109, 1038, 687 cm’!; HRMS (ESI) Caled for C3sHasNaOsSi, [M+Na] *
599.3169, found 599. 3161; yellow oil (36 mg, 27%).

OMe

)

2-bromo-4-isopropyl-3,5,6-trimethoxybenzaldehyde (290)
O OMe To a solution of 215 (247.8 mg, 1.04 mmol) in TFA (1.0 mL) was added NBS (222.4
H OMe mg, 1.25 mmol) at 0 °C, and the solution was stirred at rt for 1 h. sat. NaHCO3 aq. was
B added at 0 °C and the aqueous phase was extracted with AcOEt. The combined
OMe organic phases were washed with water and sat. sodium chloride solution and dried
over NaxSOs. The solvent was removed in vacuum to leave a crude mixture, which was filtered through a

short silica gel column (eluting with hexane/AcOEt = 50/1) to give 290 (324 mg, quant.)

'H-NMR (CDCls, 400 MHz) &: 1.35 (d, 6H, J = 6.8 Hz), 3.50 (q, 1H, J = 6.8 Hz), 3.81 (s, 3H), 3.88 (s,
3H), 3.91 (s, 3H), 10.32 (s, 1H); *C-NMR (CDCl;, 100 MHz) &: 21.5, 27.2, 60.7, 61.6, 61.8, 113.4, 127.3,
142.6, 151.9, 152.1, 152.9, 190.4; IR (ATR) v: 2936, 1698, 1378, 1018, 752 cm™; HRMS (ESI) Calcd for
Ci3H17BrNaO4, [M+Na] *341.0187, found 341.0199; yellow oil

2-(2-bromo-4-isopropyl-3,5,6-trimethoxyphenyl)-1,3-dioxolane (291)
O/_\O OMe A solution of ethylene glycol (0.62 mL, 11.0 mmol), 290 (348 mg, 1.1 mmol),
H OMe 5, TsOH+H,O (20.9 mg, 0.11 mmol) in toluene (2.2 mL) was heated at 100 °C for 24 h.
Br H,O was added and the aqueous phase was extracted with AcOEt. The combined
OMe organic phases were washed with water and sat. sodium chloride solution and dried
over NaxSOs. The solvent was removed in vacuum to leave a crude mixture, which was filtered through a

short silica gel column (eluting with hexane/AcOEt = 20/1) to give 291 (345.4 mg, 87%)

"H-NMR (CDCl3, 400 MHz) &: 1.32 (d, 6H, J = 6.8 Hz), 3.46 (q, 1H, J = 6.8 Hz), 3.76 (s, 3H), 3.81 (s,
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3H), 3.87 (s, 3H), 4.03 (t, 2H, J = 7.2 Hz), 4.26 (t, 2H, J = 7.2 Hz), 6.35 (s, 1H); 3C-NMR (CDCls, 100
MHz) &: 21.6, 26.8, 60.2, 60.7, 61.3, 65.6, 102.0, 113.0, 127.5, 137.8, 150.4, 151.4, 152.6; IR (ATR) v:
2935, 1453, 1372, 1019, 943 cm™'; HRMS (ESI) Caled for CisH» BrNaOs [M+Na] * 383.0470 found
383.0463; colorless solid

2-allyl-4-isopropyl-3,5,6-trimethoxybenzaldehyde (267)

0  OMe n-BuLi (4.33 mL, 1.55 M in hexane, 6.71 mmol) was added to a stirred solution of

H OMe 291 (1.87 g, 5.16 mmol) in THF (25.8 mL) at -78 °C and the solution was stirred for
7 another 30 min at -78 °C. Then, Cul (1.28 g, 6.71 mmol) was added at -78 °C, and
OMe the solution was stirred at 0 °C for 30 min, and allyl bromide (1.31 mL, 15.48 mmol)

was added to the solution at 0 °C. Then, the solution was solely warmed to rt for 1 h. 1IN HCI was added
and the solution was stirred for 1h at rt, and the aqueous phase was extracted with AcOEt. The combined
organic phases were washed with water and sat. sodium chloride solution and dried over Na,SO4. The
solvent was removed in vacuum to leave a crude mixture, which was filtered through a short silica gel
column (eluting with hexane/AcOEt = 100/1) to give 267 (1.11 g, 77%), 215 (15%). *It is very difficult to
separate 267 and 215 completely.

"H-NMR (CDCls, 400 MHz) &: 1.35 (d, 6H, J = 6.8 Hz), 3.46 (q, 1H, J= 6.8 Hz), 3.69 (s, 3H), 3.76 (d, 2H,
J=6.0 Hz), 3.89 (s, 3H), 3.91 (s, 3H), 4.93 (d, 1H, J = 15.6 Hz), 4.97 (d, 1H, J= 10.0 Hz), 6.00 (ddt, 1H, J
= 15.6, 10.0, 6.0 Hz), 10.44 (s, 1H); 3C-NMR (CDCls, 100 MHz) &: 21.7, 26.7, 30.0, 60.5, 61.7, 62.5,
114.8, 126.7, 130.0, 137.8, 142.6, 151.6, 152.8, 154.2, 191.8; IR (ATR) v: 2134, 1651, 1133 cm’!; HRMS
(ESI) Calcd for Ci¢H22NaO4, [M+Na] *301.1416, found 301.1414; yellow oil

