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ARSCHIZ LT O 2 IV Tz,

Ac: acetyl

AC: acetone cyanohydrin

Ar: aryl

Ar: argon

Bn: benzyl

Boc: tert-butoxycarbonyl

Bpy: 2,2’-bipyridine

bp: boiling point

br: broad (spectral)

Bu: butyl

¢ cyclo

caled: calculated

cat.: catalyst

3-CC: 3 component coupling reaction
cod: 1,5-cyclooctandiene

conc.: concentration

°C: degrees Celsius

Cp: cyclopentadiene

¢ cyclo

d: doublet (spectral)

DCC: N, N*dicyclohexylcarbodiimide
DEAD: diethyl azodicarboxylated
decomp.: decomposition

DIBAL: diisobutylaluminium hydride
DIPA: diisopropylamine

DMAP: 4-(dimethylamino)pyridine

DMF: N,N-dimethylformamide

DMSO: dimethylsulfoxide

dppe: 1,2- bis(diphenylphosphino)ethane
E: entgegen

EI: electron ionization

equiv: equivalent

ESTI: electrospray ionization

Et: ethyl

EWG: electron withdrawing group

Fig.: figure

g: gram(s)

h: hour(s)

Hex: hexyl

HRMS: high-resolution mass
spectrometry

Hz: hertz

1 180

IR: infrared

J: coupling constant (in NMR spectruetry)
K: kiro

L: liter(s)

LP: less polar

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

M+: parent moleculer ion

m: milli



m: multiplet (spectral)

Me: methyl

MHz: mega-hertz

min: minute(s)

mol: mole(s)

MOM: methoxymethyl

mp: more polar

mp: melting point

Ms: methanesulfonyl

m/z: mass-to-charge ratio

n: normal

N.D.: not determined

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

p: para

Ph: phenyl

ppm: pert(s) per million

Pr: propyl

q‘ quartet (spectral)

quant: quantitative

quin quintuplet (spectral)

Py: pyridine

recov.: recovery

r.e.: reductive elimination

rt.: room temperature

s: singlet (spectral)

sat.: saturated

sol.: solvent

t: triplet (spectral)

TBS: tert-butyldimethylsilyl
temp: temperature

TFA: trifluoroacetic acid

TFE: trifluoroethanol

THF": tetrahydrofurane

TIPS: triisopropylsilyl

TLC: thin-layer chromatography
TMS: trimethylsilyl

Ts: para-toluenesulfonyl
Xantphos:4,5-Bis(diphenylphosphino)-
9,9-dimethylxanthene

Z: zusanmmen
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B EBeRMEC LD RFA-RIELEGEG~OTT LG

BB R A 5 RFE-IRFE L BSOS, AR FI BT 5 ERAK G
D—2& LTERIHIESNTEBY, TAXVDAZNMUIZ IV AERT DT V7= 2 X
FITAEEVORES TFEBICE N THEAREEEE LTSN TWD, £72, Zhb
DFEFIETIE, XY FEAOUIB EfMMERBEL TR, BI9RoE\WTaATHL L
DR & 2 f5 < H % (Figure 1),

Figure 1.

M: metal

7 7 (CN)HEX, DNAR=VERT X 7 AFNVEOEME L 7 5O BVERER T
HY ., TOENEOBRIIERIFENCEETH S, Fri2, BBERABLE AV 2 RFE-IRHE
ZEMEICHT LT MbiE. e Rev 7 2 kD U T A2 IR T Y v
T IRUENY, FFIT ALY, RE =T ALY, FAI AT D, TaEev T
S XU T ML IVESEHE SN TS, 2D OETIE, X-CN A AMEFE 11
BB R ARSI B LA I 2 B 03 2B S 4T D (Scheme 1),

Scheme 1. Transation metal catalyzed hydro- and heterocyanation

Rl Rl
’ M X | R, _X M R, _X
| ‘ * XN oxidative addition I\I/I ----- : | hydrometalation | reductive elimination |
CN 4 R,” “M-CN R,” “CN
R2 RZ
1 2 1 1I 3

X:H,Si, C, B, S, Sn, Ge, Br, O; M: metal

BN SN
€D 5% Bix E/j f‘ﬁ ﬁlj &Lt R Y ES N Scheme 2. Palladium-catalyzed silylcyanation

HAFFHR T, 7==/LT7®F L ATy TMSCN (2 equiv)

. . . Ph PACL, (4 mol%) Ph._ _CN
LAPYfpEL RY AF ALY LT =R |‘| pyridine (8 mol%) \[
(TMSCN)Z{EI &% &, TAF sy ULk s g AT S

VT EBRENENAANT D LA LT
W5 (Scheme 2)2, TMSCN (4 /LR =104 2 U ~DORERIE L TAHTH LN, Z OWiE
ITIEMHEAL SILTW W RF-IRHE 3 HAES IR T 2RO T /U MEOHFITH D, AL



TETNT=Ne T AIEDOEE T Ry ) U RISICHWE D | e AL R E R
AL R T2 B RAL RIS A TR TH 5, B DIE. RS Z 1,6-0 1 1K
WCHEHT 22 &T, Y IUNEEST VENEAISNTERILEDOERIZH I L TV D
(Scheme 3)2",

Scheme 3. Palladium-catalyzed cyclization of 1,6-diyne

TMSCN (2 equiv) CN / TMS
PdCl, (4 mol%) 7~ TMS EtO-,C
EtOZC: i — pyridine (8 mol%) EtO,C VY Et0,C 2 CN
I fl ’ o " EtO,C CN
— A — t
EtOZC toluene, reflux, Ar Etozc L TMS Etozc ) \ IMS
6 7 (13%) 8 (13%) 9 (11%)
+

stereoisomer of 7 (4%)

B NI UL L AT LD T B ARG

WMRFSEE Tl Pd il 7% o) TMSCN % 8 W AR T CROGCAT 32 & T, 1,2
VYT TN UBRIEILGLND & ERE LTV A (Scheme 4)10, ARSI, 2 X
Z7 V7 LAPACIIZ L W IEME L SN =T A F ikt L CN BREBEXBE LT /T T— 3
V). PR IT BAEKT D, TR NERAE ORI, SRR E & S I 0 AR &
720 AEEEIIC TV F R IR RS DOBEDRELT D, i< PR IT 22 b EALF 22 #:, &
HILEE 2/ C o v T ARG B D (anti : syn = 1:2.5), e H A 3LEE L 72 PA0))> 5
PAID~DOFmEALA & LTERT %,

Scheme 4. Palladium-catalyzed 1,2-dicyanation of alkyne

TMSCN (2.5 equiv) SiMe; Ph
Ph pach, 2 motve) i a NC. _Ph Ph_ _PdCN Ph_ .CN
|’| 0, (1 atm), toluene (0.5 M) N I}--pa’ cyanopalladation | ’ | Pd(0) |
> s . Cl )
100 °C, 14 b PdCN CN CN
4 1 NCSiMes anti-11 syn-11 10 (80%)

(anti:syn =1:2.5)



I, 2DV
B vy e Table 1. Palladium-catalyzed dicyanative cyclization of diyne
EBHCRGIC# T X 5 2 o~
10) _ L TMSCN (2.5 equiv) ~ “CN
EHEHLTWS 102 16 o PdCl, (2 mol%) 7 X
X X + AN
AN

A DTYT T AL T, o — 0, (1 atm), conditions
CN

3 DD IR F-IRFERE G BT 1 12 &N 13
WAL, ®tT D ER{BIK entry 11 conditions yield (%)
12a (48); 13a (13)

1 11a: X = CH, MeCN (0.5 M), rt, 16 h

h 2T, BRe e E

- , _ 2 11b: X = C(CH,0AC), MeCN (0.5 M), 11,12 h
VTR LT2RAR, 0% 3 11c: X = NTs toluene (0.5 M), 60 °C, 18 h
TIFRERN 722 St CERAL AR DS
HohnbdZ Enbhoi=(Table 1),

12b (55); 13b (14)
12¢ (33); 13¢ (20)

EHDIET AR O YN T MU E 1,6-0 A VA BB & LTTWV, BRIBRGE~IEH
JEBA L7 2 & 2 EICF L7z (Scheme 3), Z DL, TAFNIKHTHL I ANRTT— 3
VICEVAELDT AT ARG Dy LRI L, 0 FNT AR OB AL R TEITT S
EEZOLND, LU, TAX OV Y AT LIRS TR T 2720 BRALEOIERIZR -,
Flo. =AU 14 THRAGBUSHEITE T, 16 A x b2 5 2 & 20 6 13 R Tl

ATV 5 (Scheme 5)20),

Scheme 5.
TMSCN (2 equiv)

PdCl, (4 mol%) VY
EtO,C : /i pyridine (8 mol%)  EtO,C o < EtO,C ><:|::CN >
+
— toluene, reflux, Ar Et0,C S S Et0,C X TMS

EtO,C —
14 15 16
(not obtained)




PLEDFER NG, v T ZAERISIE T Vv T LRSI e TEBRALKS ~38 F 3 & 5 C
HDH, TIITK L, UHFEETIE, 1,6-=0 A VEEKZEELE LTV T BLMGE R
L CW5(Scheme 6)1%, = A K17 ZHWT, TAFLr OV T LGS TE, 7
NFxADYT I NNTT—va URER L PRI BNERT D, o T, 7T OffA
& Srexo BRI 2 /¢ CBRALRUREIR 18 2 AW & LChH 272, £72, 10 HETHIBEEC
FoTov 7 bk 19 bEIAE LTz,

Scheme 6. Palladium-catalyzed dicyanative cyclization of ene-yne

ixo» |:TSN(:C PdCN] -Pd(0 TsNi:C N

X CN X CN

7 ooy | A " e

TSN _ 5)025(1: a;n;]), EtCN (0.5 M) {TSN%NCZN
17 ’ I /_/
M TsN CN
N\ CN

19 (27%)

(antizsyn =2.9:1)



FEEH =y AT X B IRFRRSEES~DE Fa v T LU

=y 7 VINDRREIZ X 2 IRB-IRFLEEFEG~DE Rrv 7 iy 7T /) Bk a8 AT
HEBERTEO—D2THY ., ZHHMEINTWD, 197240 Taylor HIZ L DT /N7 ~D
b a7 AUOR WRRIIOREF TH L, ZNNE 0TI 0 1974 412 Brown 5
NI D 1982 4E(Z Jackson BN T L L e X 5|2 1985 4R ITHlF 587 L 1D
~OISHREMEZZEME LT\ 5 (Scheme 7), ZiLH O S IEIEMMEL FEiE A~ CN
FENELE LTHHATHY . REGHRIICH LICHEGRH 2600 180 2 DMEHFILZL
HEGITRT 2 BMAINOATH Y | BALSUSRLZE KRR C-C # BRI TR S 1T 72)s

-7,

Scheme 7. Ni-catalyzed hydrocyanation

1. Alkene
Ni[P(O-o-tolyl)3]4
P(O-o-tolyl),
ZnCl
NN ¢+ HON 2 CN  + /\/\l/\ H
MeCN, 60 °C " CN
20 21 (70.6%) 22 (29.4%)
2. Diene
Ni[P(OAr);] CN
N + HCN —»3 4 H P + H\/\/\CN
23 24 25
3. Alkyne
R DIP(OPH),] R, R, vyield(%) 27:28(ca)
1 P(O-otolyl); 1 2 ° : -
ZnCl, R, H R, CN
I *OHON — e \ + | Ph  Ph 83 -
enzene, 60 .
R, CN R, H Ph H 35 9:1
R, ‘Bu Me 78 9:1
26 27 28 Bu H 45 9:1
4. Allene CN
H
\/\)\/CN '
H
30 (55%) 31 (22%)

o~ +  HON _ NIPOPMST

toluene, 60 °C
H

ZNeN

H
32 (21%) 33 (3%)



FRov a7 2{bETiE, H RO CN OB AT I 1T DAL E EIR M o fiI 185 23 N
HY ., WTRHAERYITE - EGEAETIERY, ZORBEEFTBT L, YU =ETIE, B R
a7 b &I Lz CN & ARBRAL R DOBIR 21T - T 7=,

HBUET = aAfilick s A Ko Fa o7 2 WRBL G

WMIFFRED L HRITD TRICT A LT Xy QRHEO S EES A AT A LK%
R L LT ON B ARIBRAL SO & BN ET L Ty % (Scheme 8)1Y, 72 b, b vT
I NFBEK 84 % Jackson b2V Lo il S 1296V, TR Ni[P(OPh)sls il BEAF7E T
BlfZ & LT POPh)s 2L, HCN Effifk& LT7E b7 /b R U (AC)%E hL=
VTR ST, ORISR, 5 BREEK 835 K16 BBRAEIK 86 23 F N F AR RIEIR
BAEMELTHONDZEZRAMB LTS, KERT VT IHIZ, CN BT L% I8
IZENENEASNTNDZ D, TATF U ~De Rr=y bz s| & & tihol- &
WRBE STz, Elo, TAFr~Dt Fr=y rufba ik L7cBbiE 39 132 Ao T,
THFDEe Fud T AT L 87T K138 MEIA LT,

Scheme 8. Hydrocyanative cyclization of ene-yne

H
H
TsN TsN
X CN
) CN
T™S T™MS
CN
Me,C(OH)CN (20 equiv) 35 (52%) 36 (24%) TsN «
/\/ Ni[P(OPh)3], (10 mol%) (ZIE=4.6/1) (ZIE=1.8/1) H
P(OPh); (120 mol%
TsN (OPh); € %) N T™S
N—=——TMS toluene (0.5 M), 150 °C, 3 h Y /_/ 19
34 TsN CN TsN H (not obtained)
S—n ¥§ﬁm
TMS T™MS
37 (9%) 38 (3%)



AREGED A F =X L3 Figure 2 D L H (IZEL Shic, T72bb, HCN A 0ffio=v 7L
IZERAEBOA N L, H-Nill-CN $§& 37 v iz A L, T/Df/*:/lx:yﬁ/lxt{ﬂf'aﬁ%q or I11)
WAERT 5, & RU REDRT VT RKIRIRFITEASINGE ., ERORKE CHBET 2%
T, #i< srexo BRAL KL ONEITLHIMBEIC LV 85 2 525, £, 77 U NERAIZE R
RPN 4T, RO Z R T 6-exo BRLIK 36 G610, —FH. T Tkl
TIFr~Dt Fa=y 7 bR EITT L, 7= =y 7 LRV KO VI 2L
L7, BRALETICROOBBENEITT L, 7 2V T icEL EEZ DD,

Figure 2. Plausible catalytic cycle

H
TsN TsN
N CN 4
T™MS CN
35 L

jan)

T™MS
Ni(0) ) 3%
e HO )<CN re.
H Q H
TN Acetone
X\ NiCN TsN
H-Ni'-CN \
T™MS NiCN
1I
5-exo /\/ 6-exo
TsN
~———TMS
wH ‘
TsN NiCN /_k
N\ == ™S \NICN
TST-TMS
I 1
7 7 7 7
TsN NiCN H CN TsN H
E—
LS—H L_%—N@N " \#%—H LS—CN
TMS TMS TMS TMS
A% 37

KT RO T O, TF v EOE@ENY Y VRO T 1780 VAL B
BEATIUX, TAT7 VBRI Ra 2 2 b BILORERZNENHHFTE 5,
ZIZT, Ta NV F AL Hex A EBA LT A K89 2REEE LTHRFILIZE Z A,
5-exo BRfbAK 40 23 —piE AR & LT 5172 (Scheme 9), Z O F1L, ‘Hex %12 X 5 Ingold
RN E O TN AEMLE T LR T 5 2 & T, TAT U NEIRFE~DOE Y R
HAREH SN EHPTE 2, S5, PRAEILICSWTEE W TIPS M & Hex JE0D T



BT L0 e~ R 2l L CHREA III ~ME D . ERSEIRIICAER L, 7 F
ANRYT IMEBEIT LI L ZEZ BN D,

Scheme 9. Regio- and stereoselective cyclization of ene-yne

Me,C(OH)CN (40 equiv)

~7 Ni[P(OPh)s1, (10 mol%)
ToN P(OPh); (120 mol%)
——TIPS X TIPS
W toluene (0.5 M), 150 °C, 24 h

13% recov. of 39
39 40 (65%

§ CN —— N~ NIiCN N\ TIPS
TIPS . TIPS NiCN

FHE =y A ks T Vo RO e Fa o T 2 AERBRIL S

YRR ORITIL, HEBEZET LT LT AF 0D Ra s 7 JARISHT 5 RIS
% REA LT_(Scheme 10)1219, gk L7z =2 o » OBRLKIG E RO KM LIz 2 A, 15
LN 3D e 7 JURIEETT LR TH Y | 7 F TEEMICEIR S 7z,
CORERNS, TAF A LTT Ltk Ka v 7 BT 5 KOGER HaicEm <. 2
NHOD2HOLEMFEENIISRTITEZ KB TE 5 LHR L T D,

Scheme 10. Competitive experiment using allene and alkyne in hydrocyanation

e~ e v\ %

Me,C(OH)CN (1.02 mmol) Ph NICN
ey .02 mmo I
Ni[P(OPh)s],4 (0.034 mmol) 43 (26%) 44 (25%)
P(OPh); (0.41 mmol)
+ +
toluene (0.68 ml), 100 °C, 2 h H

H
A L L
Ph TN~ NN TsN CN

| | 41: 30% recovery

42 (0.17 mmol) | Ph . n 45 (9%) 42: 100% recovery

41 (0.17 mmol)

11



ZIT, TLr—A k46 #EE & LU TRILKIGZ KRG L7z (Scheme 11), @D ITT
Ly~ Re=yrb—a URMBERICET L, KERT L HPORBIEAINT o -
TUN=y I VHRERT AT, Hi< 5-exo, BITHIBBEIZ X - TBRILIK 47 # FAEmM E L
THEoNZ, — ., TV RERBA~DKFZEOMNINC LY 7 = hKIT 28T, Bk
PR ITCINBEDSEIT T IT, 48 BEON D, TOFEBRFEREIT, 7V KET X R
(ZALTE B ONLARBRINAYITE AN 5 2 LT L7 eBE 2251 T 5

Scheme 11. Hydrocyanative cyclization of allene-yne

H
TsN/J/?\ TsN
__NiCN X _CN
A
. Bu ‘Bu
Me,C(OH)CN (10 equiv) 1 47 (70%)
Ni[P(OPh)s]4 (10 mol%) o
TN /\/// P(OPh), (50 mol%)
+ +
M= Bu  foluenc (0.1 M), 70 °C, 30 min - -
TN NN TN NN
e
\\ Bu \\Q ‘Bu

48 (20%)

UEDERIZ, D FARSTOT LURNT X LN EWREE2H T 52 &2 RLT
Wh, DFED, MN LT Ly, TAFRURBTT JEAEHAWTS, B Re X 204037 b
YOI H—ZeEAEREAET L EMGTE, LTO XS RERN 2T v TV T
FOSINARHEST LT, H—Ap % 52 5 & & 2 7-(Scheme 12), Z DBE, FUGHIZ A SR
REEZMNE LT, ME—DRIERBINR T N ThHDZ b, REOHEREME/E L
WERBEFAFIESOS OBR B IFF CTE 5, £ 2 T, ALK ONAREZE D & B ICHIE S vy 1
M7 axdy 7V o FOSORIEZ B L. SIS LTz,

Scheme 12. New strategy: 3-component cross-coupling reaction

HO CN Ni cat.

N

??

metal-waste free

regio- & stereocontrolled

mix together ; .
single isomer

12



B S IR D 3 Yy T TR

B8 TLUEHWDL 3RSy T TR

3 OLL EDORISHI ZEH &8 TR~/ % 15 5 F1513 Multi-component coupling & FE(X
he 20 FMOZ v 20y 7)) ZROGE S DICHES TS FEGEEIRTH 5, Step
economy % ffEICEI T HENT-FIETH Y . IEFEREIOICERR S TW LI5S0 —>
Th D, BIEE T, 7 L KO NIOfllE A V2 3 syl SOs 23 3 fldy Sh T g 19,
LorL b By 7Y o 73— =& LTEFERWmED VL a =7 L M) R X 140
KT A & WORIGHINLEATH Y, FEEWUIRICIRELE L T\ 5, £z, Loz
bNDOA VT 4 DX RES TIER L, G2 AEICEEORMAFK L TV D
(Scheme 13),

Scheme 13. Ni-catalyzed 3-component coupling reaction using allene

Cheng (2003)
NiCly(PPh3), Ar
CICp,Zr 7n
R/ + Arl  + \:\ R _
R' THF, 50 °C \ .
49 50 51 52
Shirakawa (2004)
Ni(cod), R oM
I t nMes
R——=——SnMe; + R—= + \Bu PP \\
toluene, 50 °C — A
R' Bu
53 54 55 56
Jamison (2005)
Ni(cod), OSiRy
H H NHC-IPr
— +  ACHO + R,SiH R, Ar
R, R, THF |
R,
57 58 59 60

13



5 RSSO R

Z ZCERIT, RENRH LBLBOS O s tF 2 WL 3l v 77 VOGS %
BEtliz, 7L 41 ZHBEFEEE L, 7AF=LT= 27/ 61a & 3 Y EHW TGS E
EZA BB LI n=-T7 U b=y ik m LT, ZTrBEA AT LNk 43 %
FARY E L TR, TiLe L BT, 6la BRUG LT 3 v 7Y 7K 62a DMERILE:
N 5135172 (Scheme 14), ¥, 62a OEIZT AT LA 1T /L a—L~g2T Lizth,
%ot NMR (2 X Y #7E L 7= (Figure 3),

Scheme 14. Ni-catalyzed 3-component coupling reaction

H
TsN/\/// TsN /\)\/CN
Ph Me,C(OH)CN (10 equiv) N
41 Ni[P(OPh)s], (10 mol%) H Me
P(OPh); (50 mol%) 43 (60%)
+ = SN COzEt
toluene (1.0 M), 100 °C, 19 h, Ar TsN +
Me \ Ph CN H
S [
62a (16%)
CO,Et TN NeN
6l1a Il’h
3 equiv
(3 equiv) 45 (0%)

Figure 3. Sructural determination of 62a

NOESY Q
HMBC (\H "

LiBH
CO,Et 4

TSN ~ N 89% TSN ~ N oH

Ph CN ? Ph CN

62a 132

W, 3Gy H > 7N TIROIER EE B L CRRSRIE O fEE 21T - 72 (Table 2),
FPT.TAXF= AT ATV 61a &5 YEHWZEZ A, 62a DILRMFLEAEEDL o
72, 48 OEEAIHI Sz (entry 1,2), AC % 20 B EA WD & USRS v, 1 HRH
TITRTORFEEBER LIz, By 7Y 7K 62a OILED 32%I2m E L, BlIER®E LT
43, 45 ZZ T 20%., 21% CTiH/z(entry 3), LLEDOFERNL, BEEDO T L F =)L R
TINEACEMZDUETHDZ EnNbinoT-, —J., POPh)s ZRINETICE 2 Lz
E2AH, RUSFFMOLEENBUAI S L, S HIZHIR L THEEIAERA L, 62a QIR ES
nigholz(entry 4,5), WIZ, WEZNR G ES L7z (entry 6-11), HERELMETT, By 7Y
O TRDMEIGE TR S L2 23 B O 43R & BLRI S 7u7z (entry 6), b /L— R TR EE % 0.2
M & L7256, 62a OULRETMA L Liz(entry 7,8), U H> RO TIL, P(OPh)s % 20

14



mol% ¥R L 7= 834, OSHRR 0 %EHE. 62a OILRM K ORI R OB S iz
(entry 9), #KMIZ, TIF =)L AT /L% 5 Y4E AC % 20 4&, P(OPh)s % 50 mol%.
rv > H1(0.5 M), 100 °C O TFCT, 62a 2% 52%DILHE T 5 117 (entry 10),

Table 2. Optimization

. H
Ni[P(OPh);], (10 mol%) H o Me H
T Nm/// Me——= 0.5t Me2C(OHCN, P(OPh), _ CO,Et A _on &/[
%) T Mem=tH toluene, A TSN = T TN * TsN CN
Ph oluene, Ar | | |
Ph CN Ph Ph
41 6la 62a 43 45
(5 equiv)
P(OPh); recov. of
entry AC (equiv) (mol%) conc. (M) temp. (°C) time (h) 62a (%) 43 (%) 45 (%) 41 (%)

1" 10 50 1.0 100 19 16 60 0 27
2 10 50 1.0 100 19 18 0 7 >55
3 20 50 1.0 100 1 32 20 21 0
4 20 - 1.0 100 21.5 25 0 3 43
5 20 - 1.0 150 3.5 <25 0 <5 37
6 20 50 neat 100 13.5 21 0 5 0
7 20 50 0.2 100 1 48 22 16 0
8" 20 50 0.2 100 1 44 28 12 0
9 20 20 0.2 100 1 41 0 10 0
10 20 20 0.5 100 0.33 52 0 0 6

*: 3 equiv of ethyl 2-butynoate was used.

