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AIBN
Ac
BCG
Bn

Bs
CAN
CDI
CSA
DBAD
DCE
DEAD
DMAP
DME
DMF
DMP
DMSO
DMT-MM

dppf
EDCI
ESI-MS
HMPA
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KHMDS
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MS
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: 2,2'-azobis(isobutyronitrile)

: acetyl

: bromocresol green

: benzyl

: benzenesulfonyl

: cerium ammonium nitrate

: carbonyldiimidazole

: 10-camphorsulfonic acid

. di-tert-butyl azodicarboxylate

: 1,2-dichloroethane

. diethyl azodicarboxylate

: N,N-dimethyl-4-aminopyridine
: 1,2-dimethoxyethane

: N,N-dimethylformamide

: Dess-Martin periodinane

: dimethyl sulfoxide

: 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium

chloride

: 1,1’-bis(diphenylphosphino)ferrocene

: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
. electrospray ionization mass spectroscopy

: hexamethylphosphoric triamide
: 2-iodoxybenzoic acid

: potassium hexamethyldisilazide
: lithium hexamethyldisilazide

: molecular sieves

: methanesulfonyl
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NMO
NMR
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PIDA
PPTS
Pfp
Pyr.
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TES
TFA
THF
TIPS
TMS
Tf

Tr
Tris
Ts

: N-bromosuccinimide

: N-methylmorpholine N-oxide

: nuclear magnetic resonance

: nuclear Overhauser effect

: 2-nitrobenzenesulfonyl

: iodobenzene diacetate

. pyridinium p-toluenesulfonate

: pentafluorophenyl

: pyridine

: tris(dimethylamino)sulfonium difluorotrimethylsilicate
: tetra-n-butylammonium fluoride
: tetra-n-butylammonium iodide

: tert-butyldimethylsilyl

: triethylsilyl

: trifluoroacetic acid

: tetrahydrofuran

: triisopropylsilyl

: trimethylsilyl

: trifluoromethanesulfonyl

: triphenylmethyl

: 2,4,6-triisopropylbenzenesulfonyl
. p-toluenesulfonyl



“ErRPEEZEREL LTE 2o TEY, RIZHDOEL I LRWIEAZ

BEMLAVEELLE L HORBME LTI NTE 2, &2V HITHAARTH
% [8REMT ) PEMELICRIEESERI L [T F Iy v a| % NHEIE%E
WIRSD 72 ER A3 E OAfifEZFEBH L T\ 5, —77. BRABILICE T 2“8 OffifE 1
T E A LRI NTWIRd 57228, 1998 41T Teles b1 X b I fiio&filitz w2 7
NF VDT NaF AURICHE 280
I NIz VR Y] 0 R 200
—& L7, Figurel (% 1976 fE~ 4
2010 “F DTS T 73—k
S B 25 R R 2
77 9THBH, 21 HIICTAY

SHICKIGERELIREL T3 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009

100

0 mmm - m il | B

FRRTHEN S, Figure 1. Research publications on homogeneous gold catalysis by year.

|- 1Al D SR DRFEIE,. PERDIAITRER D Lewis Bk & 3R 72 0 & o BRIE
IC X o THEMAZREMNITIEE L, KRE—~T v iTH 5 W ITRFE—KBER- AT
RIGZFEBTE 2 RUCH 2, EBERREFAMENESWRICENTH 5%, ILFETIERA
Yo EERIC DA FHI NS X5 127 572, Hashmi & DR IC X 2 &\ 2013~2014 4
ICARA TR W S - FEUE 40 2 X T\ B 9,

AR S ERAV SIS % 8 L 72910 T oflix, Toste & i X % Lycopladine A O A
HFEAWYTH 5, Toste 51 TBS T/ — AT —FAZKEH & LT, RE—KEHEE
T % 5 5-endo-dig B D BBV SOG 2 17\ IR RIE T2 63 5 BRI LAY
FAB LTz, 2DBEZAI -V FEEBPVICE ) P VREL, 28K EIEK L
Tw3 (Schemel),

OTBS PPh3AuClI (10 mol%)
AgBF4 (10 mol%)
OBn >
Me' — | CH2C|2/ MeOH
H (101)

40 °C, 95%

5-endo-dig (+)-Lycopladine A

Scheme 1. Total synthesis of (+)-lycopladine A by Toste group.
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¥ 72 Carreira Hlx. @M% H 72 )G % Z R W CTERBREEE O & v Indoxamycin B
D72 IBBEMEELL T2 9 (Scheme2), ¥ 3 EURRREFO—F%, 4 F
V()% v 3 7 a0 X)v Claisen $af71C X 0 SAAREIRIVICHEEE L Cnv %, 7+
Y DIRITCDH, RFE—BFEAEATE %S 5-exo-trig MO SMBELIGIC X Y 7+
b Fr 77 VvEBREEEL, 2 TORFHBRICEIL T2

O Me O, Me
/ o [(PPhsAu);0]BF, Me 0O
" H (1 mol%) ~ @ H LIBHEts
e - > - " .
Me
DCE, 75 °C ‘ oTBs THF, -78°C
0 oTBS 84% © 80%
Me . Me
Propargyl Claisen
rearrangement

JohnPhosAuCl (10 mol%)
AgOTs (10 mol%)

oTBs Toluene, 60 °C
72% (d.r.=32:1)

(x)-Indoxamycin B

5-exo-trig

Scheme 2. Total synthesis of (x)-indoxamycin B by Carreira group.

FIZ K 5 13 Quinocarcin D AFR2ERICEWT, KE—EXREATER 2 S 6-endo-
dig o S BRI G 2 VT3 © (Scheme 3) , Boh7-BR{LikE2 7 v Ry b T
BT A2HEC, POEKCTHEZ T FTI e FuFx ) ) VEBOREARITo> T3,

MeO:C,, JohnPhosAu(MeCN)SbFg MeO,C,

CO,Me (20 mol%)
N DCE, 45 °C CO,Me
4 Me
E——
then NaBH3;CN
NH MeOH, 1N HCI o
o 0°C, 90% _ _
(-)-Quinocarcin

6-endo-dig

Scheme 3. Total synthesis of (—)-quinocarcin by Ohno group.

ZDEIBERDOL L LSMEEORRNIINETALF Vv EZHET ) — VT —
T LI Ml oS % /EH X € 2 & 6-exo-dig T O BL RG2S EIT T 2 HE2 W0 TR

H L7z (XHE. Scheme4),



S\/ JohnPhosAUCI (3 moi%) Ns | tBu By
AgBF, (3 mol%) ! \ﬁ—Au—CI

J CH,Cly / H,0 N
O
TIPSO 0~ "H '
1 I't, 590/0 :
Z:E=18:1 6-exo-dig 2 JohnPhosAuCl
+
L—Au

~TIPS-OH

] AgBF,

Coordination Protonolysis

L—AuCl

Ns
N
+ _
E4V T oAU-L N Au—L
Py :
TIPSO H

TI PSQ)
Trans addition

Scheme 4. Gold(l)-catalyzed 6-exo-dig cyclization of alkynyl sliyl enol ether 1.

AREISIE, Toste ©OE LIS YL FEkicy I v ) — vz —FT e T ¥ U
TIREBE—IKFAEOTEREAED v v TV BRI TH S, T Ol KixFlchH s )z s
— VT — 7 VMBI L C trans TSN VL, RiRIC T B b ) U ABEL R
T, EMozF Y F U llEE R T 2 0~ Y O VB2 BB RNICAKTE %,

—T, COBRMERFa v T FURL v F vRHEYIICER SN T AR A
FA Y F=nATrnmf FICHEICED SN2 0HiETch 2 (RE. Scheme 5), %
OMHIX, FT7AAa A4 FOEERK EFRICH - % Geissoschizine 25 E BT F U 7 v {ll$H
EFHLTWERTH S,



Biosynthesis

Geissoschizine

Monoterpenoid indole alkaloids

Scheme 5. Piperidine ring bearing an exocyclic (E)-ethylidene appendage found in monoterpenoid indole alkaloids.
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FE—FE C5-Nor stemmadenine B A4 v F—AF7Arhu f FOLERIE

FFEMF )T VHEZEHR T2/ TAX A P4 Y F—=ATAAuf Forh
T b LB B 7 W8 % B2 C5-nor stemmadenine B A ¥ F— A7 A v 4 F & & HE
e L, Z0EERMEBICEF L. A7 A4 Pk, Fic¥ 2 v F 2 + 7E Alstonia
J&. Ochrosia J&. Tabernaemontana B DHEVIICEH S L5 KAV TH % (Figure 2), E
JTFNR)ARFA VY E=ATAHB A4 FELTIEEIENE L, Stemmadenine (6)® 5
PR F IR L 7= 1-azabicyclo[4.2.2]decane % Fi L T2 #EA B L <k Y  HET TIC
#) 30 O LAY O Hff - fEGERESHRE SN TS, 1 Th, Conolidine (3)i% 2004
££1C Kam 51T X b Tabernaemontana divaricata Ot fZ 2> & Hifff X 419, 2011 4E Bohn &
IC & o T2 OBAGERIGESIRE TN O 3ldFr=Y VT R FTELE A ICPEH
THERIGITEZ R L a6, A4 A4 FRERICHNEL 2 wHEr b, IFA 44 Mk
PSR O > — FMLa e sz, L LA b, 2 Ol ERET X1 S 2>
7o Tz, 2 2T AFHEFFEIHO 2053+ 7 v — 7&K % 4517 L Conolidine (3)
K% OFEBFARTH 5 Apparicine (4)19, 16-Hydroxy-16,22-dihydroapparicine (5. LAF
dihydroapparicine) VD &K ICE T L 72,

A\ “H \ “H N
N N N \,s OH
H © H H Me

(+)-16-Hydroxy-16,22-

(+)-Conolidine (3) (—)-Apparicine (4) dihydroapparicine (5)

@
1-azabicyclo[4.2.2]decane | |
(-)-19,20-E-Vallesamine ' Stemmadenine (6)

Figure 2. C5-Nor stemmadenine-type indole alkaloids.



DL i Bi#dT % 7~ 3 (Scheme 6) . Apparicine (4). Dihydroapparicine (5) Conolidine
B) &L W IFEREE & & 2 72, 3 1T Micalizio b D &HKDOFMEERTHZ 79X 45 TH
Mannich JJSIC & > THRATRE L E I N TV R, TH L IfiAREfT> 3 e Lz,
7. AV F—ra=yigeiverxyrrva=y b2odEiEicloTHONE EEX T,
. 2 IFYUMREORAIC X Y RS NAZBRLEHER L Fl—ob&YIcd v | ARk
by Iz —x—7)b 1 IFHIRD 2-Pyrrolidinone & Y 5 B CRARAIEETH

%
Intramolecular

I N Mannich reaction HN Ns

S s O
. /) Li
A\ ‘H : N\ s H j N + »
N © N O P A
1
" : o~ H
8 2

(x)-Conolidine (3) 7
(x)-Apparicine (4), Dihydroapparicine (5)

6-exo-dig Ns
Gold(l)-cat. cyclization Ei\l \/ OTIPS (0]
— = NS\/ —
J\ H J\rfﬂ\/ N 7 dN H
1
TIPSO H 2-Pyrrolidinone

Scheme 6. Retrosynthetic analysis.
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F—H SMEBRCRIC OGS

IR IC, BT E D EFARMME L 72 £EFKITHE V> 2-Pyrrolidinone & Y BRALSUGHEE 1 @

A %17 > 7= (Scheme7),
MSO\/

n-BuLi
o NsCl O NaBH, K,CO3
- NS
NH NNs
THF THF / MeOH 10 DMF
N -78°C (10/1) 50 °C
2-Pyrrolidinone  ggo;, 9 rt 72% (2 steps)
TIPSOTF NS\/
N IBX Ne EtN
Z
N — N =
DMSO CH,Cl, J\
1 50 °C 12 0°C  TIPSO” “H
93% 87% ;
Z:E=26:1

Scheme 7. Preparation of alkynyl silyl enol ether 1.

2-Pyrrolidinone i THF #7 —78°CF, n-BuLi & NsCl Z#{EfH&® 22 & T, /P57
2 L9 # K 85% T 7z, KIC THF & MeOH DREAVAM A © NaBH, ZfEF S ®25 C &
T, 7272 L% 2BBRITTLT A —0 10 ICEHAL 72, RMLEYEHERY O £ £ N-
TNAFMEDSEMFIHTT 2 & T, 2 TRIGE 2% TT V% v 11 ~EE w7z, fiil» T IBX
FELic X b 7 AT e F 12 ZUE 93% T 72 1%, CH.Cl, # Et;N 7776 T TIPSOTF % {EF
X BEC, BIURKGHECTHE TIPS T — AT —F 04 1 ZIUEK 81% THE7=, KLA
PHEHNMR ICEWTT AT b FICHRT 2> 7 F L Difdk &, E-isomer KD §6.38
(1H, dt, J = 13.0, 1.4 Hz) ppm B¢ T* Z-isomer H12R @ § 6.31 (1H, dt, J = 5.9, 1.4 Hz) ppm @ >
FFABEIE N BARDAWMLZ1DARZ AT =& & XL —HL7-FED2 b %Dl
EEMER L7z, T, V7PV E Y Z2:E =261 D&%MEMEAREEY) & HIk
L7z,

RICESNZHE 1 2w, IR L2 B SiEIsv s o BE %17 - 72
(XH. Tablel),
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N
N
L Ag cat 2 13a 13b
—_—
Solv Ns Ns
J it Ns N N FZ
TIPSO O
\
Z
TIPSO (0]
14 15 12
Entry Conditions Products (%)
1 Z:E Aucat. (mol%) Ag cat. (mol%)  Solv. (0.2 M) 2 13a 13b 14 15 12
1 2.6:1 JohnPhosAuCl (5) AgBF, (5) CH,Cly / HpO (10/1) 61 30 4 - -
2 JohnPhosAuCl (5) AgBF4 (5) MeCN/H,0O (10/1) 4 5 trace - - 34
3 IPrAuCl (5) AgBF, (5) CH,Cl, / Hy0 (10/1) 52 28 6 4 - -
4 IPrAuBF, (5) - CH,Cl,2 46 14 10 9 - -
5 RuPhosAuClI (5) AgBF, (5) CH,Cl,2 57 12 2 - - -
6 JohnPhosAu(MeCN)SbFg (5) - CH,Cly? 61 trace - 10 4 -
7 JohnPhosAu(MeCN)SbFg (5)  — CH,Cl,° 17 19 - 5 49 -
8 JohnPhosAu(MeCN)SbFg (2) - CH,Cl,° 67 27 2 _ - -
9  0.7:1 JohnPhosAu(MeCN)SbFs (5) - CH,Cl,? 39 50 6 - - -
10 >20 :1 JohnPhosAu(MeCN)SbFg (5) - CH,Cl,d 92 1 - - _ _

2H,0(1.5 eq.) was added as proton source. No H,0 was added. °H,0(1.2 eq.) was added and the reaction was conducted at 0 °C.
dHZO(‘I .5 eq.) was added and the reaction was conducted at 0 °C.

[-

t-Bu -Bu f'B:_EJ
P—Au Q/ \D P—AU—C' \P':—AJ—NCMe
i-PrO, "SbFg
i-Pr | i-Pr d—’
i-PrO
JohnPhosAuCl IPrAuX RuPhosAuCl JohnPhosAu(MeCN)SbFg

Table 1. Results of gold(l)-catalyzed 6-exo-dig cyclization.

Entry 1 ISR 380K D B L 7 5iligef. 3 7b B @il JohnPhosAuCl, #Rfili 1
AgBFs. 1T CHLCl-H0 (L0/1) DEARKE Z W TEIR TRICZfTo 72 & T A, I
61% & FHI X CBRILIK 2 2B TE 72, OB BIAEMIE LT T AT LA~ —DH
fRICH 2 TIPS ~I 7 IF— 13a, 13b 23 ZNZ 4 30%, 4%(F 55 HHHIAL 7=,
RIRIC MeCN-H,0 (10/1) DR A RIEZ AW 7285613, BRI 2 o ERITKIBIE T L T
VTR F 12 23 34% MR X 7z (Entry 2) o ZOJREIIISHEE—FR LR D Sl
BACOBMEE T CIREIA SR LB E 2 b, BRIUE 2 OICRSE# X 2 4.
Entry 3~5 Tl¥ NHC FECA7F D IPrAuCI*?, IPrAuBFs. JohnPhos & U &\ LA+ O
RUPhosAUCI® % FIW CTREGT L 7228, IR IXZ 24 52%., 46%. 57% Tl e D W { AR

11



BEONRD» o7z, TOR, Entry3,4 Tl 13ab Dftticy e Fr 7 7 v 14 BT HhIC
BIAEST 2B DYooz, B Entry 4 DFFRP O, RICICHER 7w b VIFETH 5KIZ
15 MBTHoTH 2 Z L HBAL 728, MARRIZIARE %2 CHClL ICfEE L 1 48 ok
ZRIGRITI 2 5 & CHET 21T - 72, Entry 6 TIXERMEIC X 2 ML A E 7%
JohnPhosAu(MeCN)SbFe! 9% Fi\» 72 & 2 5, 2, 13a,b. 14 IAMCT L v 15 2% 4%@EI4E L
Too ERHEZEGFIC, RIGHRITKEZRML 2 WS CRBRO RKIGZIT S & 15 23K
49% T1E 572 (Entry7), Entry8 @ X 512, filii&E % 2mol% % Tl U 0°CCRIG % 1T
S 72BRIX, 2 DIKRD 67% & T F TTRD RIFRiEREY 5 2 72,

BRAUIR 2 DINEDTHTH TH 2 F, L0 FICHEWTH 13a DERBHER I N F
220 1D ZIE BIEKRDOBRAURA 2 R 72 2 AlREMEDS IR I Nz, £ 2T 1 D Z/E BEE
EREEL CRIGEITIRL Lz, BEOV Y AT VAT L a~ 7T 7 4 —Coof
INEETH 57225, MPLCIC X Y —#fZ 0T & 'HNMR DDA Z:E=07:1, X
WZ:E>20:1D1 %72, K41 L T, MERICICEZRS L7z ZA, Z:E=
0.7:1 @ 1 2> 5 BRI 2 28 39%., 13a,b 235t 56% CTIFHAL7zDICxHf L, Z:E>20:1 D
12513258 92% & SICK TR, 13a 28 1%EIET 2 DA TH - 72 (Entry9,10), LA
FofERD b ARBUICIC BT 2 BIEEY DO ERA =X L2 AT O XS ICEHEL T

(XHE., Scheme8),

12



7%

NS\/ AN

N_“Z . Ns 2 N

[Au] N = Path b p [Au]
—_— E/\/ a b —_—

J 7-endo-dig

J N
OTIPS

TIPSO +
1Z1E \—) B _

NNs ]
Path a l 6-exo-dig —[Au]* ilgal\::g:
. ™ Ns N
NS ~[Aul N TIPS N
Protonolysis [Au] depr otection o
N0 ﬂ
X
TIPS (I-T - Ns
o H deprotection \QTIPS (;OTIPS (O N
2 — A -
1,5]- l

—[Au]* Hydride D
Gold(l)-cat. J

shift

5-exo-trig
Ns TIPso__N®
N Ns
6] N
@
TIPSO
15 13a,b 14

Scheme 8. Plausible mechanism for the gold(l)-catalyzed cyclization.

Z I3PTE D 6-exo-dig B OBRAC IS 25HEST L 7212, KR A 2L b 2 U v
Z « TIPS ORI X > CEBLIk 2 252 2, o, HkA 2 5[L5]-k F U K
BBt 7Ly 15 84K T 5, [1,5]-8 BV FEBENZRNICT 1 b VRBTELEL W
SBT3 EE 2 5N 5%, Tablel @ Entry 6, 7 D5 I A S OIS % 2
FFLCTw3,

zhicxt LT, 1E 2513 7-endo-dig B D ERALSOG A EFT L bRk B 252 %, 2D
R, @l o i % £ > € C-N #iaosE L, g C 2B L TH TN TORRK
JGICK 5 TTIPS~ I 7 I+ — 1 13ab BERT 2 RIOHRZ IR 2 /58 L L <.
JELL O BERE T T3 2 B A Echavarren 512 X » T a3 T\ % (Scheme 9),
Echavarren & (%, Fr#® 8-endo-dig BUER(LIK 17 DA A A KR, BIEFE LCTT
LY 18 T3,

CO,Me JohnPhos MeO,C DN MeO,C DNs

Au(MeCN)SbFg MeO2G  DNs N NH
1 1% N
N-DNs  (1mo) A\
A\ Toluene AN / N A
N 90°C [Au] N N
N 54% 43%

8- endo -dig Allene
18

Scheme 9. Formation of allene 18 reported by Echavarren group.
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FEICHER C X 0 TIPS BRORENE L 2 GAICE, ALK YT IR T4 v e~
1T IFAT=F VOFERREY) D BERL, ~IT IF—AT =4 v i) EH
DB B LSS (5-exo-trig ) 2T 2HET, Ye Fr 7 IV 4BERTELHE
Zbivd,

¥ 72, 1Z R 1E 25 Z 1L Z 1 6-exo-dig. 7-endo-dig T D BRAL S84 U % B % DA
TokoicEELZ (Figure 3), T7habb, 1Z 25 13N BREBREZ R CGHEL I IC
FOCHSHETT 2 DIcxf L, 1E TII/NBEREBIREBICE W T TIPS L Me o VifkESE
ICX o TEBBIREN AR & 2 )  FERMICEERE 5 2 2 BB RENPELT 2 E20
N3, SBRIEIERETFOMOREREE, KICOEE —MRIEICOWTRETETDH 5,

¥ [Au] t
NsN eo__-[AU] ' Me
LSl = 2

LN, Me! - A\‘ AN
E “TsictPr ~gi—i-Pr
ot N
i-Pr 1t Pr i-PI'I Ni-Pr
6-exo-dig Z-endo-dia
disfavored favored

Figure 3. Proposed transition states for the gold(l)-catalyzed cyclization.