1-(2-allyl-4-isopropyl-3,5,6-trimethoxyphenyl)-4-((tert-butyldimethylsilyl)oxy)butan-1-ol (292)

OH OMe A solution of Mg (135 mg, 5.55 mmol) and 1,2-dibromoethane (2 drops) in

TBSO OMe  THF (2 mL) was stirred at 60 °C for 15 min, then cooled to rt, and a solution
7 of Br(CH2)3OTBS (665 mg, 2.78 mmol) in THF (2 mL) was added slowly at

OMe rt, and the mixture was stirred for 10 min at rt. Then the solution was stirred

at 60 °C for 1 h, the solution of 267 (386.5 mg, 1.39 mmol) in THF (2 mL) was added at 0 °C, and the
solution was stirred for another 2 h at room temperature. The solution was dissolved in AcOEt, sat. NH4Cl
aq. was added and the aqueous phase was extracted with AcOFEt. The combined organic phases were
washed with water and sat. sodium chloride solution and dried over Na;SO4. The solvent was removed in
vacuum to leave a crude mixture, which was filtered through a short silica gel column (eluting with
hexane/AcOEt = 20/1) to afford 292 (418 mg, 92%)

'H-NMR (CDCls, 400 MHz) &: 0.05 (s, 6H), 0.89 (s, 9H), 1.33 (d, 6H, J = 6.8 Hz), 1.57-1.62 (m, 1H),
1.77-1.97 (m, 3H), 3.32-3.51 (m, 3H), 3.64 (s, 3H), 3.66-3.73 (m, 3H), 3.82 (s, 3H), 3.91 (s, 3H), 4.74 (td,
1H, J = 10.0, 3.6 Hz), 5.00 (d, 1H, J = 16.8 Hz), 5.06 (d, 1H, J = 10.0 Hz), 5.91-6.01 (m, 1H); '*C-NMR
(CDCls, 100 MHz) §: -5.4, 18.3, 21.9, 22.2, 25.9, 26.1, 30.1, 30.5, 35.1, 59.8, 60.2, 62.3, 62.9, 71.1, 115.3,
125.0, 134.1, 135.0, 137.5, 148.5, 151.4, 152.2; IR (ATR) v: 2930, 1410, 1245, 1031, 832, 754 cm’!;
HRMS (ESI) Caled for C25sHaNaOsSi, [M+Na] * 475.2856, found 475.2846; yellow oil
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1-(2-allyl-4-isopropyl-3,5,6-trimethoxyphenyl)-4-((tert-butyldimethylsilyl)oxy)butan-1-one (293)

O  OMe To an oven-dried 30 mL round-bottomed flask equipped with a stir bar was
TBSO OMe added 6 mL of CHxCl, and dimethyl sulfoxide (0.49 mL, 6.84 mmol), and
= the reaction mixture was cooled in a -78 °C. Oxalyl chloride (0.30 mL, 3.42

OMe

mmol) was added carefully, and the reaction stirred for 30 min at -78 °C,
then 292 (772.9 mg) in CH2Cl, (3 mL) was added, and the reaction mixture was stirred 30 min at -78 °C.
Triethylamine (2.37 mL, 17.1 mmol) was added, and the reaction was allowed to warm to r.t. over 1 h. The
reaction mixture was concentrated in vacuo and partitioned between EtOAc and 1 M HCI (aq). The layers
were separated, and the aqueous layer was extracted with EtOAc (x1). The combined organic layers were
washed with sat. NaHCO; (aq), water, brine, dried over MgSQs, and concentrated in vacuo. This crude
mixture was filtered through a short silica gel column (eluting with hexane/AcOEt = 50/1) to afford 293
(624 mg, 81%)

"H-NMR (CDCls, 400 MHz) &: 0.06 (s, 6H), 0.89 (s, 9H), 1.33 (d, 6H, J = 7.2 Hz), 1.90 (tt, 2H, J = 7.2,
7.2 Hz), 2.85 (t, 2H, J = 7.2 Hz), 3.29 (d, 2H, J = 6.0 Hz), 3.39 (sept, 1H, J= 7.2 Hz), 3.66 (t, 2H, J= 7.2
Hz), 3.67 (s, 3H), 3.75 (s, 3H), 3.87 (s, 3H), 4.93 (d, 1H, J= 17.2 Hz), 5.00 (d, 1H, J=10.4 Hz); *C-NMR
(CDCl3, 100 MHz) 6: -5.4, 18.2, 21.9, 25.9, 26.2, 26.6, 31.0, 41.6, 60.1, 60.8, 62.2, 115.5, 124.1, 135.7,
136.2, 137.1, 145.9, 151.2, 152.5, 207.0; IR (ATR) v: 2932, 1700, 1405, 1100, 1034, 835 cm’!; HRMS
(ESI) Calcd for C2sH42NaOsSi, [M+Na] *473.2699, found 473.2697; yellow oil
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