DAY REMZIROEETTiE, 62a OIENMME T L7-Z & 251250 L= (Table 3, entry 4,
5l PEV . ARTIEI NV FORENED TRENVEEZZLI, KITHEMZRY T FRHR
Z Fist L7=(Table 3), entry 1, 3,9 TiX. 62a N7, RIETEMITHEEZ BN L 7=,
B AR CAERR L=y 7 AfE L HCN 3G Lo T=l2d & & 2 b5, xantphos T
. TAFUBNFEAETIC3EEO Fu LT ka5 2 7(entry 2), —FH. F"AT 7 A
NU B RERE L7fER., P(OMe)s & P(O-4-MeOPh)s Tid, KOG REM S EME S 4, RAF72
VT 62a 235 b L7 (entry4, 6), P(OEt): TIL, SIGNIE & A EHELT L7y o 7= (entry 5),
SR & F O P>O-2,6-BuzPh)s x O"PPhs & V2 & 2 A OSR]I 23ME R L 7273 . P(OPh)s
&R DFE RS S 7z (entry 7, 8),

15



Table 3. Ligand screening

Ni[P(OPh);], (10 mol%

) H Me H
/\/ o Me,C(OH)CN, ligand /\)\/
TsN / + Me—==—CO,Et TST\‘]/\/ Ny COE + TSIT] Z N+ TSITJ ZNeN
Ph CN Ph
62a 43

| toluene, 100 °C, Ar

Ph Ph
41 6la 45
(5 equiv)
recov. of
entry ligand (mol%) conc. (M) time 62a (%) 43 (%) 45 (%) 41 (%)
1 Bpy (50) 0.2 17 h trace 0 0 89 H
2" xantphos (50) 0.2 l1h 0 44 7 0 TSIT]/\I/&
3 P(NMe,); 0.2 ovn. 0 0 0 100 Ph CN
63
4 P(OMe); (20) 0.5 15 min 61 30 0 0
5 P(OEt); (20) 0.5 25h 7 0 60 60
6 P(0-4-MeOPh); (20) 0.5 30 min <64 22 0 0
7 P(0-2,6-'Bu,Ph); (20) 0.5 18 h 39 0 19 19
8 PPh; (20) 0.2 4h 40 0 10 0
9 DMSO (50) 0.2 17 h 0 0 0 89

*:29% of 63 was obtained.

HoE TV ROT R DA AR

DR T, ML LEET Ly, TAF= AT AT RN AC W T8A1C 3 B HEatE K
NI HEIT T2 2 E R Do 72D T, W THE BRI ZREHT XL REE O AR
AT 71,

T, T LV UHIBMERDO B FEELRTT 5, 7=0 2 64 DALK=KLIZLY T I K
6ba-c x TNENAML., Hi T rALFAKIZED | 2 TREINERT 66a-c 21F/-, £D
%, FxOT X5 Cu(E HCHO %# M5 Crabbe reaction'® i iZ X 0 i35 7
L% BAFRINETENZ A L(Scheme 15), & D% OMF CH KD FIETT L K
ZER LT,
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Scheme 15. Synthesis of allenes 67

(2.0 equiv)
ArSO,CI (1.05 equiv) AO.S Z B
py. (2.5 equiv) 2Nl NaH (1.05 equiv)
PhNH, |
64 CH,Cl, (0.4 M) Ph DMEF (0.5 M)
0°Ctort
Ar = p-MePh, 30 min, 65a (98%)
Ar= pMeOPh, 5 h, 65b (95%)
Ar = p-CF5Ph, 10 min, 65¢ (95%)
CuBr (1.0 equiv)
HCHO (2.5 equiv)
ArO,S \N/\ DIPA (2.5 equiv) ArO,S \N/\/
Il)h dioxane (0.5 M) !

90 °C Ph
Ar = p-MePh, 40 min, 66a (98%)
Ar = p-MeOP, 5 h, 66b (94%)
Ar = p-CF3Ph, 2 h, 66¢ (91%)

Ar= pMePh, 1 h, 67a (63%)
Ar= pMeOPh, 1 h, 67b (73%)
Ar= p-CF3Ph, 4 h, 67¢ (86%)

Wiz, 1,1-2 @7 L o245 L= (Scheme 16), YA — /L ZEZX AT NMLIZ LB NS
70 & FIAT S RERIGSH, B/ PR T2 2 62% T, W T, 7 ) =Fv—/Likdk

ZEH S, Ms EOBBEA T, 7 L U RIBEA Tda, b ZENENERK LT,

Scheme 16. Synthesis of 2-substituted allenes 74

Et;N (5.0 equiv)
M
HO \OH o MsCl sO \OMS

CH,Cl,/THF (6/1)

0°C, 1 h,84%
68 69 70
(4.0 equiv)
K,CO3 (2.0 equiv) Ph
TNHPh -+ 70 TSITI\OMS . mﬂ\ﬂj
_ MeCN (0.5 M) Ph Ph “Ts
(1.8 equiv) 70°C, 4 h
7 72 (62%) 73 (16%)
CuCN (3.0 equiv)
LiCl (6.0 equic)
RMgBr (.0 equiv
TSN/\/ M gBr (.0 equiv) TsN/\/
b OMs THF (0.1 M) bk R = Me, 10 min, 74a (85%)
7 0°Ctort

R = Et, 30 min, 74b (63%)

17



Fle. Tvra=my ek LIcEE, ERLICRARIBEREZATL2EE AR LT
(Scheme 17, 18), £7'. 7= =/L%% Boc [z /=& TIL, TsNH2:® Bocfbiz L W5
T T6a MO 7 /X NALZFE T, 7L T8a IZ8 W, FERRFIETT =Y »® Boc
b, i< 7R SV FAARIZE Y TTb 2% T 78b % BAF /2R Tz,

Scheme 17. Synthesis of 78a

CuBr (1.0 equiv)
HCHO (2.5 equiv)
DIPA (2.5 equiv)

propargyl bromide
(2.0 equiv)
K,CO5 (1.5 equiv)

(Boc),0 (1.1 equiv)
Et3N (1.1 equiv)
DMAP (1.0 equiv)

TsN M

MUON

TsNH, CH,CL, (03 M) TsNHBoc @ 05 M) \
2L, (0. MeCN (0.5 M) Boc 10xane (9. Boc
75 rt,1 h, 95% 76a 70°C, 1.5 h, 100% 90 °C, 1.5 h, quant.
recrystallization 77a 78a
Scheme 18. Synthesis of 78b
) propargyl bromide CuBr (1.0 equiv)
(Boc),0 (1.1 equiv) (1.1 equiv) HCHO (2.5 equiv) /\/
H,0 (1ml/mmol) NaH (1.1 equiv . i
PANH, 2 PhNHBoo (.1 equiv) PhN /\ DIPA (2.5 equiv) PN
30°C,1.5 h. DMF (0.3 M) Boc dioxane (0.5 M) Boc
64 76b 0°Ctort,1.5h 90 °C, 30 min, 91%
93% (2 steps) 77b 78b

o EBRRICEREAAETSLT7 =1 2 79a-d O kI ufk, 7 a0 X4l fi < Crabbe
Gz & » T, ® ST 57 L oaiBiik(82a-d) 2 & /- (Scheme 19),

Scheme 19. Synthesis of allenes 82

propargyl bromide
TsCl (1.05 equiv) (1.1 equiv) '
ArNH, py. (2.5 equiv) TSNHAT NaH (1.1 equiv)
CH,CI, (0.5 M) DMF (0.3 M)
0°Ctort 0°Ctort

Ar = 2-MeOPh, 20 min, 80a (quant.)
Ar = 2,5-(MeO),Ph, 80b

Ar =2-MeSPh, 40 min, 80c¢ (quant.)
Ar = 4-CF;Ph, 39 min, 80d (98%)

Ar = 2-MeOPh, 79a

Ar = 2,5-(MeO),Ph, 79b
Ar = 2-MeSPh, 79¢

Ar = 4-CF;Ph, 79d

CuBr (1.0 equiv)
HCHO (2.5 equiv)

DIPA (2.5 equiv) . N/\/
S

dioxane (0.5 M) |
90 °C Ar

N
r

A

Ar = 2-MeOPh, 30 min, 82a (43%)
Ar = 2,5-(MeO),Ph, 30 min, 82b (38%)

Ar=2-McOPh, 1 h, 81a (76%)
Ar = 2,5-(MeO),Ph, 2 h, 81b (44%)

Ar = 2-MeSPh, 1h, 81c (72%)
Ar = 4-CF;Ph, 20 h, 81d (84%)

Ar = 2-MeSPh, 30 min, 82¢ (30%)
Ar = 4-CF;Ph, 15 min, 82d (60%)

18



Ph s Ms B2 FHT57 L2 85 &4 % L7-(Scheme 20).,

Scheme 20. Synthesis of 85

propargyl bromide
MsCl (1.05 equiv) (1.1 equiv)
PhNH, py: (2.3 equiv) MsNHPh NaH (1.1 equiv)
CH,Cl, (0.5 M),1 h DMF (0.3 M)
0°Ctort,18 h
64 83 75% (2 steps)

71 ZH3EEEE L, HIERES T 3-butyn-1-ol & i1, 86 Z157-1%.

X -oTT7 L 87 AR L7-(Scheme 21),

Scheme 21. Synthesis of a longer tether allene 87

3-butyn-1-ol (1.2 equiv)
PPh; (1.5 equiv)
DEAD (1.5 equiv)

THF (0.5 M), rt, 23 h, 88%

TsNHPh

/
TSITI AN
Ph

71 86

_ >
dioxane (0.5 M)

CuBr (1.0 equiv)
HCHO (2.5 equiv)

Ms . i
S DIRAGSe | M
Ph dioxane (0.5 M) !
Ph
90 °C, 1.5 h, 93%
84

Crabbe S iniZ

CuBr (1.0 equiv)
HCHO (2.5 equiv)
DIPA (2.5 equiv) TsN

SIl’h/\/\\
90 °C, 2 h, 35% 87

SO AEOHEMAMEREST D720 EREREZFIZRWVIERA DT EFRT L 90,

91 &4 L7-(Scheme 22, 23),

Scheme 22. Synthesis of 90

TBSCI (2.0 equiv)
/\/ Et;N (5.0 equiv) /\/
HO CH,Cl, (0.5 M) TBSO
88 0 °C to rt, ovn., quant

89

Scheme 23. Synthesis of 91

CuBr (1.0 equiv)
HCHO (2.5 equiv)
DIPA (2.5 equiv)

dioxane (0.5 M)
4 90°C,1 h,12%

Ph——=

91

19

Ph

CuBr (1.0 equiv)
HCHO (2.5 equiv)
DIPA (2.5 equiv)

TBSO/\/\\\

90

dioxane (0.5 M)
90 °C, 1.5 h, 6%



By TV R— N —DEERE LAY TT

ThEx 7 V¥ =)L 25 )L 4Rk L7-(Scheme 24),

Scheme 24. Synthesis of alkynylesters 61

"BuLi (1.2 equiv)
+ CICO,R,

IR KT XL DT I RIZ X -

R] = "Hex, R2 =Et, 2.5 h, 61b (99%)

THF, -78 °C to rt
93

61
(1.3 equiv)

CO,R,  Ri="Hex,Ry=Me, 15 h, 6lc (68%)

R, = TBSOCH,, R, = Et, 1.5 h, 61d (97%)
R, = TBSO(CH,)y, R, = Et, 2 h, 61e (quant.)
R, = BnOCH,, R, = Et, 2 h, 61f (34%)

R, = BnO(CHy),, R, = Et, 8 h, 61g (82%)

EHIZ, TR UVRBICEFRSEEZAET LT LR Lo 2T A0 b EMA&EEZILRT 5
HIOT, 7AF= Ll h o EOT 2 R AL L 72 (Scheme 25, 26)19),

Scheme 25. Synthesis of alkynylketone 96a

Me MgBr OH ‘ o
PhCHO (1.2 equiv) )\ MnO, (4.0 equiv) )\
THF (0.5 M) PR ™ CH,CL, (0.5 M) PR N
0 °C to rt, 20 min Me 0°C to rt, ovn. Me
94 95 82% (2 steps) 96a
Scheme 26. Synthesis of alkynylamide 96b
. ) ] 0 BnBr (1.5 equiv) 1)
BuLi (1.05 equlv) ‘BuOK (1‘1 equiv)
PhNCO + "Bu Ph N Ph N
THF (0.3 M), -78 °C to rt N X THF (0.3 M), 1t ) N
15 min, 76% "Bu 2h,45% Bn "Bu
97 98 99 96b

F7- . HCNFEE LTHWATE YT 28 RUOFEERE LT, Hi-2y T JIRTH

% 102 H 4 L7=(Scheme 27)17,

Scheme 27. Synthesis of a new cyano source 102

TMSCN (1.2 equiv)
Znl, (2 mol%)

(0}
)k/ OMe

HCl aq.

TMSO>(OMe

CH,C, (2.0 M) NC

rt,4 h
100 101

20

HO >( OMe

18 h, 78% (2 steps) NC
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FIUET  AEE VRO R

FT. ANKoNVERREDEELEET D720, a7t ArSO 2 HTH7 LTk LA
v 7V T O E HiEE L7z (Table 4), entry 1 (23T, Bl U7z i 54 TR &2 Lz &
ZAH By TV TERPIR 61% THLIL, BIEMME L TT L~ Fuy 7 Jukd
30% ThH 7=, ZOKIT, 62a OUEEN K L LA, BIERY L DI 211 TH Y,
BSOS OIHNEREE?Z > 72, ArSO2 B D /R T (LIZE 75100 MeO KA EA LT 62b & H
WTHERT L7z & 24 RIFFBUSICH L THIEBIOT L o 2VEAF L7z, M. entry 1 & [RIFRE
DILRITET 5 F T 24 R 2 L7223, BIAERITEB 72 > 72 (entry 2), — /. NI ALICHE
FRGIMED CFs 8 A LT EE 0BG, BUGKHIE MeO O5E X 0 FfE L7z, IR
T L 7=(entry 3).

Table 4. Effect of sulfonyl group
H Me

H
Me—==—CO,Et ~ A
2 Ar0,8 \N/\)\)\I/ COEL  ATOS. A~ A\ N

61a (5 equiv) |

|
Ni[P(OPh)s], (10 mol%) Ph CN Ph
Me,C(OH)CN (20 equiv) 62 103
A10,8 \N/\/ P(OMe); (20 mol%) +
b toluene (0.5M), 100 °C, Ar H
ArO,S . /\/E
67 2 N ZNeN
Ph
104
entry 67 time 62 (%) 103 (%) 104 (%)
02 02 Me
1 MGAQS\II\I/\/ 15 min Me‘@fs\N/\/\)\/C()zEt 103a (30) 104a (0)
|
Ph Ph CN
(67a) 62a (61)
02 02 Me
> MCO@S\N/\/ 24 h MeO@S\NMCOQEt 103b (trace)  104b (trace)
| |
Ph Ph CN
(67b) 62b (60)
O2 02 Me
3 FSC@S\N/\/ 7.5h F3C4©78\NW\/C02E 103¢ (6) 104¢ (12)
|
Ph Ph CN
(67¢) 62c (41)

*:17% recovery of 67b
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E‘*ﬁ%%% LLe %, ArSO2 %0)@‘2$J§%7§) =T Y= iv Figure 4. Plausible intermediate

PO Ni FICENLT 5 2 & T Ni-O fEADNER L, A X "

5 IREFEALNRICH G LTS LB 2 b5 (Figure 4), HH8 L Ph A
BRI, AVRS VOB FEECELELEL L, TAF Off """ NiCN

RO SSMENC EBA 52 5 2 LT, RUREEICENE LT &

EZ T,

UL EDFEEFERNS, E 67b Tld, RIFMOMSEZET 2 b DDORIAEMRM ZMA 5 2 &
NTEIZ, WIZ, ZOT LA L S HIZ &M %217 - 72(Table 5), P(OMe)s Mz 721>
e, IS HBICHEITE T 62b OIENK T Liz(entry 2), —J7. P(OMe)s % 50 mol%
FECHET D &, KSR A 2 FEfE F CHEMEC & 7z(entry 3), —F . KIRIRE %A 130°C £ T
SR UG L7223, IRIdk®E S /e n - 7= (entry 4),

Table 5. Optimization using 67b

Me—=—=—CO,Et
61a (5 equiv)
Ni[P(OPh)3]4 (10 mol%)

~ 3 0 _ _
I}T)Ih toluene (0.5 M), temp., Ar A S\N/\/\)\/ ot v A S\ITI/\/\/CN
Ar = pMeOPh Ph N Ph
67b 62b 103b
+
recov. of 0O, Me
entry X temp. (°C)  time (h)  62b (%) 103b (%) 104b (%) 67b (%) Ar_S\N/\%CN
|
1 20 100 23 60 trace trace 17 Ph
2 100 18.5 27 0 trace 70 104b
3 50 100 2 73 27 0 0
4 20 130 23 48 25 0 0
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RIZ, Boc
ISy Boe REAT e 6 3.0C reaction using 78

L7 Vo EHOTH Me—==—CO,Et
= . 61a (5 equiv)
if L 7=(Table 6), Ts Ni[P(OPh)3]4 (10 mol%)
L Boc % % ﬁ_a_ %7 Me,C(OH)CN (2(()) equiv) Me

Are, /\/// P(OMe); (20 mol%) Ar /\/\)\( COLE!
vk % %f L )i FLT\ 1'300 toluene (0.5 M), 100 °C, Ar I‘\I

Boc CN

ERfLIEEZ A, T 78 105
L 7LC ) b4 70 U N 7{21-( recov. of

entry 78 time (h) 105 (%) 78 (%)
DHRLT, T LD e

ERuT ke 1 W N e

el{f/Fbonnhrol

(78a) 105a (0)
(entry 1), 78b Tl
2 P CIRABF S THR L Me
R 2 PhN/% 2 PhN/\/\)\/COZEt 0
7-728. HEJ® 105b % Boc |
Boc CN
R R G 25 D HI12 (78b) 105b (trace)

> 7z (entry 2), — ),
ZOHKBIZKH LT AF =)L ATV 6la ZMAT IS E2 & Z A, i Boc {23 #EST L 72
72, REISIZEWT Boe ZE5 A OFE M@ H T & 720 & L7z,

Table 7. 3-CC reaction using disubstituted allene
Me—=—=—CO,Et
61a (5 equiv)
Ni[P(OPh);]4 (10 mol%)
Me,C(OH)CN (20 equiv) Me

P(OPh); (0 or 50 mol%) CO,Et
TsI\II/\/ 3 ’ TSN Ny 02
Ph R toluene (0.5 M), 100 °C, Ar Ph R CN
74 106
entry 74 P(OPh); (mol%) conc. (M) time (h) 106 (%) Z/E
Me
= CO,Et
1 TSITI/\/ 0 0.2 155 TSNM 3.3/1
Ph  Me Ph  Me CN
(74a) 106a (30)
Me
2 50 0.5 7.5 = ArCozEt _
TSTTI /\/ TSI\IT /Y\
Ph Et Ph Et CN
(74b) 106b (trace)
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Wiz, 1,1-2 \E#T LU HE A VR L 7= (Table 7), EH#dk R 28 Me E£DOBA IR,
> 7Y T RIFSIR BAERIEAEW(ZIE = 3.3/1) & LT 30% T LN 7-(entry 1), RNV LV &
B Et RO EITIE, BEO D v 7V T KE H 2 7z (entry 2), T4a, b DT L > T,
EHIEOSARNERICE Y 7 Lo RDRFE~OE R REERRES L, TORE, -7V
V= VRO MG Siv, 3 B H v T U S RIGOEITRILE SR EE XD

o,

Table 8. 3-CC reaction using tosylamides

Me——=——CO,Et
61a (5 equiv)
Ni[P(OPh)s]4 (10 mol%)

Me,C(OH)CN (20 equiv) Me
~F P(OMe); (20 mol%)
CO,Et
TsN . TN T2 TN NN
Ar toluene (0.5 M), 100 °C, Ar | |
Ar CN Ar
82 107 108
entry 82 time (h) 107 (%) 108 (%)
/%'/ e =~ CN
NN
TsN TN AN A( CO,Et TsN .
! ij/OMe 0.3 OMe CN €
(82a) 107a (67) 108a (18)
/%/ Ve = CN
NS TN
TsN TN AN )\/ CO,Et TsN o
2 OMe 1 OMe CN ¢
- t MeO
MeO (82b) MeO 107b (69) € 108b (26)
TsN /%/
3 i SMe 1 107¢ (0) 108¢ (0)
(82¢)
TsN /\/
107d (0) 108d (0)

(82d)
C

ANV = VEBREO B TEENNMIRELSEET L ERbhoToicd, 7= U FF
B EOBEHILSE KA L7-(Table 8), Ph J&iC MeO #:&4E A L7BHE, FEEO LM TG
X1 TR L. By 7V U 7R E 6T% RN TN 69% CTENE N7 (entryl, 2), 15 Dk
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Rix, 7=V VHCROFEFEROEFEENPOSHEIZEE L 2N 2 L, BHRTITR 802D
= NV ASOEN N FE 2B 2 ) Z L ZRIB L TWD, —F entry 3, 4 (2B W TIE
FHAFNLL MY 7va AF RO, BRI TT L ITEA L2, 107 KO
107d iIZE< BN T,

FEWT, Ms ZEZEA LT Ly EHWTHRFILIZE Z A, LERITRIGHZERE L, 109 %
H—REAR E LT 41% T4 7-(Scheme 28),

Scheme 28. 3-CC reaction using 87

Me—==—CO,Et

61a (5 equiv)
Ni[P(OPh);]4 (10 mol%)
Me,C(OH)CN (20 equiv)

Me
/\/ P(OMe); (20 mol%)
CO,Et
MSTTI / - MsN/\/\ N bl
Ph toluene (0.5 M), 100 °C
Ar, 1h, 41% Ph CN

109

AFVUVIRBVENWT L2 87T TiEk, HREEDIERTH v 7V U 7IRKNELIL, AKIGIC
WHTE 5 Z & 2R L7=(Scheme 29),

Scheme 29. 3-CC reaction using 87

Me COzEt
61a (5 equiv)
Ni[P(OPh)s]4 (10 mol%)
Me,C(OH)CN (20 equiv) . Me
TsN/\/\ P(OMe); (20 mol%) Ts Ts
| 3 0
Ph \\ Ph,N M)\/COZEt Ph’N MCN

+
toluene (0.5 M), 100 °C

Ar,5h CN
87 110 (56%) 111 (27%)
(EIZ=2:1)
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: : S ES S s
ESS O)*ﬁ njLT BN Table 9. Other allene substrates

U7X RFEEEREEEICHN Me—==—CO,Et
_ Ry e bt s e 61a (5 equiv)
T&/z, I T, RIZELEERE Ni[P(OPh)s], (10 mol%)

. N = Me,C(OH)CN (20 equiv) Me
BaffeimnT Lo BHE P(OMe); (X mol%) Rv%kamﬁ
WTHEET L 72 (Table 9), dillkd R~ toluene (0.5 M), 100 °C, Ar \CN
vra~FUALT L1120 17
2 1 NI < e N -
xtL YA RERNETICK entry R X ime () .
NEfToT- & N oD 5ER
i EAT o AL BRSO 5ERE . ‘Hex (112) ] 8 117 (32)
T CE o Tolzd, 18 5 CHex(112) . 05 117a (60)
R TR S, BHIO 117a 3 Medd 20 ! decomp.
% 32% CH37z(entry 1), R U5 4 TBSO(CH,),(90) 20 19 117b (<20)
{L.FT\ 30 %“CEF[‘? 7%1;?‘-_& Lfli}% 5 MeO (113) - 13 decomp.
N e 6 Ph (91) - 16 decomp.
GICIE, DUED 60% £ T b L 7 CO.Et(114) 50 25 decomp.
7(entry 2). —J. VB R 8 SnBus(115) - 25 decomp.

9 (pin)B (116) - 12 decomp.