PUF. #LEYIORERE ICOWTRT,

BAUA 2 I Z3ITHNMR CBWVWTY I AT ) — AT —FTAKRIT A F VREED A F L5
HEDY 7 F Aok, 7TA7e FHED §9.54(1H,s). =F U 7 v lgEHkD §5.90
(1H, 9, J = 6.8 Hz), 1.75 (3H, dd, J = 6.8, 1.8 Hz) ppm D > 7' F L DFEDRRD b, T 7=
WARDAK L2207 —2L XKL 2E»rOXOWELRHERE Lz, b, =F VT
VIO EEICBAL T, AL 74 v T b vl AF LY 70 b v EDE
NOE fHEHICc X W iR T LT\ 5,

TIPS~I7 17— 13abld. ZNZ N HNMRICEWT~IT I F— ik §5.78
(1H, d, J = 3.4 Hz) ppm & 1* 5.81 (1H, s) ppm D> 7' F L BCNMR IZEBWTT L VXK
D § 208.0, 95.7, 75.4 ppm K UX § 205.2, 96.4, 76.5 ppm D > 7" F LD b, HIC K fE
2D-NMR &t 5> & % O 2 8 L 7= (K HE. Figure4), %7z 13b OFIZA(LAE T H
el o XS RESERRITIC X D . OTIPS 3 & 7 L= A trans FitiE ©H 2 LT L 72, fEo
T, 13a(ZOTIPS 2 TL = A Ep cisBLETh b L Ex b D,

14



TIPSO @ TIPSO _N® Tlpso\i’t‘;
<€H;)E)— COoSsyYy
— key HMBC
13

13a,b 13a b
" ORTEP View of 13b

Figure 4. Structural analysis of 13.

YelFue77v141F, HNMRIZEWT~IT IF— kD §6.10 (1H, d, J = 6.9
Hz) ppm. A FA3EHskE® §1.56 (3H, d, J = 1.4 Hz), 1.51 (3H, d, J = 1.4 Hz) ppm D > 7" F
L, BCNMRIZEBWTTZ )/ — AL 7 4 VIRD § 148.4, 102.3 ppm D > 7' F L3588
b, 72K 2D-NMR T2 5 % ORGE 2 MR L 700 F 72 M2 LA 1. ~ 2
IF—nikoTa b v AF T e b RO NOE MBS HERE S NI X Y E
L7- (Figure5),

(N

Ns
(6\ N 0 Ns
\ \
J — cosy 5
— key HMBC H dif. NOE
14

Figure 5. Structural analysis of 14.

T7Lv 1503, HNMRICEWTHF L A FL kD §3.83 (1H, dd, J = 9.4, 4.6 Hz)
ppm, K 7 L Y HED § 4.79 (2H, m) ppm D> 7 F . BC NMR ICEWTT L VK
D § 203.0, 96.2, 77.5 ppm Jx N 2D-NMR f#HT 2> 5 % Ot % fifEs L 7z, (Figure 6),

Ns
N
N
TIPSO — cosy
.5 — key HMBC

Figure 6. Structural analysis of 15.
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% _ffi Conolidine, 16-Hydroxy-16,22-dihydroapparicine, Apparicine D&A

FRED Y RY Y va=y b 2 DIEZBETE 725, KITKARY) DG I T T BEA
AR 7 D &K ZREN L 72 (Scheme 10),

THF h—78°CF. Bi&&M L 72 N-_ v £ AL F = 4 v F— ik LT n-BuLi %
ER &2 ) FAURZ L 7258 1010 2 & KIS E - TR T v a2 — 4 19 % IEK 68%
TH7z, WK L% HIvIC, 7 (Toluene) & #MIAI (HMPA, LaCls - 2LICIY) %%
AT L7223, DS BT HINEL 50%EETH 572, 19 1Z*HNMR L ) Ry ¥
VANFEZAA VY F NIRRT B S FARTFF O AF Yy Tu b vicHET S
5.33 (1H,dd, J=8.2,82 Hz) ppm D > " F A ZEHH L - FHIc X v, Z DS Z MR L 72,
AB. 19 REY T AT LUAERR (dr=18:1) KB LN TWB 2, KT TR
KF bR, FEM 7R AU DIENTIZAT o TR,

B 5 7z 19 1ITx} L T Dess-Martin periodinane ZEfl & & T, 7 F v 20 Z SINEKTE
720 20 1Z BC NMR I WTH + Y HISE®D 1953 ppm D> 7 F A2 B L 72Fic X b |
Z DREE R MR L 720 RIT 20 o L CER, BifRFE % 17\ Micalizio ® Dk 7 &
FRAEMGET L 720 M%), IMKOH © X & J — VIS BRI % 1T 5 %5 C Bs HE & Mif
L, B %, HAEBYICH LT Ns o liffi# (PhSH, Cs;COs, MeCN, <86% in 2
steps) 1T o7z, % DEDOEH 5 Bs B iiff# % TLC L CHERL 72, MG E=E
HICR L, PhSH ZMMA2HICX D 7Ry b T Ns HOWRETEII L7z, T80
N3 ZWRT v T IR X 2 RERARETH D . ZDIERIL TN TH o7z, T DI
X, ZDART PLT— 22 Micalizio 5OMEL T2 DL XL —HLAZFEL2D
MEE L 72

\
NsN _
n-BulLi DMP
A\ Yy
THF N OH CH,Cl,
-78°C Bs 0°Ctort
68%, d.r. = 18:1 94%

(84% brsm)

1M KOH
in MeOH HNTN
reflux
N\ “H
then PhSH N o)
rt, 97% H
7

Scheme 10. Synthesis of Micalizio’s intermediate 7.
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wIC, Conolidine (3) % 8% o ¥igk{A (4,5) DA ZETL 7z (Scheme 11)

Wt I T3 TFA L (HCHO)n % F W 7243F M Mannich SIS 9% #at L 7225, &G
ODHENPEONGED 5T, HatDOFER., (+)-CSA ZHWV L& CTRIGRITo72L 25,
AR DU B X < Conolidine 3)Z &K T & 72, 186172 3 1. I ZRE T
DARY PNT = ZBRYDOb DL —HKL 7=,

Ki 3 x L., THF 1 —78 °CT MeLi #fEH <& % & 16-Hydroxy-16,22-
dihydroapparicine 5) % Hi— D Y 7 2 F L A ~— & L TAKTE 72, RZAERMIZ 3 D
SERBCEE D H AT O X 5 ICEEH T ¥ B, RN Apparicine (4) 13564 72 NMR figtit 2> & |
HIAREHC Figure 7 O & 2 FAHE DI N T2, 3D FAKROEEL &L 5T b
EZE, ERTF Y T M OARREE 2T 5 X 9 I MeLi 2% o 2 5 G L
TGS, 5 ONERINIC AR L 72 LEREC X B, mBRIC, 5ICHT L CEIR T TFA Z1FMH &
2% L WIKEDSHEST L Apparicine (4) % 2 TAEINK 520 CTHAK T 2 IR L 72 19,
4, 53ic, FELEEREETCDARI AT =2 RRBYIOD DL L 72,

CSA N
@ﬁ/\ (HCHO), @\/Qé\
A\ "N MelLi
MeCN N [e) sterically N /

reflux hindered Z/ R
59%
(x)-Conolidine (3 p-face
//<’ Me
MeLi NH 4.r= = Ch
THF NoH CH,Cl, Figure 7. Conformatlon of 4.
—78°C Me rt, 52% N
(%)-16- Hydroxy 16,22- (2 steps)

4
dihydroapparicine (5) *)-Apparicine (4)

Scheme 11. Total syntheses of conolidine (3), apparicine (4), and dihydroapparicine (5).

PlEoXsic, HEHEIEINETAF V2T I /) =T —FT0 1 ZHwTz 6-
exo-dig Bl o BB U KOG DI & g3 5 & e, BRI OREE - BB & B
L2t Liz, $72. 5 5h7= 2 X b Conolidine (3) X U % DEEMRIA 4,5 D LA % IERK L
7o GRITERL 72ALAEY O EYRGETERHE . M IR OSGE %2 XY 7053 5 B /s 2 FhfkR
DEKEITI TETH 5,
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W2 Akuammiline A4 v F—aA 7 v 4 FOLERHE

i, KV EMAEEEZR>EMZF ) TV llEROE// TA_/ 4 P4 v F—n
TAHu L FOEREITS L, Akuammiline B4 v F—aA 7 A A v A F & E&RIEER I
E L7z,

Akuammiline 04 v F—a 704 Fid, XV EREREICHWO N TE 2+ 3
v F 7 b v RHEY. $5iC Alstonia J&. Hunteria JBICJA S EH SN TWBERAYTH B,
ZOJESIIE L, R obEY L LT 1875 FiC Hififf & 217z Echitamine (25, Figure 8)
BHILN T2 2, DI, FICHM 7 & 7 JEEDHEY) & Y B4 7% Akuammiline 824 v F
— LT A a4 FAHEE - BHEPOE S, HEZ 080U 60 FEFLL Eic BB 2,

KT nAhwf Fecicdhid 2 EnfiElE. £/ T A A P4 v F—=AT A dnm
A PEBRRORFEFRSICH T S CT—Cl16 oA TH 5, THBEEDRBYIE, 4 v
FUvH20WiEA Y FL=vERPLR % ABBRICHRL ZEMREREAREL W5, &
I Figure 8 IO/ 3Kk A YRGS LT Y, Z0iGMklx CDE RO MG D 22 5
CHEKT 2 LEZONT WS Mgnsb, KRAVIZAEEY — Fo+ & LTI
AL S 2 5,

MBOQQ
AcO :

N "methanoquinolizidine"
i -Picrinine (24 —)-Echitami
Akuammiline (21) cage-like skeleton (+) Picrinine ( ) _ (-) Echltam.lrlwe (25)
Anti-inflammatory activity cytotoxicity

(+)-Strictamine (22) (+)-Gomaline (23) (-)-Aspidophylline A (26) (+)-Scholarisine A (27)
NF-«kB inhibitory activity Drug resistance

reversal activity

Figure 8. Akuammiline-type indole alkaloids.
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LA RIS~ 7- R i 2 4 & & BURER W AEYEE D & L 2 O A TSR IR SRR IR
HEn<csy, BET VAR 4 FOREKIZ T DD 7 v — 7 (Garg, Ma, MacMillan, Qin,
Smith, Snyder, Zhu) 2> b HRX W THE I N T w3 2, L L7%&d»56, CDE &
IZ”methaoquinolidizine” & #F X 11 2 TR B 2B 3 2L EWICER L T A S 23 v
By JBRYEF TIT Garg 51T X 5 Picrinine (24) D &5 KA ME I N T VWL DA TH % AN,
% 2 CAMFE T, 6-exo-dig T &RV KOG % I L 72 BEIR B AR D RESE % 17,
Akuammiline 814 ¥ F—A 7 A A1 v 4 FOshRNEREEZHELT2EHEZHNE L7z,

¥4, Garg 51 X % Picrinine (24) D && K #4 % (Scheme 12),

: “NHNH,

PACL(dpp) YO
KoCOg / o S TFA
EEE—— > —_—
e
I MeOH E \ne  DCE
N \/§/ 70°C NNs 9 steps S 80°c
Ns” o
s 40 - 63% 29 30 69%
28 Pd-mediated Interrupted Fischer
enolate coupling indolization

31 32 (x)-Picrinine (24)
Total 19 steps

Scheme 12. Total synthesis of (x)-pircrinine by Garg group.

ok, FFT = ra -V F282HEE LAEPdEH VST 7— FPERILRIGICED
ERT Y7 VA2 ET 2 BRIELAY 29 2 A L7z, 2Dk, 8k 747E 16 {7
DIRFHHELZEDL 9 THRTT P v 30 ~E AL 725, BEETHZIA Vv 2—F 7L
B Fischer 4 v F— A& Z1T ) BT, FTEOVMRLAEZH T 5 7 PURRFEZ &
AvFL=vEi (ABBR) OEICHIILTwE, 20K, I—F3+—roliftiEs ¥
F =V OLIFZD 2 TIRRTT AT F 32~ EBEE O TAF LI AT AENO
AL Ns HOBREZRITTIF CCRE L ANIT IF— AT —T A E B IR
L. 419 Tf& T()-Picrinine 24) DA EIER L T %, RE BTGB S AHFE i
HOWRIERIC LAY P AFETH 28, FEE LT O 41 v FL=vERBR#ZICEHE
REE LT 25, HREGEPHL VA, @ FEAEA~DEEEE R S35
bNd,
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PLEZEE 2 T, FEHEZUTIORT AN %17 - 72 (Scheme 13),

Introduction R 6-exo-dig R
of C1 Unit gold(l)-cat. cyclization
-

\:

N s N Late-stage
s . indolenine formation

"E" ring
formation

(£)-Strictamine (22, R = H) 33
(£)-Gomaline (23, R = OH)

Silyl enol ether

formation Q

N-alkylation

35 Stereoselectlve a-amination Known diketone 36
B & cyclization

Scheme 13. Retrosynthetic analysis.

A RER & LT, CDE BROEHE D i b 2 72\ Strictamine (22)2) 2 UF Gomaline (23)%4
BIRLz, AV FL=vE (BER) L 16 fio—RFEZ= v F OEA % &SI
TIT S & T, FIBRAIZY 7 b v 33 5 Th 5, EBRIZ. SBIKIGTH 5 6-exo-dig
RO GBS IC CTHEET 2 2 L & Lz, BRILATIRA 34 3> Vv ) — vz —F
MMEE N-T L F LI K W BEGICHRATREL F 2 b5 2y, HEEHEAE LT CD B
Y2 35 BHETE B, 35 1d. KREAIO Y 7+ v 36 X W VT A7 L AERT
a7 I ALRIG EBRLRISICTARTE 2 L F 2 70, AEBRREEOF] R & LTI,
O FEREEONEL B 721, BEREZMET 2 FCHREAHMAFIRETH 5 1. @ K
R—IKFEREATE % D T W IE{E - BTTBRS 2 #5138 U % ¢ LI D B2 BA D 5
HL @ WY b v EHREFERET2ET, AFAR~DEMERSIC L 2 EARET
LbiLs,
LI, EBEOERICOWTHMNT S,
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B8 EEPREME 58 DA

¥ 4. Bonjoch & D5k PNHEv 3 TRTHRFY 7 + v 36 24 L 72 (Scheme 14),

/\/BI’
K,CO K,CO Toluene
/© 2L0U3 O,N 2L0U3 OZN
_—
O5N (0] (0] O

2 i DMSO Acetone \/\ 185-190 °C

90 °C reflux 81%
1-lodo-

0,
2-nitrobenzene 60% (2 steps) Claisen
rearrangement 36

Scheme 14. Preparation of diketone 36.

372 b B l-iodo-2-nitrobenzene % HFEF AN T H KL BERLRIG, O-7 ) M LIS %
T, TI A= LT —7)v 38 % 2 TR 60%DIEK TEHM L 72, KIiC 38 ZEHEH b v
I VIR, 185-190 "CTHMENT 2 3 iC X U Claisen $infiz % #EfT X &, XFRT 7 + v 36
UK 81% Tz, 36 IZART FAT —ZCHMEE BWw—3 %R L7=FHH» 5 X O
ER R L 72,

BoNnz36 2T, afr7 I/ FHEACHET T T OMET 247> 72 (Table 2),

1) Base
_—
2)E*
THF
Entry Base (eq.) E* (eq.) Additive (eq.) Condition Result

1 KHMDS (1.3) TsNj3(1.4) AcOH (5) -78°C - rt 36 (41%)
2 KHMDS (1.3) TrisN3 (1.4) AcOH (5) -78°C > rt 36 (35%)
3 LHMDS (1.1) NBS (1.1) - -78°C » -50°C N.R.
4 LHMDS (2.2) NBS (1.1) - -78°C 40a (17%), 40b (<5%)

Table 2. Results of introduction of a-amino group.

Entry 1, 2 Tlx Evans HIC X WV RE I N7 b v a MOEFEN T FEEAKIG % iR
L7720, L2 Lo 7Y MLk 39 3 Bond. FEROEIEE D EKWERTH
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o7z, ZTTT I 7 HAMAZ BEEINICEAT L, a fi~D 7 v ELEA%2TTo 7,
Entry 3 TI3& < KIGIRHEEIT L 72> > 7225, Entry4 @ LHMDS 2.2 B AW/ )/ J
— M EAERT BT BINERS S 7 a2tk 0ab #1H, L L, ITEOLLEY
BlrLAERONEVFICMAFER S EIRTE Ry, 7 b v MR L7 S8 %
TOEIINEEC BT L, 7 b v oIERFMLEITIFEE L,

kB, EEDPARMREZITo COLEEFHHIC Zhu 52836 LhE/ v /) — LT —
T AL ERFHLEE ) 7T = 42 OHERICHEIL T3 (Scheme 15) 22, Zhu
O IR EESME T T 36 2 H1EEE 42 ~O LR H AR TV B, WTNDEAICHE N T
bR T BRERE o2 bR TH Y, FROEBRBR L LW,

TMSCI
DMAP CsF
Et;N PhNT,
—_— —_—
CH,Cl, DME
0°C > rt rt

55% (2 steps)

Scheme 15. Synthesis of enol triflate 42 reported by Zhu group.

9. —fOT VIR T BT v Z— R EDORE 1T o7 (Table 3),

See Table \\_

~ 0

36 43 44 45
Entry Acid (eq.) Diol (eq.) Additive (eq.) Solv. Condition Result
1 PPTS (0.2) HO~on (1.1) - Toluene 110 °C N.R.
2  BF3OEt, (1.5) HO~on (5.0) - CH,Cl, 0°C-rt NR.
3 TMSOTf(0.9) T™MSO_~otms (1.1) - CH,Cl, 0°C->rt NR.
4 p-TsOH-H,0 (0.17) - CH(OMe); (1.0) MeOH  reflux N.R.
5  Amberlyst 15 (0.1) - CH(OMe); (1.0) MeOH  reflux N.R.
6  DOWEX 50Wx8 (0.2) - CH(OMe); (3.0) MeOH reflux 45 (9%)

Table 3. Results of acetal formation.

Entry 1~3 TlX ¥4 F Y 7 v 43, Entry 4~6 TIZY A F LT & X — )L 44 DEKE IR

aul

j.
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L7z, Entryl X D IHIC Bronsted B2, Lewis B2, BPKIE 20 % et L 72 23 D S T b ¢
4 S HEFT L 7x 2> 5 72 Entry 4 2> 5 13 Bransted [ & USGRIETE A4 A v S HutstiE Cifat
ZAT 2 TS, Entry 6 IR TR TRAF LT ) — LT — T )L 45 ZRIERIC TR 5 D A4
7ot LEOMET L 0| AKREFICER T 27 b v ORIGHR T BB S iz Ry, —
SIDT b v EEILL RICRET 2F L L7z (Tabled),

ON TESCI
\\ See Table Im.
O /’2
CH,Cl,
rt
36 46 92% 49
Result
Entry NaBH, (eq.) Solv. Temp. (°C) 46 (%) 47 (%) 48 (%)
1 1.0~13 THF/H,0 (13/1) rt 38~51 7~8 21~39
2 09~1.2 THF/PB* (13/1) rt 45~59 5~11 21~33
3 1.2 THF/H,0 (8/1) -10 77 8 n.d.
*PB = pH 7.2 Phosphate buffer n.d. = not determined
Ho. A__OoH HO OH
47 48

Table 4. Results of reductive desymmetrization of diketone 36.

Bonjoch & D IC & % &, 36 & THF-/KIRAAREH, FEI T NaBH, I TEITS 5 &
B AN 46 BINE 6% TRO NS 2, Lo LRIRRDSEMFTERITEZITI &, VA -
47 R O 48 DEERRIEDTED b, RISOFB S S N o7 (Entryl), ¥4 —1
48 . SIERAEIEIARIETTh B RICL b a7 A F— A RIEAERT L, BT
HEITLCER L2 EZLNS, ZZ TEntry2 TliAkofb vic, U vEEEHR (pH
7.2) EFCTRIGET 072 & &5 IRIEP ICRBE I MBS T L AT — L TORS
PEICZ L BESREE > 7o, B4 TR 1T 5 7R, SUSIRIES FIF 3CL b m 7L F —
MBIEEIIFITE K 7% (89 A7 —) T EAMTEL (Entry3). %D,
KEHE % TES H IR L mICKE T 49 37z,

A 46 RARY BT — X DSCHME L R B R L 7250 2 O &
L7, Y4 =0 4713 HNMR I35\ C 2 D OKBEEEMN RO > 7 F 1 § 4.68,
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4.34 ppm 2SR SN T-H, 48 13 H NMR I B\ TKBEIEEAT RO 2 F 1 vichk$ 2
> 7§ 3.62 ppm S U ESI-MS (1T W TR T4 A4 v ¥ — 2 304 [M+Na] 23 81H] &
NT=FH0 b Z OREZMER L 7=,

RKIT, 156072 TES fREE 49 1T LT a 27 2 7ALRIG DS 21T - 72 (Scheme

16).

\\_’,

(0)

KHMDS
then TsN 3 or TrisN3

\OTES A OTES
' L-Proline

then DEAD or DBAD 50:E=Nj3
51a: E = NH(CO,Et)-NHCO,Et

51b: E = NH(CO,t-Bu)-NHCO,t-Bu

49

TMSOTf
Et;N

CH,Cly, 0°C
96%

Scheme 16. Results of direct a-azidation and silyl enol ether formation.

bV afLOEHEN T Y FHE AKIG, L-proline & DEAD (or DBAD) % 7z a iz
RET I 7ALRIE D% BT L 72235, KIGIET LR d o7, ZORRIEIIGT 2T/ 7
—F (2 F V) BHOERL TR XIZZ DREEA R+ TH B L ERKL, =/
=t IV —NT—FTATHiET 23 L L7, 49 I L CH.Cl 1 EtN fF7E
T. TMSOTf ZEH ¢ 2 LG T 3 Uz — LT —F L 52 I 96% THK T
X7/, B2IZTHNMR IZBWTY IUALL ) — LT —FNICHET S 7 F L § 4.67, 0.08
ppm ZEHI L 72520 5 Z D& 2 fEE L 72,

YINT) =N IT—FA B I LT THFHF—78 "CTF NBS 2 G & &3 &, a-7 10
E7 b v 53 ZUNEK 93% TfF 5 2 L AR (Scheme 17), Z DOIF 53 IZFH—Y T 27
LA=—& LTiEo ., X MG ST o R 5 o ILE IC BRESEA I W= F il

NBS

B —————

THF
-78°C
93%

ORTEP View of 53
Scheme 17. Diastereoselective a-bromination of 52.
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T DFEE D 5 52 1Tt L TEE{LRY!