P(OMe)s % % &, 117a 73
Fonlesolzlentry 3), YU NT—T e T 57 L2 90 2 VG LI2EE . IERNR
20% % T T L7z (entry 4), ZOMOIEE©O1,113-116)TIE, SO L, VWI b A
DT 7V o TR R B e h o Tz (entry 5-9),

WIZ, T L 67a V., TAF =L 2T O EE RIS OV THE &2 1T - 72 (Table
10), 7 V¥ VRERICEBIL A FF2 72\ 6 1Th Tk, KOG O 5845 23 HIlr € & 97 20 Refi] SO S
7ol A IS LT L D4R B S 4v7z (entry 1), fIIEH23EV Et 2£X° 2Hex
ETIE, Dy 7V 7 EROIEMET L, 1181 X1 118b 28 53% KT 51% TENENIEFDH
Ni-(entry 2, 6), JEWIEMSEZ AT D7 VXV AT ANAKGICHEA TE 72720, ftho
FEE HFH L7 (entry7-10), 7/ ax VHMBH EO A TF U N KISICRBE L, £E 61d &
W 61f DA, RISHIZE A EETET ., BRI &7z (entry7, 9), HEEHT VX LEE
BT 57 Vx DR RRGMZa Liz(entry 8, 10), — 5. BHEHET VX bE L7208,
Ph EOBA. RSN 1M TREE L, TLrobt Res 7 AR TEARME LTHLN,
HEODO D v 7 ) o ZIRITIRINERICE D> T=(entry 3), R N F VT 2T VIEDOKFT L%
TiE, SOHEITR A LN D> z(entry 4), @&l TMS H T, 70F o Offi AR 4<
HETET, B Rev 7 (kK 48, 45 % 5 % 7=(entry 5),
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Table 10. Alkynylester screening

R

/\/\/CN
TN MCOZEt TSEh
|

Ni[P(OPh);]4 (10 mol%) Pho CN 3

Me,C(OH)CN (20 equiv)

P(OMe); (20 mol%)

TsN ~F + R—=—CO,Et + +
Fl’h toluene (0.5 M), 100 °C, Ar
Me
67a 61 /\/k
. 4
5 A
(5 equiv) ToN CN ToN /\(\
Ph Ph  CN
45 63
recov. of
entry R time (h) 118 (%) 43 (%) 45 (%) 67a (%)

1 H (61h) 20 118h (0) 0 0 0
2 Et (61i) 1.5 118i (53) 10 4 0
3 Ph (61j) 1 118§ (27) 39 5 0
4 CO,Et (61K) 24 118Kk (0) 0 0 73
5" TMS (611) 1 1181 (0) 6 3 0
6 "Hex (61b) 4 118b (51) 0 0 0
7 TBSOCH, (61d) 18 118d (0) 0 0 86
8 TBSO(CH,), (61e) 16 118e (49) 8 16 31
9 BnOCH, (61f) 1 118f (0) 0 0 83
10 BnO(CH,), (61g) 23 118g (31) 0 0 0

*: 6% of 63 was obtained.

— 5. 2N AFNEEANL 119a ZHVVERH L2 A, TR HLT LUNE
ERICEIN I T AF =)L AT L ~Dk Kav 7 J{bik 120a % 5% C57-(Scheme 30),
ZOREROEEMICOWTIIIRE TR S,

Scheme 30. 3-CC reaction using 119a

Ni[P(OPh);], (10 mol%)

0 Me,C(OH)CN (20 equiv) Me O
Ts <
Nh% . /o N P(OMe); (20 mol%) NC )\(Mo N
P Me | P toluene, 100 °C,1 d H | /
67a 119a allene: 100% 120a (5%)

recovery alkyne: 31%

based on 119a

Me O
TsI\II /\/\)\KM 0 | \
Ph CN N_ =

121

(not obtained)

/-, V7= AT EFLUOTIZ, BB 122 135N, T LDk a7 J{biE
43 kN 45 2 FNFNE 2 7-(Scheme 31), ZDHEHENG . 3k v 7V T IKEES T
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DIZIE, TATADX D RETFRIGIMEERENPLHATHDL LEZLNLD,

Scheme 31. 3-CC reaction using 121

Me
TN AN CN . P
b TsN CN
Ni[P(OPh);]4 (10 mol%) Ph
Me,C(OH)CN (20 equiv) 43 (67%) 45 (18%)

TsN /\/// o P(OMe); (20 mol%) o

+ Ph——=——P"Ph
Ph
TS]\II/\/\)\/

Ph toluene(0.5 M), 100 °C, Ar, 3 h
67 121

! Ph N
122

(5 equiv)
(not obtained)

T, RIRICE SRR EZ AT DT L% 2 fEx Hiat L7z (Table 11), £3°, 7%=
s I o B EE 2 TR L, EWG BT B FLVEOEE. R Et £H D50 T
PhEZHWTH, By 7V 7K 128¢, d NENTFIURILERZ N 545 517z (entry 1, 2),
—H R ANNTNAF L TR=Me) Tk B EO D v 7Y 7k % 5 % 7= (entry 3), "Hex
TIXBEWOD v 7V TRONMIETE T, B Fe v 7 RO AR B35 iz (entry 4), S5
I, T RRL= MU AEHOWTRHEZITS7208, WIhb 70 Z7RIEe2< G670
o7=(entry 5,6), a7 hTATI)VTIX, B> 7V TIRPE ST EERR 3 L7 (entry 7).

Table 11. Alkyne survey

Ni[P(OPh);], (10 mol%)
Me,C(OH)CN (20 equiv)

R
P(OMe); (20 mol%) AN
TsN/\/// . R— pwg oy A EWG TSN

| o
Ph toluene (0.5 M), 100 °C, Ar bh CN Ph
67a 96 123 43
(5 equiv) 4
recov. of Me
entry 96 R EWG time (h) 123 (%) 43 (%) 45 (%) 67a (%)
/\)\
TsN CN
1 96¢ Et COMe 1 123c¢ (40) 19 3 0 lIJh
2 96d Ph COMe 17 123d (24) 0 0 30 45
3 96a Me COPh 21 123a (trace) 0 trace 0
4 96e "Hex COPh 22 123e (0) 56 0 0
5 96b "Bu CON(Bn)Ph 18 123b (0) 65 0 0
6 96f Ph CN 18 123f (0) 76 0 0
7 96g Me COCO,Et 18 123g (0) 0 0 21
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pMeOPhSO: 4 HT 57 L2 67b Z#HW=HA. VA R%& 50 mol% £ TH &3 1T
BIAERM ZMZ D & & BITHUEN T3%ITEM T D Z & &2 JeIFE L72(P. 24, Table 5, entry 3),
ZOEEEMNNT, Tk EE O MY Z G L 72 (Table 12), 74V F% =/ > 27 L7
AR, RBELTIEA v 7 vV ROSIE M HETT L7z A entry 1), Phicd 25 &, Iy
TV TiReEL{Sgonkrol(entry 2), —J., TAF= A b TRLEEZ A, BHO

OB X HEATH T RO BRI #& - 7= (entry 3),

Table 12. 3-CC reaction using 67b

R————EWG (5 equiv)
Ni[P(OPh);]4 (10 mol%)
Me,C(OH)CN (20 equiv)

< > 0, R
MeO S< P(OMe); (50 mol%
N/\/ ( )s ( 0) ArO,S \N/\/\)\/EWG + ArO,S \N/\/\/CN
| |

' toluene (0.5 M), 100 °C, Ar

Ph
Ph CN Ph
67b 124 103b
recov. of Me
entry alkyne time (h) 124 (%)  103b (%) 104b (%) 67b (%)  Ar0sS \N/\/\ CN
|
Ph
1 R=Et, EWG = CO,Et (61i) 14 124a (50) 18 9 112 104
2 R=Ph, EWG = CO,Et (61j) 22 0 0 0 23
3 R=Et, EWG = COMe (96¢) 20 0 0 0 62

HiRO 7o 7o e L7 1Ly 112 L7 F =)L AT )L 6la O IIT & Bif72 IR TH
5z 7-73(Table 9), 7/LF =)L h> 96c DI TIL, FREDO T v 7V 71K 125 1%
2L E SN TEEO SN ER X7~ (Scheme 32),

Scheme 32. 3-CC reaction using 112

Et—=—=—COMe 96¢ (5 equiv)
Ni[P(OPh)s]4 (10 mol%) Et
ON\ Me,C(OH)CN (20 equiv) S COMe
toluene (0.5 M), 100 °C, Ar CN
decomp.
125

112

KAy 7Y RS TIL, Jackson HDO#HE EFEKR ST I THLTE VT ER
UV aHWTWS Wl —J5 2R = )VEREHR D & -allyl = » 77 L H L~ DB DS i D
FREPZESND ZEPRRENT NS, €I T, TLrnb TR, Hiicikhy 7T/
EFID 6 OREALD RN HIUE, RIS » 7V v FROSICEED RN TE D &5 2,
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102 ZHWKER L=, L,L., PRIV
\Z#& 3 - 72 (Scheme 33).

Scheme 33. Replacement of HCN source

VRIS EITET, T L oEIY

HO >(OMC
NC 102 (20 equiv) H
Ni[P(OPh)s], (10 mol%)
TN /\/// o P(OMe); (20 mol%) TsN /\)f\\
| + Me——=——CO,Et Ph Ni
Ph toluene(0.5 M), 100 °C, Ar,1 d O "OMe
67a 61a 78% recov. of 67a NCﬁ—J
(5 equiv) I

S 5|2, Jacobsen b DA EH N 18 TMSCN K

stablized m-allyl intermediate ??

O'MeOH (1:1) % FW T2 H T HCN

ERASERISEETTEZ A, 1HRTETORENHEL L= (Table 13), HCN Ji% 10
WET 100 °C DA TIL, 62a (64%) & 48 28%)NRENETNH LI, AC LRIZEDOFETH
o7(entry 1), —F5, B Fa v 7 MLITKECHLHEITTHZ ERMbEN 528 D, 50 °C T,
62a DINENETTDHE & HIT, 483 & 45 BNEARD L 72 o 7= (entry 2), entry 3 IZFE W\ T
IZ. TMSCN % (*MeOH # 3 Y&EETFFs 25, 62a 2 30% THLNEZN, 7LD
E Ry 7 EERFEERI E o7, THODORERNG, KB v 7Y > FRISIZIE 100 °C

BREORIRVBULHALEZDOND,

Table 13. HCN produced from TMSCN & MeOH

Me
CN
TsN M COEt  TsN NI
mcn TN
e equiv
Ni[P(OPh);], (10 mol%) 62a 43
P(OMe); (20 mol%)
TsN /\/// + Me—=——CO,Et 1 + +
toluene (0.5 M), temp., Ar
Ph P Me
67a 6la _
5 i X
(5 equiv) TsI\II CN TsI\II /\(\
Ph Ph CN
45 63
entry X  temp(°C)  62a (%) 43(%)  45(%) 63 (%)
1 10 100 64 28 0 0
2 10 50 15 59 15 0
3 3 100 30 30 10 10
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AT A 7 BT DB

= T IO D BAL M O Z K T v 70 T ROED A T3 = X LT L
Montgomery (XSS ¥ A 7' % 3 FFEIZ /01T Ty LT % (Figure 5)19, £3°, a)lZnd X9
LRI E D T 205 5 BB NIIDH A I AEC, FT7AFALAZLMR & T
AR BN, BN MERTERD IV ICEDL XA T THDH, bt BERFImcE ) =
v e R RBWEIT VX L=y 7 LR TIZs L C=D & A=B 2%#fEayicffiA L IIT
MAET, FHEIETHOMBEC X VAERD IV ICEDL XA T THY ., iz, Lewis BBIF(E F 7V
= FVFRIIR, FRZ =7 VLRSS AER L, PRETD NS 5 —1 C=D ~Fi A,
MR & kT > R 2 X AR OSETCHIBLEEZ 88 THERW IV IZED X A 7H o) DL TH
Do

Figure 5. Possible mechanism for the Ni-catalyzed 3-component coupling reaction

a) Oxidative cyclization of two mw components

. L L L L L
asB + c=p MO o N MR A DML — > MTA DR
- - A N\)D A" D PR B—C
B C B-C B-C R
1 I 111 v
b) Oxidative adiition to reducing agent
. M M M
Ni(0) C=D / A=B M-A D-R
—> LnNi N —— > LnNi ,R —— > LnNi C-D - B —C/
R C-D A-B R
I' I Ir v
¢) Oxidative adiition to one 7 component
Ni® M LoNi-x  C=D _ m Cc-D MR Cc-D M—A  D-R
= + MX —> AN ’ B — AN N \ AN ’ \ R \
A=B A-B A-B LnNi-X N A-B LnNi-R B—C
1" " " v
Flo. = TVl A
Figure 6. Mechanism of Ni-catalyzed hydrocyanation
WahHe Fa o7 2{bS
N z - HCN
FUTO XD IZRB S NiLn, —— Nilny ——— > HNiCNLn;  ——> HNIiCNLn,
Ln -Ln
T % (Figure 6), 0 ffiod 1 I I
Ni LR T oA ;
CN
> | _— L, | . | L
L7-t%. HCN 23Efbruff  LeNi =, Nil| o LeNiL N M NC o
P P iy e,
L 5 BAAL Ni HF R A IT A3
I 1A% A\

AT, it THH—DD
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BONLF-DSRBEEL . 4 B Ni e TIDAAERT D, ZOLFRENR T L7 o907 L 1T
t eyl —ya vz U, -7 CHECNifEEZEMA L, TRV HIEITH
2B LE Fuas 7 J{bRICEL L EZ2 NS,

—J7. HCN # AL EMENE < . B OB RE 272D Z0%MikE LTy 7 /e KU &
K OYTMSCN-ROH ZAHHA I TWD, Zib DR TIE, NiIEHREORAEIZ DN TLLF
SO E Tz (Figure 7), $78bbH, a)TIEY 7 /b KU vy EHWEEAIEZ. £3 0-H
A2 Ni(OICE LA INT 5 2 & T H-Ni fl VI 23 ER L. #:< B-CN il X - Caik &
AR 72 P RA TIT 8BRS 2. VI L TIT T e bicT Lo~k Fa=y 7 kicfl 5745 &
%2 T 5(Figure 7,a), —J. TMSCN-ROH A Tix, TN HRF TS L TAERK L
HCN 7% NUOIZ (LIRS 2 2 & CRSRZ A TIT 24T 5 & & 2 b5 (Figure 7,
b).

Figure 7. Generation of HNiCN species

X
H
NiL |
a) R, OH o5 . LeNiL ON R” "R _ HNiCNLn,
R~ "CN L/ O\FR.
R 11|
VI
b) NiLl’lg .
TMSCN + ROH  ————> HCN ———2 » HNiCNLn,
“TMSOR -Ln

11X

TV ASKT D EA A T TNBIE R O TR U RO, IR LT
= -allylmetal $5{K Z2 JERL 4~ 2 REBRERE S B2 STV D 20, & 61T, BHFFEEO KNI
T Ly VEBEORILKEE R LIERERNS . T L OFRLRFE~DE R X X kI X
> T r-allyl = 7 VSR ARL L, F 72 5-exo Bk K R STAIMURE A B2 L BRAL AR IR I2 =
% B HERE Z 4278 L TV 5 (Scheme 34)1213),

Scheme 34. Cyclization reaction pathway of allene-yne

H
TSN /\/// Ni(0) TSN/\)_E\\ S-exo & re. TSN H
— \___NiCN NCN
N
R R
I
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EEPITT 3Ty 7V RIS S [FERIC = -allyl = > 7 LV R 2 8 3 2 RO B
HCTHEMICHIITE %, BIES 2 TV DAY 1 7 L% LU FIR LT b (Figure 8), A7
vV U TRONE, B Fr A XU Ic kY o0k Path A K O'B #RRCH#EITT 5 L& 2
bivd, £7. AC H2kD HCN 23 0 flid = » 7 /b ~E LA L, H-Ni-CN 2347 5,
ZDOEERNET L ~DOE Ra XX ARIZ X > TS BMAT 5, Path A TiX, 7 L2
DRFE~DOE = L— g 0280 nallyl = 7V RBRR AR L Fi< 7 L2 Kim
RSB DLEFIRNZ T VX = V2 AT VI L, = AT L BRI Hi 7272 C-CHREB DAL L.
AR IIL SRS 5, F 0%, EITAIBEESHETT L. A& K ONLIR L FE N 52 RIS HilE S
Ty 7V TIRA 25258 61T, Ni(O)z’)iﬁéE?“é —J7. mrallyl = 7 VRN
TAXAFFAETICEDOE FRTHINBENET L72GE IR, BIAERmE LT Rrv T
JAEE B 3E b D, Fio, KERT L HLRE TR < KR FEISAIN L7256 12 1.
Path B (TR HRAII 2AET 5, ZOPREEITERGICHE S 202 £ 0 FiE o isk
ERCHIMECICED EEZBND,

Figure 8. Plausible catalytic reaction pathway of 3-CC reaction

H
H R'
EWG
Arlﬁ/\)\)\l/ ~ .
R A CN Ni(0)
Path A Path B
reductive elimination oxidative addition reductive elimination
HO ><CN
H R
> EWG
X .
AN H-Ni-CN AN / NiCN
R - NiCN |
R
11
hydrometalation AN /\///
R'———EWG / lli
H reductive H
AN /\)\/ CN elimination AN /\)_\\
R R NiCN
B 1
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—J5. ArSO2 DR B U BREMILNTIILL T O X 2 IZHBATE 5 (Figure 9), 77205,
P(OMe)s DRI THISHIE S iz diX, U U EL 128 T T4 U7z Ni-SO2 OENLFE S %51
WrL, 7Ax% g rOMAZRE LR TH LT to I to III), —F. R 2 MeO DA
1L, SO ZEDEFEEN LN D2, T OBRMLFES D EIE iz < <720, x-allylNi H i
KI DLEMSND, TORE, Ttoll ~DOVHRARF LD #ERE L TRISEEDEL
VWK TFREI Szt E 2 TnD, —J, IO P(OMe)s (50 mol%) &Nz 52 & T, 2D
fai o OUIE MR S, AP ERIT ~MRY . FEERICT LR ORI AR T Z LIk o
T@T to IT to ITD), HOSUSHER M LT 2 FFE 2GR TE 5, £/, 7~k
AT L 112 DE DT, ANVE=VEREEZ RN T LT N D ABALL 9 5
Lewis basic 72 BHREM # FF7- 72 72, P(OMe)s (2 L D2 MG R B A DT, U H v RIEFLE
TCTOHBICAy TV o ITROSHEIT LI &b, ERFEFELGET D,

Figure 9. Plausible electronic influence on Ar group

R
o R (MeO)sP_ N
0. _CN P(OMe); (20 mol%) Ph hi
§ v - Nl/ l
N

N s

-P(OMe); H

R =Me: 61% (15 min) Me————CO,Et
R =OMe: 60% (24 h)

R = OMe: 73% (2 h) (50 mol% of P(OMe);)

P(OMe);
EtO,C
82 PN CO,E : Ph NC\N‘ \
\yh/\)\)\( 25 S/N J Me
N ﬁi 4 %\/
R Ni(0) H
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HONE 3R v Y v TR DB
K3y 7V o TS THE LN RERIZIE 2 BB N4 ERA LT o, VU7 K

EORTEATNVIERTDHEEREEEINTALEM TH D, AHilL, 62a ZH VW54~ DL
T DN Tl 5,

TliX, Z20oDF LT 4 VIERSICKIEN, 2B O N T AL VLT 4 U DOBINERNICE
It SN 7= (Scheme 35),

Scheme 35. Hydrogenation-1

Me Me
o 10% PA/C, H, COLEL
= 2kt NETIN 2
TST‘HM AcOEt (0.5 M), rt. TN- )\/
Ph CN 1 h, quant Ph CN
62a 126

NaBHs:Z HW T, 4 BEiA L7 0 O@EIRAIET HIT - 7208, ROSHREIT Lo 7
(Scheme 36),

Scheme 36. Hydrogenation-2

Me

o NaBH, (2.0 or 4.0 equiv)
= 2Et
TsN /\/\A( EtOH or THF (0.05 M) TsN
Ph CN 0°Ctort. Ph
62a 127

(not obtained)
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F7-. 62a (ZxF L Diels-Alder )i % Fi

#f L72(Table 14), Danishefsky = 128a %

FWT, 100 °C TS ZIT > 126 BRALBOSITET &3 FUBANZIE E BRI EIY S u7z

(entry 1), 723, 150°C £ THIR I T2 & COHEMEE Z V| D-AMIERITEIHGELN
7o Tz(entry 2), F72. entry 3 TiX, EiE T 128b KON Yb(OTHs ZEH I 7225, {10
RixfGoniehroiz, vra~FH Yz 128¢c Z VL HE, UK EHEIT LN T

(entry 4),

Table 14. Diels-Alder

reaction

62a + diene " D-A adduct
128 temp., toluene
entry diene (128) temp (°C) tol. (M) time (h) results comments
TBSO
1 100 0.1 4 62a: 87% recov.
w. (128a)
2 OM 150 0.5 20 decomp. sealed tube
e
Z
0,

3 o (128b) 150 0.5 14 62a: 48% recoy,  2dd YD(OTH); (20 mol%)

after stirring for 17 h
OTMS

sealed tube, add Yb(OTf);

4 @ (128c¢) 150 0.5 24 N.R. (20 mol%) at first

SHIZMN TV R2BEHAL 7 4 T 2T Y MMEa et Lz, WInoSRETH Kk
ITHEITET. ST A5 7Y 20129 135 57 - 72 (Scheme 37)20,

Scheme 37. Aziridination

Me

CO,Et
TSI\lf M 2 |

Ph
62a

CN

NBS (20 mol%)
TsNCIMe'3H,0

MeCN (0.1 M)

Cu(OTH), (5 mol%)
PhI=NTs (1.0 equiv)

MeCN (0.02 M)

36

N.R.

TsN

Me

M COzEt
NTs

Ph CN

N.R.