CEFRBREAFEBACTENIT. ETHDS a IED
-7 I /7 b VICEBREEE PRI . Magnus HIC X DRI N TV AL AT Y
MEBOG 2023 A AT RE & & 2. 72 (Table5), AKIGIE, Y v/ —L T —F )b 54 1TXf
LT.NaNs & CAN 2 HEL 2L EZLNETYF 7V AL (Ny) 2FHE® 3 H T,
-7V FT b v B 2B ARIETH %, @ /NI W TMS T/ — VT — 7 L CTIHRIE &
BRLZFEPHALCTEHEY, ZOFRIEITY F IR ) —H 6L X Y Sic TMS £ &
RIGLTLE SR HRETE %, 52 1% TMS A D VAARREE 2K & Wik, BTy
MU ICERE DS R WIE 72 & 5 2 7=,

NaN3
sio cAN O
—_—
MeCN Nj Si=TIPS (83%)
54 _20°C 55 Si=TMS (380/0)
Result
Entry NaNj (eq.) CAN (eq.) Solv. Temp. (°C) 50 (%) 52 (%) 49 (%)
1 4.0 3.0 MeCN -20 45 - 20
2 2.0 1.5 MeCN -40 49 46 -
3* 4.5 3.0 MeCN -40 50~80 - -
4 4.5 3.0 Acetone -40 93 - -

*poor reproducibility (scale up)

Table 5. Results of diastereoselective oxidative a-azidation of 52.

KRSz T2 72

7

B, kL —5tFTH S Entry L THIED a-7 ¥ F o F ¥ 50

HINE BN HOHE—~Y T AT LAY —TREI LB TEL, TORT v 49 DAERKD
MR X722y, Entry 2 CIEAEOYBELZM L., KIGEZ —40°CE TR T I EL T
A, 7 by A9 OAERKIZIED LY 50 & 49%. JEEL 52 % 46%[EIIN L 7z, LA, Entry 3
R TR RS LAREIT 27225, 777 LA =V TORBASE L R iR
THotz, MIGHREBIET 2 LHE 522 -40°CF 7 b= b ) AL ICHEFRY > TES
T SIGOMEFT L FHITHIR L TR T TH o7z, T DB, BIEET 2 P v~ EHL
oL TABR2BTEEIEMRL., X CEINET0 24T 72 (Entry 4, 93%, 7 g A

7_71/)0

50 12 IRICTT Y FRICHEST % 2100 cmt WIS X L 7=55. ESI-MS I2 B\ T
S A A v e—72 453 [M+Na] 3Bl E L -F» b Z LR EER L 72, 7 N
DAL IZ, HNMR IZBWT a- 72 E7 b v 53 LHEMLL 725 v — F 23S BUAI &
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N-HXVRED o iE & HEE L 72,

KOG DN AREIRYE % . Scheme 18 D X 5 ICELZ L 72, 52 113 D D 4 A UL A3
EZoNDEH, EORBERIEZ 77 PV Tk s=tu 7o iy LT —F
WEBBED T D ATERIC X o THIICAR L 7 2, % DF, P34 OB ICH > CTHE
D, FAREICENT= e 7223 D 13-V 7 F o v AMHAERZE8T 5 X 5T
VEIVAADR alPORIGLE0EE 2D EEZLND,

—~

A'2 strain ax OTES
52 disfavored 52 favored _

Scheme 18. Explanation of diastereoselectivity.

RIT, C BREEZEICIHT 72 BRIL G I 2\ CRER

35 (&R o Y 7 b v 35, Figure 9), EA
L7zT7 Y FHEOWE ZE»TH. AL 7 4 VL
ZIRALIICBAZ L 72 %%, Staudinger / 77 F™ aza-
Wittig KOG 1C & »C CEBR MRS 2HE L, — Figure 9. Diketone 35.
i, -7 ¥ F7 b+ v o Staudinger IS (KT Y FEDEIT) 36 7Y v OERED
RO X 0 RS S 40T 2 3D (Scheme 19), 2 50 1T 35\ T AL 0 FERAS H
XV T Py BAARVFAMLTH Y KOGHEICZ L B2 FARIETH 555, DX
mzwlkcz s e PREAL L,

iRz Reduction OiRz Dimerization :[ I
HoN

R4 Oxidation

Pyrazine

Scheme 19. Pyrazine formation via self condensation of a-amino ketones.

T 50DAL 7 4 VERALE 0sOs TY A — AL L 728, HAEBRPI D £ £ CH.Cl,
PURERESH CULBES 3 2 & T2 TREICKR 67%ICCTT ATk F 56 AR L 72, 56 iICX LT
THF H PPh; % F\>C Staudinger / 971 aza-Wittig G %2175 &, FrEDA4 I v 57 %
INZ 88%TIF5 Z LS T, CEMEEICHIIL 72 (RH. Scheme 20),
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O.N 1) OsOy4, NMO O,N

\\_ t-BuOH, Acetone O\ O2N
. H,0, rt j\ - PPhsy
o) WOTES ——————> 0O ~otes — = L oTEs
2) Pb(OAGC),, CH,Cl, THF N,, a
Ny 0°C > 1t Ny -718°C->1t
50 67 % (2 steps) 56 88% 57

Scheme 20. Synthesis of imine 57 via Staudinger / intramolecular aza-Wittig reaction.

LR ERE 2. 50 IS LTA Y v T, AU A Y = FORITTHLE
EHRAT 4 VTIHZIET VERY PTET BMEON D LHIREL 72, A SERGET O MR,
CH.Cl,tf —78°C N AV v i fg % 4T - 72, PPha % 3~4 FEIM A TR A ICER T CHE
T2HET, 57 ZIE ST%DPCETHLTE 72 (Scheme 21).

s
N /T

O3 PPhj3 (3or4eq.)

o A__oTES

CH,Cl, -78°C —> rt

-78°C 57% (50 mg scale)
54% (2.5 g scale) = key COSY

50 57
~— key HMBC

Scheme 21. One-pot ozonolysis / Staudinger / intramolecular aza-Wittig reaction.

56 i '"H NMR ICBWT T AT b FICHEKRT 5> 7 F v § 9.54 ppm (1H, br-s) % &Ll L
TEPLZOMERMER LTz, /2. 57T 1ZHNMR XU BCNMR ICEWTA I VICH
k3B % §57.88ppm KU §162.7 ppm Bl L 7255, B KfE 2D-NMR fi##T 2>
b Z OREE R TR L 72,

RAZIC 57 DA I v Z2KkF(L> T /7R v FEF Y v LA TERWICETL, 71V
58 % V3% 91% Cf47z (Scheme22), 58 IF 'HNMR ic W T, 7 I VffIFRDO X FL v
Zu bt icihkd 5y 70§ 3.71, 2.93 ppm ZEHIL 72FH 0 5 % OREGE R R L 72,
W EBENTICE T AT v B IS T AILEYTH B,

NaBH;CN

—_—

EtOH / AcOH HN.,
(10/1) '
0°C, 91%

Scheme 22. Synthesis of amine 58.
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Hf BRACATER K 34 DA & &MEHERILRT ORRET

HEEA 58 £ CAKTE 24, i CTEBRILHTERE 34 o &K icia T a2 17 - 72,
¥, U v 3B~ LB L TES Hoifi# 4t L7~ (Table6),

TESO HO, Base H— Q
Retro-aldol
See Table reaction
decomposition
ON o)
Entry Reagent (eq.) Solv.  Temp. (°C) Result
1 TBAF (1.2) THF  -78 N.R.
2 TBAF (1.2) THF —-60 > -40  decomposition
3 TBAF (1.5), AcOH (1.5) THF 0->rt N.R.
4 TASF (1.5) DMF 0 decomposition
5 HF-pyr. (1.5) THF 0 decomposition after work up
6 4M HCIl in MeOH 0 complex mixture

Table 6. Results of deprotection of TES group.

IR I TBAF Z W TG 21T o728 2 A, Entry 2 IR T X 912 —40 ‘CTHRE D H
fRDSERD b, TNETOHBED O, FEMEEATL F e 7 F = Osic X 2 58
DOERTEINT, 22T, ISHFOHEHMEZI 2 2 HIYT AcOH MO 5% 17 -
e B ROGIZHETTE 3 (Entry 3). TASF w0 2 & CIIEE R DT 2R Cch - 7=

(Entry 4), "E— Entry5 @ HF-pyr % i\ 2 BEVESAE T O KIS Tld, TLC ETHiZz 72 &
Ry P PRI NP, BUHRICEES B LT a2 - 59 3ok hr o7z, L
FETAF=ARIEHBE LT WERNL, 77OERKRREF A= e 7 2 = o~
YINMIDBOT P v D afiTH Y BRES R AL EZONDE, 22T U TICRT &
FRARERIC X D TES HONifR#E%#1TS> 2 & & L7z (Scheme 23).

Br

\+\OT
.
60 TESQ, TESO,
CSQCO3 \\ L|Et3BH TBAF
58
MeCN THF THF, rt
50 °C N -78°C 80%
81% (2 steps)
’ O2N O2N
61 62

Scheme 23. Synthesis of diol 63.
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Thbb . 61DT + v EBEILT 5H T 7 APURIKRIE T O RiRERE % 11 X 7214, TES 3
DBREZTZIEL P T A F—ARIGZIHITE 3 L F 27z, £ HEOHY %
KA T 8. N-TrdFafbziicito e & L,

T8I LIRIE > v LAFE T, BIREK LT ¥ 71 I F 602%FH ¢
61 % VK 89% THE72, 6L IZIHNMR ICBWT T A FABICHET 2> 7 F A 28U L
72HICKY, ZOMER R L7z, St CTr F vORTTEEAMRE Lz 2 A, THF
—78 °C'F LIEtBH 2\ 2 & ¥ 7 27 L AERINICETTAHET T 2 2 L 2 R L 72,
Z D%, TBAF %\ 7z R 1 I 7 < EFT L 2 TRRINE 80% T A — L 63 % &K
TE& 7z, ln b, ZHOKIERE D STR{L 2% 13 Scheme 24 12 /R 338 64 1IC &1 L 724, 72 NOE
FHEHIC X o THEE L T\ %,

OTr OTr dif. NOE

o
H

TESQ’: \\ 1) AcCl, pyr.

DCE, rt, quant. oTr

7 =

‘ \| 2)TBAF, THF
O R Nt 86% Vi
HO O2N
O,N 3) DMP, CH,Cl, O.N

rt, <92% 2

63 : 64

Scheme 24. Determination of relative stereochemistry of 63.
v T A — 63 & Swern IRILD SRR L, ATED Y7 + v 65 Z I 82%TH

i L 7= (Scheme 25), 65 X 3C NMR iCBWT, 7 b VICHET 3> 7 F L% § 2074,
202.1 ppm IZBUHI L 720> & % O % TR L 72,

(coc),
DMSO
Q/‘/ CH,Cl,
0, 0,
HO 78 °C, 82%

Scheme 25. Synthesis of diketone 65.

K, YT bvesicL Ty I ) — vz —7 Lo 217> 72 (XE. Table
7o
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OTr
Q \\ Silyl enol ether
formatlon
O ‘ A\ See Table
O
O,N

34 Si
Result
Entry Base (eq.) Si reagent (eq.) Solv. Temp. (°C) 34-Si (%) 65 (%)

1 Et;N (10 + 30) TMSOTf (5 + 15) CH,Cl,  rt - 38

2 EtsN (20 + 30) TMSCI (10 + 15) DMF 60 - 130

3 LHMDS (5)  TMSCI (10) THF -78 >t trace n.d.
4 KHMDS (2)  TMSCI (3) Toluene -78 -0 76 13

5 KHMDS (5) TESCI (6) Toluene  -78 —>rt 62 <22
6 KHMDS (2)  TBSCI (4) Toluene  -78 > rt N.R.

7 KHMDS (2) TIPSCI (4) Toluene -78 > rt N.R.

n.d. = not determined

Table 7. Results of silyl enol ether formation.

Entry 1, 2 TIXHEHEIC BN Z v, BVmdilo & FcTMS =/ — vz —F v
L ZAT 57228 34-TMS I3 &L 5N 5 Tz, ST LTl ERRX AL O 504 T Tl
THF f LHMDS % H\2 723541213 34-TMS ZIEIE L 25 o Nap -7z b DD (Entry
3).Toluene H* KHMDS % F\» 7z 540 IC I 76% T 34-TMS &3 5 Z & 53T & 7z (Entry
4) , — BB SO IC W 3 BB I RS OREHESE TICIN R 5 2 @R U vk
EHTAHVINT ) VI —TADBHELWDOT, Entry5~7 T TMS X W &&Ewe Y
wmﬂ%%wfﬁﬁ%ﬁotﬁﬁumsﬁ*ﬁﬁ@ﬂ%@%&h%@&ﬁotﬁme
TIPSCl DEEICRIGHET L 2 WERIE, BiET 2=t v 7 x =V EovikEE L%
bz,

34-TMS X UN34-TES IZ HNMR IZB VT, ZNEFNYIALIT ) — LT —FTALDAL
7 4 VERRLICHR T 5 > 7 v §5.11, 5.09 ppm ZEHI L 72 FH 0 b % OREE R R L 72,

ﬁmt\%&nt%ﬁ%%%&mms&@grms%ﬁwf\é%ﬁ%ﬁ&ﬁ@@%
17> 7= (p.32, Table 8), FTEDILCHHEST L 7256, KIAY Gomaline (23) o7 Y
VT 3= NEGITIGT 5 T F Y ?“/@Hﬁé}i@ ICHREREE G T 214 33-Tr 28
S5 3 (KHE. Scheme26), Z DI, Scheme26 O FERIC/NITUWFEEDHI X 4 7D
4vF~w7wﬁn4F@éﬁ@ﬁ%%%%m\7»:—w®ﬁ%%athU%w%
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ZIER L 72,

b b U EOHTHIZ, FE 66 1K L T IPrAuCl F#7E F TERILKIG Z TV, P
Yo 6-exo-dig B DOER{LIK 67a % UK 85%. 7-endo-dig T D ER{LAK 67b % K 14% T
T2 ¥, ABRMEL, Rinfllo 7% v RE (F) Bz s 372 F . ikkEE
X VRO T AF viRSE OF) L ORIGHERLZEREEZONZC LD, Y
34 1BV THEROIEEZIARFL 72,

oTr oTr

SiO 6-exo-dig
gold(l)-cat. cyclization

N
O O,\N ------------------- ’ O ’\N :> O
o,N ©

OyN
34-Si 33-Tr
OTIPS iPr iPr
IPrAuCI (3 mol%) 0 [\
AcO” > AgBF4 (3mol%)  AcO NN
" — M
o u .
MeCN / H,0 iPr é| iPr
(10/1) oTr
oTr 80°C OoTr IPrAuCl
66 67a (85%) 67b (14%)
6-exo-dig 7-endo-dig
Desired undesired

Scheme 26. Stereoselective synthesis of 67a via gold(l)-catalyzed 6-exo-dig cyclization.
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OTr

Sio 6-exo-dig
\\ gold(l)-cat. cycllzatlon OoTr
O ‘ N\ See Table ‘ g
N
(6]

OoN 68 Si
34-Si 33-Tr
Entry Si  Au cat. (mol%) (An?;;o“) Solv. Tc(aorgg). 6(80/;? (EZ) 3(4::/;S)i (EZ)
1 TMS  IPrAuCl (20) cat. MeCN / H,O (10/1) 80 - 76
2 TMS  PhzPAuCI (20) cat. MeCN / H,O (10/1) 80 - - 4 16
3 TES  IPrAuClI (10) 10 MeCN / H,0 (10/1) 80 35 52 <47
4 TES  PhsPAuCI (20) cat. MeCN / H,O (10/1) 80 decomposition
5 TES - 10 MeCN / H,0 (10/1) 80 N.R.
6 TES  XPhosAuCl (20) 20 MeCN / H,O (10/1) 80 29 67 27
7 TES  JohnPhosAu(MeCN)SbFg (10) - MeCN / H,0 (10/1) 80 30 47
8 TES  JohnPhosAu(MeCN)SbFg (10) - Acetone 80 - 38
i-Pr i-Pr oy, &Y _y_[BY
N/_\N \P/—Au—Cl t BU\P'::—AJ—NCMe
I -Pr. SbFg
iPr | i-Pr d—’ <> d—. >
cl i-Pr
IPrAuClI XPhosAuCl JohnPhosAu(MeCN)SbFg

Table 8. Results of gold(l)-catalyzed 6-exo-dig cyclization of 34.

Entry 1, 3 CHIFREORTH AH L 2ol cRIS%EITo72& 5, Entry 1 Tl
T LV 69 DAMUE 76%. Entry 3 Tl 69 (52%)ICHZTA I v 68-TES %% 35%F% & 1
7z. 69 & 68-TES DHEEEMNFEME 1321832, F 7= B D RN 23 PPhs D556 1%,
YEDJFRE RIS 2 ARG R B EME 3T 2 DA7Z 572, (Entry 2, 4), Entry 6 Tl
Behz 11 XPhos % 7225, #8513 Entry3 & [EEETH o 72, Entry7,8 TIIE—E TR
I 745 5 % 5. 2 72 JohnPhosAu(MeCN)SbFs % F\» CHRaT % 1T - 7223, 68-TES & 69 LAYk
DitEMIFoNT, R L LT o&fics» T AT oBR{Lik 33-Tr IZ15 5 e
Do 77,

¥ 72, Entry 5 X D 68-TES & 69 IZERMMED DS TIZAEKL Thawi, it
IS A N L 22 PR B RRISIC X VER L2 L EZ BN D, % OHETEERBERE%
XK HE. Scheme 27 1T/~ T,
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\\ TESO
OTr
O ,\
N Unexpected
O,N o fragmentation
34-TES OzN 68 TES
[Aul* J -[Au]* T
- 1 - -t
TESO
[1,5]-Hydride
shift E
—— OTr
O N‘W

> 1A

Scheme 27. Unexpected fragmentation of 34-TES.

TTRMEIC L > TTAF VR L I N BERMEFHOMLELICL ST
[1,5]-t F U FE#AEL 3, AR L7ZE -SRI O A 2 7256
C-NHADHRHEICL VT 2L TE8-TES L 69 522 ExbND, T, A
SOCHRE% S FF4 255525 Che HIC X VIRE ST T3 (Scheme 28),

D™ Ny (10mo|/) ( D (N@ D
) Ph Ph/\Ph

Au] 4l
A [
[ u] 82% D-incorporation

4 Ph CD3CN, 40°C
Ph 70 58%
84% D-incorporation

Scheme 28. Formation of 71 via gold(l)-catalyzed fragmentation reported by Che group.

$7bb Che blzHEAKZENEY T Y PV 70 ZH T I lio&flEFAE TIiIc <G %
T, EAKRFET LY 7L 2572 F I X ) FABROBEEZIRIEL T35,

68-TES (3 'TH NMR I W T A I v 7'\ b vHEKD Y 7 F 4§ 7.78 ppm, BC NMR i<
BWTA I VIRFEHED > 7 F 0 §159.7 ppm 23589 5 4L, ESI-MS IZ B\ TELS T A4
F v v — 72 409 [M+Na] BBl S 172 Fiv b 2 OEM Z MR L 72, 69 (X ®*CNMR ICH\»
TTLVYHEDY 7L §208.7, 88.5, 76.1 ppm 23388 H i1, ESI-MS IZ B\ TEELL T
A A v e —7 335 [M+Na)| 3 Ml S 7= %5 6 2 DERE R L 72,

PALE XY BRACHTERGAR 34 % F Vv 7= @SR AU SIS T I AT O BUIR % 15 2 ST IR
LWL, RENTR 397 72 R BACRTE AR O G ITE T L 72,
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BEHE B BRCATR R O &R & SRR DRRET

oT
O (
B TESO \
HITEfiIC 350 CL FTEOBRLRIE 2T L 2 W : LT N\Ha
O BYLRISICHENL > T, Z/T I vEbI2 5[15]-e F U F % O ‘(N
BT 5, ON o @
@ CEROEEEAC IS X 37, ISR AEEE L 72\, 34-TES
e Figure 10.
@ RICHEIEEET BB, TES K & Tr &R AREE L & 5, Interferences with

the cyclization.

DERFAEZ b7 (Figure 10), ZOREZTART L, HLICHIGLZ=2>DH 7=
7 BRAC TR 72,73, 74 % 3% 7E L 72 (Figure 11),

TR S O

Figure 11. New gold(l)-catalyzed cyclization precursors.

FEWRT IvET I F~EEELALEY T, BT de FY FBFEEL R VA
@@M&%% FTE 5, $7-Q0ERICE, CBROMERZZEN X0 ENH B, ZC
f\éﬁ%ﬁm%mbfmt4va:yﬁ%%%%mﬁot%E73%%?Lton
X A-D DERZELZT FAAVAMLEYITH Y. BRALRICHHET T NIEHR DO AKIC
bEFTH L, 74137 VF v Rz X FAE Hov YV vz —F A% TMS FRicZs
HLZEETH D, HZ2 ) 2D KEEZED/NS WHAGDETH Y, QDR %Z HARF
L7z, UTF., EREoEBICOWTEICFERT 2,

X H Scheme 29 I 72 DEKEHEIZ /R T, 72137 7 & L 75 2 b HIHiIRER D2 CH
TEBLEZLND, 15134 2 v 57 DBELKIG. H 2\ i ﬁwﬁvM%§%76®
Staudinger G & #i < 3 FHMEASOG (L3531 aza-Wittig SS) Tond &
# Z 7,
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TESO \
N\ o
</
O E N
(0]
O,N
72
Staudinger reaction TESO Oxidation TESO
& condensation of imine
otes <—— /< ﬁ O ‘

57
Scheme 29. Synthetic plan of lactam 72.
fhoic 4 I v 57 DRRALKISZRET L 72 (Table 9).
TESO TESO TESO TESO
See Table h <
NH O
Temp. Result
Entry Reagent (eq.) Solv. (°C) 75(%)  T7(%)  78(%)

1 lodosobenzene (2) MeCN / H,0O (1/1) rt complex mixture
2 lodosobenzene (1.5), TBAI (0.1) MeCN / H,0 (1/1) 0->rt recovered 57 (<11%)
3 NaClO, (5), 2-Methyl-2-butene (10)  THF / 1M NaH,PO4 aq. (3/1) rt 23 - 52
4 NaClO, (3.5), 2-Methyl-2-butene (xs) THF /1M NaH,PO,4 aq. (3/1) rt 30 18 28

Table 9. Results of oxidation of imine 57.