129
(not obtained)



FEWTIHRERIC LD 2EHA L 7 4 DRI IMEFE LRSI LEZN, WIhoFFETHT
RE T FIK 180 1315 5725 - 7= (Table 15) 22,

Table 15. Epoxidation-1

Me Me
CO,Et Et
TsN /\/\)\( 2 TN /\M( CO,
ll’h CN conditions I'Jh o CN
62a 130
(not obtained)
entry conditions results
1 mCPBA (2.0 equiv), CH,Cl, (0.2 M), rt, 2 h N.R.
2 FeCls (10 mol%), imidazole (1.0 equiv), H,O, (1.7 equiv) 62a: 55% recov.
acetone (0.1 M), 62 °C,1d
3 MTO (excess), HyO, (2.0 equiv), pyridine (10 equiv) N.R.
CH,Cl, (0.1 M), rt,1 d
4 1) NBS (13 equiv), THF/H,O (1:1), rt, ovn. decomp.
2) NEt3

Flo, BT VI T AICED 4EBRA LT 4 VERF AL MRE LA, RO e i
1T L7273 - 72 (Scheme 38) 29,

Scheme 38. Epoxidation-2

Me ALO; (3 equiv) Me
CO,Et NaOCI (70 uL CO,Et
TSI\‘I M H al (70 uL) TSNM 2
b ¢N MeCN (0.4 mL) I N

CH,Cl, (0.3 mL)

62a 131

(not obtained)

WA = AT VERG DA G b et L=, £ 9. LiBH4 2 F\VW TR I 2 17 - 72(Scheme 39),
ZOFER, T AT VI VR =)V DB IGEIRIGETT 3L, B RIRTHINT 5 k7 /L=
—/)L 182 157~

Scheme 39. Selective reduction of ester

Me LiBH, (1.2 equiv) e
TsN W\(CozEt MeOH (2.0 equiv) W
3 THF (0.5 M) TSN ol
o N 15 h, 89% Ph N
62a -
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IHIC, ol k7 va—n 182 Zxf LE IS E R L, £, MV Zmr7t
F =R U L% AT Overman Hafiz 240021 T o7 & 2 A I 183 AR L., Hev TR
IS M RIS TRIR TS 21T o 728, BRI 1834 135 b ien oo
(Scheme 40),

Scheme 40. Overman rearrangement

Me CCLCON (2.0 equiv) Me f
TSI\|I /\/\)\(\ OH DBU (2.0 equiv) TsN WO CCly
Ph CN CH,Cl (0.1 M) Ph CN
132 133

toluene (0.2 M) TSI\H
150 °C Ph CN
134

(not obtained)

Aza-Claisen B{7. S ts & it L 72 (Scheme 41) 249, 182 725 HZEFUEFE L, HRLEE DR
T 186 b, TDtk, /XT7 U0 MM X DN IS LTz, A RFvT7 =0 &
OHHEIERME LTRSS, FRE L TIT 182 OB ZDDHRIE-T-,

Scheme 41. Aza-Claisen rearrangement

OMe
OMe Me JC\F3
cl NaH (1.05 equiv) /\W -
132 + ©/ TsN (0] N
F3C*\N THF (0.05 M) ‘
4 h, 132: 4% recov.
135 (1.2 equiv) 136: 66%

Y’
PdCI(PhCN); (20 mol%) Me NOOM&:
AgOTf (40 mol%
g ( 0) TsI\II /\/\)V

CH,Cl, Ph NC

137
(not obtained)
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T L2188 AV, [B+2ABLE S A Bat L=, 7 a7 139 13 &b,
JEEE 62a Doy fiR D A& B L 72 (Scheme 42) 29,

Scheme 42. [3+2] Cycloaddition

PdCl,(PhCN), (10 mol%)
dppe (12 mol%)
Me NaO'Bu (0.5 equiv)

HOBu (1.1 equiv)
CO,Et —_— y
TsN M( ? * : TsN /\/\\\\\“‘ @
| (pin)B toluene (0.2 M) | Me “CO,Et

Ph CN Ph CN

62a 138 (3.5 equiv) 139
(not obtained)

CIETOMET, 622 I LN T AT LT 4 OMBERINBE L AT L LR =
IV OIEIRNA)IR T A RN LT,
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FE TR COMEBEROSARERNE N T RS

Vv de

i TS

plil

A L7238 . 7AX DO T 2RI VAR = VEMROBEEEE A & ) S THAEO &
WG T 5, Lol BEEMAFEAICIT—MRICHIRAH O . FHTHAET L F 2 0D K
JEONLERIRMEIL, 7TAF U EREORR S TLAGETE o), RAlClET REH
FHBECTH oz 1o Filz X, TAF A AEHRIED —HFN AT b9 — FNRNARIZ &S
W Bu K ONTBS 28T 288 Tl 141a MEEICAERT S, Lo, MOM ETO—
BT NFNIEOGE . B RN TET, AT 111 O RMEEIEEGY & 72 5 (Table 16),

Table 16. Regiochemistry of hydrocyanation using internal alkynes

R yield (%)  141a:141b
HON R Me R Me Bu 78 90 : 10
R——Me — >:< + >’_—< TBS 38 98 : 2
Ni(0) H CN NC H MOM 84 50 : 50
140 141a 141b CH,CH,OH 90 45 : 55

—J7. EE kST v x
Figure 10. Nucleophilic hydrocyanation using activated alkynes
> S %6 Ni it Lot :
1) Phosphine-catalyzed

THAE L OVRERRPY e R PPhy, Me,C(OH)CN H  CO,Et

nLT egEmEshTe T o R
% (Figure 10)20, K27 142 143 ant-oeCN
I LB Koy sy ) Ni-caabzed

TiE. HON 07 > FHHic R——com o TR S
Ko TUT /BT AT IV a 144 145:I\Isfzn-&;1ti—/3—CN
NL, KFDBALICENENN 5 conugated addition

U7 anti-a-CN K 1438 2315 N KCN, NH,CI R>:<H
H5ib, 0fio> Ni il & 7 v NC  CN

146 147: anti--CN

F= 7 izl CN B %
BALEBIRYIZEATE, KCN &7 7% o2 AWV ATl anti-B-CN 1K 147 %
525,
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—J7. Bl L7z 3 By UG O 7 % o E — M O EhETE T, B U DL A FILENR
BMASNIET XU EOSCHAH LIERER, 7Ly B USET. 7% ok Rrv T/
bR 120a DMEIR 2N 55 6 1072 (P. 29, Scheme 30), 120a DN E & ONWLARLZ X X #RfG
ST IC L DV IRE L, Y UMIIITAKRENRZRT IV afn, 7 /KR BAICEAS R
syn-B-CN K TH 5 = & BN -7=(Figure 11), = OFEERFERIL, Nifibgtic X 2NE 7 L%
> ONLE K ONEARPUEFIEIZ ) L7 ID TORITH 5, Wiz, IEom EEHfEL, B
TR LT

Figure 11. Stuctural determination of 120a

Ts\N/\//-/

Ph Ni[P(OPh);], (10 mol%)
Me,C(OH)CN (20 equiv) Me O
67a P(OMe); (20 mol%) § ~__N

NC O ~
toluene, 100 °C, 1 d H | =

allene: 100%

+
O

P N TECOVELY  alkyne: 31% 120a (5%)

// (0] \Ej syn--CN
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5 RSSO R

Z T, Re Fa o7 2T H USROG % 5t L 7= (Table 17), entry 1 T,
P(OMe)s i sz iT-o72E 2 A 8 Rrv 7 /{kik 120a OILERN 73% £ Tk L7z,
Ni filt it 2 -9, AC OB TRISEAT o 723, RO E R < H#EIT Le o 7o (entry 2), — 77,
RAT 4 UfilEiz kv e Fe o7 2T Lz 72 (Figure 10-1), S A7 7 A b b IAEE:
FOGSREITT 20 %R LTz, 1 480 P(OMe)s & WL 2 A 7223, BIUD 120a 2345
SR oToizh ARENMZBWTIE, NiflliEnN WA TH D 2 &R o z(entry 3),

Table 17. Conditions survey-1

Me,C(OH)CN (20 equiv)

0 Ni[P(OPh)s]4 (0 or 10 mol%) Me O
P(OMe); (0 or 100 mol%)
AN N
/U\ 0 /\m NCTN

0 X
Me toluene (0.5 M), 100 °C, 15-19 h
119a 120a
entry Ni cat. (mol%) P(OMe); (mol%) results
1 10 0 120a: 73%
2 0 0 N.R.
3 0 100 N.R.

—5. RNV ATA119b AN TRETLZSA. B Re T 246K 120b 28 71% T
BoNA, BT & LT POPh)s % 50 mol%z Il x 5 &, 4 R CIESUS 28 sefid9, i
FHPET L7 (Table 18), = Z T, AC % 20 &, Nifitffz 10 mol%. toluene (0.5M)H',
FOSIREE 100 °C Z A D B il St & R E L7z,

Table 18. Conditions survey-2

Me,C(OH)CN (20 equiv)
Ni[P(OPh);],4 (10 mol%) - . | 0
Y (OPh);  time(h)  120b (%)
Me—=——CO,Bn P(OPh); (0 or 50 mol%) Me CO,Bn
= 5 B
O ! 0 15 71%
toluene (0.5 M), 100 °C NC . *
2 50 mol% 4 47%
119b 120h

*: 119b: 32% recovery.
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B EE A RMEO R

A Reo7 ERISICR L, TAF =Lz 27 L EBEO—BE2 Rt L, £, =F
WNERATNVERT DT VX2 i R BV TRET 21T > 72 (Table 19), —#& 7 L ¥ 13D
BAETIX, BEREOSEINISICEET L Z nbholz, flzxiX, Me, Et X TiXZEh
ZI 5% & 56%DINETE R v 7 /(bR E 15722 (entry 1, 2), bulky @ Bu & Tidk Fr
T AR AL E LT, RO 43R D & B L 72 (entry 3), "Hex K OF ‘Hex £ Tl
BIF7RNRTHM % 5 2 7= (entry 4, 5), — . BRERELZAET L7 /L F/VETIE, I
DESVOSHEICRESEZE L, $7obb, AF L% 258325 TBS KU Bn =—7 /L
ORGSR Tt Loxtin 32 8 Rue v 7 bk % 73% &% 100 62% CH- 2 7243 (entry 7, 8),
AF L —ODEA T, MUSEE LI E HIZIKT Lizlentry 6), 7 = =/L7 L% Uik
KT, BIBECTH, MSIERMZEL, BYE 41%DOIETH - (entry 9), S 51T,
TMS R OEREREZHFTHEE 611, 610 W\ TH, TREDOIETERDZ 5 2 7-
(entry 10, 11),

Table 19. 3-substituents on alkynoate

Me,C(OH)CN (20 equiv)
Ni[P(OPh);], (10 mol%) R,  CO,Et
R ——=—=—CO,Et S H—
toluene (0.5 M), 100 °C NC i
61
148
entry R, time (h) 148 (%) rg;‘[“;o/‘:)f
1 Me (61a) 55 148a (75)
2 Et (61i) 2.5 148i (56)
3 Bu (61m) 3 148m (0) dcomp.
4 "Hex (61b) 2.5 148b (61)
5 “Hex (61n) 3 148n (59)
6 TBSOCH, (61d) 24 148d (16) 7
7 TBSO(CH,), (61¢) 25 148e (73)
8 BnO(CH,), (61g) 3 148g (62)
9 Ph (61j) 20 148j (41)
10 TMS (611) 3 1481 (50)
1 Ts(Ph)NCH, (610) 24 1480 (36) 40

*: toluene (1.0 M)
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WIZ, AT VG DR A it L7 (Table 20), 61la Tt INHE 75% Tt Fry 7 /1L
KZ&157- (entry 1), U UV T, BUSKRIDMER U7 A3, [RIFREE OfE R % 1572 (entry 2),
— . RNV NVEOFERNTNACE G KD D WVITRGIEZEA LR, WIhbET
BRBEONT, RIS KHET D e Fa v T 2 {bik% 157 (entry 3-5),

Table 20. Substrate scope of ester

Me,C(OH)CN (20 equiv)
Ni[P(OPh)s]4 (10 mol%) Me CO,R,
Me—=—=—CO,R, —
toluene (0.5 M), 100 °C NC o
61 or 119 120 or 148
entry R, time (h) yield (%)
1 Et (61a) 5.5 148a (75)
2 2-PyCH, (119a) 16 120a (73)
3 Bn (119b) 1.5 120b (71)
4 pMeOBn (119¢) 1.5 120c (85)
5 p-CF3Bn (119d) 1.5 120d (84)

ERERELEALLEE 610 T, RINELE S22, RSB ERITET T2 2 &3 b o
7, MEHOREWIEE 149 20 Tx 27 L O E#ILL) B 2 M5t L7~ (Table 21), AR T
. R & B S S BEINEE TS S 7o 7oL IERIZ TH NMR IS & » TR L7, Et XU Bn
HEoOHAIT., IZIFRELRFERNME SN entry 1, 2), NTAICERRIEZEA L Bn Y
149c¢ 10 149d TIEIF & A RSB ETE T, RIERIZK D - 7= (entry 3, 4),

Table 21.
Me,C(OH)CN (20 equiv) CO,R
Ni[P(OPh);], (10 mol%) P
Ts]\l] /\/\ o TSITI H
Ph CO,R toluene (0.5 M), 100 °C Ph CN
149 150
entry R time (h) 150 (%) ijg"z%")f
1 Et (149a) 22 41 49
2 Bn (149b) 22 42 35
3 MeOBn (149¢) 9 9 78
4 p-CF3Bn (149d) 24 6 61

yield was calculated by NMR ratios
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F/m, BEORDLVICBEETREREZEAL-EE 151 2 W T AT /L0 E#IES R 2
HtL7-(Table 22), #D#EHE-. Et 1V Bn = AT /L DI ) WNRBNEm>T-,

Table 22.

Me,C(OH)CN (20 equiv) COR

BnO/\/\ Ni[P(OPh)s]4 (10 mol%) B0 /\AKKH

CO,R toluene (0.5 M), 100 °C

CN
151 152
entry R time (h) 152 (%) recov. of 151 (%)
1 Et (151a) 24 14 63
2 Bn (151b) 22 30 33

yield was calculated by NMR ratios

KIZ, N-Boc A BALTEEZE Re o7 JMEBUSICf L7 2A, RFEIKSLTH
JFERD AT L. IR THRY 154 M 600 & & 6T, Boc 23472 155 2N EAERY
ELTHLNE, BT, 165 Dk Fry T J{bik 156 & 20% TH LI, ZORREND

S

BDHE . REHEIZ, B a7 LV Bocfb 2B L2 212720, Boc ka2 A9 5k
BIIAKSICHEE CTE2WnWeEEZ NS,

Scheme 43. Hydrocyanation using Boc-substrate

COQBH
TST\ll /\/\/j\ H
Me,C(OH)CN (20 equiv) Boc CN
Ni[P(OPh);]4 (10 mol%) 154 (16%)
toluene (0.5 M), 100 °C +
Boc CO,Bn 14 h, 26% recov. CO,Bn
153 TsN /\/\
I A >
H CO,Bn TSW/\AH\H
H CN
155 (32%) 156 (20%)

Et XV Bn = AT LDIFHIWNENEN-T-T-0, OB E AR L. = 2T LR IZHON
THast L7=(Table 23), Bu LA TGS AMIZHEIT L, Et =B Bn T AT VA 2 7285

AN

. Wb B Fed7 bk 168 AT Bt OBRIIZ#K D - 7,
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Table 23.

Me,C(OH)CN (20 equiv)
Ni[P(OPh);]4 (10 mol%) R,  CO5R,

R, ————CO,R =
! 22 toluene (0.5 M), 100 °C

NC H
157 158
. o recov. of
entry 153 Ry R, time (h) 158 (%) 157 (%)

1 157aa Et 3 decomp. 0
‘Bu

2 157ab Bn 22.5 0 85

3 157ba Et 2.5 61 0
"Hex

4 157bb Bn 6 14 83

157ca Et* 20 41 0

157cb Ph Bn 24 0 78

7 157cc pMeOBn 24 0 46

8 157da Et 3 50 0
T™MS

9 157db Bn 22.5 0 33

*: tol. (1.0 M).

T, Lo B FE L7z (Table 24), AR L7 TMS 7 V¥ = /L= A7 VN HIOE K
a7 AR ERREDOIETH 272 b, v U VI allyl ZHEA L7-EE 159a & H
WIS L7z & 2A, BRI 160 134554007 B O i#I /& > T (entry 1), ARG
VUNANRKICHAFRETH LN, BRREOBEE IICL s THGHICE L EDLD Z Enbho
oo £72ReZ a7 b= AT 00 LIEGA B Fu v T J{bER S b0 5 7= (entry 2),
Bux A7 /L TIE REHIS L Th OGS ETE T FEHEIL O 2272 - 72 (entry 3),

Table 24.
Me,C(OH)CN (20 equiv)
Ni[P(OPh);]4 (10 mol%) Rl Ry
=" toluene (0.5 M), 100 °C I
oluene (0. ), NC o
159 160
(not obtained)
entry 155 Ry R, time (h) results
1 159a Me,(allyl)Si CO,Et 20 decomp.
2 159b Me COCO,Et 23 decomp.
3 159¢ "Hex CO,'Bu 26 55% recov. of 159
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FEOUET AR A 7 L DB

BB IEANICE Lz A 1 = X A (P. 33, Figure 6) & [AkEIC, A Fe v 7 J{BIZLLFo X
HIZHIA T X % (Figure 12), £9°, MLAOFTINC X > TR L7z H-Nil-CN (2 7 /L% > 3 il
fZL, B R AZUIC LY T ==y r VRETIT RONTIT 24 U, i < BEerbistic X
S TENENRIET DEBMDBGEOND, 4 F TOT VX TIKERRILD & & S DALEER
PEOHENCEHETH Y . —RIZIT 2 FHEO AN 160 X1 160° % 5.2 5,

Figure 12. Reaction pathway of hydrocyanation using internal alkyne

Ni(0) R, R R, R
Rl — Rz H_ + >—<
HEN NC H H CN
159 160 160'
R —==—R, R Ry R, R,
G — or —
H-Ni—CN NCNi°  H H  NiCN

Ll
[
ol

1

— . EENABLET A= Lo AT L0 ey 7 {ETik, -0k Fav7 /b
EREEND Z b, A 7 L E2LIFO X 51254 L= (Figure 13), 7, [AkkR=
T NVFENSET VF =)V ATV Ra 2 Z LR EIT L, ZOBEBET, PEETI O LD
2k RU FEZ AT A NR = VEOH EAERIC & o TAEEIPER BT 5, KERT A
TN afIEAS L, BHicle CHBEAENER LIehBERITIICE S, 20k, ErriibEc
XV synB-CNIK158 #5256 LE 265,

Figure 13. Plausible reaction pathway

HCN source
Ni[P(OPh);]4 (10 mol%) R  CO,R?
R] — C02R2 —
toluene (0.5 M), 100 °C NC H
157 158
syn-f3-CN
LaNi(0) + HCN
oxidative
addition i

reductive

H-Ni'—CN elimination

1 2
R! _—(ORZ hydrometalation R COxR
— =
NC—Ni_ 0 NCNi°  H
H
1 1I
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NI LMEEZ WD e R 7 ) — A b THRBEOBIREN BT 2 2 L2 WEINT
W5 (Figure 14)27, 3725, 157e ZH W =54, AcO-PAd-H RN T L3 BN L, &
RUREZATAHNR= VOB LY , ATV o [TKBEDOTHABER LR Z
D% KTV ARXZNMAL-IZTHIBBEC X Y 158e NEAKME LTHLNS,

Figure 14. Hydrophenylation of alkyne

AcOH, Pd(0)
PhB(OH
"By —==—CO,Et (O,
157e
"By—==—CO,Et
AcO—Pd—H

"Bu CO,Et "Bu CO,Et
_ + _
Ph H H Ph
158e 158e'
(major) (minor)
80% (4:1)

|

"Bu  CO,Et "By CO,Et
. _
phpd  H H  PdPh
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FBIE BRI BT D AT

3 BT ERE SOSIZ BV T ArSO2 JEICFE i 5D MeO 23 U7z o -allyl H A % %
b3 2% Z & &k L7=(Figure 9), = 2T, HEMEELHFT L7 /0% 161 ZHV, ALK
=V E I R & KRt L7 (Table 25), & R X & LKFZ Ni il & SOz O HAEM
AAE UL, FEIMNO TR A 23E T, AR VR T LA = L-Ni PIREIRO %2 @ & 1R
L. BITHIBEEC L > T162 BNERTHEEBE X, LarL, R Me H 5\ i MeO KD
A NCE R 162’ OA R I TEF, 162 & 162’ 11T 2:1 OETH X 7=,

i

Table 25. Hydrocyanation using Alkyne

Me Me
o Me,C(OH)CN (20 equiv) / H p CN
C 0, /—— Me Nj[P(OPh);], (10 mol%) 0, o
R S N 2
‘Ph toluene (0.5 M), temp. RQS ‘N CN + R@S ‘N H
Ph Ph
161 162 162
; T ]
Phlﬁ/\)\\ Me .
—_Y e : c
Ar s\go NiCN /_/2—11 /_/27NiCN
3CC's intermediate Phl?l /_NiCN PhTTI q
Ar—S\\—O SO,Ar
o A
entry R temp.(°C) time(h) 162 (%) 162' (%) more stable?
1 Me 100 1 54 34
2 OMe 100 1 56 27
3 OMe 70 ovn. 54 24

— TN 168 WL Z A B Fa T 2 {kix e < #1T L7220y - 72 (Scheme 44),
ERDT N IIARRSICE S W EEBEZBND,

Scheme 44. Hydrocyanation using Alkene

S N
Ph toluene (0.5 M), 100 °C

N.R.

/P Me,COOH)ON (20 equiv)
M OQOZ J Ni[P(OPh);]4 (10 mol%)
c

163
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GENT, EH LSRN TV NWTAF U ETAXF = LT AT VA Ra o7 2{elicst LKs
PEIZ DWW TS 2B 21T > 72 (Scheme 45), 164 & 119b @ 1:1{EEW % SIS L7z, 20
SYTT2REDOT R UBHEEL L, 164 KD 165 & 165’ %11 119b HkD 120b AT hTh
oLz, 164 (Zxt LEREMICE Fr v T JUEAF 54, 119b 205 72% T 120b 7355
N2 &b, WFDOM TRIGEIZZEZN 2,

Scheme 45. Competition of alkyne and alkynlester in hydrocyanation

Me Ph Me Ph
Me———-7Ph >_< 4 >_<
164 NC H H CN
(1 equiv) Ni[P(OPh)s]4 (20 mol%)
165 (87% ' (149
Me,C(OH)CN (40 equiv) (87%) 165" (14%)
+ - major minor
tol (0.25 M), 100 °C, 20 min
Me—==—C0,Bn
Me CO,Bn
119b —
1 equiv NC H
(1 equiv)

120b (72%)

WIZ, 20U FDORFB-IRFBLEFEEEATHIHREICAKCEZICHT S Z L 2B, LLF
DH'E 166 =T VA > L7-(Scheme 46-48), fLERINMet Kuv 7 /{bé 7 U L-Ni HH

ROARIT & o Thik &2 R BALBUS N BT E D iR LTz,

Scheme 45. Competition of alkyne and alkynylester in hydrocyanation

Me Ph Me Ph
Me—=——Ph >_ < + ; — <
164 NC H H CN
(1 equiv) Ni[P(OPh);]4 (20 mol%)
165 (87% ' (14%
Me,C(OH)CN (40 equiv) ®7%) 165" (14%)
+ major minor
tol (0.25 M), 100 °C, 20 min
Me—=—=—CO0,Bn
Me.  CO,Bn
119b —
(1 equiv) NC H

120b (72%)

F9. 3ODLEMEAEATDHT -V A K166 = HUW G L72(Scheme 46), 3 fi¥HD
ZEMEAGICH LE Rr A X MLOFEFR PRI, b LEIIOE Ka 2 2 LR T L%
SNVERTOVITERCEIT TR, P2 UFRER I 0T LU TLICRMER L, S HICER1L
B N2 TERIBLEEIC k- T 2 BB LA 168 AR TE D LM Lz, LavL., EBICHEL
Tefii ey o= EIIORIC R BT BT X ORI Fr T ST
L, 167 L 16T % KINETH 2 7=,
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Flo, VoA R 169 KR~ K171 bE L, BRIOE Fa 7 Bk
B X EF T8 FRHEY O #2725 72 (Scheme 47, 48),

Scheme 47. Hydrocyanative cyclization using diene-yne

// Me,C(OH)CN (20 equiv)
Ni[P(OPh);]4 (10 mol%) H
TsN TsN —
toluene (0.5 M), 100 °C, 24 h CO,Et
A 74% recovery CN
/] 170
EtO,C 169 (not obtained)

Scheme 48. Hydrocyanative cyclization using ene-yne

Me,C(OH)CN (20 equiv) CN CO,Et
,——=——CO,Et Ni[P(OPh);]4 (10 mol%) H
TsN TsN
¥\ toluene (0.5 M), 100 °C, 23 h
N 50% recovery
7 172

(not obtained)

PLEDOFERNS, TAF=)L 2T V0O Ka o7 bz tE 5 B i D FEE LR CT H
B & L7,

HFNHT  HON JR O

INFETOMFT, TAF = AT AT NVOMEROVARRIRE Fe v T /{bx /R L7
. ARBSICHR LI 22BN E Uz, T7ebb, 4 F THWZ AC 1T TCIGR bk T 264k
XS ORI TH D5, EORIEF LK BN MZ HAv, Fio 2RI ER & LTt
RN/ Thd, TOME, RKETOFHMENRZ L7220, BWPOIENK X
SARTF Uiz, Bz, HE 119d IS/ LW ACWHEEE 72 L) Tl KUSAS 1.5 BifE Toefl L.
120d % 84% CH 2 7223 ¥ LW ACWHEEE H V) TIX BRI 2 LR L CH RIS 5E#EE77,120d
DOULEITFFEE I & & F - 72 ((Table 26),
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Table 26. Reproduction

o] Me,C(OH)CN (20 equiv) Me O
Ni[P(OPh)s], (10 mol%)
/0/ | S NCTTN X
Me P toluene (0.5 M), 100 °C H | P
119d } 120d CFs
entry time (h) 120d (%) {fgﬁv(;j
1 1.5 84 0
2 35 45 38

*: Stablized by H,SO,

% ZC. &IZ HCN JR D ii{l %47 - 72 (Table 27), MR FIZ HCN KON 7 /& KU >
B EEDFIETHRHF L, $7hbb, | TTMSCN & 7'm F A IGSH, 10

Oy Ltk UBH BRI M OY N ARBE 2 BN 2. 2 FIETH 5, entry 1 T, A L7
HCN 7% acetone (2L, RHICAC 2L TE D LB X208, FEERITIT acetone DA HE(Z
BAPR 72 < BB HEST Lz (entry 1, 2), HCN Ji% 5 Y& F CTllE L7HE, ICEETIRT L
7=(entry 3), — . MeOH O v 12 CFsCH:0H # W% &, 10 Y EDEAITIZFRLZE DR
EREONTZN 5 Y& THRIBREDOIENS LN entry 5 & Fili 5 & L7z (entry 4,
5)o

Table 27. HCN source survey

o Me,C(OH)CN (20 equiv) Me O
Ni[P(OPh);]4 (10 mol%) “
? (6] NC 0
Me toluene (0.5 M), 100 °C H
119d CF; sealed tube 120d CF;

entry HCN (equiv) time (h) 120d (%)

1 TMSCN (10), MeOH (10), acetone (20) 3 84

2 TMSCN (10), MeOH (10) 4 86

3 TMSCN (5), MeOH (5) 3 74

4 TMSCN (10), CF3CH,0H (10) 4 84

5 TMSCN (5), CF;CH,0H (5) 5 85
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VT, ZORESGMECTREOMT 21T - 7=(Table 28), ACHiEE7: L)D S L~ X
ERETER T LR, 7 VIEOEBALAATRETH V| xR LB IC ISR TH DL Z &
Donole, TATAEHZITOWNWTHF LIZEZ A, BFRIETE Fe 7 R ZENn
ZniE S 7= (Table 29), 4% Z 052 HWT, ESICHEE - RIEOKFE1TH TETH
%,

Table 28. Substrate scope-1

TMSCN (5), CF;CH,0H (5)
Ni[P(OPh)s], (10 mol%) R, CO,Et

Ry —=——CO,Et —
toluene (0.5 M), 100 °C NC oy
61
148
entry Ry time (h) 148 (%)
1 Me (61a) 6 148a (72)
2 Et (61i) 5 148i (40)
3 "Hex (61b) 23 148b (49)
4 “Hex (61n) 3 148n (46)
5 TBSO(CH,), (61e) 20 148e (33)
6" Ph (61j) 22 148j (17)
7 TMS (611) 5 1481 (18)
*: toluene (1.0 M)
Table 29. Substrate scope-2
TMSCN (5), CF;CH,OH (5)
Ni[P(OPh)s]4 (10 mol%) Me — COR,
Me — C02R2 H
toluene (0.5 M), 100 °C NC H
119 148
entry R, time (h) yield (%)
1 2-PyCH, (119a) 22 120a (47)
2 Bn (119b) 4 120b (90)
3 pMeOBn (119¢) 3 120c¢ (88)

53



e =4

o vrsulubt KA ETATAF =L AT A0 Rav 7 1k

Varaxd

B vrzuFuov AT IIFrOe a7 4k

UFREORMNT L= raraxrize Ra v T UGS U, L8 & ORI
M 72 BRBHZLROR 27 L L T 4 (Figure 15)29, §7cb b, 1,8- EH{T L 178 #HE L L
ERas T {b%E1T9 L, TLo~Db Ra=y bl Lo THREUET 234 U714, P
MAZIRY . PRIERIT & 720 fie< B-IRFEMBEC LD 3 BEMNAA L, EXAINEEL T
bRy 7 J{bfk 174 I2E D,

Figure 15. Ring opening reaction using allenyl cyclopropane

Ni(0), Me,C(OH)CN oN
Ph M Ph W o
H

173 174
\ hydrometalation {
re.
B-C elim. NiCN
Ph /\%W — W - ph /\l/\l_,ﬂ\/ i
H H H
1 I I

FIT, vrudueVKEETLEHW.. BRINCAE LTV =v=y 7 VN S ER B
RO NIN AL C, BEx it To7-, £9. = AT VES N Me, Et. Bn, ‘Hex
HAE2ZznEna L7-(Scheme 49, 50) 29,

Scheme 49. Synthesis of cyclopropyl substrates

"BuLi (1.2 equiv)

CICO;R (1.3 equiv) - Me-
I> — THF O2 M) D = CO,R R =Me: 2 h,176a (83%)
: R =Et:1 h,176b ( 92%
175 -78 °C tort (92%)

R =Bn: 2 h, 176¢ (quant.)