Entry 1 Tid Lee HIC X o THE I NI —F Y RvEVEHOABLKIG 9% il A
TS, EMBRIREYZ 525 DHTH 57, TBAl DEHINIC X 2 AKFIGDIEHERN R 2372
HDHONTWER, 772475132 EoNT, FEOBEIGKE S KR 57 (Entry
2)o Entry 3 TIXERM 51T X o T 4172 Pinnick BE{LFELIO LM 0% T L7z & T

. FTED 75 K 23% T, BIEBPIE LC a2 um T 7 XL 78 B 52%f% bz,
¥ 72 Entry4 CTliZ 7 v ufb iz %2 BT, NaClO, %J# U 2-methyl-2-butene % i % & F
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WTRIEZEITo 72 L22L 75 DUCRIZ 30%ICEE D, a-7 a4 IV 77 23 18%, 78 A°
28%EIAE L7z, 77, 78 13, 4 IV 57T DT F I Vv~DEERE{LEZFIvDruudt
(B57=77). 77T D4 I vilfiomgt (77-78) ZRTERT L eEZLND, EIE. 77
ZFRIBE DS IC 3 & 78 M5 57 (Scheme30), FEA MG 21T o72b DD 77, 78 D
AT E I o T2 B, D72 78 DIBICIC X B 75 ~D A m Az, Lo Ll
xSl = e iE CEIPETL, 27 YV AVETRICKR e s v —
U F v LA OGIE A  HEFT 3 75 ~ DT INEE T B o 7z,

TESO TESQ, TESO
n- Bu3SnH AIBN
O /\ NaClO, < s-BulLi, t-BulLi etc... O ‘ <O
\
g1 N THF /1M NaH2PO aq. S NH
O,N Cl O,N
77 rt 78%

Scheme 30. Trial for reductive dehalogenation of 78.

RITHNER VIEFHERT6 525 75 O EZRET L 72, Iho i, BifficEE LT VT
t F 56 @ Pinnick FE{Lic X 0 UK 86% T H K Vg 76a % & L 7= (Scheme 31), 76a
FHNMRIZEBWTASIT X —WBEEYE LTIFES % 2 L MR T, ESI-MS i
BOTEUSTAA v E—2 471 [M+Na| BBl S N2 Fr» b 2 DERZ R L 72, %
Dk, TMS VTV AZ Y CUMT ZHTAFALIRAT N T6b &, RV X7 rtua7x
=n7x /=) (PIpOH) & Difif T 76¢ % Z NZ NEIEK TS 7,

NaCIO,
NaH2PO4
= ™S N,
otes ——— "%, oTES ————— M9,
t-BuOH Toluene
H,0 MeOH
rt, 86% 0 °C, quant.

PfpOH
EDCI-HCI
DMAP

CH20|2
rt, 91%

Scheme 31. Synthesis of carboxylic acid derivatives 76a-c.

36



T, BonzAAK VBBERER T6ac #HWTTI 7 2L 75 ODEKEBETL 72
(Table 10),

O,oN TESO
)lo_’ See Table MeQ N Me
ROo A _oTES — O ‘ N *,L/_\O
. >N o
N3" PhsP=N" MeO
76a-c 75 76b-Im DMT-MM
Entry R Reagent (eq.) Solv. Temp.(°C) Result (%)
1 Me  PPh; (3), H,0 (2) Toluene 50 76b-Im (30%)
2 Me PPh3(3), HyO (2) THF rt 76b-Im (quant.)
3 Pfp  PPh3 (3) Toluene 60 > 80 complex mixture
4 Pfp  PBuj (2.5) CH,Cl, -20 75 (37%)
5 H PPh3 (3), H,O (5) Toluene 70 complex mixture
1) (COCI), (2), DMF (2) 1) CH,CI 10
6 H 2; f:’Ph3 ()é)( ) @ 2;“_”2: 2 Z;rt decomposition
7 H PPhs (1.5), DMT-MM (2) THF /H,O (5/1) 40 75 (75%)

Table 10. Results of lactam formation.

Entry 1, 2 TlZ X F LT A7 L 76b % > Staudinger LD . 47§ Wil & G D it
TRWFEL 72, Lo L, Bon=EmmiE Staudlnger SOGDOHREIRA I ) FAKT v
76b-Im TH b, HHEL 7= 76b-Im Z FHEFRBRO T LT 75 3506 h kDo 7,
Kk, Eoick V&G ah T3 Plp =27 L% f\7= Staudinger / 71 aza-
Wittig & 0% 5T L 72 (Entry 3, 4), AL IIREEREE AT EER S 7 X L0 &I D F]
FRRE R HiETH 5, EBRITIE, Entry4 T—20 °CF PBus & v 3 512 T 75 & &Rk
TEEHR, ZOICKIL 37% Ll D FERTlE %0 o 72, Entry 6 TIEERIE(LY) % #%
Hi L 7z Staudinger / 7> TN aza-Wittig SIS Z et L 72 23, BHERIEGME 52 5 DR T2
Sze RAT 4 v OFEMEE, ARG 2 ERER, Entry7 ISR T X5k 7ra—
AR R CEF ATRE 2 M A Al DMT-MM 3 & PPh; ZiHlA &b 2 5% RH L, UK
5%ICT 75 AT 5 2 LITEIIL 7=,

7513 BCNMR ICEF 37 I FiKEHRKD > 7 F 1 § 169.8 ppm 25388 5 4L, ESI-MS
CEBEWTEUS T4 4 v v — 7 405 [M+H] 2B S L7 FH & 2 O EREERR L 72,
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57 &LT5 X VIO AT BT 27 &2 2480 DEKAETT> 72 (Scheme 32),

— OTr
TESO OTr
o 60 TESO 1) LiEtzBH, THF (0]
0 e Ly e \
_ = 9
O NH MeCN 2) TBAF, THF, rt O ‘ <
ON o] refl(t’Jx 3) AZADOL®, PIDA o N
94% CHLCly, rt O5N
75 79 91% (2 steps) 80

Scheme 32. Synthetis of ketolactam 80.

75 [ZHIHIO T I v 58 IR TREEICZ L R N-TAF A ic T2 P =Y
NFIMBGEROEEEEL 7228, ZOINEIL 4% TH > 72, Z Dk, 7 + v % LIEt;BH
TiEJLL., TBAFIC X Y TES HDMiREZIT I A — A~ ZWL 72, A — 1L DL
ZETEICIE T 2 v Ol %2 B4 T Swern BZ{L %2 72 23, AZADO BE{L ¥~ L 2589 5
FHOfEfEHORINETT 7272480 2K TE /-,

RicBELNETFr I 7245801 Ly Y vz ) —rz—F bt L 7 (Scheme
33),

B OTr
0]
\ o°
KHMDS O
N Toluene / DMF O e <N
(21) o
ONH o ot O,N
L Truce-Smiles rearrangement

OTES
TESCI recovered
0 (14%)

81 (46%) 82 (30%)

| J — > key HMBC

Acetone-dg
in NMR tube

Scheme 33. Truce-Smiles rearrangement of 80.
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MWL DS T (KHMDS, TESCI, Toluene / DMF, —78 °C) TIG%{To7- & C
AT DBRACHIEKIR 72 13 &L F o, TES 7 7 v 7 I F— 81 UK 46%, a-= +
0722057 R25L82%INE30%(VT AT LA~—HAY) ICTEAERTH o7,
Z OFERIFATEICR L7z & 9o, BHEMESMT Truce-Smiles #fizic kY = bw 7z =1
EBT7 I P D afficliifii L -2E2ERL T3, £72. BuUEZit o 54F (TMSCI, EtsN
I TMSOTT, EtsN) TIERIEEIT L eV, Bl IEFIRRIC 82 2K T 2R TH o 72, KA
Xy, BUHTER 72 oA RIEREE & HT L 7,

81 DHEEPIE X NMR it 2 S IZREECTH o 7225, T & b v THfiEL 82 ~ ¢ &
PaxNBZ LML -4, 81 BAKRELRYINT TV T IF— 128U ErHT
5 LWL 72, 82 1%, &fH 2D-NMR DfEMTIC X > T OREE # R L 72,

BT, 4 v P L= v RIBRMURTE A 73 D &K % 1T - 72, 73 IZRTEI TAK L 72 34-TES
D=+ uHDREIT & PKKICICTERATREELE ZEZ b D, —fRIC= + viDEITIC I3
e PO N2 ENE L, KGEHT TES =/ — Vv — T LD aIn
Foo ZFTCTPERE LT, HE 2 2HCiEMA= o HoBETtr R+ 2%H
& L7z (Table 11),

OTr
TESO TESO
See Table TESO
ﬂ
83 84 gs IO
Entry Reagent (eq.) Solv. Temp. (°C)  Result

1 TiCl5 (8), NaOAc (25) Acetone / H,0 (2/1) rt 85 (57%), recovered 62 (19%)
2 Na,S (8) EtOH 60 83 (5%), 84 (40%)
3 FeSO4:7H,0 (10) EtOH / 3% NHj aq. 80 83 (9%), 84 (38%), recovered 62 (51%)
4 Zn powder (15), HCO,NH, (15)  THF rt 83 (<69%), 84 (<25%), recovered 62 (2%)

Table 11. Results of indolenine formation of 62.
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Entry 1 T, 4 ¥ FL=VvEREBICHHE LS ZHEbF 2 v 2H v 575K OCHET L
el AH FTEDA v FL =y 83 i3 fabhd 4 v F— 85 25 57%REI4 L 72, 83
FRIGEM T T, 4 v FL=vEBREREIC TES RoR#EEZES L Fr T F—kk
DRIGICE W ERL7ZEE 2505 (Scheme3d), FiflkF F U v a2 H 350449, 7
V= TAE TICHREESR(N) 2 W 2 & D TRIGETTS & 83MEr AR bHLN5
bODOEEEYII=1r1a v 84 ThHo7% (Entry2,3), =+ v v OECEEFMICHEL
AR, Entry 4 1CR3 THE HCHiR & ¥BET v £ =7 2% W 5 5&F OTrhiEEmIc
ZhodNETE ELRHL, PREQIERT 83 A TE 72, ARIGIZER T
ISP CHEIT T B . 73 DAERIC BB TR & WiIfF T & 3,

OTr
TES0D

~\ .

H .o T, N
- N
! 1) I

/ =~ HO

NJ 85

83 Tro TrO

Scheme 34. Plausible mechanism of formation of 85.

FKBRIT 34-TES ICAEEZ# V2L, TES =T/ — AT —F A %45 &K
78% T 73 % AT % 72 (Scheme35), 73 1 BCNMR I\ T A I ViRFEHKD Y 7' F
L § 182.7 ppm A3ERD H L, UV A= 2 b ic BT 259.0, 2020 nm ic 4 ¥ FL = V&
IR R IN A 3 5 227 PA DBl S N72FED S % DEREHKEL /-,

OTr OTr
TESO Zn (20 eq.)
\ HCO,NH, (20 eq.) TESO, AN
N rt Y N
0N O 78% N
34-TES 73

Scheme 35. Synthesis of indolenine 73.

Ric, Boniz4 v FLr= vRIBCRIERA 73 % v Tt G o et 217 -
7= (XHE. Table12),
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OTr

OTr
6-exo-dig
TESQ \\ gold)-cat. cyclization Q y TESOQ
.................. - OTr
See Tabl
Q ’\N ee Table ‘ ’\ g ‘ ’\\
4 Y N Y N
N N N
86 69

73

AgBF, Temp.

Entry  Au cat. (mol%) (Mol%) Solv. (°C) Result
1 IPrAuClI (20) 20 MeCN / H,0 (10/1) 80 recovered 73 (66%)
2 EtzPAuCI (30) 30 MeCN / H,0 (10/1) 80 69, 73
3 (4-CF3Ph)3;PAuUCI (30) 30 MeCN / H,0 (10/1) 80 69, 73
4 JohnPhosAu(MeCN)SbFg (20) - Acetone 100* 69 (39%)
5 JohnPhosAu(MeCN)SbFg¢ (30) - DCE / H,0 (10/1) 85 69, 73
6 JohnPhosAu(MeCN)SbFg (30) - Toluene / H,O (10/1) 100 69, 73

*Sealed tube

Table 12. Results of gold(l)-catalyzed 6-exo-dig cyclization of 73.

Entry 1 CHIH A L 2Bl IR T o 72 & & A, Hifi TR L 7250 OIS
(p.33. Scheme27 &) 134 U d o =230 b TR T HR 2 BT 2 f5R TH -
720 NHC BT X D ENNI VPV ZFAFRT 4 v, BWIZEVEFRER Y X
A-(PUTNABRAFN)T 2 = VFRT 4 v EENLT &3 5Bl % v CORET L 7223,
TLY 69 LJEE 73 BB ONEDATH o7z (Entry 2, 3), Entry 4~6 T it
JohnPhosAu(MeCN)SbFs % Fi\»C, 7t b = F UL X Y @ik O C RIS Z (T - 72
25, FERIC 69 & RIS DILEM G SN d o7z, T L v 69 DAL fERSE D
fFTZRLTWER, WTFho Entry ICBWTH A Y 87 DEREZHERTE D o720

1 87 BUCEIE TR L 72k b EZ T 5,

Bt SEAREEE % B0 L 7= BRACRTBR K 74 O &K & SAiEBR LG DT 247 - 72,
74 DAL, B0 7 I v 58 2> & BRALATER{R 34-TES DA > 2 & & L7z (pp.28-
302H), T7%bb N-TAxfb, 7+ v DEIG, TES HDOMifRiE, A — L oo
4ATRTY7 by o0 T TEBL 2. KHMDS 771E F TMSCI Z{Ef & 2T 74 2K
73% {7z (KH. Scheme 36),

AL 72 74 o MEBRUEOG ORRET 2175 72 (KXE. Table 13),
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1) LiEt3BH, THF

TESO
TESO
‘ 052003 -78°C
O MeCN 2) TBAF, THF
50 °C rt, 89% (2 steps)

82%

TMSO
KHMDS
\ TMSCI \
_—
CH,Cly, rt Toluene, -78 °C
58% 73% (89% brsm)

Scheme 36. Synthesis of TMS enol ether 74.

89

TMSO
\ 6-exo-dig

gold(l)-cat. cyclization

O ‘ ’\N See Table
(0]

O,N
74
P -
Ar =
AA%/ \Ar OMe
r \[ ;[
Ar
Ar Ar
r t-Bu
Ar Ar OMe
C-dtom 68-TMS 920
Entry Au cat. (mol%) (Arr?clj‘l’?) Solv. T((eorgp)). Result
(o]
1 IPrAuCI (10) 10 MeCN / H,O (10/1) 50 -» 85 68-TMS, 74
2 IPrAuCI (20) 20 MeCN / H,0 (10/1) 80, Microwave 68-TMS, 74
3 Etz;PAuCI (10) 10 MeCN / H,0 (10/1) 50 74,90
4 (C-dtbm)AuBF, (10) - DCE / H,O (10/1) rt - 80 68-TMS, 74

Table 13. Results of gold(l)-catalyzed 6-exo-dig cyclization of 74.

AT 23 B U 72 ol S R < I3 R AR 0 20 SOG (.33, Scheme 27 Z:H8) 23T L .
68-TMS & J5kl 74 2[NS 2 DA77 - 7= (Entryl), Entry2 Tli~ A4 7 v v = — 7
T Entryl &A= CRICZIT 2 D3 RBRDFR CTH o720 P ZFAFRT 4 V%

BefrF & 3 28 -clE, 50 COBRMECIHE 74 D nEd b, V7 F v 90 %1

U7z (Entry3). Entry4 Tl @filEoBifiF& L CTENSICL s TlREIN TS
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C-dtom*™ % v 7z, C-dtbm (X ¥ v v’ 7 4 —fEEE A L CTH Y JUGERICE T 2510
Y BEX>ZHMAL CHERER 2 EH T 5807 TH 5 (Scheme 37), HH 74 IcH

bR O Y BAIC K B OGHDET 2 MF L TG ZAT 2 7225, 68-Si &5k [A]
INT 2R TH - 72,

(C-dtbm)AuUNTf, (5 mol%)

OTBS | | t-BUOH (1 eq.)

CO,Et DCE, MS 4A
85 °C, 70% CO,Et

Scheme 37. Semihollow phosphane ligands in the gold(l)-catalyzed cyclization.

Paxiar /\‘/’T‘ — S

B, B HoMREEEE 2 T, MRS ET L 2 WREAZ LT O X 51
#4 1L 7- (Scheme 38),

- 1 —f
O N
[AU']
L _ L O,N _
Cring: Chair T.S. C & E ring: Boat-boat T.S.
favored disfavored

Scheme 38. Transition states for the gold(l)-catalyzed cyclization.

Thabb, SRS CERAVER SIS ERP VTN D R — R & 7
LEBRIRREARABA L CEEfTT2E2ONE, L L, AERIREIZ C BEBos 4 A
BEDIBFGIREICHERTCZ A A X —MICAHTH B2 BICKIEHET L D L E 2 72,

DEXY, CIRZIEHL 2B T E BRI T REE L HIb L, XENOR ST 72 i
B ESEL T,
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HIUE BRI N A —  BIRTERAE 92 & pkRET

HiffioM A28 2 ¢, U TFIORTHAEKEZZZEL 7~ (Scheme 39),

Introduction R R 6-exo-dig R
of C1 Unit gold(l)-cat. cyclization
- >

// ()
‘ O Q N "C"ring
N Late-stage formation
N _indolenine formation_ (@]

+)-Strictamine (22, R = H) 35
+)-Gomaline (23, R = OH)

(
(

"E" ring
formation

Scheme 39. Retrosynthetic analysis.

Thbb, F1H (p20ZH) TRLAEZY T P v 3BICEWT y

CHORSEL AREIRICITS 2 & & L., EBILA 91 ~ & i Ar_OSi
&L 72, E 8% 6-exo-dig B o S IIB(L G CHESE T 2 154 I\

R % TR & SRIME IR T 2 MR LK JN

JCEDBERE L7 v D 2 0DMER IR T 2 LERH B, * © \&/R
CEALATERAR L LCBIRAL AN —F 2 ZHREL 72, Bk Figure 12.
AN —PiC K o CEBIM VBTN %I 2 & FKc, Figure  Conformation of 92.

RICRT LI ICRICHROBEEZ R L 7=, 921F, a-7 Y F 7
VB0 LA TE D EE T,

WBDIT, 0-7 ¥ F 7 b v 50 DETTEAT o7 (RE. Scheme40), 1% ZICAHI (NaBH,,
LiBHs, DIBAL) ZHEET L7228, WFNDORMAFICE W T KIGAPEML L FTE O
L BT 2T a—n 93 IHMRIE (10%FfRE) TRONDZ DR o7, RO

1% Toluene 1 —40 °CF LiEtsBH Z V3 5&ETH 0. UK 27 % T 93 21572,
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LiEt;BH
WOTES ——— ™
Toluene
—40°C
27%

Scheme 40. Synthesis of alcohol 93.

Purushothaman © 1%, a-7BE I L RXJ ¥V U4 b og-TY FaAaL AKX /) Vv 95 ~DE
Wil A BE, D 5 el BonTA4 I/ 7y 96 283G LTnE 9
(Scheme 41), 1% 5 (% 95 2L T, ER oMt 2> THfiEd 5 2 & T 96 A4
KT 5 LIREBL TS, 50 BT FERDEIRIGHEL 7 e PRI, RIGHROE

‘Base
N
— —_—
o’ : eg\jiji o i
95 H 96

Scheme 41. Conversion of a-azidoketone 95 to iminoketone 96 reported by Purushothaman group.

INRICHELZRT D00, BALFTEEICH T CUBoGR 2 ED R L L LT
(Scheme 42) .,

bt
/7 N” NN
\OzN NE
- PBus EtsN
Ho,, A _.OTES O,N
THF / H,0 DCE, 50 °C .
. (5/1) 51% (2 steps) dif. NOE_\\
N3 0°C

93

= H
= : 98
CSzCO3
Figure 13.
MeCN )
50 °C, 71% 0 NOE experiment of 98.
AN

Scheme 42. Synthesis of cyclic carbamate 99.
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93 icxf L, PBusz % Fi\>7z Staudinger IS Z{T\T7 I/ 73— 97 ICEHR L 7214,
CDI Z{EFH & ¢ 2 HIC XY 2 TRICK51% TEIRA LA X —F 98 A H KT & 72, 98 1%
BCNMR IZEWTHARZVRFEHEKRD S 7 F v §158.9 ppm 235280 b= T &b %
DG Z MR L 720 F 7o MaBREAL O VAAREAICBI L TiE,. 22 NOE #HBAIC & - THERE L

7= (Figure 13), 98 O N-7 A ¥ A L %175 Z & T, HEIMLEY 9 £ TCOAMETE T
LTw3,

51403 TES DM {R#E., MILicX > T b v 100 ~2#a L 7214, BRALATER{A 92 @

TES
WOTES deprotection O,

__________ I

Oxidation
99 100
. N

Scheme 43. Future plan.