Scheme 50. Transesterification

Zny(OCOCF3)0 (5 mol%)

DMAP (20 mol%)
[>—=—coMe + <HexoH [>—=—C0,Hex
. Pr,0 (0.01 M), reflux, 17 h, 80%
176a (2 equiv)

176d
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Bonizyrsara LT ux e Ka v 7 AL L7z (Table 30), fifig % & % 72
Wittve Yy b AC ZHWTHF L7z, Wi s T L7 BREAAERMIISE 5T, Ak L
TeROGFR ETRRY 2FDOE Fu T J{UER G LN, KX ITHWVISRBEEERTH Y |
syn-B-CN 1K & & D HEMAR anti-B-CN (K & i@ L7z, MEREITREI Tk~ 2%,

AFNVEAT L ZF VT AT VOGEIT BN ERITIHR L, syn-B-CN K & anti-8-CN
KEENTH 211 KO 1:1 DR THE(entryl, 2), X VLT 27 /LT, TLC ETOJR
e syn-B-CN KOSEENREETH Y | 1 R CTRISZ LT & 2 A 30%DIFEERFRIE L |
symanti 8 2:1 £ 7p o 7=(entry 3), — 5. V7 A A~FIILT AT ILTIE, anti (K FARKY)
L7200 syntanti O FIT 1:3 & 72 o 7z (entry 4),

Table 30. Hydrocyanation using cyclopropylalkyne 176

Ni[P(OPh);]4 (10mol%)
Me,C(OH)CN (20 equiv) COR NC CO,R
%COQR — —

ol (0.5 M), 100 °C N u i
1

76 177 177

(syn-pB-CN) (anti-B-CN)

entry 176 R time(h) 177 (%) 177 (%) f;?z%")f

! 176a Me 3 177a (41) 1772' (17) 0
2 176b Et 1 177 (52)  177b' (44) 0
3 176¢ Bn 1 177¢ (30) 177¢' (16) 30
& 1764 CHex 3 177d (13) 177d" (45) 17

*: Yield was calculated by NMR ratios

w2, Mnsv7 7 e R OB R ZHE L7z(Table 31) 20, 9, Y7 xz=1v
77 RUERWESATIE, 2 R TRIGAER L, anti (KOARKD 4% D H T, syn {k
NAC DA LIZIERBEE TH-o7z(entry 1, 2), YU A X T7x=)l) T /b RJ T
. BEERIAE LChH, FEAEE LA, 17T IR E A CARE T, BHEOATH -
7(entry 3), HFEFE KDY T /& N URNAKIGO R LZMEITELLEZZ2, 7==LHE L
DEAHIZNE S FH Lz (entry 4-10), 7 ==/ 7 a0 = h U JLIZHONWT, 7 x=/LED 4
PAZFE WS IED CFs LN Cl & 2N EIVEA LT, 1770 O A T & 72 B RSRER
FERSCUCE DL T Z# W o (entry 4-6), —JF7, MeO & ZNENX BB 2, 3, 4710
AL7ZHO, K 3,4-diMeO 7 / & RU U TiE, B2IC 1770 230 < 4v, 2-MeOPh LA
SMEIRIE 22 315 iz (entry 7-8), ABUSIZX L & IR A ET 5729, entry 3 &
entry 9 D7 /b RU U ZBRY, RIZU W FOMEE{T>72,
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Table 31. CN Source Survey

Ni[P(OPh);], (10 mol%)

. : CO,Et NC CO,Et
D — OBt cyanohydrin (2 equiv) <g:< . _ 2
toluene (0.5 M), 100 °C NC H H
176b 177b 177b'
recov. of
entry cyanohydrine time (h) 177b (%) 177b' (%) 176b (%)
1 Me,C(OH)CND 2 52 44
2 Ph,C(OH)CN 2 54 4
32 (4-MeOPh),C(OH)CN 21.5 57 trace 40
42 (Ph)MeC(OH)CN 19 47 trace 37
52 (4-CF3;Ph)MeC(OH)CN 18.5 15 impure 63
6 (4-CIPh)MeC(OH)CN 7.5 41 impure 0
72 (2-MeOPh)MeC(OH)CN 16 24 - 11
8 (3-MeOPh)MeC(OH)CN 3.5 43 trace trace
9 (4-MeOPh)MeC(OH)CN 2 48 - 0
10 (3,4-MeO,Ph)MeC(OH)CN 3 48 - 0

1: AC (20 equiv) was used; 2: yield was calculated by NMR ratios

4-MeOPh)MeC(OH)CN } 18(4-MeOPh)2C(OH)CN % U #' > K% flfi 4 fifit L 7= (Table

32), 7.
( ) ” ﬂq Table 32. Ligand Screening
P(OMe A
) ° Ni[P(O}l:h()fJ 4 (( 12 0 mgl‘?)
ES - L= cyanohydrin (2 equiv

el 2 A, S — com L oand <g:<C02Et N CO,Et

19 RFf RS S 27 oluene (0.5 M), 100 °C Né H Y

THIFEEDHEE 176b 177b 177b'

W _9,\_\\ U 7’] Y }\ 75’ (not obtained) f

W% 720~ entry 1 entry cyanohydrine Ln (mol%) time(h)  177b (%) ;;;EV(OZ |

0)%/5\; D LIX%_{ 1 none 2 48 0

_ 2* P(OMe); (50) 19 41 12
I L7z (entry 1, 3 P(OPh); (50) 1 67 0
2). P(OPh)s &% 4 P(OPh) (100) 1 62 0
(4-MeOPh)MeC(OH)CN

LZ 4 50 mol%, 5 P[O-(4-MeOPh)]; (50) 1 68 0
6* P[O-(3-MeOPh)]; (50) 3 35 15

100 mol%% Ji v 7" P[O-(4-CF5Ph)]; (50) 15 57 17

THFTL=2, & 8 bipyridine (50) 16 18 0

555 1L 9" none 22 57 40

N T DS 5EHE 10 (4-MeOPh),C(OH)CN P(OPh); (50) 2 41 0
11 P[O-(4-MeOPh)]; (50) 56 0

L. HE® 177b

*: yield was calculated by NMR ratios

Z 67%& 62%D
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W TEZ, UH Y FOBINZ XLV IROLEFILR SN 7= (entry 3, 4), 4 /712 MeO %
EHTDHRAT 74 M AWV L7z R, 68% CAERY I S S L7 (entry 5), entry 6 Tl
MeO % 3ZICHEALIZARAT 74 FTIE, FEEPERAE L, BIRICKD-72, 51T,
PlO-(4-CFsPh)]s T . JFUEIAVEETE L. IS 57%C 177b A5 57 (entry 7), £7-. EE
U VU NARSIZ#EE TRV E b o Tz (entry 8), (4-MeOPh):C(OH)CN % fif 5 54T
1Z. P(OPh)s & P[O-(4-MeOPW]s % U H> R & L7=BA. FEERHEK LZN, 177b OULE
WEITR SN o7 (entry 9-11), ZDT 7 /b KUY U EHAWDLEARICIE, VY RO
MBI RN EEZEZLND,

Iz, TMSCN & CF;CH:0H 2% 1 T HCN H 2 %2 34ET 25 FEL AN, TORE. X
ISR O IER A58 ST, AC HORERA N Z 5 HEIZ SOV TR < BIER o Ak
SERIZHHI &AL, syn-B-CN K(177b) D #7)% 66% T 5 117 (Scheme 51),

Scheme 51. TMSCN with TFE

Ni[P(OPh)s], (10 mol%)

TMSCN (5 equiv)
o CF,CH,OH (5 equiv) CO,Et
[>—==—co,kt —

toluene (0.5 M), 100 °C, 18 h, 66% N

176b 177b
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I, WE 2GR, v 7 a7 e VRICBEEREAZEALZAEEAZ G L
72(Scheme 52), £, cis D7 T VA —/(178) F i D /kEEI% TBS M CTR#EL.
Simmons-Smith it 32T, ¢iss180 (2E W=, =D, PCC L3I X > TxIET 57
Tk K181 ZHREEDINHE TH=, H\ T, 181 % Corey-Fuchs 4L 7 1 &k 324
L7l Z A, U7 uEK 182 % cis & trans (RIEAEW & L TIRINE TR, U F A ba ik
T AULEVFTATEF Y RIZH L, T UMb a4 o728, JERH182a, b)) LT L E
W, BRI 184 13567 o Tz, — . 181 % Seyferth-Gilbert k5% 32 L. K
IR 6 188 BFTth, i< 7 U MLICTHMD 184 IR L < AR LT,

Scheme 52. Synthesis of 184

OH OTBS  ZnEt, (1.5 equiv) LOTBS

TBSCI (1.01 equiv) CH,I, (1.8 equiv) £

| NaH (1.1 equiv) | Ti(OPr), (20 mol%) D PCC

DMEF (1.0 M), 30 min CH,Cl,
OH OH Simmons-Smith reaction \OH
178 179 (75%) 180 (91%)

N
TBSO .~ % -
PPh; (4 i i
3 (4 equiv) 182a "BuLi

CBry (2 equiv)

CICO,Et 184

CH,Cl, (0.3 M)

Corey-Fuchs reaction
TBSO /

A 182b
TB “y i © 119
SO« 'CHO mixture: 11%

181 (48%) N,

PO(OMe),
O (1.5 equiv)

K,CO5 (3.0 equiv)
MeOH (0.2M), ovn. 183 27%

Seyferth-Gilbertreaction

A "BulLi A
TBSO 4, _CICOEL TBSO %

184 (90%)  COEt

=y
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Wiz 184 & AC(HEEE7: L)Z MW Tk R 7 2 {bs % L7-(Scheme 53), % D 5.
3ODEKME H 272, synB-CN K& anti-B-CN KZZ T 12% & 22% TH L= & &
BT, SEBMNA U AERY 186 N EAKME LT 28%TELNT-,

Scheme 53. Cyclopropane cleavage

TBSO
Ni[P(OPh)s], (10mol%) . TBSO
= CN
~ Me,C(OH)CN (20 equiv) 4 CO,Et \/\/i
------- '=—=—CO,Et r—é +

: tol (0.5 M), 100 °C, 30 h N 7l coE
X

OTBS 184 185 186 (28%)

syn-185 (12%); anti-185 (22%)

FoNTSRILEY 186 D& X kot NMR IZ X 0 kE S iz (Figure 16),

Figure 16. Structural determination

TBSO

A RIS E M OB S D 2%

SO 177 OWEEEZWR T D720, T AT IVES 2 IKSE L, 1 ZIECEMISH T
DAV R 18T ZFFTo, T, X BERTIC L > TG ZRE L, KFE LT /7 HER
synfliE Cdh 5D Z L i L7-, (Scheme 54),

Scheme 54. Hydrolysis

<g’<COZEt LiOHH,0 (5 equiv) <g’<cozH o

— THF/H,0/MeOH T

NC H 1 h, 99%, NC | 1
177b 187
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176 7» 5 syn- &N anti-B8-CN K134 RT 2 HM81T Figure 17 @ X 5 IZHERI L T\ 5, 3772
bbHb, TXxrOb Ra=r vy LIZ XV ER LT A==y S A I 62D E £iE
syn -B-CN K& 5250, a7 nike o 27 VENIRK
REBET DT, BBIEA 4> = F VB NRUBER TT ~EHRRD & RE-IRBHEES
AL L, BB ETT 5, RE LTI _EREOKEBREZY, i T7 v r=1=
v VL TIT Z 2R L, eV CEROTHIBE DS EI T 5 & | anti-B-CN{KIZEDL LB X b D,
ZOX O e BT, AR LSRR L RS A DT JBIETH R LT
W5 (P. 11, Scheme 9) 1a, b

JCH BB AS HETT - 2UI

Figure 17. Plausible reaction pathway

Me,C(OH)CN COR NC CO,R
Ni[P(OPh);], 2
[>—=—coxr +
toluene, 100 °C NC o H
176
177 177
i hydrometalation (syn-p-CN) (anti--CN)
<g:<C02R
NCNi H reductive elimination
1
®.
CO,R NCNi CO,R NCNi CO,R
® o ’ —
NCNi H isomerization H H
I I v

— i, BEEST I
= NVANVE 3 LARSE’
BT anti RAERLN
R oiE, FfEfE I1
il /IR N5 /NN
ERAY N T o RN
A& 20 R RAIZ
177 O AR i S
niceE&Exbonbd
(Figure 18),

Figure 18.

[>—=-corR —

176

60

NC

Ni H
(¢}
NC 4’» Ar
Ar

1

(favored)

i

<g=<C02R

NC H

177

Ar
Ar
(0}
\
Ni CO,R

H

I
(unfavored)

|

NC  CO,R
<R:<H

177




N

T == )V HUL A~ D EAAL 73 T HE
THYH., MADLER 6 BEFL— MEEL L D720,
H O R b2 C syn -185,

184 OISITHOWTIE, LLFD X 91

ST, 186 52 5LEERZ BN,

Figure 19. Reaction pathway for cyclopropane cleavage

Me,C(OH)CN
Ni[P(OPh)s]4

anti -185 # 525 & 2 7=,
BIRPICRFB-RBHEAEEVRAAE L, TV UK II 24T 52&E2 615, IHIC
26O B-H BBEC K > TIIT IZE Y, HEIZ CN A7 L2 sp IRFIEMAMTDHZ LIT X

—J7.

TBSO
\/\/\/ CO,Et
B-H eltm

184
H-Ni~CN | hydrometalation
A COyEt
\ isomerization
TBSO-"I\lIi H
CN
1
regioselective
B-C elim.
CO,Et
H
NiCN
TBSO

11

toluene, 100 °C

NCNi.  CO,Et
g "
*_OTBS

61

H

conjugated
addition

2E52 7= (Figure 19), &MIZT LF D R
R=y T BIC KRR T NEC S, v aray Eo cis BiED T 1 %3 A F L EIT
THY, FEKT 2525, ZOFRKITE

RITHIMBE S G5 T AL, TR R
I 725 B-C iRl L - T

CO,Et

NC H
syn-185

+

NC  CO,Et

q "

*—OTBS
anti-185

+

TBSO \/\/I
CO,Et

186



[1]
>f

—Hi E—

et Dt

Eud

Wiz, v 7 uTus Al FERRORNIREREEZ TN EUVEA L, BE Lz, £, Ph
EEGT D cis KO trans D> 7 a7 asXy B %G L7-(Scheme 54), AL 7 1> 187
ZXTNTHEEERE L, BT A a— L O, U7 BB bR OT

IAEBISIZ &> T /IS4 % 191 #8R LT,

V7= = DANZ 9N

Scheme 54. Synthesis of 191

CH,I, (1.5 equiv.)
ZnEt, (1.3 equiv.)
Ti(O*Pr), (25 mol%)

OH

OH

J>W/

X,

cis or trans 187

CH,Cl, (0.2 M)
0°C tort.

Ph
cis-188 (75%)
trans-188 (48%)

TPAP (5 mol%)
NMO (1.5 equiv.)
MS 4A

CH,Cl, (0.5 M)

J>WCHO
Ph

cis or trans 189

CBry (2.0 equiv.)

"BuLi (5.0 equiv.)
CICO,Et (3.0 equiv.)

PPh; (4.0 equiv.)
_—

J>w\ . = CO,E
>¥B PhJ>NW :

CH,CI, (0.2 M) Br THF (0.2 M)
0°C tort., 39% -78°Ctort
cis-190 (77%) (2 steps) cis-191 (56%)
trans-190 (62%) (2 steps) trans-191 (31%)
Table 33. Trans-phenyl substituted cyclopropane
NEoRLGomn Ne_com
[>—=—co,p TR CO,Et
s toluene (0.5 M), 100 °C H
Ph trans-191 NC H Ph
syn-192 anti-192
major minor
. . recov. of
entry  cyanohydrine (equiv) Ln (mol%) time (h) syn-192 (%) anti-192' (%) frans-191 (%)
none 27 24 3 45
Me,C(OH)CN (20)
P(OPh); (50) 19.5 12 6 57

3 none 18 13 0 42
4 P(OPh); (50) 18 9 0 64
5 P[O-(4-MeOPh)]; (50) 35 <33 <9 <70
¢ (AMeOP)MeC(OH)CN (2)  p[0(3-MeOPh)]; (50) 2 <42 <7 <63
7 P[O-(2-MeOPh)]; (50) 2 <24 9 <69
8 P[O-(2,3,4-MeO;Ph)]5 (50) 2 27 impure 52

Yield was calculated by NMR ratios

* 9", trans191 X N ACWHilE 72 L) 5 x(4-MeOPh)MeC(OH)CN & &FfE D H v K% H

W~ Bigt L 7= (Table 33).

WTHRORMETS ., B FRATF
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bole, Y7 /78 R RV Ty FOBEBILIZIAEMNYOINRICEER S, R L
anti-192 [TV TN HIRIETH Y | entry 58 TIHIFEAEEDL LR WIERZST-, BRHA
LA b2 G6T, AL syn-X N anti-B-CN (K Th o7z,

&Iz, Table 33, entry 5 D5 T cis-191 % TG L 72(Scheme 55), 2.5 Kifif] THUi
LD Z A, 50%DJFEEAEIL X4, syn-B-CN ARD&HH 30%DULHR TG H v,

Scheme 55. cis-Phenyl substituted cyclopropane

Ni[P(OPh);]4 (10mol%)
(4-MeOPh)MeC(OH)CN (2 equiv)
P[O-(4-MeOPh)]; (50 mol%) PR Q

D ------ =—CO,Et H

¢ tol (0.5 M), 100 °C
Ph 2.5 h, 50% recovery NC

cis-191 193 (30%)

HEREE B & L, fENEEIO trans194 % AWV TR L7-, ACWHREE72 L)% Hv 20
REISOS LTe & 2 A BN ER L. syn- KUY anti-B-CN (A3 Z 12 47%., 16% THOLI
72(Scheme 56), F7=. syn-195 ZMKZE L. XIGT 2B /LR R 196 [ZEREMIZE T
BT X BAEERNTIC L > TR E L 72(Scheme 57),

Scheme 56.
>—— Ni[P(OPh)s], (10 mol%)
———CO,Et 314
k ? Me,C(OH)CN (20) At NC  COEt
§ COZEt i
- toluene (0.5 M), 100 °C, 20 h H
N\ // trans-194 NC o N
FiC Ar= p-CF;Ph syn-195 (47%) anti-195 (16%)

Scheme 57. Structural determination

F3C© """"" <g:<COZEt LiOHH,0 (5 equiv) F3C© """"" <g:< COLH

THF/H,0/MeOH, quant.
NC H NC H

syn-195 196

||| 0
O
RS
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e\ C, mHex 222 H 95 cis & trans201 LRI FETAL 7 02197 OB ZFNEH

ARk L72(Scheme 58),

Scheme 58. Synthesis of 201

CH,l,, ZnEt,

Ti(O'Pr), \

"Hex N OH Ol

CHyCly Hex

cis or trans 197 cis-198 (76%)

trans-198 (73%)

CBr,, PPh; )>“W\
EEEEE—— p Br
CH,Cl, Hex B

cis-200 (50%) (2 steps)
trans-200 (77%) (2 steps)

"BuLi, CICO,Et
_— —

THF

TPAP , NMO
MS 4A

P —

CH,Cl,

CHO

"Hex

cis or trans 199

——CO,Et
"Hex

cis-201 (quant)
trans-201 (88%)

*9°. trans-201 Z I WERO S Z 4 L 7= (Table 34), (4-MeOPh)MeC(OH)CN KNV
# > K PlO-(4-MeOPh)]s % 50 mol% D 5E T, JFEE % 18% TN & 202 % 28% CTEH L
7=(entry 1), —J. (4-MeOPh):C(OH)CN % H\W\ U H > R7a LOSMHTIE, 2 B TR

SERE L. 202 28 58% T H LT,

Table 34. trans-Cyclohexyl substituted cyclopropane

Ni[P(OPh);]4 (10mol%)
cyanohydrin (2 equiv)
Ligand

»D——;COzEt

§ tol (0.5 M), 100 °C, 2 h
"Hex

trans-201 202
. . o o recov. of
entry  cyanohydrine (equiv) Ln (mol%) 202 (%) trans-201 (%)
1" (4-MeOPh)MeC(OH)CN P[O-(4-MeOPh)]; (50) 28 18
2 (4-MeOPh),C(OH)CN none 58 0

*: Yield was calculated by NMR ratios
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F77. c15201 Tix, EFRFEEG L THIRNE T 203 DOULHRIZIK D> 72 (Scheme 59),

Scheme 59. cis-Cyclohexyl substituted cyclopropane

Ni[P(OPh);], (10mol%)
(4-MeOPh),C(OH)CN (2 equiv) "Hexm 4 CO,Et

tol (0.5 M), 100 °C
"Hex 16 h, 23% recovery NC

cis-201 203 (15%)

LLEDFERN S, BHIEZ R0y 7 a T any | £ EFRE ONEI%RE L (Hex)
EHTHY T aN BEIRRARNET LW Enbhols, £, B kb m
FrR R EOBEBBEORBENRKE L, 184 DXL I T cis LB DOEHEF D5y 1 NENLAS >
yu 7 aNCRRICEBERZ LN INT, A% FOMO Y s a T a N E 2SR L,
SHITHFT D TETH D,

65



=i

A
VEN

FEHT. 2= v i A DT e o7 2 S NS & W UTe, IR IC B &
Y,

1. 7Ly, 7Axy, KOHCN ZHWCT LUrO@ERME Fa o7 bz BT 5008 &
ONEIRAL S D3 52T I T & 72 B 3 5oy H5RE SOG O BHFS IR Uz, ASRIT. Bl A
V7 g4 r, B REMABRA VT 00, VT M, 2 AT NVEEET DL ERERM ST
N1 TRTELNLLIEND FETH D,

Ni[P(OPh);]4 (10 mol%)

Me,C(OH)CN (20 equiv) i M
P(OMe); (20 mol%) ¢
A0S \N/\/ + Me—==—CO,Et 3 ArO,S . / - COzEt
I , toluene (0.5 M), 100 °C, 2 h N
Ph (5 equiv) Ph CN
Ar = 4-MeOPh 73%

2. LEO3SHAEMIG~NEHTE AT AXF =N AT VIED IR E LT L 25,
T ~OME R ONRERIRK e b Re o7 JbROGEE RN Lz, AR TR, kE
INT ATV ahn, 7 75 BALICENZ I syn AINIC KX - THERMIZES

TMSCN (5), CF3CH,OH (5)

Ni[P(OPh);], (10 mol%) Me ~ CO,Bn
Me—=—=—C0,Bn —
toluene (0.5 M), 100 °C, 4 h NC H
90%

3. BEBTREEAFETAVZ7a g ATAFI=NT AT IO a7 LG T
BEN/PREINEZZEZRAWE L, Z0FEET, CrNi FEeoAElER"Ee L TRy,
A=A LRBICBIT HEERMALL 72572,

TBSO
........ < NC  CO,E
CO,Et t
— $ \
NG <
TBSO
Ni[P(OPh);]4 (10mol%) sy 12% anti: 22%
Me,C(OH)CN (20 equiv) .
D """" '_—COZEt

tol (0.5 M), 100 °C, 30 h
{
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EERDER

General Methods: All reactions involving air- or moisture-sensitive reagents or
intermediates were performed under an inert atmosphere of argon in glassware. Unless
otherwise noted, solvents and reagents were reagent grade and used without purification.
Dimethyl sulfoxide, triethylamine, and tert-butanol were distilled from CaHz. Other
anhydrous solvents (dichloromethane, THF, toluene) were used as received from Kanto
Chemical Co., Inc. Analytical thin layer chromatography (TLC) was carried on 0.25 mm
silica gel 60 GF254 plates from Merck. Purification of reaction products was carried out by
flash chromatography using Fuji Silysia Chemical Ltd silica gel PSQ 60B and Wakogel®
60N, 38-100 pm. Celite® was used with Celite ® 545.

'H NMR spectra were taken on 400 or 600 MHz and 3C NMR spectra were taken on
100 or 150 MHz instrument (JEOL JNM-GSX 400, JEOL JNM-ECP 400, JEOL
JNM-ECS 400, JEOL JNM-ECP 600, JEOL JNM-ECA 600) in the indicated solvent at
room temperature unless otherwise stated and are reported. Chemical shifts are reported
in parts per million (ppm) downfield from (CH3)4Si (TMS). Coupling constants are
reported in hertz (Hz). Spectral splitting patterns are designated as follows: s, singlet; br,
broad; d, doublet; t, triplet; q, quartet; quin, quintuplet; m, multiplet. Infrared (IR)
spectra were recorded on JASCO FT/IR-230 spectrometer. High resolution mass spectra
were recorded on JEOL JMS-T100LP or JEOL JMS-HX100. Melting points were
determined on AZ ONE melting point apparatus ATM-02 and were uncorrected.

General procedure for synthesis mmol) followed by diisopropyl amine (4.1
allenyl precursors wusing Crabbe mL, 29.0 mmol) at room temperature.
reaction Copper bromide (1.66 g, 11.6 mmol) was

then added to the solution and the

N-(Buta-2,3-dienyl)-4-methyl-N- resulting mixture was stirred for 1 h at
phenylbenzenesulfonamide (67a): 90 °C, After cooling to the room
To a solution of 4-methyl- N-phenyl- N-2- temperature, 1IN HCl was added to the
propynylbenzenesulfonamide 66a (3.39g, solution and the aqueous layer was

11.6 mmol) in 1,4-dioxane (23.2 mL) was extracted with AcOEt (20 mL X 3). The
added paraformaldehyde (868.7 mg, 28.9 combined organic layers were washed

67



with brine, dried over Na2SO4 and then
concentrated in vacuo. The residue was
purified by flash column chromatography
(shexane/AcOEt = 5:1) to afford 67a (2.20
g, 63% yield) as a colorless solid.

IH NMR (CDCls, 400 MHz) d:
mgM// 2.42 (s, 3H), 4.19 (dt, 2H, J =
" 67 2.4, 7.2 Hz), 4.61 (dt, 2H, J =
2.4, 6.8 Hz), 5.08 (quin, 1H, J = 7.2 Hz),
7.04-7.08 (m, 2H), 7.24 (d, 2H, J = 8.4 Hz),
7.27-7.32 (m, 3H), 7.49 (d, 2H, J = 8.4 Hz);
13C NMR (CDCls, 100 MHz) §: 21.5, 49.9,
76.2, 86.4, 127.7, 1217.8, 128.8, 128.9, 129.4,
139.0, 143.4, 209.7; IR (ATR) v: 3065, 1953,
1593, 1489, 1450, 1343, 1163 cm'’; HRMS
(ESID) C17H17NNaOs:S
[M+Nal* 322.0878, found 322.0887; mp.
85-86 °C.

m/z caled for

N-(Buta-2,3-dienyl)-4-methoxy-N-p
henylbenzenesulfonamide (67b)
Yellow solid.

0,
MeO S
¢ C Iﬂ“/ 1H NMR (CDCI3,

Ph
67b

400 MHz) &6: 3.87
(s, 3H), 4.18 (dt,
J=24,172 Hz, 2H), 4.62 (dt, J = 2.8, 8.8
Hz, 2H), 5.07 (quin, J = 7.2 Hz, 1H), 6.91
(d, J = 8.8 Hz, 2H), 7.06-7.08 (m, 2H),
7.26-7.28 (m, 3H), 7.54 (d, J = 8.8 Hz, 2H);
13C NMR (CDC13, 100 MHz) 6: 49.9, 55.6,
76.1, 86.4, 113.9, 127.8, 128.8, 128.9, 129.8,
130.2, 139.1, 162.9, 209.7; IR (ATR) v:
1953, 1343, 1153; 1093 cm';; HRMS (ESI)
C17H17NOsS  [M+Nal*

m/z caled for
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338.0835 found 338.0827; mp. 84-85 °C.

N-(Buta-2,3-dienyl)-4-trifluorometh
yl-N-phenylbenzenesulfonamide
(67c)
White solid. 'H

re—(_ )8~ NMR (CDCl;, 400

Ph MHz) & 4.22 (dt,

o J = 24, 6.8 Hz,
2H), 4.64 (dt, J = 2.4, 6.4 Hz, 2H), 5.08
(quin, J = 6.8 Hz, 1H), 7.05-7.07 (m, 2H),
7.32-7.37 (m, 3H), 7.72-7.72 (m, 3H); 13C
NMR (CDCls, 100 MHz) &: 50.3, 76.5, 86.0,
125.9, 128.1, 128.3, 128.,129.1, 134.1,
134.4, 138.3, 142.2, 209.7; IR (ATR) v:
1716, 1698, 1349, 1320, 1162, 1131 cm™};
HRMS (ESD m/z caled for C17H15FsNO2S
[M+Nal* 354.0776 found 354.0775; mp.
100-101 °C.

N-(Buta-2,3-dienyl)- N-tert-butoxyca
rbonyl-4-methylbenzenesulfonamide
(78a)
(CAS-Reg# 942509-44-6) Spectral data
were identical to the literature data. (Ma,
S. et al. Org. Lett. 2007, 9, 5319.)
White solid. 'H NMR (CDCls,

TSE:/ 400 MHz) 6: 1.35 (s, 9H), 2.44

78a (s, 3H), 4.46 (dt, J = 2.8, 6.4
Hz, 2H), 4.79 (dt, J = 2.8, 6.4 Hz, 2H), 5.30
(quin, J = 6.4 Hz, 1H), 7.39 (d, J = 8.0 Hz,
2H), 7.82 (d, J = 8.0 Hz, 2H).



tert-Butyl-phenyl(buta-2,3-dienyl)
carbamate (78b)
White solid. 'H NMR (CDCls,
ng;\/ 400 MHz) 6: 1.44 (s, 9H), 4.23
78b (dt, J=2.8, 6.4 Hz, 2H), 4.76
(dt, J = 2.8, 6.4 Hz, 2H), 5.25
(quin, J = 6.4 Hz, 1H), 7.15-7.18 (m, 1H),
7.19-7.22 (m, 2H), 7.29-7.33 (m, 2H).

N-(Buta-2,3-dienyl)-4-methyl-N-2-m
thoxylphenylbenzenesulfonamide
(82a)

Yellow oil. '"H NMR (CDCls,

TsN/\/ .
400 MHz) §: 2.41 (s, 3H), 3.42
7 OMe
S (s, 3H), 4.21 (br, 2H), 4.58 (dt,
82a J = 2.4, 6.4 Hz, 2H), 5.11
(quin, J= 2.4 Hz, 1H), 6.78 (d,
J = 8.0 Hz, 1H), 6.90-6.94 (m, 1H),

7.22-7.30 (m, 4H), 7.58 (d, J = 8.4 Hz, 2H);
13C NMR (CDCls, 100 MHz) §: 21.3, 48.9,
54.8, 75.7, 86.9, 111.5, 120.3, 126.4, 127.4,
128.9, 129.7, 133.2, 137.5, 142.7, 156.4,
209.3; IR (ATR) v: 1955, 1341, 1157, 845

cm’; HRMS (ESID) m/z caled for
C1sH19NOsS [M+Nal]* 352.0988 found
352.0983.

N-(Buta-2,3-dienyl)-4-methyl-N-2,5-
dimethoxyphenylbenzenesulfonamid
e(82b)

1~ Yellow oil. 'H NMR

/@"Me (CDCl;, 400 MHz) 6:
MeO

2.41 (s, 3H), 3.37 (s, 3H),
82b
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3.75 (s, 3H), 4.60 (dt, J = 2.4, 6.4 Hz, 2H),
5.11 (quin, J = 2.4 Hz, 1H), 6.70 (d, J= 8.0
Hz, 1H), 6.81 (d, J= 3.2 Hz, 1H), 6.84 (d, J
=3.2 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.59
(d, J = 8.4 Hz, 2H); 13C NMR (CDCls, 100
MHz) &: 21.4, 49.0, 55.3, 55.7, 75.6, 87.0,
112.1, 115.0, 118.7, 127.0, 127.6, 129.0,
137.5, 142.8, 150.8, 153.0, 209.4; IR (ATR)
v: 1955, 1341, 1158, 1091 cm; HRMS
(ESID) m/z caled for Ci19H21NO4S [M+Nal*
382.1084 found 382.1090.

N-(Buta-2,3-dienyl)-4-methyl-N-2-m
ethylthiophenylbenzenesulfonamide
(82¢)
/\/ Yellow solid. ™M NMR
M. (CDCls, 400 MHz) 8: 2.40 (s,
©/ 3H), 2.44 (s, 3H), 4.16 (dt, J
82 =24, 7.2 Hz, 2H), 4.54 (d, J
= 7.2 Hz, 2H), 5.14 (quin, J = 7.2 Hz, 1H),
6.88-6.90 (m, 1H), 7.02-7.04 (m, 1H), 7.19
(d, J= 8.0 Hz, 2H), 7.26-7.30 (m, 2H), 7.71
(d, J = 8.0 Hz, 2H); 13C NMR (CDCls, 100
MHz) &: 14.8, 21.5, 49.9, 75.7, 85.8, 124.3,
125.3, 128.1, 129.0, 129.3, 129.9, 135.6,
136.7, 141.8, 143.5, 209.7; IR (ATR) v:
1953, 1596, 1345, 1157, 843 cm'l; HRMS
(ESI) m/z caled for CisH19NO2Ss [M+Nal*
368.0745 found 368.0755.

N-(Buta-2,3-dienyl)-4-methyl-N-4-tr
ifluoromethylphenylbenzenesulfona

mide (82d)



Yellow solid. *H NMR (CDCls,

o~ 400 MHz) §: 2.43 (s, 3H), 4,21
© (dt, J = 2.8, 6.8 Hz, 2H), 4.63
L (dt, J = 2.8, 6.8 Hz, 2H), 5.05

3

82d
(quin, J= 6.8 Hz, 1H), 7.21 (d,

J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H),
7.48 (d, J= 8.4 Hz, 2H), 7.56 (d, J= 8.4 Hz,
2H); 13C NMR (CDCls, 100 MHz) &: 21.6,
49.5, 86.1, 125.8, 125.9, 126.0, 127.6, 128.7,
129.4, 129.7, 135.0, 209.8; IR (ATR) v:
1612, 1355, 1325, 1162 cm';; HRMS (ESI)
m/z caled for CseH32FeN204Se [2M+Nal*
757.1605 found 757.1609; mp. 51-52 °C.

N-(Buta-2,3-dienyl)-N-mesyl-phenyl

benzenesulfonamide (85)

Yellow solid. 'H NMR
| (CDCls, 400 MHz) §: 2.93 (s,
3H), 4.30 (d, J = 6.8 Hz, 2H),
4.72 (d, J = 6.4 Hz, 2H),
5.18 (quin, J = 6.4 Hz, 1H), 7.33-7.42 (m,
5H); 13C NMR (CDCls, 100 MHz) §: 38.5,
50.1, 86.8, 127.4, 128.0, 128.5, 129.4, 139.2,
209.7; IR (ATR) v: 3014, 1328, 1147, 773
cml, HRMS (ESI

CuiHisNOz2S  [M+Nal*
246.0555; mp. 73-74 °C.

m/z caled for

246.0565 found

N-(Penta-3,4-dienyl)-4-methyl-N-ph
enylbenzenesulfonamide (87)

Colorless oil. 'H NMR
(CDCls, 400 MHz) &
2.12-2.18 (m, 2H), 2.42 (s,
3H), 3.61 (t, J = 7.2 Hz, 2H), 4.64 (dt, J =
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3.2, 6.4 Hz, 2H), 5.04 (t, J = 6.4 Hz, 1H),
7.03-7.05 (m, 2H), 7.24 (d, J = 7.6 Hz, 2H),
7.29-7.32 (m, 3H), 7.49 (d, J = 7.6 Hz, 2H);
13C NMR (CDCls, 100 MHz) §: 21.39, 27.29,
49.97, 75.26, 86.26, 127.49, 127.83, 128.78,
128.86, 129.26, 135.05, 138.84, 143.23,
208.71; IR (ATR) v: 2923, 1595, 1345, 1159

cm’; HRMS (ESID) m/z caled for
C1sH19N102S [M+Nal* 336.1034 found
336.1026.

5-tert-Butyldimethylsilyloxy-penta-
1,2-diene (90)

(CAS-Reg# 141081-41-6) Spectral data
were identical to the literature data.
(Oshima, K. et al. J. Am. Chem. Soc. 2010,
132, 88178.)

Colorless oil. 'H NMR

07N (DL, 400 MH2) §: 0.06

90
(s, 3H), 0.88 (s, 9H), 2.22

(m, 2H), 8.67 (t, J= 6.8 Hz, 2H), 4.65 (dt,
= 3.2, 6.8 Hz, 2H), 5.10 (quin, J = 6.8 Hz,
1H).

1-Phenyl-propa-1,2-diene (91)
(CAS-Reg# 2327-99-3) Spectral data were
identical to the literature data. (Searles, S.
et al. J. Chem. Soc. Perkin Transactions
1984, 4, 747.)

Colorless oil. 'H NMR (CDCls,

400 MHz) §: 5.14 (d, J = 6.8 Hz,

2H), 6.16 (t, J = 6.8 Hz, 1H),
7.19-7.21 (m, 1H), 7.29-7.30 (m, 4H).

Ph

91



General procedure for synthesis

substituted allenyl-precursors

N-( 2-Methyl-buta-2,3-dienyl)-4-met
hyl-N-phenylbenzenesulfonamide

(74a): To a solution of CuCN (268.0 mg,
3.0 mmol) in THF (8 mL) was added LiCl
(254.5 mg, 6.0 mmol) followed by MeMgBr
(2.0 mL, 2.0 mmol) at 0 °C. The reaction
mixture was stirred for 10 min, 72 (365.7

mg, 1.0 mmol) was slowly added and the

mixture was warmed to room temperature.

After being stirred for 10 min, sat. NH4Cl
was poured into flask and the aqueous
layer was extracted with AcOEt (10 mL X
3). The combined organic layers were
washed with brine, dried over Na2SO4and
then concentrated in vacuo. The residue
by flash
chromatography (*hexane/AcOEt = 2:1) to
afford 74a (264.6 mg, 85% yield) as a

was purified column

colorless solid.
White solid. "H NMR (CDCls,
400 MHz) 6: 1.69 (t, J = 2.4
74a Hz, 3H), 2.41 (s, 3H), 4.12 (t,
J = 2.4 Hz, 2H), 4.41 (t, J = 2.4 Hz, 2H),
7.04 (d, J = 8.4 Hz, 2H), 7.22-7.26 (m, 5H),
7.45 (d, J = 8.4 Hz, 2H); 13C NMR (CDCls,
100 MHz) 6 15.8, 21.4, 53.9, 74.6, 93.9,
127.58, 127.60, 128.55, 128.56, 129.3,
135.1, 138.6, 143.4, 208.2; IR (ATR) v:
1716, 1342, 1165, 868 cm'’; HRMS (ESI)
C1sH10NO2S  [M+Nal*
336.1034 found 336.1029; mp. 90-91°C.

TSTTI
Ph  Me

m/z caled for
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N-(2-Ethyl-buta-2,3-dienyl)-4-meth
yl-N-phenylbenzenesulfonamide

(74b)

TSI\II /\/

Ph  Et

White solid. 'H NMR (CDCls,
400 MHz) §: 0.95 (t, J = 7.2
74b Hz, 3H), 1.98-2.04 (m, 2H),
2.41 (s, 3H), 4.15 (t, J = 2.4 Hz, 2H),
4.47-4.49 (m, 2H), 7.03 (d, J = 8.4 Hz, 2H),
7.22-7.28 (m, 5H), 7.45 (d, J = 8.4 Hz, 2H);
3C NMR (CDCls, 100 MHz) &: 11.7, 21.5,
22.1, 52.9, 76.4, 99.9, 127.6, 127.7, 128.6,
128.7, 129.3, 135.2, 138.7, 143.6, 207.7;
HRMS (ESD m/z caled for Ci9H2:1NO:2S
[M+Nal* 350.1200 found 350.1190; mp.
97-98°C.
for synthesis

General procedure

alkynylesters

Ethyl 4-oxonon-2-ynoate(61b): To a
solution of 1-octyne (1.11 g, 10.0 mmol) in
THF (12.5 mL) was added »Buli (7.5 mL,
11.9 mmol) drop-wise at -78 °C. The
reaction mixture was stirred for 15 min,
then ethyl chloroformate (1.2 ml, 12.6
mmol) was added slowed at -78 °C. After
being stirred for 10min, the reaction
mixture was warm to room temperature.
After stirring for 1 h, 1IN HC] was added to
the solution and the aqueous layer was
extracted with AcOEt (10 mL x 3). The
combined organic layers were washed

with brine, dried over Na2SO4 and then

concentrated in vacuo. The residue was



purified by flash column chromatography
(shexane/AcOEt = 5:1) to afford 61b (1.80
g, 99% yield) as yellow oil.

(CAS-Reg# 10031-29-2) Spectral

were 1dentical to the literature data.

data

(Concellon, J. M. et al. Tetrahedron Lett.

2004, 45, 2129.)

IH NMR (CDCIs, 400
61b MHz) &: 0.88 (t, J= 7.2 Hz,

3H), 1.24-1.31 (m, 7H), 1.36-1.44 (m, 2H),

1.54-1.61 (m, 2H), 2,32 (t, J = 7.2 Hz, 2H),

4.22 (q, J= 2.8 Hz, 2H).

"Hex CO,Et

Methyl 4-oxonon-2-ynoate(61c)
(CAS-Reg# 111-80-8) Spectral data were
identical to the literature data. (Sakurai,
Y. et al Tetrahedron Lett. 1999, 40,
1701.)
_ 'H NMR (CDCls, 400
6lc MHz) 6: 0.89 (t, J = 7.2
Hz, 3H), 1.26-1.30 (m, 4H), 1.36-1.44 (m,
2H), 1.54-1.61 (m, 2H), 2,33 (t, J = 7.2 Hz,

2H), 3.77 (s, 3H).

"Hex

COzMe

Ethyl 4-(tert-butyldimethylsiloxy)
but-2-ynoate (61d)
(CAS-Reg# 80866-51-9) Spectral data
were identical to the literature data.
(Edward, P. Tetrahedron 1989, 45, 363.)
'H NMR (CDCls, 400
61d MHz) & 0.13 (s, 6H9,
0.91 (s, 9H), 1.30 (t, J = 7.2 Hz, 3H), 4.24

(q, J=17.2 Hz, 2H), 4.43 (s, 2H).

= (CO,Et
TBSO
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Ethyl 5-(tert-butyldimethylsilyloxy)
pent-2-ynoate(61e)

(CAS-Reg# 90708-75-1) Spectral data
were identical to the literature data.
(Gregory, C. et al. Synthesis 2004, 18,
3029.)

'H NMR (CDCls, 400
MHz) & 0.08 (s, 6H),
0.90 (s, 9H), 1.30 (t, H
= 7.2 Hz, 3H), 2.54 (t, J = 6.8 Hz, 2H), 3.78
(t, J = 6.8 Hz, 2H), 4.22 (q, J = 7.22 Hz,
2H).

= CO,Et
TBSO—/

6le

Ethyl 4-(benzyloxy)but-2-ynoate
(61f)

(CAS-Reg# 138435-42-4) Spectral data
were identical to the literature data.
(Fischer, D. F. F et al. Angew. Chem. Int.
Ed. 2007, 46, 1433.)

—=—COst 'H NMR (CDCls;, 400
O MHz) 6 1.31 (t, J = 7.2
Hz, 3H), 4.24 (q, J= 7.2 Hz, 2H), 4.29 (d, J
= 2.8 Hz. 2H), 4.62 (s, 2H), 7.31-7.36 (m,
5H).

Ethyl 4-(benzyloxy)pent-2-ynoate
(61g)

(CAS-Reg# 667865-84-1) Spectral data
were identical to the literature data.
(Yadav, J. S. al.
asymmetry 2004, 15, 81.)

et Tetrahedron:



— o 'H NMR (CDCL, 400
BnO— .
6lg MHz) 6:1.28 (t, J=17.2

Hz, 3H), 2.61 (t, J = 6.8 Hz, 2H), 3.62 (t, J
=6.8 Hz, 2H), 4.19 (q, J= 7.2 Hz, 2H), 4.59
(s, 2H), 7.20-7.34 (m, 5H).

1-Phenylbut-2-yn-1-one (96a)
(CAS-Reg# 6710-62-9) Spectral data were
identical to the literature data. Xu, B. -H.
et al. Angew. Chem. Int. Ed. 2011, 50,
1433.)

'H NMR (CDCls, 400 MHz)

O
Ph)\ 8: 2.45 (s, 3H), 7.38 (d, J =
oa ° 6.4 Hz, 2H), 4.24 (dd, J = 6.4,
8.0 Hz, 1H), 7.56 (d, J = 8.0
Hz, 2H).

2-Hydroxy-3-methoxy-2-methylprop

anenitrile (102): To a solution of 100
(882.0 mg, 10 mmol) in CH2Clz (5 mL) was
added TMSCN (1.5 mL, 12.0 mmol)
followed by Znl: (6.2 mg, 0.02 mmol) at °C.
After being stirred for 4 h, the solvent was
removed under vacuo to give the crude of
101. The excess of 3N HCI was added to
the residue and the solution was allowed
to stir at room temperature for 18 h. The
reaction was quenched by 1N HCIl was
added to the solution and the aqueous
layer was extracted with AcOEt (10 mL X
3). The combined organic layers were
washed with brine, dried over Na2SO4and
then concentrated in vacuo. The residue
by flash column

was purified
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chromatography ("hexane/AcOEt = 2:1) to

afford 102 (891.7 mg, 78% yield) as

colorless oil.

(CAS-Reg# 98071-19-3)

'H NMR (CDCls, 400 MHz) &: 1.55 (s, 3H),

Ho OMe 3.37 (d, J=9.6 Hz, 1H), 3.51

NC>( (s, 3H), 3.81 (d, J = 9.6 Hz,
102 1H); 13C NMR (CDCls, 100

MHz) &: 23.3, 59.4, 67.6, 77.6, 120.9.