Silyl enol ether
formation

92 (R = H, Si = TMS)
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A

3

FH L. 6-exo-dig RO BfEERL IS 2 HAE L L, UTICRdT E B F ) 7 v {Hl8H
65220024 TDE)TAXRI A FAL Y F=ATrhad FoeeRsx T

277,

—®ClE, C5-nor stemmadenine B4 v K —A- T A v A FOEEKIFFEETT - 7=,
A7 Asa 4 KDoA, Conolidine 3)I3FEA v 4 4 FUHTHERIKRD L — VLAY <TH 2
2. % D ERT A I LT d o7z, 2 C. VEREFHHO BN 7
o — 7 E R E TR L3 &R UM% O FEfg R Apparicine (4). 16-Hydroxy-16,22-dihydroapparicine
GYDARICETFT Lz, YIAT ) =T =T 1 &R SRRSO %2
179 F . BB OREE IR SR O R e st R L, o7 v Tk
F2DINHEZ 2% F TWETE L, (6N 2X0. 3. 4 507 I EE
KL 72,

ook, Akuammiline B4 v F—A T A A a4 FORERME2ITo72. KT L
A1 A FON, FHE) 2 FR B 2 R oL AT L TR A ARGt G S et w
%, % 2T, EMBBLICE WA T VA a4 FOMRAREDHELZHIE L
T, Strictamine (22) % U* Gomaline (23) % & ERRNICII R 21T o 720 XIFRT T + v 36 & H
FYE L LT, B RIENMbE & 3 TRTY I LT ) — LT —F 0 52 2157,
52 IR LCRLIN T & FALRIGERTTH T & T, Y7 AT L ARIRHSEIET -7
YF7 P50 ZAKRTE, afi~D7 I EEMiEDEANICEI L7, 50 257 VK
v b TOA Y v ofi | Staudinger / 531 aza-Wittig SOG % #E i L C EEFE{A 58 2 A&
L. AMEAEME A L L CEEERLATERA~ & B 72, SMBERLICIC X - TrE
DEALEKRZRZICE S D o =225 BIERICE LB TR T Y FA LR Vg 76a 205 —
TRTDT 7 24575 ~DRM, BHMREFETTO4 Y FL=VERIEEIGE wo 72 f
A7 EREA ik E AT e 8 Tc& 7z,
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KERDER

HEEBEL T, LTOBRBELHHL -,

uv . HASE (JASCO) V-560
IR . HAS9E (JASCO) FT/IR-230
IH-NMR . HAFET (JEOL) JNM ECP-600 (600 MHz)

: HAFE 7 (JEOL) JNM ECA-600 (600 MHz)
. HA®E 7 (JEOL) JINM ECZ-600 (600 MHz)
. HARFE 7 (JEOL) JNM ECP-400 (400 MHz)
: HARFE 7 (JEOL) JNM ECS-400 (400 MHz)
. HA®E 7 (JEOL) INM ECZ-400 (400 MHz)
B3C-NMR . HAFE 7 (JEOL) JNM ECP-600 (150 MHz)
: HAFE 7 (JEOL) JNM ECA-600 (150 MHz)
. HA®E 7 (JEOL) JINM ECZ-600 (150 MHz)
. HARFE 7 (JEOL) JNM ECP-400 (100 MHz)
HAFE 7 (JEOL) JNM ECS-400 (100 MHz)

. HAFET (JEOL) JNM ECZ-400 (100 MHz)

IH-NMR, BC-NMR (& $iC TMS % PNEfiZHE & L CHlE L 72,
¥ 7z singlet. doublet, triplet, quartet, quintet. septet. multiplet, broadened % % #1 % #1 s,
d. t. g. quin, sep. m. br LB&FCL 7=,

ESI-MS : HA®E Y (JEOL) AccuTOF LC-plus JMS-T100LP
SiO, : Kanto Chemical Co., INC.
Silica gel 60 (spherical, 100-210 pum): Open column
: Kanto Chemical Co., INC.
Silica gel 60 (spherical, 40-50 pm) : Flash column
: Merck Silicagel 60 Fzss : TLC
Al;Os : Merck Aluminium oxide 60 Fzs4 neutral : TLC
: Merck Aluminium oxide 60 F2s4 basic : TLC
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NH-SiO- : Fuji Silysia Chemical, LTD.
Chromatorex NH (100-200 mesh) : Open column
: Fuji Silysia Chemical, LTD. TLC Plates NH : TLC

MPLC : Column . ¥HF C.1.G. prepacked column silicagel
CPS-HS-221-05 ¢ 22 mmx100 mm
: System . HAS5% (JASCO) UV-2080 Plus (Pump)
. HAS9E (JASCO) UV-2075 Plus (UV detector)
HA L XA AT : Rigaku R-AXIS I C

FOGIC W22 T OEBIZFER-RETIICZEE L 72,

FRC AN o SKAIE IR, Gl o ) o EIC X VL 72,
Pyridine, EtsN, MeOH, EtOH,

t-BuOH, MeCN, HMPA, Toluene, DCE :CaH, ECZ&HE L 7=,

DMF, DMSO, Acetone : MS 4A Tk, K L 72,

AcOH : KMnO, ECZ&E L 72,

CH,Cl,, THF, Et,0, DME - Kanto Chemical Co., INC. X V i A L 72 H#&

ERRRBKAEEZ (R L 72,

TLC Ftaad3E

a) UV vEY 77 vk EtOH IR

b) 1% p-Anisaldehyde in AcOH

¢) 1% Ce(SO); in 10% H,SO,

d V77 VBT vE=Y LR

e) Hanessian i3 (2 )V v o —% V) 757 VT vE =7 LK)
f) BCG EtOH &R

TLC Ziziz, MEAFEE X ¢ 7,

hy 2 vk
JEFAL 72 TLC 7L — b %, 3 v FE—silicagel IRAMAKFIC AN TIE L 2B X 27,
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B—EICBHT 555

F—HIC B % KER

n-BulLi
2 NsCl 2
dNH NNs
THF
o -78 °C
2-Pyrrolidinone  gro, 9

9: To a stirred solution of 2-pyrrolidinone (3.05 g, 35.8 mmol) in dry THF (30 mL) was added n-
BuLi (2.66 M in n-hexane, 13.4 mL, 35.8 mmol) at —78 °C under Ar atmosphere. After stirring
for 1 h at the same temperature, a solution of NsCl (7.54 g, 34.0 mmol) in dry THF (42 mL) was
added to the reaction mixture via a dropping funel, and the reaction mixture was stirred at the
same temperature for 22 h. The reaction was quenched by adding saturated aqueous NH.CI at
—78 °C, and the mixture was diluted with AcOEt. After separation of the two layers, the aqueous
layer was extracted two times with ACOEt. The combined organic layers were washed with brine,
dried over MgSO., filtered, and evaporated under reduced pressure. The residue was
recrystallized from a mixed solvent of AcCOEt/n-hexane, and then filtrated to afford 6.39 g of 9.
The filtrate was evaporated under reduced pressure, and the residue was purified by silica gel
flash column chromatography (AcOEt/n-hexane = 1/2 to 1/1) to afford 1.40 g of 9. A total of 7.79
g of 9 (85%) was obtained as a white solid. Spectral and physical properties are consistent with

previously reported data.*)

'H NMR (CDCls, 400 MHz) 6 ppm: 8.47 (1H, m), 7.83-7.71 (3H, overlapped), 4.08 (2H, t, J =
6.9 Hz), 2.52 (2H, t, J = 8.0 Hz), 2.22 (2H, quin, J = 7.6 Hz).

MSO/

o NaBH, N K,CO3 Ns
S
THF / MeOH DMF
(10/1) 10 50 °C 1"
9 rt 72% (2 steps)

11: To a stirred solution of 9 (1.02 g, 3.77 mmol) in a mixed solvent of dry THF/MeOH (13 mL,
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10/1) was added NaBH4 (428 mg, 11.3 mmol) in small portions at 0 °C under Ar atmosphere.
After stirring for 12 h at room temperature, the reaction was quenched by adding water. The
resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted two times with ACOEt. The combined organic layers were washed with brine, dried
over MgSQ., filtered, and evaporated under reduced pressure to afford the crude product 10,
which was used for the next reaction without purification.

To a stirred solution of the above crude product of 10 in dry DMF (6.5 mL) was added a solution
of alkylating reagent*”) (615 mg, 4.15 mmol) in dry DMF (6.0 mL) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 7 h at 50 °C. After cooling to room
temperature, water was added to the reaction mixture and the resultant mixture was diluted with
AcOEt. After separation of the two layers, the aqueous layer was extracted two times with AcOEt.
The combined organic layers were washed with water three times and brine, dried over MgSQza,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/n-hexane = 2/1) to afford 11 (882 mg, 72% from 9) as a colorless

oil.

IH NMR (CDCls, 400 MHz) & ppm: 8.05 (1H, m), 7.72-7.64 (2H, overlapped), 7.62 (1H, m), 4.13
(2H, g, J = 2.4 Hz), 3.67 (2H, t, J = 6.2 Hz), 3.43 (2H, t, J = 7.3 Hz), 1.75-1.64 (2H, overlapped),
1.67 (3H, t, J = 2.4 Hz), 1.63-1.54 (2H, overlapped).

3C NMR (CDCls, 100 MHz) & ppm: 148.2, 133.5, 132.7, 131.4, 130.7, 123.9, 81.8, 71.7, 62.0,
46.4, 36.6, 29.2, 23.7, 3.2.

IR (ATR) vmax cmt: 3565, 3391, 2924, 2873, 1540, 1350, 1160, 1125, 1025, 768, 740.
HRESI-MS: calcd. for C14H1sN20sSNa [M+Na]* 349.0834; found 349.0799.

IBX
NS\/ NS\/
HO/\/\/N o7 >

DMSO
1 50 °C 12
93%
12: To a stirred solution of 11 (849 mg, 2.60 mmol) in dry DMSO (6.5 mL) was added IBX (946
mg, 3.38 mmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred
for 1.5 hat 50 °C. After cooling to room temperature, the reaction mixture was diluted with AcOEt.

The resultant mixture was filtered through glass filter and the filtrate was washed with saturated
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aqueous NayS;0s, dried over MgSO., filtered, and evaporated under reduced pressure. The
residue was purified by silica gel flash column chromatography (AcOEt/n-hexane = 2/3to 1/1) to
afford 12 (782 mg, 93%) as a pale yellow oil.

IH NMR (CDCls, 400 MHz) & ppm: 9.78 (1H, s), 8.04 (1H, m), 7.74-7.65 (2H, overlapped), 7.63
(1H, m), 4.12 (2H, g, J = 2.4 Hz), 3.44 (2H, t, J = 6.9 Hz), 2.58 (2H, t, J = 7.1 Hz), 1.92 (2H, quin,
J=7.1Hz),1.66 (3H,t,J=2.4 Hz).

13C NMR (CDCls, 100 MHz) & ppm: 201.1, 148.2, 133.6, 132.5, 131.4, 130.8, 124.0, 82.0, 71.7,
45.9, 40.4, 36.8, 19.7, 3.3.

IR (ATR) vmax cmt: 1718, 1542, 1355, 1162, 1128.

HRESI-MS: calcd. for C14H16N20sSNa [M+Na]* 347.0678; found 349.0637.

TIPSOTf 5

EtsN
Ns
oMN/ Ku
CH20|2 J\

12 TIPSO
87%

Z:E= 2.6.1

1: Toastirred solution of 12 (760 mg, 2.34 mmol) in dry CH2Cl, (7.8 mL) were added Et;N (0.718
mL, 5.15 mmol) and TIPSOTf (0.697 mL, 2.57 mmol) at 0 °C under Ar atmosphere. After stirring
for 4 h at the same temperature, additional amount of EtsN (0.130 mL, 0.937 mmol) and TIPSOTf
(0.126 mL, 0.468 mmol) were added to the reaction mixture. After stirring for another 1 h, the
reaction mixture was gquenched by adding saturated aqueous NaHCO3. The resultant mixture was
diluted with CHCIs. After separation of the two layers, the aqueous layer was extracted two times
with CHCIs. The combined organic layers were dried over MgSOs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (AcOEt/n-
hexane = 1/6 to 1/5) to afford 1 (979 mg, 87%, an inseparable mixture of geometrical isomers, Z :

E =2.6:1)asapale yellow oil.

'H NMR (CDCls, 400 MHz) & ppm: E isomer, 8.05 (1H, m), 7.72-7.57 (3H, overlapped), 6.38
(1H, dt, J = 13.0, 1.4 Hz), 4.87 (1H, dt, J = 13.0, 5.9 Hz), 4.15 (2H, q, J = 2.4 Hz), 3.35 (2H, t, J
= 7.5 Hz), 2.20 (1H, ddd, J = 7.5, 5.9, 1.3 Hz), 2.18 (1H, ddd, J = 7.5, 5.9, 1.3 Hz), 1.68 (3H, t, J
= 2.4 Hz), 1.15 (3H, m), 1.07 (18H, d, J = 6.4 Hz), Z isomer, 8.05 (1H, m), 7.72-7.57 (3H,
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overlapped), 6.31 (1H, dt, J =5.9, 1.4 Hz), 4.34 (1H, td, = 7.2, 5.8 Hz), 4.17 (2H, q, J = 2.4 Hz),
3.41 (2H, t,J = 7.3 Hz), 2.41 (1H, ddd, J = 7.4, 7.4, 1.4 Hz), 2.39 (1H, ddd, J = 7.4, 7.4, 1.4 Hz),
1.66 (3H, t, J = 2.4 Hz), 1.15 (3H, m), 1.07 (18H, d, J = 6.4 Hz).

3C NMR (CDCls, 100 MHz) & ppm: 148.2, 142.8, 141.1, 133.4, 133.3, 133.0, 132.8, 131.32,
131.28, 130.6, 123.90, 123.86, 106.0, 104.5, 81.7, 81.5, 72.0, 71.9, 47.2, 46.1, 37.1, 36.5, 26.2,
22.1,17.59, 17.57, 11.82, 11.75, 3.2.

IR (ATR) vmax cmt: 2943, 2867, 1658, 1544, 1359, 1164, 1124, 1087, 882.

HRESI-MS: calcd. for C23H3sN20sSSiNa [M+Na]* 503.2012; found 503.2027.

Gold(l)-catalyzed cyclization of 1

Representative procedure (entry 8): To a stirred solution of 1 (559 mg, 1.16 mmol) in CH,Cl. (5.8
mL) were added H,O (25.1 uL, 1.39 mmol) and JohnPhosAu(MeCN)SbFs (17.9 mg, 23.2 umol)
at 0 °C under Ar atmosphere. After stirring for 12.5 h at the same temperature, the reaction
mixture was quenched by adding saturated aqueous NaHCOs. The resultant mixture was diluted
with CHCls. After separation of the two layers, the aqueous layer was extracted two times with
CHCl3. The combined organic layers were dried over MgSOQ., filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (AcOEt/n-
hexane = 1/4 to 1/2 to 2/3) to afford 2 (252 mg, 67%) as a colorless oil, and diastereomixture of
13a and 13b, which was separated by MPLC (AcOEt/n-hexane = 1/2) to afford 13a (150 mg,
27%) and 13b (8.3 mg, 1.5%) as a white solid, respectively.

TIPso_ NS TIPSO

%ij = BN

TIPSO

3a 14 15

2: 'H NMR (CDCls, 400 MHz) & ppm: 9.54 (1H, s), 7.95 (1H, m), 7.73-7.64 (2H, overlapped),
7.60 (1H, m), 5.90 (1H, g, J = 6.8 Hz), 4.18 (1H, d, J = 14.0 Hz), 3.79 (1H, dddd, J = 12.8, 4.6,
2.4, 2.4 Hz), 3.67 (1H, d, J = 5.5 Hz), 3.32 (1H, d, J = 14.0 Hz), 2.96 (1H, ddd, J = 13.3, 12.8,
2.7 Hz), 2.34 (1H, dg, J = 13.3, 2.4 Hz), 1.86 (1H, m), 1.75 (3H, dd, J = 6.8, 1.8 Hz).

3C NMR (CDCls, 100 MHz) & ppm: 199.6, 148.3, 133.6, 131.7, 131.5, 130.8, 127.1, 126.3, 124.1,
51.6,47.2,43.7,24.1, 13.0.
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IR (ATR) vmax cm®: 1719, 1542, 1371, 1355, 1163, 1126, 752, 732.
HRESI-MS: calcd. for C14H16N20sSNa [M+Na]* 347.0678; found 347.0636.

13a: 'H NMR (CDCls, 600 MHz) & ppm: 8.01 (1H, dd, J = 7.6, 1.4 Hz), 7.74-7.66 (2H,
overlapped), 7.61 (1H, dd, J = 7.6, 1.4 Hz), 5.78 (1H, d, J = 3.4 Hz), 4.65 (2H, dq, J = 3.1, 3.1
Hz), 3.60 (1H, dd, J = 9.6, 9.6 Hz), 3.17 (1H, ddd, J = 9.8, 9.8, 8.0 Hz), 2.26 (1H, m), 2.14 (1H,
m), 1.84 (1H, ddd, J =12.9, 6.2, 6.2 Hz), 1.79 (3H, t, J = 3.1 Hz), 1.24 (3H, m), 1.099 (9H, d, J
=7.6 Hz), 1.095 (9H, d,J= 7.6 Hz).

13C NMR (CDCls, 150 MHz) & ppm: 208.0, 148.4, 133.6, 131.8, 131.3, 131.2, 124.2, 95.7, 85.4,
75.4,49.4,45.7,26.4,18.4,18.2, 18.1, 12.8.

IR (ATR) vmax cmt: 2943, 2862, 1549, 1377, 1359, 1173, 1059, 1039.

HRESI-MS: calcd. for C23H3sN20sSSiNa [M+Na]* 503.2012; found 503.2038.

13b: *H NMR (CDCls, 600 MHz) & ppm: 8.13 (1H, m), 7.71-7.60 (3H, overlapped), 5.81 (1H, s),
4.64 (1H, m), 4.37 (1H, m), 3.43 (2H, m), 2.54 (1H, m), 2.46 (1H, m), 2.01 (1H, dd, J = 12.0, 6.5
Hz), 1.74 (3H, t, J = 2.7 Hz), 1.14 (3H, m), 1.07 (18H, d, J = 6.9 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 205.2, 148.5, 133.8, 132.9, 131.5, 130.1, 124.3, 96.4, 87.8,
76.5,50.7, 45.9, 27.1, 18.0 (x2), 12.5.

IR (ATR) vmax cmt: 2941, 2866, 1537, 1362, 1341, 1146, 1038, 1018.

HRESI-MS: calcd. for C23H3sN20sSSiNa [M+Na]* 503.2012; found 503.2036.

14: white solid, *H NMR (CDCls, 600 MHz) & ppm: 8.20 (1H, m), 7.71-7.64 (2H, overlapped),
7.60 (1H, m), 6.10 (1H, d = 6.9 Hz), 3.69 (1H, dd, J = 10.0, 6.5 Hz), 3.57 (1H, br-t, J = 6.5 Hz),
3.28 (1H, ddd, J = 11.7, 5.5, 5.5 Hz), 2.02 (1H, m), 1.95 (1H, dd, J = 12.4, 5.5 Hz), 1.56 (3H, d,
J=1.4Hz),1.51 (3H,d,J = 1.4 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 148.4, 147.4, 133.8, 133.3, 131.6, 131.3, 123.6, 102.3, 92.6,
51.9,46.4,28.2,11.0, 9.6.

IR (ATR) vmax cmt: 2919, 1712, 1540, 1439, 1351, 1288, 1225, 1163, 1121, 1069, 1016.
HRESI-MS: calcd. for C14H16N2OsSNa [M+Na]* 347.0678; found 347.0633.

15: white solid, *H NMR (CDCls, 600 MHz) & ppm: 8.00 (1H, m), 7.73-7.64 (2H, overlapped),
7.60 (1H, dd, J = 7.1, 2.1 Hz), 4.79 (2H, m), 4.25 (1H, d, J = 13.5 Hz), 3.90 (1H, br-d, J = 12.1
Hz), 3.83 (1H, dd, J = 9.4, 4.6 Hz), 3.55 (1H, dt, J = 13.5, 3.0 Hz), 3.48 (1H, dd, J = 9.4, 9.1 Hz),
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2.97 (1H, ddd, J =12.1, 12.1, 2.6 Hz), 2.23 (1H, m), 2.12 (1H, dq, J = 13.5, 3.8 Hz), 1.45 (1H,
dddd, J =135, 12.1, 11.4, 4.1 Hz), 1.11-0.99 (21H, overlapped).

13C NMR (CDCls, 150 MHz) & ppm: 203.0, 148.3, 133.5, 132.1, 131.3, 131.0, 124.0, 96.2, 77.5,
49.3, 45.8, 39.3, 28.8, 18.0, 11.9.

IR (ATR) vmax cm™: 2944, 2866, 1542, 1372, 1359, 1166, 1062, 985, 930, 761, 651.

HRESI-MS: calcd. for C23sH3sN20sSSiNa [M+Na]* 503.2012; found 503.2050.

5 HIC B9 5 KR

NS iBs
n-BulLi
_ >
X
THF
H (@) -78°C Bs OH
(Y = .
2 68%, d.r. = 18:1 19

(84% brsm)

19: To a stirred solution of N-benzenesulfonylindole (59.4 mg, 231 pumol) in dry THF (0.84 mL)
was added n-BuL.i (2.66 M in n-hexane, 86.9 uL, 231 umol) at —78 °C under Ar atmosphere. After
stirring for 0.5 h at the same temperature, a solution of 2 (30.0 mg, 92.4 umol) in dry THF (1 mL)
was added to the reaction mixture via a cannula, and the resultant mixture was stirred for 5.5 h at
the same temperature. The reaction mixture was quenched by adding saturated aqueous NH4CI,
and then diluted with AcOEt. After separation of the two layers, the aqueous layer was extracted
two times with AcOEt. The combined organic layers were dried over MgSO., filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/n-hexane = 1/1.8 to 1/1.5 to 1/1) to afford 19 (36.5 mg, 68%,
diastereomixture; major : minor = 18:1) as a white amorphous solid, together with recovered 2
(5.6 mg, 19%).