General procedure for 3-component

coupling (3-CC) reaction

Ethyl (2E,5E)- 2-cyano-3-methyl-
7-((4-methyl-N-phenylphenyl)sulfon
amido)hepta-2,5-dienoate (62a): To a
solution of 67a (59.9 mg, 0.2 mmol) in
toluene (0.4 mL) was  added
acetonecyanohydrin (340.0 mg, 4.0 mmol).
Then ethyl-2-butynoate (112.0 mg, 1.0
mmol) was added followed by Ni[P(OPh)s]4
(26.0 mg, 0.02 mmol). P(OPh)s (4.7 pL,
0.04 mmol) was added to the mixture by
micro-syringe at room temperature under
argon. After being stirred at 100 °C for 15
min, the reaction was cooled to room
temperature. Then the residue was
purified by flash column chromatography
(thexane/AcOEt = 10:1) to give 62a (53.2
mg, 61% yield) as yellow oil without work
up.

Me 'H NMR (CDCls,

mgwycozﬂ 400 MHz) §: 1.25

Ph CN
62a



(t, J = 2.4 Hz, 3H), 2.08 (s, 3H), 2.41 (s,
3H), 3.17 (d, J = 4.0 Hz, 2H), 4.09-4.15 (m,
4H), 5.37-5.43 (m, 1H), 5.46-5.29 (m, 1H),
6.96-6.98 (m, 2H), 7.21-7.25 (m, 5H), 7.45
(d, J= 8.4 Hz); 13C NMR (CDCls, 100 MHz)
6 14.2, 18.4, 21.6, 36.2, 52.5, 61.7, 116.8,
118.0, 127.8, 127.9, 128.2, 128.94, 128.96,
129.1, 129.5, 135.4, 139.0, 143.6, 144.9,
165.5; IR (ATR) v: 2217, 1717, 1347, 1213,

969 cm'l;, HRMS (ESI) m/z caled for
C24H26N204S [M+Nal* 461.1511 found
461.1469.

(E)-N-(4-cyanobut-2-en-1-yl)-4-meth
yl-N-phenylbenzenesulfonamide

(43)

Yellow 'H NMR
(CDCls, 400 MHz) &: 2.42
(s, 3H), 3.01 (d, J= 5.6 Hz,
2H), 4.19 (d, J = 6.0 Hz, 2H), 5.49 (dt, J =
5.6, 15.6 Hz, 1H), 5.78 (dt, J = 6.0, 15.6 Hz,
1H), 7.02 (d, J = 8.0 Hz, 1H), 7.25-7.31 (m,
5H), 7.46 (d, J = 8.0 Hz, 2H); 3C NMR
(CDCls, 100 MHz) §: 20.1, 21.5, 52.0, 116.8,
121.6, 127.6, 128.0, 128.7, 129.1, 129.5,
130.3, 135.3, 139.0, 143.6; IR (ATR) v:
2927, 2250, 1717, 1490, 1347, 1159 cm'%;
HRMS (ESI) m/z caled for CisHisN20:2S
[M+Nal* 349.0987 found 349.0993.

oil.
CN
TSI\II /\/\/

Ph
43

(E)-N-(8-cyanobut-2-en-1-yl)-4-meth
yl-N-phenylbenzenesulfonamide

(45)

74

ve  Yellow oil. 'H NMR (CDCls,
TSW/\)\CN 400 MHz) §: 1.79 (s, 3H),
o 2.44 (s, 3H), 4.29 (d, J= 6.8
Hz, 2H), 6.25 (t, J = 6.8 Hz, 1H), 7.01-7.04
(m, 2H), 7.28 (s, 1H), 7.32 (t, J = 3.2 Hz,
3H), 7.47 (d, J = 8.0 Hz, 2H); 3C NMR
(CDCls, 100 MHz) §: 15.2, 21.6, 48.0, 112.7,
119.4, 121.7, 127.7, 128.5, 129.4, 129.59,
129.62, 134.9, 138.7, 141.5; IR (ATR) v:
2920, 2251, 1717, 1595, 1345, 1160 cm'’;
HRMS (ESI) m/z caled for CisHisN20s2S
[M+Nal* 349.0987 found 349.0994.

45

N-(2-cyanobut-3-en-1-yl)-4-methyl-
N-phenylbenzenesulfonamide (63)
Yellow oil. 'H NMR (CDCls,
400 MHz) & 2.43 (s, 3H),
5.39 (d, J = 10.0 Hz, 1H),
5.49 (d, J=17.2 Hz, 1H), 5.77 (ddd, J = 7.2,
10.0, 7.2 Hz, 1H), 7.05-7.07 (m, 2H),
7.25-7.27 (m, 2H), 7.33-7.35 (m, 3H), 7.46
(d, J = 6.8 Hz, 2H); 13C NMR (CDClIs, 100
MHz) & 21.6, 35.7, 52.7, 117.8, 120.8,
127.8, 128.6, 128.7, 129.0, 129.4, 129.6,
134.6, 138.9, 144.1; IR (ATR) v: 2925, 2243,
1596, 1349, 1161 cm'l; HRMS (ESD m/z
caled for Ci1sH1sN202S [M+Nal* 349.0987
found 349.0985.

TsT\‘I -

Ph  CN
63

Ethyl (2E,5E)- 2-cyano-7-((4-methox
y-N-phenylphenyl)sulfonamido)-3-m
ethylhepta-2,5-dienoate (62b)



o, Me Yellow
MeC)A@fS\N/\/\)\(COZEt oil. 'H
|
Ph CN
62b NMR

(CDC13, 400 MHz) §: 1.24-1.30 (t, J = 6.4
Hz, 3H), 2.10 (s, 3H), 3.19 (d, J = 6.0 Hz,
2H), 3.86 (s, 3H), 4.11-4.17 (m, 4H),
5.40-5.53 (m, 2H), 6.91 (d, J = 8.8 Hz, 2H),
6.99-7.01 (m, 2H), 7.27-7.30 (m, 3H), 7.50
(d, J = 8.8 Hz, 2H); 13C NMR (CDCls, 100
MHz) &: 13.9, 18.1, 35.9, 52.2, 55.4, 61.4,
113.8, 116.6, 117.7, 127.6, 127.9, 128.6,
128.7, 128.8, 129.2, 129.6, 138.8, 144.6,
162.8, 165.1; IR (ATR) v: 2218, 1716, 1346,
1258, 1154 cm'l; HRMS (ESI) m/z calcd for
C24H26N205S [M+Nal]* 477.1443 found
4717.1460.

(E)-N-(4-cyanobut-2-en-1-yl)-4-meth
oxy-N-phenylbenzenesulfonamide
(103Db)

0, Yellow oil. 1H
Meo@s\lﬁ%m NMR (CDCl,
400 MHz) §:
3.01 @, J =
5.6 Hz, 2H), 3.87 (s, 3H), 4.19 (d, J = 6.0
Hz, 2H), 5.48 (dt, J = 5.6, 15.2 Hz, 1H),
5,79 (dt, J = 6.0, 15.2 Hz, 1H), 6.92 (d, J =
8.8 Hz, 2H), 7.03-7.05 (m, 2H), 7.29-7.31
(m 3H), 7.52 (d, J = 8.8 Hz,2H); 13C NMR
(CDCls, 100 MHz) &: 20.1, 51.9, 55.6, 76.7,
114.0, 121.6, 128.0, 128.7, 129.1, 129.8,
129.9, 130.3, 139.1, 163.0; IR (ATR) v:
2943, 2250, 1594, 1344, 1154 cm’; HRMS

75

(ESID) m/z caled for CisH1sN20sS [M+Nal*
365.0936 found 365.0948.

(E)-N-(8-cyanobut-2-en-1-yl)-4-meth
oxy-N-phenylbenzenesulfonamide
(104b)
o, Me Yellow oil. 'H
Meo@s\lﬁ«%m NMR (CDCls,
o 400 MHz) &
1.79 (s, 3H),
3.87 (s, 3H), 4.29 (d, J = 6.8 Hz, 2H), 6.25
(t, J= 6.8 Hz, 1H), 6.93 (d, J = 9.2 Hz, 2H),
7.02-7.05 (m, 2H), 7.31-7.33 (m, 3H), 7.52
(d, J = 9.2 Hz, 2H); 13C NMR (CDCls, 100
MHz) §: 19.9, 32.1, 58.7, 62.7, 64.4, 110.1,
111.2, 115.5, 122.69, 122.72, 123.4, 123.8,
131.0, 133.2, 150.5; IR (ATR) v: 2221, 1717,
1345, 1156 cm™’; HRMS (ESI) m/z caled for
C1sH1sN203S [M+Nal* 365.0936 found
365.0994.

104b

Ethyl (2E,5E)- 2-cyano-3-methyl-
7-((N-phenyl-4-(trifluoromethyl)phe
nyl)sulfonamido)hepta-2,5-dienoate
(62¢)

Yellow
Me .
Ph CN NMR
62¢
(CDCls,

400 MHz) &: 1.25 (t, J = 7.2 Hz, 3H), 2.11 (s,
3H), 3.21 (d, J= 7.0 Hz, 2H), 4.14-4.22 (m,
4H), 5.44-5.55 (m, 2H), 6.97-6.99 (m, 2H),
7.30-7.36 (m, 3H), 7.37-7.70 (m, 4H); 13C
NMR (CDCls, 100 MHz) 6 14.0, 18.2, 29.2,



36.0, 52.7, 61.6, 116.7, 117.8, 125.9, 127 .4,
128.0, 128.2, 128.4, 128.8, 129.1, 129.5,
138.2, 140.7, 142.0, 144.5, 165.2; IR (ATR)
v: 2221, 1716, 1354, 1321, 1164, 1130 cm'%;
HRMS (ESI) m/z calcd for C24aH23FsN204S
[M+Nal+ 515.1228 found 515.1228.

(E)-N-(4-cyanobut-2-en-1-yl)- N-phe
nyl-4-(trifluoromethyl)benzenesulfo

namide (103¢)

O,
F3C4©75\N/\/\/CN

Ph

Yellow solid. 'H
NMR (CDClIs,
400 MHz) &:
3.03 (d, J = 5.6
Hz, 2H), 4.23 (d, J = 6.4 Hz, 2H), 5.50 (dt,
J=5.6,15.6 Hz, 1H), 5.82 (dt, J= 6.4, 15.6
Hz, 1H), 7.02-7.04 (m, 2H), 7.33-7.34 (m,
3H), 7.71-7.76 (m, 4H); 13C NMR (CDCls,
100 MHz) §: 20.1, 52.3, 116.7, 122.3, 126.0,
126.07, 126.10, 128.1, 128.5, 128.7, 129.4,
129.7, 138.3, 141.9; IR (ATR) v: 2925, 1594,
1351, 1165, 1061 cm'l; HRMS (ESD m/z
caled [M+Nal* 403.0704
403.0699; mp. 83-84 °C.

103c

for found

Ethyl QE,5E)-2-cyano-3,6-dimethyl-
7-((4-methyl-N-phenylphenyl)sulfon
amido)hepta-2,5-dienoate (Z-106a)

NC. _COEt Yellow oil. 'H NMR
| y (CDCls, 400 MHz) §:
c
o 1.22 (t, J = 2.4 Hz, 3H),

Ibw

Ph  Me

1.72 (s, 3H), 2.01 (s,
3H), 2.39 (s, 3H), 2.91
(d, J=4.4 Hz, 1H), 4.15-4.17 (m, 4H), 5.05

Z-106a
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(t, J = 4.4 Hz), 7.09 (d, J = 8.4 Hz, 2H),
7.18-7.23 (m, 5H), 7.44 (d, J = 8.4 Hz, 2H);
13C NMR (CDCls, 100 MHz) §: 14.1, 18.3,
21.6, 21.9, 29.2, 32.2, 50.8, 65.1, 115.2,
118.0, 122.9, 127.7, 128.2, 128.8, 129.1,
129.7, 133.8, 138.7, 143.9, 146.0, 165.9; IR
(ATR) v: 2214, 1719, 1346, 1160, 855 cm};
HRMS (ESI) m/z caled for C2sH2sN204S
[M+Nal* 475.1668 found 475.1681.

Ethyl @E,5E)-2-cyano-7-((N-(2-meth
oxyphenyl)-4-methylphenyl)sulfona
mido)-3-methylhepta-2,5-dienoate
(107a)

Me Yellow oil. 'TH NMR

TstCOZEt (CDCl;, 400 MHz)

@C’Me N 6:1.27 (t, J= 8.0 Hz,

3H), 2.09 (s, 3H),
2.41 (s, 3H), 3.19 (d, J = 6.4 Hz, 2H), 3.39
(s, 3H), 4.11-4.21 (m, 4H), 5.37-5.44 (m,
1H), 5.52-5.59 (m, 1H), 6.75 (d, J = 8.0 Hz,
1H), 6.88-6.92 (m, 1H), 7.18-7.27 (m, 4H),
7.56 (d, J = 8.4 Hz, 2H); 3C NMR (CDCls,
100 MHz) §: 14.0, 18.2, 21.3, 36.0, 51.3,
54.7,61.5,111.4, 116.3, 117.8, 120.3, 126.3,
127.4, 128.1, 128.8, 128.9, 129.5, 133.2,
137.3, 142.6, 145.0, 156.4, 165.2; IR (ATR)
vi 2217, 1717, 1343, 1158, 969 cm''; HRMS
(ESD) m/z calcd for C25H2sN204S [M+Nal*
491.1600 found 491.1617.

107a

(E)-N-(4-cyanobut-2-en-1-y1)-N-(2-m
ethoxyphenyl)-4-methylbenzenesulf
onamide (108a)



Colorless oil. 'H NMR
(CDCls, 400 MHz) &: 2.42
(s, 3H), 3.01 (d, J= 5.6 Hz,
2H), 3.41 (s, 3H), 4.19 (br,
2H), 5.47 (dt, J= 5.6, 15.6 Hz, 1H), 5.83 (dt,
J=6.0, 15.6, 1H), 6.78 (d, J = 8.4 Hz, 2H),
6.93 (t, J = 7.6 Hz, 1H), 7.23-7.31 (m, 4H),
7.55 (d, J = 8.4 Hz, 2H); 13C NMR (CDCls,
100 MHz) &: 20.1, 21.5, 51.2, 54.9, 111.6,
120.7, 120.8, 127.6, 129.0, 129.9, 131.3,
133.1, 137.3, 156.4; IR (ATR) v: 2249, 1339,
1156, 1089 cm'l; HRMS (ESI) m/z calcd for
Ci1sH20N205S [M+Nal]* 379.1092 found
379.1097.

TSN /\/\/ CN
OMe

108a

Ethyl @E,5E)-2-cyano-7-((N-(2,5-
dimethoxyphenyl)-4-methylphenyl)s
ulfonamido)-3-methylhepta-2,5-dien
oate (107b)
Yellow oil. 'H
NMR (CDCls,
400 MHz) §&:
107b 1.29 (t, J
8.0 Hz, 3H), 2.09 (s, 3H), 2.41 (s, 3H), 3.19
(d, J = 6.4 Hz, 2H), 3.33 (s, 3H), 3.75 (s,
3H), 4.16-4.22 (m, 4H), 5.36-5.58 (m, 2H),
6.66 (d, J = 8.0 Hz, 1H), 6.82-6.84 (m, 1H),
7.22-7.32 (m, 8H), 7.55 (d, J = 8.4 Hz, 2H);
13C NMR (CDCls, 100 MHz) &: 14.0, 18.2,
21.4, 36.1, 51.3, 55.1, 55.6, 61.5, 111.9,
114.9, 116.3, 118.6, 126.7, 127.5, 128.2,
128.8, 128.9, 129.0, 137.3, 142.7, 145.0,
150.6, 153.0, 165.3; IR (ATR) v: 2216, 1717,
1343, 1159, 968 cm’l; HRMS (ESD m/z

Me
CO,Et
TN x 2

OMe CN

MeO

77

caled for C26Hs0N206S [M+Nal+ 521.1717
found 521.1722.

(E)-N-(4-cyanobut-2-en-1-yl)-N-(2,5-
dimethoxyphenyl)-4-methylbenzene

sulfonamide (108b)

Yellow oil. 'H NMR
(CDCls, 400 MHz)
§: 2.42 (s, 3H), 3.01
(d, J = 5.6 Hz, 2H),
3.56 (s, 3H), 3.75 (s, 3H), 4.20 (d, J = 6.0
Hz, 2H), 5.47 (dt, J = 5.6, 15.6 Hz, 1H),
5.85 (dt, J=6.0, 15.6 Hz, 1H), 6.69-6.71 (m,
1H), 6.83 (d, J = 8.0 Hz, 2H), 7.24 (m, 2H),
7.56 (d, J = 8.0 Hz, 2H); 13C NMR (CDCls,
100 MHz) & 20.2, 21.5, 51.3, 55.2, 55.8,
112.2, 115.1, 118.5, 120.9, 126.9, 127.6,
129.0, 130.3, 131.2, 137.2, 143.0, 150.6,
153.1; IR (ATR) v: 2178, 1365, 1148, 1082

TsN /\/\/ CN
OMe

MeO 108b

cm’; HRMS (ESID) m/z caled for
C20H22N204S [M+Nal]* 386.1300 found
386.1310.

Ethyl 2E,5E)-2-cyano-3-methyl-7-

(N-phenylmethylsulfonamido)hepta-2,5-di
enoate (109)

Me Yellow H
Msqu&/\)ycoﬁt NMR (CDCls, 400
o N MHz) 8: 1.29 (t, J
7.2 Hz, 3H),
2.13 (s, 3H), 2.90 (s, 3H), 3.27 (d, J = 6.4
Hz, 2H), 4.16-4.25 (m, 4H), 5.51-5.66 (m,
2H), 7.27-7.46 (m, 5H); 1*C NMR (CDCls,
100 MHz) & 14.0, 18.3, 36.0, 38.2, 52.6,

oil.

109



61.6, 116.9, 117.9, 128.0, 128.1, 128.4,
128.5, 129.3, 139.1, 144.7, 165.3; IR (ATR)
v: 2218, 1716, 1138, 1107, 960 cm''; HRMS
(ESD m/z caled for CisH22N204S [M+Nal*
385.1198 found 385.1183.

Ethyl (2E)- -2-cyano-3-methyl-8-
((4-methyl-N-phenylphenyl)sulfona
mido)octa-2,5-dienoate (110)
Colorless oi1l. 1H
NMR (CDCls,
400 MHz) 6:
1.27 (t, J = 7.2
Hz, 3H), 2.09 (s, 3H), 2.42 (s, 3H), 3.19 (d,
J = 1.2 Hz, 2H), 3.58 (t, J = 7.2 Hz, 2H),
4.11-4.16 (m, 2H), 4.22 (q, J = 7.2 Hz, 2H),
5.37-5.55 (m, 2H), 7.00-7.05 (m, 2H), 7.04
(d, J = 7.6 Hz, 2H), 7.23-7.31 (m, 3H), 7.46
(d, J = 7.6 Hz, 2H); 13C NMR (CDCls, 100
MHz) §: 14.10, 14.15, 18.25, 18.31, 21.53,
26.48, 31.60, 32.08, 36.72, 49.83, 50.02,
61.63, 61.67, 115.90, 121.77, 125.28,
126.64, 127.24, 127.69, 127.71, 127.92,
128.85, 128.89, 128.98, 129.03, 129.31,
129.36, 129.59, 129.88, 135.29, 138.98,
143,32, 145.78, 165.74; IR (ATR) v: 2926,
2217, 1718, 1346, 1091 cm'l; HRMS (ESID)
caled for Cg2H2sN204S [M+Nal*
475.1668 found 475.1673.

Me
ES P CO,Et
Ph” NPT N\ 2
CN
110

m/z

(E)-N-(4-cyanopent-3-en-1-yl)-4-met
hyl-N-phenylbenzenesulfonamide
(111)

78

Me Colorless oil. 'H NMR
Ph’}:ISMCN (CDCls, 400 MHz) §&:
1.75 (s, 3H), 2.34 (q, J =
7.2 Hz, 2H), 2.43 (s, 3H), 3.63 (t, J = 6.4 Hz,
2H), 6.26 (t, J = 6.4 Hz, 1H), 7.01-7.02 (m,
2H), 7.25-7.26 (m, 1H), 7.32-7.33 (m, 4H),
7.45 (d, J = 8.0 Hz, 2H); 13C NMR (CDCls,
100 MHz) &: 15.06, 21.56, 28.02, 48.86,
111.51, 120.09, 127.70, 128.28, 128.72,
128.84, 129.24, 129.50, 138.71, 143.69,
143.3; IR (ATR) v: 2923, 2219, 1717, 1345

111

cm; HRMS (ESI) m/z caled for
C19H20N202S  [M+Nal* 363.1143 found
363.1149.
e Ethyl
A~ COEt  @2E,5E)-2-cyan
CN

17a 0-6-cyclohexyl-
3-methylhexa-2
,5-dienoate (117a)
Colorless oil. 'TH NMR (CDCls, 400 MHz) &:
0.98-1.13 (m, 3H), 1.24-1.29 (m, 5H),
1.54-1.67 (m, 5H), 2.08 (s, 3H), 2.29-2.33
(m, 1H), 5.11-5.15 (m, 1H), 5.34 (¢, J = 3.2
Hz, 1H); 13C NMR (CDCls, 100 MHz) §&:
14.2, 18.3, 25.8, 26.0, 32.3, 33.1, 36.5, 61.6,
114.7, 120.8, 118.1, 139.7, 146.8, 166.0; IR
(ATR) v: 2216, 1718, 1368, 1197 cm’}
HRMS (ESI) m/z caled for Ci6H2sNO2

[M+Nal* 284.1626 found.

Ethyl (E)- 2-cyano-3-((E)-4-((4-
methyl-N-phenylphenyl)sulfonamid
0)but-2-en-1-yl)non-2-enoate (118c)



Hex Yellow oil. 'H NMR
Tsl\ll/\M( COEt (CDCls, 400 MHz)
o nge O 5:0.88 (t, J= 6.4 Hz,
3H), 1.24-1.31 (m, 9H), 1.47-1.54 (m, 2H),
2.38 (d, J = 7.6 Hz, 2H), 2.42 (s, 3H), 3.19
(d, J = 6.4 Hz, 2H), 5.41-5.53 (m, 2H), 6.98
(d, J = 8.0 Hz, 2H), 7.24-7.28 (m, 5H), 7.46
(d, J = 8.0 Hz, 2H); 13C NMR (CDCls, 100
MHz) & 14.0, 21.5, 22.4, 28.2, 28.5, 31.3,
31.5, 36.2, 52.4, 61.5, 117.1, 121.6, 127.6,
127.7, 128.1, 128.7, 128.8, 129.4, 129.8,
135.3, 138.9, 143.4, 144.5, 165.5; IR (ATR)
vi 1 717, 1348, 1161, 966 cm; HRMS
(ESD) m/z calcd for C2oH3sN204S [M+Nal*
531.2273 found 531.2294.

Ethyl 2E,5E)-3-(2-((tert-butyl
dimethylsilyl)oxy)ethyl)-2-cyano-7-(
(4-methyl-N-phenylphenyl)sulfonam

ido)hepta-2,5-dienoate (118e)
OTES Yellow oil. tH NMR
TsN%)Qcozﬁt (CDCls, 400 MHz)
Ph N 8: 0.07 (s, 6H), 0.98
(s, 9H), 1.27 (t, J =
7.2 Hz, 3H), 2.45 (s, 3H), 2.69 (t, J= 6.0 Hz,
2H), 3.25 (d, J = 6.0 Hz, 2H), 3.79 (t, J =
6.0 Hz, 2H), 4.14-4.18 (m, 4H), 5.46-5.56
(m, 2H), 7.01 (d, J = 8.0 Hz, 2H), 7.27-7.50
(m, 5H), 7.53 (d, J = 8.0 Hz, 2H); 13C NMR
(CDCls, 100 MHz) &: 13.9, 18.1, 21.4, 34.6,
36.2, 52.3, 60.8, 61.6, 117.0 118.7, 129.0,
125.7, 127.1, 127.9, 128.0, 128.76, 128.7,
129.5, 129.8, 134.9, 138.6, 143.5, 146.4,
165.3; IR (ATR) v: 2221, 1720, 1349, 1161

118e

79

HRMS (ESD
C31H42N:205SSi [M+Nal* 605.2481 found
605.2487.

cm'l; m/z caled for

Ethyl 2E,5E)-3-(2-(benzyloxy)ethyl)
-2-cyano-7-((4-methyl-N-phenylphe
nyl)sulfonamido)hepta-2,5-dienoate
(118g)

Yellow 'H
NMR (CDCls, 400
MHz) §: 1.23 (t, J
= 7.2 Hz, 3H), 2.77
(t, J=6.4 Hz, 2H), 3.22 (d, J = 6.4 Hz, 2H),
3.63 (t, J = 6.4 Hz, 2H), 4.07-4.11 (m, 4H),
4.50 (s, 2H), 5.38-5.55 (m, 2H), 6.97-6.99
(m, 2H), 7.23-7.35 (m, 10H), 7.45-7.51 (m,
2H); 13C NMR (CDCls, 100 MHz) &: 14.0,
21.5, 31.8, 36.3, 52.4, 61.6, 67.6, 73.0,
117.0, 118.7, 127.61, 127.68, 127.7, 128.2,
128.3, 128.5, 128.7, 128.79, 128,82, 129.4,
129.6, 135.3, 137.9, 138.9, 143.4, 146.4,
164.2; IR (ATR) v: 2216, 1718, 1348, 1160

oil.
OBn

TN I CORE
|

Ph CN
118g

cm’; HRMS (ESID) m/z caled for
C32H34N205S [M+Nal* 581.2086 found
581.2077.