'H NMR (CDCls, 400 MHz) & ppm: major isomer, 8.04 (1H, d, J = 8.2 Hz), 8.00 (1H, m), 7.76-
7.65 (4H, overlapped), 7.61 (1H, m), 7.50 (1H, m), 7.42 (1H, ddd, J = 6.9, 6.9, 0.9 Hz), 7.38 (2H,
dd, J=8.0, 8.0 Hz), 7.28 (1H, m), 7.21 (1H, ddd, J = 7.5, 7.5, 0.9 Hz), 6.64 (1H, s), 5.43 (1H, q,
J=6.9 Hz), 5.33 (1H, dd, J = 8.2, 8.2 Hz), 3.91 (1H, d, J = 13.3 Hz), 3.68 (1H, dt, J = 13.0, 3.4
Hz), 3.61 (1H, d, J = 13.3 Hz), 3.51 (1H, m), 3.33 (2H, m), 2.29 (1H, dq, J = 13.8, 2.9 Hz), 1.77
(1H, m), 1.50 (3H, dd, J = 6.9, 1.4 Hz).
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3C NMR (CDCls, 100 MHz) § ppm: major isomer, 148.3, 141.8,137.8,137.6,134.1,133.4,132.2,
131.4,131.3,130.9,129.2,129.0, 126.2, 125.3,124.2,124.0, 121.2, 115.0, 112.6, 68.3, 51.0, 42.3,
38.7, 26.0, 13.1.

IR (ATR) vmax cm®: 3527, 1541, 1362, 1171, 1127, 750.

HRESI-MS: calcd. for C2sH27N307S;Na [M+Na]* 604.1188; found 604.1189.

DMP

CH,Cl,
Bs 0°C —rt Bs

19 94% 20
20: To a stirred solution of 19 (45.7 mg, 78.5 umol) in dry CH.Cl, (1.6 mL) was added Dess-
Martin periodinane (43.3 mg, 102 pmol) at 0 °C under Ar atmosphere, and the reaction mixture
was stirred for 1.5 h at room temperature. The reaction mixture was quenched by adding saturated
aqueous NaHCOs; and saturated aqueous NazS;0s, and then diluted with CHCIs. After separation
of the two layers, the aqueous layer was extracted two times with CHCIs. The combined organic
layers were dried over MgSQ,, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (AcOEt/n-hexane = 2/3) to afford 20 (42.8

mg, 94%) as a white amorphous solid.

'H NMR (CDCls, 400 MHz) 8 ppm: 8.05 (1H, dd, J = 8.7, 0.9 Hz), 7.99 (1H, m), 7.83 (2H, m),
7.73-7.65 (2H, overlapped), 7.61 (1H, m), 7.55-7.47 (2H, overlapped), 7.45-7.37 (3H,
overlapped), 7.26 (1H, ddd, J= 7.6, 7.6, 0.9 Hz), 6.90 (1H, s), 5.70 (1H, q, J = 6.9 Hz), 4.60 (1H,
d,J=5.0 Hz), 4.13 (1H, d, J = 14.0 Hz), 3.83 (1H, m), 3.68 (1H, d, J = 14.0 Hz), 3.52 (1H, td, J
=12.9, 3.0 Hz), 2.38 (1H, dq, J = 13.7, 2.3 Hz), 1.99 (1H, m), 1.51 (3H, dd, J = 6.9, 1.4 Hz).
3C NMR (CDCls, 100 MHz) & ppm: 195.4, 148.4, 138.5,137.8, 136.9, 134.1, 133.4, 132.2, 131.4,
130.8,128.9,128.8,128.4,127.4,127.3,127.0, 124.7,124.0, 122.6, 116.3, 115.4,51.0, 45.8, 43.6,
27.3,13.2.

IR (ATR) vmax cm™: 1686, 1542, 1368, 1162, 1089, 747, 725.

HRESI-MS: calcd. for C2sH2sN307S;Na [M+Na]* 602.1032; found 602.1051.

56



1M KOH
in MeOH
reflux

then PhSH
rt, 97%

7: 20 (83.1 mg, 143 pmol) was suspended to IM KOH in MeOH (1.4 mL), and the resultant
mixture was stirred for 40 min at 70 °C under Ar atmosphere. After cooling to room temperature,
PhSH (29.4 uL, 286 umol) was added to the reaction mixture. The mixture was stirred for 19 h
at the same temperature. The reaction was quenched by adding 1M aqueous HCI, and then diluted
with Et,O. After separation of the two layers, the organic layer was extracted with 1M aqueous
HCI. The combined aqueous layers were basified with 1M aqueous NaOH, resulting in
precipitation of the solid. The solid was filtrated and washed with a small amount of cold Et0.
The filtrate was extracted two times with CH,Cl.. The combined organic layers were dried over
K>COs, filtered, and evaporated under reduced pressure. A total of 35.4 mg of 7 (97%) was

obtained as a white solid. Spectral properties are consistent with previously reported data.®)

IH NMR (CDCls, 400 MHz) & ppm: 9.02 (1H, br-s), 7.71 (1H, d, J = 8.2 Hz), 7.42 (1H, d, J = 8.2
Hz), 7.35 (1H, ddd, J = 7.8, 6.9, 0.9 Hz), 7.27 (1H, s), 7.16 (1H, ddd, J = 7.8, 6.9, 0.9 Hz), 5.53
(1H, g, J = 6.9 Hz), 4.52 (1H, d, J = 5.9 Hz), 3.71 (1H, d, J = 13.5 Hz), 3.32 (1H, d, J = 13.5 Hz),
3.15 (1H, td, J = 12.8, 2.9 Hz), 2.98 (1H, m), 2.20 (1H, dg, J = 13.6, 2.5 Hz), 1.91 (1H, m), 1.72
(3H, dd, J = 6.6, 1.6 Hz).

3C NMR (CDCls, 100 MHz) & ppm: 193.6, 137.1, 135.2, 134.4,127.6, 126.3, 123.1, 121.0, 120.7,
112.1, 108.9, 53.2, 43.3, 43.0, 31.6, 13.0.

IR (ATR) vmax cmt: 3283, 2926, 1647, 1519, 1346, 1138, 752.

HRESI-MS: calcd. for C16H19N2O [M+H]* 255.1497; found 255.1452.

CSA
(HCHO),

CH5;CN
reflux
599

7 % (x)-Conolidine (3)

3: To a stirred solution of 7 (3.7 mg, 14.5 umol) in dry MeCN (0.29 mL) were added (HCHO),

(8.7 mg, 290 umol) and (+)-CSA (6.7 mg, 29.0 umol) at room temperature under Ar atmosphere,
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and the reaction mixture was stirred for 20 h at 80 °C. After cooling to room temperature, the
reaction mixture was quenched by adding 1M aqueous NaOH. The resultant mixture was diluted
with CHCls;. After separation of the two layers, the aqueous layer was extracted two times with
CHCl3. The combined organic layers were dried over K,COs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(MeOH/CHCI; = 1/40) to afford 3 (2.3 mg, 59%) as a white solid. Spectral and physical properties

are consistent with previously reported data.”

UV (MeOH) Amax nm: 313.0, 238.5.

IH NMR (CDCls, 400 MHz) & ppm: 8.98 (1H, br-s), 7.57 (1H, d, J = 8.2 Hz), 7.38-7.30 (2H,
overlapped), 7.11 (1H, ddd, J = 8.2, 6.2, 1.8 Hz), 5.47 (1H, q, J = 6.9 Hz), 4.77 (1H, d, J = 18.6
Hz), 4.29 (1H, d, J = 18.6 Hz), 3.98 (1H, d, J = 5.9 Hz), 3.86 (1H, d, J = 15.8 Hz), 3.41 (1H, ddd,
J=137,8.5,3.0 Hz), 3.31 (1H, d, J = 15.8 Hz), 3.09 (1H, m), 2.15 (1H, m), 2.05 (1H, m), 1.51
(3H, dt, J=6.9, 1.1 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 193.4, 136.1, 133.5, 130.1, 127.9, 126.5, 122.9, 120.9, 120.5,
120.1, 111.7,55.0, 53.3, 48.1, 44.2, 22.9, 12.7.

IR (ATR) vmax cm'™: 3333, 2926, 2856, 1634, 1530, 1438, 1329, 1112, 742.

HRESI-MS: calcd. for C17H19N2O [M+H]* 267.1497; found 267.15009.

CH,Cl,

rt, 52%

(x)-Conolidine (3) (+)-16-Hydroxy-16,22 (2 steps) (x)-Apparicine (4)
-dihydroapparicine (5)

5: To a stirred solution of 3 (5.2 mg, 19.5 umol) in dry THF (0.78 mL) was added MeLi (3.0 M

in diethoxymethane, 19.5 uL, 58.5 umol) at —78 °C under Ar atmosphere. After stirring for 1 h at
the same temperature, the reaction mixture was quenched by adding saturated aqueous NH4CI.
The resultant mixture was diluted with 10% MeOH/CHCIs. After separation of the two layers, the
aqueous layer was extracted two times with 10% MeOH/CHCI;. The combined organic layers
were dried over K,COs, filtered, and evaporated under reduced pressure to afford the crude

product 5 (3.6 mg), which was used for the next reaction without purification.
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To a solution of the above crude product 5 in dry CH,Cl, (0.5 mL) was added TFA (5.85 puL, 76.4
umol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 5.5 h at room
temperature. The reaction mixture was quenched by adding 1M agueous NaOH, and then diluted
with 10% MeOH/CHCIs;. After separation of the two layers, the aqueous layer was extracted two
times with 10% MeOH/CHCIs. The combined organic layers were dried over K.COs, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/CHCI; = 1/15) to afford 4 (2.7 mg, 52% from 3) as a white solid.

Spectral and physical properties are consistent with previously reported data.'”

UV (MeOH) Amax nm: 303.0.

IH NMR (CDCls, 600 MHz) & ppm: 7.87 (1H, br-s), 7.43 (1H, d, J = 7.6 Hz), 7.29 (1H, d, J = 8.2
Hz), 7.19 (1H, dd, J = 8.2, 7.6 Hz), 7.07 (1H, dd, J = 7.6, 7.6 Hz), 5.40 (1H, s), 5.27 (1H, s), 5.27
(1H, q,J =6.9 Hz), 4.52 (1H, d, J = 17.9 Hz), 4.27 (1H, d, J = 17.9 Hz), 3.92 (1H, br-s), 3.83 (1H,
d, J=15.8 Hz), 3.44 (1H, dd, J = 12.3, 8.2 Hz), 3.22 (1H, d, J = 15.8 Hz), 3.08 (1H, ddd, J = 12.3,
12.3,7.0 Hz), 2.17 (1H, dddd, J = 13.7, 11.4, 8.2, 5.5 Hz), 1.90 (1H, ddt, J = 13.7, 7.0, 2.4 Hz),
1.47 (3H, dd, J = 6.9, 2.1 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 144.7,136.6, 135.6,131.4,128.9, 123.1, 121.1, 119.5, 118.5,
112.6, 110.3, 110.1, 54.2, 53.9, 45.2, 41.0, 29.2, 12.6.

IR (ATR) vmax cmt: 3265, 3055, 2927, 1457, 1443, 1327, 742.

HRESI-MS: calcd. for C1sH21N, [M+H]* 265.1705; found 265.1682.
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O,N (0] (0]
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I o ‘ O\/\
0,
1-lodo- 90 °C reflux

. 60% (2 steps)
2-nitrobenzene 37 38

38: To asstirred solution of 1-iodo-2-nitrobenzene (20.0 g, 80.3 mmol) and 1,3-cyclohexanedione
(18.0 g, 160 mmol) in dry DMSO (267 mL) was added K,COs (33.3 g, 240 mmol) at room
temperature under Ar atmosphere, and the reaction mixture was stirred for 5 h at 90 °C. After
cooling to 0 °C, the reaction was quenched by adding 1.5M aqueous HCI, and the mixture was
diluted with CHCIs. After separation of the two layers, the aqueous layer was extracted three times
with CHCIs. The combined organic layers were washed with water, brine, dried over MgSOs,
filtered, and evaporated under reduced pressure to afford the crude product 37 (22.0 g), which
was used for the next reaction without purification.

To a stirred solution of the above crude product 37 in dry acetone (267 mL) were added K,COs
(22.2 g, 160 mmol) and allyl bromide (10.2 mL, 120 mmol) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 4 h at reflux temperature. After cooling to
room temperature, the reaction mixture was evaporated under reduced pressure. The resultant
mixture was diluted with water and CHClIs. After separation of the two layers, the aqueous layer
was extracted three times with CHCIs. The combined organic layers were washed with brine,
dried over MgSO., filtered, and evaporated under reduced pressure. The residue was purified by
silica gel flash column chromatography (AcOEt/n-hexane = 2/1 to 3/2) to afford 38 (13.1 g, 60%
over 2 steps) as a brown oil. Spectral and physical properties are consistent with previously

reported data.?)

'H NMR (CDCls, 400 MHz) & ppm: 7.98 (1H, dd, J = 8.0, 1.3 Hz), 7.56 (1H, ddd, J = 7.6, 7.6,
1.2 Hz), 7.42 (1H, ddd, J = 8.0, 7.6, 1.5 Hz), 7.27 (1H, dd, J = 7.6, 1.5 Hz), 5.79 (1H, dddd, J =
17.2,10.4, 5.1, 5.1 Hz), 5.19 (1H, ddd, J = 10.4, 1.6, 1.6 Hz), 5.16 (1H, ddd, J = 17.2, 1.6, 1.6
Hz), 4.49 (2H, ddd, J = 5.1, 1.6, 1.6 Hz), 2.72 (2H, m), 2.52 (2H, m), 2.14 (2H, m).
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O Toluene
OoN

—_—

o 0
N 185-190 °C
81%

Claisen
38 rearrangement 36

36: Dry toluene (91 mL) solution of 38 (13.1 g, 47.9 mmol) was divided into thirteen portions in

a sealed tubes. The each reaction mixtures was stirred for 9 h at 185-190 °C under Ar atmosphere.
After cooling to room temperature, the combined mixtures were evaporated under reduced
pressure. The residue was purified by silica gel flash column chromatography (CH»Cl.) to afford
36 (10.6 g, 81%) as a pale brown solid. Spectral and physical properties are consistent with

previously reported data.?)

'H NMR (CDCls, 600 MHz) & ppm: 8.13 (1H, dd, J = 8.1, 1.5 Hz), 7.70 (1H, ddd, J = 8.0, 7.4,
1.5 Hz), 7.59 (1H, dd, J = 8.0, 1.4 Hz), 7.51 (1H, ddd, J = 8.1, 7.4, 1.4 Hz), 5.60 (1H, dddd, J =
17.0, 10.2, 6.6, 6.6 Hz), 5.26 (1H, ddd, J = 17.0, 1.5, 1.5 Hz), 5.17 (1H, ddd, J = 10.2, 1.5, 1.5
Hz), 3.08 (2H, ddd, J = 6.6, 1.5, 1.5 Hz), 2.88-2.76 (4H, overlapped), 2.39 (LH, m), 2.19 (1H, m).

NaBH,

THF / H,0
(8/1)
-10°C

36 46 (77%) 47 (8%)

To a stirred solution of 36 (10.6 g, 38.7 mmol) in a mixed solvent of THF/H,0 (8/1, 194 mL) was
added in small portions NaBH. (880 mg, 23.2 mmol) at —10 °C under Ar atmosphere. After
stirring for 8.5 h at the same temperature, additional amount of NaBH,4 (880 mg, 23.2 mmol) was
added to the reaction mixture in small portions. After stirring for another 12 h at the same
temperature, the reaction mixture was quenched by adding 1M aqueous HCI, and the mixture was
diluted with CHCIs. After separation of the two layers, the aqueous layer was extracted two times
with CHCIs. The combined organic layers were dried over MgSOs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (AcOEt/n-
hexane = 2/5 to 1/1) to afford an inseparable mixture of 46 and 47 (9.07 g) as a pale yellow oil.
The ratio of 46 (77%) and 47 (8%) was determined by *H NMR analysis.

Spectral and physical properties of 46 are consistent with previously reported data.?®
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46: 'H NMR (CDCls, 400 MHz) & ppm: 7.91 (1H, dd, J = 8.1, 1.5 Hz), 7.60 (1H, ddd, J = 8.1,
7.9, 1.5 Hz), 7.52 (1H, dd, J = 8.1, 1.5 Hz), 7.43 (1H, ddd, J = 8.1, 7.0, 1.5 Hz), 5.35 (1H, dddd,
J=17.2,10.2,7.3,6.2 Hz),5.08 (1H, ddd, J = 17.2, 1.5, 1.5 Hz), 4.97 (1H, ddd, J=10.2, 1.5, 1.5
Hz), 4.69 (1H, m), 3.51 (1H, dd, J = 16.3, 6.2 Hz), 2.61 (1H, ddd, J = 16.3, 7.3, 1.5 Hz), 2.45-
2.37 (2H, overlapped), 2.19-1.92 (4H, overlapped).

47: *H NMR (CDCls, 400 MHz) & ppm: 8.04 (1H, br-d, J = 8.4 Hz), 7.55 (1H, ddd, J = 8.1, 6.6,
2.2 Hz), 7.41 (1H, ddd, J = 8.1, 6.6, 2.2 Hz), 7.38 (1H, dd, J = 8.1, 2.2 Hz), 5.68 (1H, dddd, J =
17.2,10.4, 9.2, 4.4 Hz), 5.19 (1H, br-d, J = 17.2 Hz), 4.96 (1H, ddd, J = 10.4, 1.7, 1.7 Hz), 4.68
(1H, m), 4.34 (1H, br-s), 2.91 (1H, dd, J = 16.1, 9.2 Hz), 2.48 (1H, br-d, J = 16.1 Hz), 2.02 (1H,
m), 1.93-1.60 (5H, overlapped).

ESI-MS: 300 [M+Na]*

O,N

HO OH

48

48: 'H NMR (CDCls, 400 MHz) & ppm: 7.68 (1H, dd, J = 8.0, 1.4 Hz), 7.67 (1H, dd, J = 8.0, 1.4
Hz), 7.55 (1H, ddd, J = 8.0, 7.6, 1.4 Hz), 7.35 (1H, dd, J = 8.0, 7.6, 1.4 Hz), 5.64 (1H, dddd, J =
17.1, 10.3, 7.0, 7.0 Hz), 5.00 (1H, ddd, J = 17.1, 1.6, 1.6 Hz), 4.96 (1H, ddd, J = 10.3, 1.6, 1.6
Hz), 3.85 (1H, ddd, J = 8.8, 5.5, 3.1 Hz), 3.62 (2H, m), 3.35 (1H, ddd, J = 8.8, 6.0, 6.0 Hz), 2.61
(1H, m), 2.50 (1H, m), 1.65-1.47 (4H, overlapped) 1.40 (1H, m), 1.28 (1H, m).

ESI-MS: 302 [M+Na]*

49: To a stirred solution of the above mixture of 46 and 47 (77:8, 9.07 g) in dry CH.Cl (149 mL)
were added imidazole (2.63 g, 38.6 mmol) and TESCI (6.12 mL, 35.6 mmol) at room temperature
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under Ar atmosphere, and the reaction mixture was stirred for 13 h at the same temperature. The
reaction was quenched by adding saturated aqueous NaHCO3, and then the mixture was diluted
with CHCls;. After separation of the two layers, the aqueous layer was extracted two times with
CHCI3; The combined organic layers were dried over MgSOQ., filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (AcOEt/n-

hexane = 1/20) to afford 49 (10.2 g, 89% from based on 46) as a colorless oil.

IH NMR (CDCls, 400 MHz) & ppm: 7.89 (1H, dd, J = 8.0, 1.4 Hz), 7.54 (1H, ddd, J = 8.2, 7.4,
1.4 Hz), 7.47 (1H, dd, J = 8.2, 1.4 Hz), 7.40 (1H, ddd, J = 8.0, 7.4, 1.4 Hz), 5.36 (1H, dddd, J =
17.1,10.2, 7.7, 5.6 Hz), 5.06 (1H, ddd, J = 17.1, 1.6 Hz), 4.95 (1H, ddd, J = 10.2, 1.5 Hz), 4.68
(1H, dd, J = 10.9, 4.8 Hz), 3.54 (1H, dd, J = 16.6, 5.6 Hz), 2.58 (1H, dd, J = 16.6, 7.7 Hz), 2.39
(2H, m), 2.09-1.89 (4H, overlapped), 0.76 (9H, t, J = 7.8 Hz), 0.33 (3H, dg, J = 15.5, 7.8 Hz),
0.25 (3H, dg, J = 15.5, 7.8 Hz).

13C NMR (CDCls, 100 MHz) & ppm: 206.8, 150.0, 134.4, 132.64, 132.62, 131.8, 127.6, 125.5,
118.0, 75.2, 63.6, 37.5, 32.7, 30.4, 18.7, 6.6, 4.6.

IR (ATR) vmax cm't: 2952, 2910, 2875, 1705, 1526, 1355, 1083, 1003.

HRESI-MS: calcd. for C21H3:NO4SiNa [M+Na]* 412.1920; found 412.1897.

TMSOTS
\ EtsN
o A__oTES

CH,Cly, 0 °C

96%

49

52: To a stirred solution of 49 (957 mg, 2.45 mmol) in dry CH.Cl, (12.2 mL) were added EtsN
(2.04 mL, 14.7 mmol) and TMSOTT (1.55 mL, 8.59 mmol) at 0 °C under Ar atmosphere, and the
reaction mixture was stirred for 5 h at the same temperature. The reaction was quenched by adding
saturated aqueous NaHCOs3, and then the mixture was diluted with CHCls. After separation of the
two layers, the aqueous layer was extracted two times with CHCls. The combined organic layers
were dried over MgSOsy, filtered, and evaporated under reduced pressure. The residue was purified
by silica gel flash column chromatography (AcOEt/n-hexane = 1/30) to afford 52 (1.08 g, 96%)

as a yellow amorphous solid.

'H NMR (CDCls, 400 MHz) 8 ppm: 7.55 (1H, dd, J = 8.1, 1.5 Hz), 7.54 (1H, dd, J = 8.2, 1.5 Hz),
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7.42 (1H,ddd, J=8.2,7.3,1.5Hz), 7.29 (1H, ddd, J=8.1, 7.3, 1.5 Hz), 5.67 (1H, dddd, J = 17.2,
10.3, 7.9, 5.5 Hz), 5.02 (1H, dd, J = 17.2, 1.5 Hz), 4.86 (1H, ddd, J = 10.3, 0.7 Hz), 4.67 (1H, dd,
J=5.1,2.6 Hz), 4.51 (1H, dd, J = 11.7, 4.4 Hz), 3.26 (1H, dd, J = 15.3, 5.5 Hz), 2.72 (1H, ddd, J
=15.3,7.9 Hz), 2.22 (1H, m), 2.09 (1H, m), 1.88 (1H, ddd, J =11.7, 11.7, 0.7 Hz), 1.72 (1H, m),
0.78 (9H, t, J = 7.9 Hz), 0.33 (3H, dq, J = 15.8, 7.9 Hz), 0.26 (3H, dq, J = 15.5, 7.9 Hz), 0.08 (9H,
s).

13C NMR (CDCls, 100 MHz) & ppm: 151.9, 150.0, 136.5, 135.6, 133.1, 129.8, 126.6, 124.2, 115 4,
100.4, 73.8, 53.1, 38.5, 27.8, 21.2, 6.7, 4.7, —0.1.

IR (ATR) vmax cml: 2954, 2911, 2876, 1529, 1361, 1251, 1198, 1090, 845, 745.

HRESI-MS: calcd. for C24H3sNO4Sio-Na [M+Na]* 484.2315; found 484.2344.

aN3 \
CAN \ .
— 0y _A__OTES
Acetone
-40 °C
93%

Ng"

50
50: To a stirred solution of 52 (7.25 g, 15.7 mmol) in dry acetone (314 mL) were added NaNjs;
(4.59 g, 70.6 mmol) and CAN (8.60 g, 15.7 mmol) at —40 °C under Ar atmosphere, and the

reaction mixture was stirred at the same temperatue. After 1 and 2 h, the mixture was treated twice

with an additional amount of CAN (8.60 g, 15.7 mmol). After stirring for another 3 h, the reaction
was quenched by adding saturated aqueous Na;S;0s, and the mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted two times with AcOEt. The
combined organic layers were dried over MgSQy, filtered, and evaporated under reduced pressure.
The residue was purified twice by silica gel flash column chromatography (ether/n-hexane = 1/15)

to afford 50 (6.27 g, 93%) was obtained as a yellow solid.

'H NMR (CDCls, 400 MHz, at 55 °C) & ppm: 7.77 (1H, d, J = 8.2 Hz), 7.53 (1H, ddd, J = 7.5,
7.5, 1.3 Hz), 7.40 (1H, ddd, J = 7.7, 7.7, 1.3 Hz), 7.35 (1H, br-d, J = 7.3 Hz), 5.47 (1H, dddd, J =
16.9, 10.3, 6.9, 6.9 Hz), 5.04 (1H, dd, J = 16.9, 1.4 Hz), 4.97 (1H, dd, J = 10.3, 1.1 Hz), 4.61 (1H,
dd, J = 8.9, 3.4 Hz), 3.90 (1H, dd, J = 5.3, 5.3 Hz), 3.30 (1H, br-d, J = 11.4 Hz), 2.96 (1H, dd, J
=15.8, 7.1 Hz), 2.18 (1H, m), 2.07-1.94 (2H, overlapped), 1.88 (1H, m), 0.84 (9H, t, J = 7.8 Hz),
0.42 (6H, m).
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13C NMR (CDCls, 100 MHz at 55 °C) & ppm: 202.3, 149.9, 133.5, 132.9, 132.5, 131.7, 128.1,
125.4,118.8, 74.5, 63.3, 62.0, 34.3, 26.6, 25.7, 6.6, 4.9.

IR (ATR) vmax cm™: 2954, 2913, 2877, 2092, 1698, 1521, 1354, 1233, 1088, 998.

HRESI-MS: calcd. for C21H30N4O4SiNa [M+Na]* 453.1934; found 453.1902.

O,N 1) OsOy4, NMO O,N
\ t-BuOH, Acetone, O\
S H,0, rt

WOTES —> 0O
2) Pb(OAc),

CH2C|2, 0°C N3\“\
50 67 % (2 steps) 57

57: To a stirred solution of 50 (78.8 mg, 0.183 mmol) in a mixed solvent of acetone/H.O (2/1,
1.65 mL) were added NMO (42.8 mg, 0.366 mmol) and OsO, (0.05 M in t-BuOH, 0.183 mL,
9.15 pmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred for
2.5 h at the same temperature. The reaction was quenched by adding saturated aqueous Na;S;0s,
and then the mixture was diluted with AcCOEt. After separation of the two layers, the agueous
layer was extracted two times with AcOEt. The combined organic layers were dried over MgSQOa,
filtered, and evaporated under reduced pressure to afford the crude product, which was used for
the next reaction without purification.

To a stirred solution of the above crude product in dry CH2Cl, (1.37 mL) was added Pb(OAC)4
(121 mg, 0.274 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 2.5
h at the same temperature. The resultant mixture was filtered through celite® and the filtrate was
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/n-hexane = 1/6 to 1/4 to 1/2) to afford 57 (53.3 mg, 67% from 50) as a

colorless oil.

'H NMR (CDCls, 400 MHz) & ppm: 9.54 (1H, s), 7.81 (1H, d, J = 7.7 Hz), 7.61 (1H, ddd, J = 7.8,
7.8,1.2 Hz), 7.49 (1H, ddd, J = 7.7, 7.7, 1.1 Hz), 7.44 (1H, br-d, J = 6.6 Hz), 4.74 (1H, dd, J =
5.5, 5.5 Hz), 4.01 (1H, dd, J = 6.0, 6.0 Hz), 3.46 (1H, br-d, J = 17.4 Hz), 3.15 (1H, d, J = 17.4
Hz), 2.19 (1H, m), 2.06 (1H, m), 1.92 (2H, dd, J = 6.0 Hz), 0.84 (9H, t, J = 7.9 Hz), 0.45 (6H, m).
13C NMR (CDCls, 150 MHz) & ppm: 203.4, 200.9, 149.3, 132.6, 132.4, 131.7, 129.0, 125.7, 74.0,
63.1, 60.9, 43.9, 26.6, 26.0, 6.7, 4.7.

IR (ATR) vmax CL: 2954, 2912, 2876, 2101, 1718, 1525, 1352, 1244, 1111.

HRESI-MS: calcd. for Co;HsN4OsSiNa [M+Na+MeOH]* 487.1989; found 487.1992.
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57: A solution of 50 (2.45 g, 5.69 mmol) in CH,Cl, (228 mL) was cooled to —78 °C, and ozone
was gently bubbled through the reaction mixture for 50 min at the same temperature. To a stirred
solution was added PPhs (5.97 g, 22.76 mmol) at the same temperature under Ar atmosphere. The
reaction mixture was warmed to room temperature, and stirred for 17.5 h at the same temperature.
The resultant mixture was evaporated under reduced pressure. The residue was purified by silica
gel flash column chromatography (AcOEt/n-hexane = 1/4 to 3/7) to afford 57 (1.19 g, 54%) as a

yellow solid.

'H NMR (CDCls, 600 MHz) & ppm: 7.92 (1H, dd, J = 8.0, 1.4 Hz), 7.88 (1H, br-s), 7.55 (1H, ddd,
J=8.0,7.4,1.4Hz),7.45(1H, ddd, J=8.0,7.4,1.4 Hz), 7.16 (1H, dd, J = 8.0, 1.4 Hz), 4.88 (1H,
dd, J =10.3, 5.6 Hz), 4.26 (1H, br-s), 4.22 (1H, dd, J = 18.3, 2.6 Hz), 2.78 (1H, d, J = 18.3 Hz),
2.18-1.99 (3H, overlapped), 1.78 (1H, m), 0.75 (9H, t, J = 8.0 Hz), 0.31 (3H, dq, J = 15.1, 7.7
Hz), 0.21 (3H, dq, J = 15.1, 7.7 Hz).

13C NMR (CDCls, 150 MHz) & ppm: 209.4, 162.7, 149.9, 133.2, 132.1, 130.7, 128.2, 125.4, 74.9,
64.8,59.2,47.2, 26.5, 24.5, 6.6, 4.5.

IR (ATR) vmax cmt: 2952, 2876, 1720, 1528, 1355, 1097, 1075.

HRESI-MS: calcd. for CxH2sN204SiNa [M+Na]* 411.1716; found 411.1668.

O,N
NaBH5CN
( A OTES
N,, EtOH / AcOH
' (10/1)
57 0°C, 91%

58: To a stirred solution of 57 (26.3 mg, 67.6 umol) in a mixed solvent of EtOH/AcOH (10/1,
0.66 mL) was added NaBH3;CN (6.7 mg, 101 umol) at 0 °C under Ar atmosphere, and the reaction
mixture was stirred for 3.5 h at the same temperature. The reaction was quenched by adding
saturated aqueous NaHCOs;, and then the mixture was diluted with AcOEt. After separation of the

two layers, the aqueous layer was extracted once with AcCOEt. The combined organic layers were
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dried over MgSO., filtered, and evaporated under reduced pressure. The residue was purified by
silica gel flash column chromatography (AcOEt/n-hexane = 1/1 to MeOH/CHCI; = 1/10) to afford
58 (23.9 mg, 91%) as a yellow oil.

IH NMR (CDCls, 600 MHz) & ppm: 7.94 (1H, dd, J = 8.0, 1.4 Hz), 7.56 (1H, ddd, J = 8.0, 7.4,
1.4 Hz), 7.43 (1H, ddd, J = 8.0, 7.4, 1.4 Hz), 7.36 (1H, dd, J = 8.0, 1.4 Hz), 4.96 (1H, dd, J = 8.8,
8.8 Hz), 3.71 (1H, ddd, J = 15.0, 12.0, 4.8 Hz), 3.53 (1H, ddd, J = 12.6, 4.8, 1.8 Hz), 3.23 (1H,
dd, J = 3.3, 3.3 Hz), 2.93 (1H, ddd, J = 15.0, 7.2, 1.8 Hz), 2.39 (1H, dddd, J = 14.4, 14.4, 10.2,
6.6 Hz), 2.29 (1H, m), 2.24-2.07 (3H, overlapped), 0.75 (9H, t, J = 7.8 Hz), 0.32 (3H, dg, J = 15.0,
7.8 Hz), 0.24 (3H, dg, J = 15.0, 7.8 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 214.5, 149.7, 135.5, 132.2, 130.1, 127.9, 125.5, 75.3, 59.5,
58.9,43.3,42.0, 315, 26.6, 6.7, 4.6.

IR (ATR) vmax cmt: 2952, 2875, 1715, 1528, 1355, 1076, 1008, 811, 739.

HRESI-MS: calcd. for C2H3oN204SiNa [M+Na]* 413.1873; found 413.1845.
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61: To a stirred solution of 58 (277 mg, 0.709 mmol) in dry MeCN (7.1 mL) were added Cs,CO3

(346 mg, 1.06 mmol) and 60%? (291 mg, 0.744 mmol) at room temperature under Ar atmosphere,
and the reaction mixture was stirred for 3 h at 50 °C. After cooling to room temperature, water
was added to the reaction mixture and the resultant mixture was diluted with AcOEt. After
separation of the two layers, the aqueous layer was extracted once with AcCOEt. The combined
organic layers were washed with brine, dried over MgSOs, filtered, and evaporated under reduced
pressure. The residue was purified by silica gel flash column chromatography (AcOEt/n-hexane
= 1/8 to 1/4 to 1/3) to afford 61 (401 mg, 81%) as a white amorphous solid.

IH NMR (CDCls, 600 MHz) & ppm: 7.89 (1H, dd, J = 7.6, 1.4 Hz), 7.54 (1H, ddd, J = 7.6, 7.6,
1.3 Hz), 7.46 (6H, m), 7.43-7.37 (2H, overlapped), 7.30 (6H, dd, J = 7.6, 7.6 Hz), 7.23 (3H, dd, J
=7.6, 7.6 Hz), 4.86 (1H, dd, J = 9.6, 6.8 Hz), 3.75 (2H, dd, J = 2.0, 2.0 Hz), 3.49 (2H, ddd, J =
16.4, 2.1, 2.1 Hz), 3.37-3.27 (3H, overlapped), 2.77 (1H, m), 2.34-2.23 (2H, overlapped), 2.08
(1H, m), 2.01 (1H, m), 1.84 (1H, m), 0.73 (9H, t, J = 7.6 Hz), 0.30 (3H, dg, J = 15.1, 7.6 Hz),
0.21 (3H, dg, J = 15.1, 7.6 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 206.1, 150.1, 143.5, 135.1, 131.8, 131.2, 128.6, 127.9, 127.8,
127.1,125.2,87.4,81.3, 81.1, 75.4, 64.5, 58.7, 53.2, 46.8, 44.9, 33.2, 30.0, 23.9, 6.7, 4.6.

IR (ATR) vmax cmt: 2953, 2875, 1723, 1528, 1357, 1063.

HRESI-MS: calcd. for C43HsN20sSiNa [M+Na]* 723.3230; found 723.3264.

TESO, TESO,
\\ L|Et3BH TBAF
TR THF, rt
—78°C 80%
HO (2 steps) HO
2

61
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63: To a stirred solution of 61 (152 mg, 217 pmol) in dry THF (1.08 mL) was added LiEtsBH (1.0
M in THF 0.651 mL, 651 umol) at —78 °C under Ar atmosphere, and the reaction mixture was
stirred for 23.5 h at the same temperature. The reaction was quenched by adding saturated aqueous
NaHCO3, and then the mixture was diluted with AcOEt. After separation of the two layers, the
aqueous layer was extracted two times with AcOEt. The combined organic layers were dried over
MgSOs,, filtered, and evaporated under reduced pressure to afford the crude product 62, which
was used for the next reaction without purification.

To a stirred solution of the above crude product 62 in dry THF (2.16 mL) was added TBAF (1.0
M in THF 0.238 mL, 238 umol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred
for 2 h at the room temperature. The reaction was quenched by adding saturated aqueous NH4ClI,
and then the mixture was diluted with AcOEt. After separation of the two layers, the agueous
layer was extracted two times with AcOEt. The combined organic layers were dried over MgSQs,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (CH:Cl, to MeOH/CH,CI, = 1/80 to 1/40 to 1/30) to afford 63 (103.2

mg, 80% from 61) as a white amorphous solid.

IH NMR (CDCls, 400 MHz) & ppm: 7.61 (1H, d, J = 8.1 Hz), 7.51 (1H, m), 7.45 (6H, m), 7.39-
7.35 (2H, overlapped), 7.31 (6H, m), 7.24 (3H, m), 4.30 (1H, br-s), 3.99 (1H, d, J = 2.9 Hz), 3.79
(1H, d, J =14.6 Hz), 3.75 (1H, d, J = 14.6 Hz), 3.47 (1H, ddd, J = 16.5, 1.8, 1.8 Hz), 3.42 (1H,
ddd, J = 16.5, 1.8, 1.8 Hz), 3.19-3.07 (2H, overlapped), 2.86 (1H, dd, J = 11.5, 8.2 Hz), 2.60 (1H,
dd, J = 13.2, 4.8 Hz), 2.45 (1H, dd, J = 15.4, 6.6 Hz), 2.09 (1H, m), 2.02 (1H, m), 1.88-1.74 (2H,
overlapped), 1.52 (1H, m).

3C NMR (CDCls, 150 MHz) 6 ppm: 151.8, 143.4, 135.4, 131.0, 130.7, 128.6, 127.9, 127.7, 127.2,
124.3, 87.5, 81.6, 81.5, 74.5, 69.1, 60.4, 57.0, 53.2, 49.3, 47.3, 44.5, 30.7, 21.7.

IR (ATR) vmax cmt: 3437, 3058, 2925, 1524, 1491, 1448, 1369, 1032.

HRESI-MS: calcd. for C37H3sN20sNa [M+Na]* 611.2522; found 611.2510.

(COCl),
DMSO
CH2<:|2
-78°C, 82%
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65: To a stirred solution of DMSO (5.5 pL, 77.2 pumol) in dry CH2Cl, (0.20 mL) was added
(COCl)2 (4.7 uL, 55.2 umol) at —78 °C under Ar atmosphere, and the mixture was stirred for 10
min at the same temperature. A solution of 63 (6.5 mg, 11.0 umol) in dry CH2Cl, (0.30 mL) was
transferred to the mixture via a cannula at —78 °C, and the reaction mixture was stirred for 30 min
at the same temperature. After adding EtsN (15.3 pL, 110 pmol), the reaction mixture was stirred
for another 1 h at the same temperature. After adding saturated aqueous NaHCOs, the resultant
mixture was extracted three times with CHCIls. The combined organic layers were dried over
NazSOq, filtered, and evaporated under reduced pressure. The residue was purified by silica gel
flash chromatography (AcOEt/n-hexane = 2/3 to 1/1) to afford 65 (5.3 mg, 82%) as a white

amorphous solid.

IH NMR (CDCls, 400 MHz) & ppm: 8.20 (1H, dd, J = 8.1, 1.1 Hz), 7.71 (1H, ddd, J = 7.7, 7.7,
1.5 Hz), 7.56-7.50 (2H, overlapped), 7.46 (6H, m), 7.32 (6H, m), 7.25 (3H, m), 3.81 (2H, t, J =
1.8 Hz), 3.72 (1H, dd, J = 3.1, 3.1 Hz), 3.69 (1H, dt, J = 17.0, 1.9 Hz), 3.59 (1H, dt, J = 17.0, 1.9
Hz), 3.34 (1H, ddd, J = 12.5, 12.5, 4.1 Hz), 3.12-3.00 (2H, overlapped), 2.86 (1H, dd, J = 20.0,
9.0 Hz), 2.81-2.69 (2H, overlapped), 2.60 (1H, ddd, J = 12.1, 12.1, 5.9 Hz), 2.19 (1H, m).

3C NMR (CDCls, 150 MHz) & ppm: 207.4,202.1, 147.4,143.3, 134.1, 132.1, 129.4, 128.8, 128.5,
128.0, 127.2,125.8, 87.5, 82.4, 80.7, 77.2, 68.6, 64.9, 53.1, 45.7, 43.9, 38.2, 36.9, 20.5.

IR (ATR) vmax cmt: 3059, 2927, 2861, 1736, 1704, 1524, 1447, 1371, 1347, 1240, 1046, 698.
HRESI-MS: calcd. for C3;H32N20OsNa [M+Na]* 607.2209; found 607.2200.

Silyl enol etherification of 65

Representative procedure (entry 4): To a stirred solution of 65 (10.7 mg, 183 umol) in dry toluene
(0.36 mL) was added KHMDS (0.5 M in toluene, 73.2 pL, 366 umol) at —78 °C under Ar
atmosphere. After stirring for 1 h at the same temperature, TMSCI (4.3 pL, 54.9 umol) was added
to the reaction mixture, and the resultant mixture was gradually warmed to 0 °C. After stirring for
3 h at the same temperature, the reaction mixture was quenched by adding saturated aqueous
NaHCOs, and then diluted with ACOEt. After separation of the two layers, the agueous layer was
extracted once with AcOEt. The combined organic layers were dried over MgSOs, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/n-hexane = 1/3 to 1/1) to afford 34-TES (9.1 mg, 76%) as a pale yellow
amorphous solid, together with recovered 65 (1.4 mg, 13%).
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34-TMS: *H NMR (CDCls, 400 MHz) & ppm: 7.98 (1H, dd, J = 8.2, 1.3 Hz), 7.59 (1H, dd, J =
7.9, 7.9 Hz), 7.48-7.42 (8H, overlapped), 7.31 (6H, m), 7.24 (3H, m), 5.11 (1H, dd, J =5.1, 2.6
Hz), 3.78 (2H, s), 3.53-3.41 (2H, overlapped), 3.44 (2H, s), 3.05 (1H, m), 2.73 (1H, dd, J = 18.4,
4.6 Hz), 2.58 (1H, ddd, J = 18.4, 2.5, 2.5 Hz), 2.50-2.43 (2H, overlapped), —0.07 (9H, s).

3C NMR (CDCls, 150 MHz) & ppm: 204.4, 149.9, 145.7, 143.4,133.1, 132.4, 129.7, 128.6, 127.9
(x2), 127.1, 125.1, 100.9, 87.4, 81.6, 81.2, 63.7, 59.0, 53.2, 44.6, 43.5, 35.9, 24.2, —0.2.

IR (ATR) vmax cmt: 2957, 2917, 2860, 1736, 1669, 1529, 1448, 1357, 1252, 1212.

HRESI-MS: calcd. for C4HsoN20sNa [M+Na]* 679.2604; found 679.2629.

34-TES: 'H NMR (CDCls, 400 MHz) & ppm: 7.99 (1H, dd, J = 8.2, 1.4 Hz), 7.58 (1H, ddd, J =
7.7,7.7, 1.4 Hz), 7.48-7.41 (8H, overlapped), 7.30 (6H, m), 7.24 (3H, m), 5.09 (1H, dd, J = 5.2,
2.5 Hz), 3.77 (2H, s), 3.51-3.45 (3H, overlapped), 3.44 (1H, d, J = 16.5 Hz), 3.08 (1H, dd, J =
12.8, 3.2 Hz), 2.73 (1H, dd, J = 18.3, 5.2 Hz), 2.58 (1H, ddd, J = 18.3, 2.6, 2.6 Hz), 2.53 (1H, dd,
J=12.1,4.7 Hz), 2.41 (1H, dd, J = 12.4, 4.6 Hz), 0.69 (9H, t, J = 7.9 Hz), 0.49 (3H, dq, J = 15.4,
7.9 Hz), 0.45 (3H, dq, J = 15.4, 7.9 Hz).

IR (ATR) vmax ct: 2954, 2875, 1738, 1668, 1528, 1448, 1354, 1212, 747, 706.

HRESI-MS: calcd. for C43H4sN20sSiNa [M+Na]* 721.3074; found 721.3031.

Gold(l)-catalyzed reaction of 34

Representative procedure (entry 3): To a stirred solution of 34-TES (7.8 mg, 11.1 umol) in a
mixed solvent of MeCN/H,0O (10/1, 0.38 mL) were added IPrAuCl (0.7 mg, 1.11 umol) and a
solution of AgBF4 (0.21 mg, 1.11 umol) in H2O (63 pL) at room temperature under Ar atmosphere.
After stirring for 5 h at 80 °C, the reaction mixture was quenched by adding saturated aqueous
NaHCOs. The resultant mixture was diluted with AcOEt. After separation of the two layers, the
aqueous layer was extracted two times with AcOEt. The combined organic layers were dried over

MgSO., filtered, and evaporated under reduced pressure. The residue was purified by silica gel
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flash column chromatography (AcOEt/n-hexane = 1/4 to 1/3 to 2/3) to afford 68-TES (1.5 mg,
35%) as a white solid and 69 (1.8 mg, 52%) as a white amorphous solid, together with 34-TES
(<3.7 mg, <47%).

TESQO

‘ OTr
s §
(@)
02N
69

68-TES

68-TES: 'H NMR (CDCls, 600 MHz)  ppm: 8.00 (1H, dd, J = 8.2, 1.4 Hz), 7.78 (1H, br-s), 7.61
(1H, ddd, J=7.6, 7.6, 1.4 Hz), 7.47 (1H, ddd, J = 7.6, 7.6, 1.4 Hz), 7.32 (1H, dd, J = 7.6, 1.4 Hz),
4.86 (1H, d, J=6.2, 1.4 Hz), 3.81 (1H, dd, J = 17.2, 2.7 Hz), 3.16 (1H, d, J = 17.2 Hz), 2.87 (1H,
dddd, J=17.2,4.1, 2.1, 2.1 Hz), 2.63 (1H, ddd, J = 17.2, 6.2, 2.1 Hz), 0.73 (9H, t, J = 7.6 Hz),
0.51 (3H, dg, J = 15.1, 7.6 Hz), 0.44 (3H, dg, J = 15.1, 7.6 Hz).

B3C NMR (CDCls, 150 MHz) & ppm: 206.9, 159.7, 149.4, 149.2, 132.5, 131.5, 130.2, 128.4, 125.4,
96.5, 65.3, 57.5, 49.8, 28.6, 6.3, 4.6.

IR (ATR) vmax cmt: 2954, 2876, 1731, 1664, 1529, 1354, 1264, 1210, 1158, 633.

HRESI-MS: calcd. for C2H26N204SiNa [M+Na]* 409.1560; found 409.1543.

69: 'H NMR (CDCls, 600 MHz) & ppm: 7.46 (6H, m), 7.30 (6H, m), 7.23 (3H, m), 5.25 (1H, tt, J
= 6.9, 6.2 Hz), 4.80 (2H, dt, J = 6.9, 3.1 Hz), 3.80 (2H, dt, J = 6.9, 3.1 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 208.7, 144.1, 128.6, 127.8, 127.0, 88.5, 87.0, 76.1, 62.1.
IR (ATR) vmax cmt: 3056, 3023, 2922, 2866, 1957, 1490, 1448, 1051, 764, 746, 705.
HRESI-MS: calcd. for C23Hz0ONa [M+Na]* 335.1412; found 335.1423.

55 —HIC B9 5 SRER

NaCI02
NaH,PO,
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76a: To a stirred solution of 56 (64.6 mg, 0.149 mmol) in a mixed solvent of t-BuOH/H.0 (1/1,
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1.34 mL) were added 2-methyl-2-butene (0.158 mL, 1.49 mmol), NaH.PO4- 2H,0 (104 mg, 0.670
mmol), and NaClO; (20.2 mg, 0.224 mmol) at 0 °C under Ar atmosphere. After stirring for 1 h at
the same temperature, the resultant mixture was warmed to room temperature, and stirred for
another 1 h at the same temperature. After adding saturated aqueous NH4Cl, the resultant mixture
was extracted two times with AcOEt. The combined organic layers were dried over MgSQOsa,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/n-hexane = 1/3 to 1/1) to afford 76a (57.3 mg, 86%) as a white

amorphous solid.

76a (a mixture of carboxylic acid and hemiacetal, major : minor =1 : 0.8): *H NMR (CDCls, 600
MHz) & ppm: 7.61-7.41 (4H, overlapped) 5.12 (1H, br-s), 4.63 (1H, s), 4.02 (1H, dd, J = 8.3, 8.3
Hz), 3.94 (2H, dd, J = 12.4, 4.8 Hz), 3.40 (1H, d, J = 16.2 Hz), 3.17 (1H, d, J = 16.2 Hz), 3.01
(1H, d, J=16.2 Hz), 2.88 (1H, d, J = 16.2 Hz), 2.38 (1H, ddd, J = 12.4, 12.4, 5.5 Hz), 2.10-1.94
(4H, overlapped), 1.90-1.78 (3H, overlapped), 1.00 (9H, t, J = 7.9 Hz), 0.91 (9H, t, J = 7.9 H2),
0.72 (3H, dg, J = 19.3, 7.6 Hz), 0.69 (3H, dg, J = 19.3, 7.6 Hz), 0.56 (6H, q, J = 7.9 Hz).

IR (ATR) vmax cmt: 2955, 2877, 2104, 1781, 1708, 1529, 1365, 1238, 1118, 1020.

HRESI-MS: calcd. for CxH2sN4OsSiNa [M+Na]* 471.1676 found 471.1655.

Lactamization of 76

Representative procedure (entry 7): To a stirred solution of 76a (13.3 mg, 29.6 umol) in a mixed
solvent of THF/H,0O (0.53 mL, 5/1) were added PPh;s (11.6 mg, 44.4 umol) and DMT-MM (16.4
mg, 59.3 umol) at room temperature under Ar atmosphere. After stirring for 8 h at 40 °C, the
resultant mixture was diluted with water and AcOEt. After separation of the two layers, the
aqueous layer was extracted three times with AcOEt. The combined organic layers was subjected
to a short column of silica gel (flash, AcOEt), the eluate was evaporated under reduced pressure.
The residue was purified by MPLC (AcOEt/n-hexane = 2/1) to afford 75 (9.0 mg, 75%) as a white

solid.
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IH NMR (CDCls, 600 MHz) & ppm: 7.97 (1H, d, J = 7.6 Hz), 7.60 (1H, dd, J = 7.6, 7.6 Hz), 7.48
(1H, dd, J=7.9, 7.9 Hz), 7.26 (1H, overlapped with CHCIs), 6.33 (1H, s), 4.92 (1H, dd, J = 7.9,
7.9 Hz), 4.06 (1H, d, J = 17.2 Hz), 3.87 (1H, s), 2.63 (1H, d, J = 17.2 Hz), 2.20-1.98 (4H,
overlapped), 0.76 (9H, t, J = 7.9 Hz), 0.33 (3H, dg, J = 15.4, 7.9 Hz), 0.23 (3H, dq, J = 15.4, 7.9
Hz).

3C NMR (CDCls, 150 MHz) & ppm: 201.9, 169.8, 149.7, 132.9, 132.5, 130.7, 128.6, 125.7, 74.6,
58.4, 56.1, 39.6, 26.9, 26.7, 6.6, 4.5.

IR (ATR) vmax cm't: 3201, 3087, 2952, 2873, 1731, 1662, 1522, 1352, 1295, 1094, 1070.
HRESI-MS: calcd. for C2H2sN20sSiNa [M+Na]*™ 427.1665; found 427.1616.

AZADOL®

TESO
o TBAF PIDA
THF, rt CH,Cly, rt
91% (2 steps)

O2N
79'

80: To a stirred solution of 79°* (55.6 mg, 77.5 umol) in dry THF (1.55 mL) was added TBAF
(1.0 M in THF 116 pL, 238 umol) at 0 °C under Ar atmosphere. After stirring for 1 h at the same
temperature, the resultant mixture was warmed to room temperature, and stirred for another 1 h
at the same temperature. After adding saturated aqueous NH.CI, the resultant mixture was
extracted three times with AcOEt. The combined organic layers were dried over MgSOy, filtered,
and evaporated under reduced pressure. The residue was subjected to silica gel flash column
chromatography (MeOH/CHCI; = 1/70 to 1/30) to afford diol.

To a stirred solution of the above diol in dry CH,Cl, (0.78 mL) were added AZADOL® (3.6 mg,
23.2 umol) and PIDA (49.9 mg, 155 umol) at room temperature under Ar atmosphere, and the
reaction mixture was stirred for 3.5 h at the room temperature. The reaction was quenched by
adding saturated aqueous Na;S;0s, and then the mixture was diluted with CHCls. After separation
of the two layers, the aqueous layer was extracted two times with CHCIs. The combined organic

layers were dried over MgSQsy, filtered, and evaporated under reduced pressure. The residue was
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purified by silica gel flash column chromatography (AcOEt/n-hexane = 1/3 to 2/3 to 1/1) afford
80 (42.4 mg, 91% from 79°) as a white amorphous solid.

*79° was synthesized from 79 using the similar procedure in the case of 62.

IH NMR (CDCls, 400 MHz) 6 ppm: 8.24 (1H, dd, J = 8.2, 1.3 Hz), 7.77 (1H, ddd, J = 7.9, 7.8,
1.3 Hz), 7.60 (1H, ddd, J = 8.2, 7.8, 0.9 Hz), 7.44 (6H, m), 7.38 (1H, dd, J = 7.9, 0.9 Hz), 7.32
(6H, m), 7.25 (3H, m), 4.42 (1H, dd, J = 3.8, 1.6 Hz), 4.38 (1H, ddd, J = 17.7, 1.8, 1.8 Hz), 4.30
(1H, ddd, J = 17.7, 1.8, 1.8 Hz), 3.81 (2H, dd, J = 1.8, 1.8 Hz), 3.40 (1H, d, J = 16.5 Hz), 3.23
(1H, d, J = 16.5 Hz), 3.02 (1H, dd, J = 19.0, 5.9 Hz), 2.79 (1H, m), 2.67 (1H, m), 2.38 (1H, m).
13C NMR (CDCls, 150 MHz) & ppm: 203.4, 196.5, 164.3, 147.1, 143.2, 134.4, 129.7,129.5, 129.2,
128.4,127.9,127.2,126.1, 87.5, 82.0, 78.2, 68.7, 61.5, 52.9, 41.7, 35.3, 33.3, 21.6.

IR (ATR) vmax cmt: 3058, 2926, 2863, 1750, 1712, 1659, 1524, 1447, 1346, 1265, 1051, 731, 698,
631.

HRESI-MS: calcd. for C3H37N2OsNa [M+Na]* 621.2002; found 621.2022.
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34-TES 73
73: To a stirred solution of 34-TES (9.8 mg, 14.0 umol) in dry THF (0.56 mL) were added
activated Zn dust (18.3 mg, 280 pmol) and HCO2NH, (17.6 mg, 280 umol) at room temperature
under Ar atmosphere, and the reaction mixture was stirred for 4 h at the same temperature. The
resultant mixture was directly subjected to a short column of silica gel (flash, AcOEt), and the

eluate was evaporated under reduced pressure. The residue was purified by MPLC (AcOEt/n-

hexane = 2/5) to afford 73 (7.1 mg, 78%) as a white amorphous solid.

UV (MeOH) Amax nM: 254.0, 203.0.
'H NMR (CDCls, 400 MHz) § ppm: 7.62 (1H, d, J = 7.7 Hz), 7.55 (1H, d, J = 7.7 Hz), 7.45 (6H,
d, J = 7.7 Hz), 7.35 (1H, dd, J = 7.7, 7.7 Hz), 7.30 (6H, dd, J = 7.7, 7.7 Hz), 7.25-7.17 (4H,
overlapped), 4.94 (1H, dd, J = 3.5, 3.5 Hz), 4.09 (1H, d, J = 5.9 Hz), 3.76 (2H, s), 3.49 (1H, d, J
= 16.8 Hz), 3.40 (1H, d, J = 16.8 Hz), 3.20 (1H, ddd, J = 12.8, 12.8, 3.1 Hz), 2.90 (1H, dd, J =
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13.4,4.2 Hz), 2.77 (1H, dd, J = 17.9, 4.4 Hz), 2.49 (1H, ddd, J = 17.9, 3.0, 3.0 Hz), 2.36 (1H, br-
d, J=12.7 Hz), 1.53 (1H, ddd, J = 12.8, 12.8, 4.6 Hz), 0.86 (9H, t, J = 8.2 Hz), 0.61 (6H, g, J =
8.2 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 182.7,155.7, 146.3, 143.5, 139.8, 128.6, 128.1, 127.9, 127.1,
125.0, 124.8, 120.7, 102.9, 87.4, 81.6, 81.3, 57.9, 56.1, 53.2, 43.29, 43.26, 33.8, 29.1, 6.5, 4.8.
IR (ATR) vmax cm't: 3056, 2953, 2909, 2876, 1651, 1598, 1490, 1448, 1214, 1181, 1054, 1004.
HRESI-MS: calcd. for CasHsN20-SiNa [M+Na]* 673.3226; found 673.3236.

73% (89% brsm)

(@) TMSO
AN KHMDS AN
TMSCI
\ N\
N Toluene, -78 °C N
(0] (@)
O,N OoN
74

90

74: To a stirred solution of 90* (28.9 mg, 88.5 umol) in dry toluene (1.25 mL) was added KHMDS
(0.5 M in toluene, 442 puL, 221 pmol) at —78 °C under Ar atmosphere. After stirring for 20 min at
the same temperature, TMSCI (33.5 pL, 265 umol) was added to the mixture. After stirring for
5.5 h at the same temperature, the reaction mixture was quenched by adding saturated aqueous
NaHCOs, and then diluted with AcOEt. After separation of the two layers, the agueous layer was
extracted once with AcOEt. The combined organic layers were dried over K,COs, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/n-hexane = 2/5 to 1/1) to afford 74 (25.6 mg, 73%) as a pale yellow
amorphous solid, together with recovered 90 (5.2 mg, 18%).

*90 was synthesized from 58 using the similar procedure in the case of 65.

'H NMR (CDCls, 400 MHz) & ppm: 7.97 (1H, dd, J = 8.3, 1.4 Hz), 7.60 (1H, ddd, J = 7.6, 7.6,
1.4 Hz), 7.47-7.42 (2H, overlapped), 5.11 (1H, dd, J = 5.2, 2.4 Hz), 3.50 (1H, d, J = 4.8 Hz), 3.46
(1H, ddd, J = 12.9, 12.4, 3.9 Hz), 3.37 (1H, dg, J = 16.2, 2.2 Hz), 3.33 (1H, dg, J = 16.2, 2.2 Hz),
3.07 (1H, ddd, J = 12.9, 2.0, 2.0 Hz), 2.69 (1H, dd, J = 18.1, 5.2 Hz), 2.58 (1H, ddd, J = 18.1, 2.8,
2.8 Hz), 2.49 (1H, ddd, J = 12.4, 12.4, 4.4 Hz), 2.44 (1H, ddd, J = 12.4, 1.8, 1.8 Hz), 1.83 (3H, t,
J=2.2Hz), -0.05 (9H, s).

13C NMR (CDCls, 150 MHz) § ppm: 204.6, 150.0, 145.8, 133.1, 132.3, 129.6, 127.9, 125.1, 100.9,
80.8, 74.7, 63.3,59.1, 44.7, 43.3, 36.0, 24.1, 3.6, —0.2.
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IR (ATR) vmax cm™: 3051, 2955, 2920, 2835, 1735, 1668, 1526, 1354, 1267, 1252, 1209, 1173,
869, 840.
HRESI-MS: calcd. for C21H26N204SiNa [M+Na]* 421.1560; found 421.1518.
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93: To a stirred solution of 50 (291 mg, 675 umol) in dry toluene (3.37 mL) was added LiEt;BH
(1.0 M in THF 1.68 mL, 1.68 mmol) at —40 °C under Ar atmosphere, and the reaction mixture
was stirred for 4 h at the same temperature. The reaction was quenched by adding saturated
aqueous NH4CI, and then diluted with AcOEt. After separation of the two layers, the aqueous
layer was extracted two times with AcOEt. The combined organic layers were dried over MgSQOa,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt /n-hexane = 1/7) and MPLC (AcOEt /n-hexane = 1/8) to afford
93 (78.9 mg, 27%) was obtained as a pale yellow oil.

'H NMR (CDCls, 400 MHz) & ppm: 7.45 (1H, ddd, J = 7.5, 7.5, 1.4 Hz), 7.37 (1H, ddd, J = 7.5,
7.5,1.1 Hz), 7.32 (1H, dd, J = 7.8, 1.8 Hz), 7.17 (1H, d, J = 8.2 Hz), 5.52 (1H, dddd, J = 16.0,
11.0, 7.8, 7.8 Hz), 5.08-4.96 (3H, overlapped), 4.58 (1H, d, J = 10.1 Hz), 4.32 (1H, br-s), 3.27-
3.12 (2H, overlapped), 2.59 (1H, dd, J = 13.4, 7.3 Hz), 2.19 (1H, ddd, J = 13.4, 13.4, 3.7 Hz),
1.81 (1H, ddd, J = 14.5, 3.4, 3.4 Hz), 1.46 (1H, ddd, J = 14.3, 14.3, 2.4 Hz), 1.02 (9H, t, J = 7.9
Hz), 0.70 (6H, g, J = 7.9 Hz).

13C NMR (CDCls, 150 MHz) & ppm: 151.0, 132.4, 131.0, 130.4, 130.1, 128.1, 124.9, 119.7, 73.6,
71.8,57.4,50.1, 37.9, 29.1, 18.6, 6.6, 4.6.

IR (ATR) vmax C: 3433, 2955, 2913, 2877, 2095, 1525, 1367, 1269, 1238, 1103.

HRESI-MS: calcd. for Co1HsN40.SiNa [M+Na]* 455.2091; found 455.2080.
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98: To a stirred solution of 93 (9.8 mg, 22.6 umol) in a mixed solvent of THF/H,0 (5/1, 0.45 mL)
was added PBusz (6.7 puL, 27.1 umol) at 0 °C under Ar atmosphere. After stirring for 2 h at room
temperature, the resultant mixture was diluted with water and AcOEt. After separation of the two
layers, the aqueous layer was extracted three times with AcCOEt. The combined organic layers
were dried over K,COs, filtered, and evaporated under reduced pressure to afford the crude
product 97, which was used for the next reaction without purification.

To a stirred solution of the above crude product 97 in dry DCE (0.45 mL) were added EtsN (6.3
uL, 45.3 umol) and CDI (4.4 mg, 27.1 pmol) at room temperature under Ar atmosphere. After
stirring for 2 h at 50 °C, the resultant mixture was diluted with water and AcOEt. After separation
of the two layers, the aqueous layer was extracted three times with AcOEt. The combined organic
layers was subjected to a short column of silica gel (flash, AcOEt), the eluate was evaporated
under reduced pressure. The residue was purified by MPLC (AcOEt /n-hexane = 3/1) to afford 98
(5.0 mg, 51% from 93) as a white solid.

IH NMR (CDCls, 400 MHz) & ppm: 7.48 (1H, ddd, J = 8.2, 6.4, 2.7 Hz), 7.44-7.37 (2H,
overlapped), 7.19 (1H, d, J = 8.2 Hz), 5.56-5.39 (2H, overlapped), 5.17 (1H, dd, J = 17.2, 2.1 Hz),
5.03 (1H, d, J = 5.9 Hz), 4.96 (1H, dd, J = 10.3, 2.1 Hz), 4.56 (1H, d, J = 4.1 Hz), 4.00 (1H, ddd,
J=12.0,4.8,4.8Hz), 3.23 (1H, dd, J = 14.8, 8.2 Hz), 2.49 (1H, dd, J = 14.8, 6.6 Hz), 1.98 (1H,
dddd, J = 17.8, 13.7, 9.9, 4.2 Hz), 1.73 (1H, m), 1.58 (1H, ddd, J = 14.3, 4.3, 4.3 Hz), 1.26 (1H,
m), 0.99 (9H, t, J = 8.0 Hz), 0.65 (6H, g, J = 8.0 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 158.9, 151.7,132.8,132.2, 130.8, 129.2, 128.4, 125.9, 119.4,
78.3, 69.9, 50.9, 49.7, 36.4, 26.0, 23.6, 6.8, 4.9.

IR (ATR) vmax cmt: 3258, 2953, 2910, 2875, 1743, 1527, 1365, 1236, 1208, 1128, 1090.
HRESI-MS: calcd. for C2H32N2OsSiNa [M+Na]* 455.1978; found 455.1983.
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99: To a stirred solution of 98 (8.1 mg, 18.7 umol) in dry MeCN (0.10 mL) were added Cs,COs3
(18.3 mg, 56.1umol) and a solution of 1-bromobut-2-yne*” (3.7 mg, 28.0 umol) in dry MeCN
(0.27 mL) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 2.5
h at 50 °C. After cooling to room temperature, water was added to the reaction mixture and the
resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted one time with AcOEt. The combined organic layers was subjected to a short column
of silica gel (flash, AcOEt), the eluate was evaporated under reduced pressure. The residue was
purified by MPLC (AcOEt /n-hexane = 1/2 to MeOH) to afford 99 (6.4 mg, 71%) as a white

amorphous solid.

IH NMR (CDCls, 400 MHz) & ppm: 7.51 (1H, ddd, J = 8.7, 6.4, 2.3 Hz), 7.45-7.37 (2H,
overlapped), 7.23 (1H, d, J = 8.2 Hz), 5.46 (1H, dddd, J = 16.9, 10.1, 7.3, 7.3 Hz), 5.15 (1H, dd,
J=16.9, 1.4 Hz), 4.99-4.88 (2H, overlapped), 4.56 (1H, dd, J = 2.1, 2.1 Hz), 4.33 (1H, dg, J =
17.5, 2.3 Hz), 4.12 (1H, ddd, J = 8.7, 6.9, 6.9 Hz), 3.77 (1H, dq, J = 17.5, 2.3 Hz), 3.22 (1H, dd,
J=14.6,7.8 Hz), 2.48 (1H, dd, J = 14.6, 6.9 Hz), 1.95-1.77 (2H, overlapped), 1.85 (3H, t, J = 2.3
Hz), 1.60 (1H, ddd, J = 14.6, 4.4, 4.4 Hz), 1.30 (LH, m), 0.98 (9H, t, J = 8.0 Hz), 0.63 (6H, g, J =
8.0 Hz).

3C NMR (CDCls, 150 MHz) & ppm: 156.4, 151.7, 132.8, 132.3, 130.8, 129.4, 128.3, 125.8, 119.3,
80.4,75.9,72.9, 69.9, 53.3,49.8, 36.2, 32.3, 25.9, 19.9, 6.8, 4.8, 3.6.

IR (ATR) vmax cm™': 2953, 2876, 1751, 1528, 1435, 1365, 1236, 1120, 1078, 985.

HRESI-MS: calcd. for C2sH3sN20sSiNa [M+Na]* 507.2291; found 507.2288.
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