Ethyl 2E,5E)-2-cyano-3-ethyl-7-(

(4-methyl-N-phenylphenyl)sulfonam
ido)hepta-2,5-dienoate (118i)

Et Yellow H
ml«\/\)ycozﬂ NMR (CDCls, 400
s & MHz) 6: 1.13 (t, J
= 7.2 Hz, 3H), 1.25 (t, J = 6.8 Hz, 3H),
2.87-2.45 (m, 5H), 3.18 (d, J = 6.0 Hz, 2H),

oil.



4.11-4.17 (m, 4H), 5.40-5.53 (m, 2H), 6.98
(d, J = 8.4 Hz, 2H), 7.24-7.28 (m, 5H), 7.46
(d, J = 8.4 Hz, 2H); 13C NMR (CDCls, 100
MHz) &: 12.7, 14.0, 21.5, 25.0, 36.1, 52.3,
61.5, 116.9, 122.7, 127.6, 127.7, 128.0,
128.7, 128.8, 129.3, 129.5, 135.3, 138.8,
143.4, 144.1, 165.4; IR (ATR) v: 2216, 1717,
1348, 1160 cm'l; HRMS (ESI) m/z calcd for
C25H2sN204S  [M+Nal]+* 475.1667 found
475.1656.

Ethyl 2QE,5E)-2-cyano-7-((4-methyl-
N-phenylphenyl)sulfonamido)-3-phe
nylhepta-2,5-dienoate (118j)

Ph Yellow oil. tH NMR
TsNW\(COzEt (CDCls, 400 MHz)
P N 5:0.93 (t, J= 7.2 Hz,
3H), 2.43 (s, 3H),

3.35(d, J=6.4 Hz, 2H), 3.95 (q, J= 7.2 Hz,
2H), 4.15 (d, J= 6.0 Hz, 2H), 5.49-5.56 (m,
1H), 5.59-5.65 (m, 1H), 7.01 (d, J = 8.4 Hz,
2H), 7.26-7.36 (m, 10H), 7.46 (d, J= 8.4 Hz,
2H); 13C NMR (CDCls, 100 MHz) &: 13.5,
21.5, 37.0, 52.5, 61.7, 115.6, 118.0, 127.5,
127.6, 127.7, 127.8, 128.5, 128.7, 128.74,
128.9, 129.3, 129.4, 132.8, 135.3, 138.8,
143.8, 166.3; IR (ATR) v: 1717, 1347, 1160,

118;

968 cm'l;, HRMS (ESI) m/z caled for
C29H2sN204S [M+Nal* 523.1667 found
523.1667.

N-((2E,5E)-6-cyano-5-ethyl-7-oxooct
a-2,5-dien-1-yl)-4-methyl-N-phenylb

enzenesulfonamide (123c)

80

B O Yellow oi1l. 1H
TSNW\HLW NMR (CDCls, 400
e N MHz) &: 1.10 (t, J
= 4.8 Hz, 3H), 1.95 (s, 3H), 2.19 (q, J = 4.8
Hz, 2H), 2.41 (s, 3H), 3.15 (d, J = 4.0 Hz,
2H), 4.11 (d, J = 4.4 Hz, 2H), 5.37-5.42 (m,
1H), 5.48-5.51 (m, 1H), 6.98 (d, J = 8.0 Hz,
2H), 7.23-7.27 (m, 5H), 7.44 (d, J = 8.0 Hz,
2H); 13C NMR (CDCls, 100 MHz) &: 13.1,
21.6, 24.7, 30.0, 36.0, 52.3, 116.9, 118.1,
127.8, 128.0, 128.4, 128.9, 129.1, 129.5,
135.2, 139.0, 143.7, 152.6, 201.7; IR (ATR)
v: 2214, 1698, 1348, 1162, 970 cm''; HRMS
(ESD) m/z caled for C24H26N2603sS [M+Nal*
445.1557 found 445.1561.

N-((2E,52)-6-cyano-7-oxo-5-phenylo
cta-2,5-dien-1-yl)-4-methyl-N-pheny

lbenzenesulfonamide (123d)

Ph O Yellow oil. 'H
TSNWLMe NMR (CDCls, 400
Ph CN

MHz) & 1.93 (s,
3H), 2.43 (s, 3H),
3.31(d, J=17.6 Hz, 2H), 4.15 (d, J= 7.0 Hz,
2H), 5.47-5.54 (m, 1H), 5.57-5.64 (m, 1H),
7.00-7.47 (m, 14H); 13C NMR (CDCls, 100
MHz) §: 21.5, 30.5, 37.5, 52.3, 116.5, 120.3,
125.3, 128.4, 128.66, 128.68, 128.79,
128.86, 128.92, 128.93, 129.1, 129.2, 129.3,
129.40, 129.43, 129.7, 155.3, 203.6; IR
(ATR) v: 1698, 1340, 1159, 938 cm';
HRMS (ESI) m/z caled for C2sH26N203S
[M+Nal* 493.1569 found 493.1562.



Ethyl 2E,5E)-2-cyano-3-ethyl-7-
((4-methoxy-N-phenylphenyl)sulfon

amido)hepta-2,5-dienoate (124a)
o, . Yellow
MeO@S\N/\/\/g/CozEt oil. TH

)
Ph CN NMR
(CDC1
3, 400 MHz) §: 1.14 (t, J= 7.6 Hz, 3H), 1.25
(t, J=17.2 Hz, 3H), 2.43 (q, J= 7.6 Hz, 2H),
3.18 (d, J = 6.4 Hz, 2H), 3.86 (s, 3H),
4.11-4.18 (m, 4H), 5.41-5.53 (m, 2H), 6.89
(d, J = 8.0 Hz, 2H), 6.99-7.01 (m, 3H),
7.26-7.28 (m, 2H), 7.51 (d, J = 8.0 Hz, 2H);
13C NMR (CDCls, 100 MHz) &: 12.7, 14.0,
256.1, 36.2, 52.3, 55.5, 61.5, 113.9, 114.0,
116.9, 122.8, 127.7, 128.1, 128.7, 129.7,
129.8, 138.9, 144.1, 162.8, 165.4; IR (ATR)
vi 2218, 1718, 1347, 1155 cm’’; HRMS
(ESI) m/z caled for Co5H2sN20sS [M+Nal*
491.1617 found 491.1610.

124a

Ethyl (E)- 2-cyano-3-methyl-7-
((4-methyl-N-phenylphenyl)sulfona
mido)hept-2-enoate (126)

Colorless H
NMR (CDCls, 400
MHz) 6: 1.30 (t, J =
7.2 Hz, 3H), 1.42-
1.46 (m, 2H), 1.52-1.54 (m, 2H), 2.42 (s,
3H), 2.53- 2.57 (m, 2H), 3.53 (t, J = 6.8 Hz,
2H), 4.28 (g, J = 7.2 Hz, 2H), 7,01 (d, J =
8.4 Hz, 2H), 7.22-7.32 (m, 5H), 7.45 (d, J =
8.4 Hz, 2H); '3C NMR (CDCls, 100 MHz) &:
14.1, 18.2, 21.5, 25.2, 27.5, 33.2, 50.0, 61.7,

Me oil.

CO,Et
TSI\II M/ 2

Ph CN
126

81

118.1, 127.7, 127.8, 127.9, 128.76, 128.79,
129.0, 129.4, 129.6, 135.2, 143.3, 147.7; IR
(ATR) v: 2217, 1718, 1595, 1346, 1159

cm’; HRMS (ESI) m/z caled for
C24H2sN204S [M+Nal]* 463.1668 found
463.1662.

N-((2E,5E)-6-cyano-7-hydroxy-5-me
thylhepta-2,5-dien-1-yl)-4-methyl-N
-phenylbenzenesulfonamide (132)
Me Colorless oi1l. H

TSNWOH NMR (CDCls, 400

m T MH2) 8 1.82 G, 3H),
2.39 (s, 3H), 3.06 (d, J = 4.0 Hz, 2H), 3.91
(s, 2H), 4.08 (d, J = 4.0 Hz, 2H), 5.46-5.52
(m, 2H), 6.98 (d, J = 8.4 Hz, 2H), 7.22-7.26
(m, 5H), 7.43 (d, J = 8.4 Hz, 2H); 13C NMR
(CDCls, 100 MHz) &: 15.7, 21.5, 36.6, 52.7,
59.7, 108.8, 118.9, 127.6, 127.7, 127.8,
128.0, 128.9, 129.5, 130.3 131.9, 133.3,
143.3, 151.9; IR (ATR) v: 2251, 1491, 1343,
1156, 1090 cm'l; HRMS (ESI) m/z calcd for
C22H24N203S [M+Nal* 419.1405 found
419.1402.
for synthesis

General procedure

alkynylesters 119

Pyridin-2-ylmethyl but-2-ynoate
(119a): To of
but-2-ynoic acid (252.3 mg, 3.0 mmol) with
pyridin-2-ylmethanol (343.5 mg, 3.15
mmol) in CH2Clz (6 mL) was added DMAP

a stirred solution

(36.9 mg, 0.03 mmol) at room temperature.



Then DCC (680.1 mg, 3.3 mmol) in CH2Cls
(4 mL) was added slowly to the reaction
mixture at 0 °C, and the resulting mixture
was cooled to room temperature. After
stirring for 2 h, H2O (15 mL) was added to
the solution. The aqueous layer was
extracted with AcOEt (20 mL x 3). The
combined organic layers were washed
with brine, dried over Na2SOs and then
concentrated in vacuo. The residue was

purified by flash column chromatography

(thexane/AcOEt = 5:1) to afford 119a
(389.9 mg, 74% yield) as pale yellow oil.
. 'H NMR (CDCls, 400
/% ‘ N MHz) & 2.00 (s, 3H),
Ve Z 530 (s,  2H),
119a
7.23-7.26 (m, 1H),

7.38 (d, J = 8.0 Hz, 1H), 7.71 (dt, J = 2.4,
8.0 Hz, 1H), 8.60 (d, J = 7.2 Hz, 1H); 13C
NMR (CDCls, 100 MHz) &: 3.9, 67.8, 72.2,
86.7, 121.9, 123.1, 136.9, 149.6, 153.3,
155.0; IR (ATR) v: 2950, 2241, 1438, 1371

cml; HRMS (ESI) m/z caled for
C20H19N204 [2M+H]* 251.1345 found
351.1349.

Benzyl-but-2-ynoate (119b)
(CAS-Reg# 59040-31-2) Spectral data
were identical to the literature data.
(Hendrickson, J. B. et al. Synthesis 1989,
3,217)

Colorless 'H NMR
119 (CDCls, 400 MHz) §: 1.97

(s, 3H), 5.18 (s, 2H), 7.34-7.37 (m, 5H); 13C

oil.

Me

CO,Bn

82

NMR (CDCls, 100 MHz) §: 3.92, 67.53,
72.4, 86.2, 128.61, 128.63, 128.7, 135.1,
153.6; IR (ATR) v: 2960, 2239, 1437, 1370
cm'l; HRMS (ESI) m/z caled for C12H11NO2
[M+H]* 224.0687 found 224.0701.

4-Methoxybenzyl-but-2-ynoate
(119¢)

o Colorless  oil.

% 'H NMR (CDCl;,
o0

Me ove 400 MHz) &:

119¢
1.97 (s, 3H), 3.81

(s, 3H), 5.12 (s, 2H), 6.88 (d, J = 8.4 Hz,
2H), 7.31 (d, J = 8.4 Hz, 2H); 13C NMR
(CDCls, 100 MHz) §: 3.88, 55.4, 67.4, 72.5,
76.9, 85.9, 114.1, 127.2, 130.5, 153.7,
159.9; IR (ATR) v: 2971, 2243, 1437, 1375
cm'l; HRMS (ESI) m/z caled for C13H1sNOs
[M+H]* 254.0793 found 254.0795.

4-(Trifluoromethyl)benzyl-but-2-yno
ate (119d)

Colorless oil. 'H NMR (CDCls, 400 MHz) &:
1.98 (s, 3H), 3.81 (s, 3H), 5.25 (s, 2H), 7.46

o (d, J = 8.0 Hz,
P 2H), 7.69 (d, J =
L
Me A, 8.0 Hz, 2H); 13C
3
119d
NMR (CDClIs,

100 MHz) &: 3.89, 66.4, 72.1, 86.8, 122.7,
125.64, 125.68, 128.5, 130.5, 139.1, 153.4;
IR (ATR) v: 2964, 2243, 1430, 1365 cm'};
HRMS (ESI) m/z caled for CisH1oFsNO:
[M+H]* 292.0561 found 292.0565.



Ethyl 6-((4-methyl-N-phenylphenyl)
sulfonamido)hex-2-ynoate (149a)
= W 'H NMR (CDCls, 400
Ph MHz) & 1.29 (t, J =
6.8 Hz, 3H), 1.73 (tt,
J = 6.8,7.2 Hz, 2H), 2.39-2.47 (m, 5H),
3.61(t, J= 6.8 Hz, 2H), 4.20 (q, J = 6.8 Hz,
2H), 7.02-7.06 (m, 2H), 7.25-7.26 (m, 2H),
7.29-7.34 (m, 3H), 7.46 (d, J = 8.4 Hz, 2H);
13C NMR (CDCls, 100 MHz) §: 14.0, 16.0,
21.5, 26.4, 49.5, 61.8, 73.6, 87.8, 1217.7,
128.0, 128.6, 129.1, 129.4, 134.9, 138.8,
143.5, 153.6; IR (ATR) v: 2940, 2228, 1379

CO,Et
149a

cm’; HRMS (ESID) m/z caled for
C2:H2sNO4S [M+Nal]* 408.1245 found
408.1244.

Benzyl 6-((4-methyl-N-phenylpheny
I)sulfonamido)hex-2-ynoate (149b)
TSN/\/\ 'H NMR (CDCls, 400

Ph MHz) & 1.63 (tt, J =

6.8, 7.6 Hz, 2H), 2.31

(t, J=17.6 Hz, 2H), 2.39 (s, 3H), 3.67 (t, J=
6.8 Hz, 2H), 5.13 (s, 2H), 7.11-7.24 (m, 3H),
7.26-7.37 (m, 9H), 7.45 (d, J = 8.0 Hz, 2H);
13C NMR (CDCls, 100 MHz) &: 15.8, 21.2,
26.5, 49.8, 67.4, 68.1, 73.1, 88.8, 128.1,
128.4, 128.5, 128.7, 129.0, 129.1, 130.1,
130.2, 132.9, 133.1, 134.9, 135.2, 138.5,
143.4, 153.4, 167.8; IR (ATR) v: 2953, 2235,
1907, 1349 cm'’; HRMS (ESI) m/z calcd for
C26H2sNO4S  [M+Nal*
470.1398.

CO,Bn
149b

470.1402 found
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4-Methoxybenzyl 6-((4-methyl- N-
phenylphenyl)sulfonamido)hex-2-yn
oate (149¢)

'H NMR
OMe
m;h«/\ro\ /@( (CDCls,
) 400 MHz)
149¢ 8: 1.70 (tt,

J=6.8,7.2 Hz, 2H), 2.37 (t, J= 7.2 Hz, 2H),
3.41 (s, 3H), 3.59 (t, J= 6.8 Hz, 2H), 3.80 (s,
3H), 5.10 (s, 2H), 6.89 (d, J = 80 Hz, 2H),
7.01-7.08 (m, 2H), 7.22 (d, J = 8.0 Hz, 2H),
7.26-7.31 (m, 5H), 7.44 (d, J = 8.0 Hz, 2H);
13C NMR (CDCls, 100 MHz) §: 16.0, 21.5,
26.4, 49.4, 55.3, 67.3, 73.4, 88.2, 99.9,
113.9, 127.0, 127.7, 128.0, 128.6, 129.1,
129.4, 130.4, 134.9, 138.8, 143.5, 153.5,
159.8; IR (ATR) v: 2971, 2240, 1440, 1373

cm’; HRMS (ESID) m/z caled for
C27H27NOsS  [M+Nal]* 500.1508 found
500.1510.

4-(Trifluoromethyl)benzyl 6-((4-
methyl-N-phenylphenyl)sulfonamid
o)hex-2-ynoate (149d)

e, 'H NMR
ngf/\(oﬁ (CDCl,
o) 400 MHz)

149d & 1.72 (tt,

J = 6.8, 7.2 Hz, 2H), 2.41-2.45 (m, 5H),
3.61 (t, J = 7.2 Hz, 2H), 5.21 (s, 2H),
7.01-7.05 (m, 2H), 7.24 (d, J = 8.0 Hz, 2H),
7.29-7.33 (m, 3H), 7.44 (d, J = 8.0 Hz, 2H),
7.48 (d, J= 8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz,
2H); 13C NMR (CDCls, 100 MHz) &: 16.0,



21.5, 26.3, 49.4, 66.3, 73.1, 89.2, 125.5,
125.6, 127.7, 128.1, 128.4, 128.6, 129.1,
129.4, 134.8, 138.8, 138.9, 143.6, 153.1; IR
(ATR) v: 2970, 2239, 1441, 1376 cm’}
HRMS (ESI) m/z caled for C2rH24F3sNO4S
[M+Nal* 538.1276 found 538.1279.

Ethyl 6-(benzyloxy)hex-2-ynoate
(151a)

Bno/\/\

CO,Et

Colorless 1H
NMR (CDCls, 400
MHz) &: 1.30 (t, J =
7.2 Hz, 3H), 1.84 (tt, J = 6.0, 7.2 Hz, 2H),
2.45 (t, J = 7.2 Hz, 2H), 3.54 (t, J= 6.0 Hz,
2H), 4.20 (q, J = 7.2 Hz, 2H), 4.50 (s, 2H),
7.26-7.32 (m, 5H); 3C NMR (CDCIs, 100
MHz) &: 14.1, 15.7, 15.9, 27.9, 61.9, 68.4,
73.1, 88.8, 127.7, 128.5, 129.7, 138.3,
153.9; IR (ATR) v: 3801, 2936, 2234, 1365
cm'l; HRMS (ESI) m/z caled for Ci5Hi1sOs
[M+Nal* 246.1256 found 246.1255.

oil.

151a

Benzyl 6-(benzyloxy)hex-2-ynoate
(151Db)

BnO/\/\

COQBI’I

Colorless 'H
NMR (CDCls, 400
MHz) &: 1.87 (tt, J =
6.0, 7.2 Hz, 2H), 2.47 (t, J = 7.2 Hz, 2H),
3.55 (t, J= 6.0 Hz, 2H), 4.50 (s, 2H), 5.18 (s,
2H), 7.33-7.34 (m, 1H), 7.35-7.40 (m, 9H);
13C NMR (CDCls, 100 MHz) 6: 15.6, 27.7,
67.4, 68.2, 73.1, 89.4, 99.8, 127.6, 128.2,
128.3, 128.48, 128.53, 128.6, 134.9, 138.2,
153.5; IR (ATR) v: 2937, 2224, 1440, 1367

oil.

151b
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em'l; HRMS (ESI) m/z caled for C20H20NOs
[M+Nal]* 331.1310 found 331.1317.

Benzyl 6-((N-(tert-butoxycarbonyl)-
4-methylphenyl)sulfonamido)hex-2-
ynoate (153)

TsI\ll /\/\

Boc

'H NMR (CDCls, 400
MHz) &: 1.34 (s, 9H),
2.04 (quin, J= 7.2 Hz,
2H), 2.41-2.46 (m, 5H), 3.89 (t, J = 7.2 Hz,
2H), 7.30 (d, J = 8.0 Hz, 2H), 7.34-7.38 (m,
5H), 7.76 (d, J = 8.0 Hz, 2H); 3C NMR
(CDCls, 100 MHz) &: 16.3, 21.6, 27.8, 28.0,
46.1, 67.5, 73.4, 84.5, 88.4, 127.8, 128.5,
128.6, 129.3, 134.9, 137.1, 144.3, 150.8,
153.4; IR (ATR) v: 2960, 2243, 1443 cm'%;
HRMS (ESI) m/z caled for C20Hz20NOs
[M+Nal* 331.1310 found 331.1317.

CO,Bn
153

General procedure for

hydrocyanation of alkynylesters

Pyridin-2-ylmethyl-(E)-3-cyanobut-
2-enoate (120a)

Methord A: To a solution of 119a (35.1
mg, 0.2 mmol) in toluene (0.4 mL) was
added acetonecyanohydrin (340.0 mg, 4.0
mmol). Then Ni[P(OPh)s]s (26.0 mg, 0.02
mmol was added to the mixture. After
being stirred at 100 °C under argon for 16
h, the reaction was cooled to room

temperature. Then the residue was

purified by flash column chromatography
(thexane/AcOEt = 10:1) to give 120a (29.5



mg, 73% yield) as yellow oil without work
up.

Methord B: TMSCN (99.2 mg, 1.0 mmol)
was added to CFsCH:OH (100.0 mg, 1.0
mmol) in sealed tube, and the mixture was
stirred for 10 min at room temperature.
Then 119a (35.1 mg, 0.2 mmol) in toluene
(0.4 mL) was added to the reaction
mixture followed by Ni[P(OPh)sls (26.0 mg,
0.02 mmol). The solution was stirred at
100 °C under argon for 22 h, then cooled to
room temperature. The residue was
purified by flash column chromatography
(thexane/AcOEt = 10:1) to give 120a (18.9
mg, 47% yield)

White solid. 'H
NMR (CDCls, 400
MHz) &: 2.38 (d, J =
1.6 Hz, 3H), 5.31 (s,
2H), 6.54 (d, J =1.6 Hz, 1H), 7.26 (d, J =
7.2 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.74
(t, J=8.0 Hz, 1H), 8.61 (d, J = 4.0 Hz, 1H);
13C NMR (CDCls, 100 MHz) §: 17.4, 67.3,
118.6, 121.9, 123.1, 126.9, 131.8, 136.8,
149.6, 154.7, 163.4; IR (ATR) v: 2940, 2224,
1714, 1379, 1164 cm’'; HRMS (ESID) m/z
caled for Ci1HuN:02 [M+Nal* 203.0821
found 203.0825; mp. 56-57 °C.

Me

NCTN

H

0

~

=

(¢}

120a

Benzyl (E)-3-cyanobut-2-enoate
(120Db)

Colorless oil. H NMR
(CDCls, 400 MHz) §: 2.36 (d,

Me CO,Bn

NC H

120b
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J = 1.6 Hz, 3H), 5.20 (s, 2H), 6.46 (q, J =
1.6 Hz, 1H), 7.35-7.37 (m, 5H); 3C NMR
(CDCl3, 100 MHz) & 17.5, 67.1, 118.9,
126.7, 128.6, 128.77, 128.83, 132.4, 135.1,
164.8; IR (ATR) v: 3629, 2959, 2225, 1479,
1348 cm'’; HRMS (ESI) m/z caled for
Ci2H11NO:>  [M+Nal* 201.0790
201.0788.

found

4-Methoxybenzyl (E)-3-cyanobut-2-
enoate (120c)

White solid. 'H
NMR  (CDClIs,
400 MHz) &: 2.34
d, J = 1.2 Hz,
3H), 3.81 (s, 3H), 5.13 (s, 2H), 6.42 (t, J =
1.2 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 7.30
(d, J = 8.4 Hz, 2H); 13C NMR (CDCls, 100
MHz) & 17.3, 55.2, 66.8, 114.0, 118.7,
126.3, 127.0, 130.3, 132.4, 159.9, 163.6; IR
(ATR) v: 3676, 2855, 2221, 1722, 1636,
1374 cm’’; HRMS (ESI) m/z caled for
CisHisNOs  [M+Nal* 254.0793
254.0791. mp. 54-55 °C.

Me O
R

0L

H

NC

120c

found

4-(Trifluoromethyl)-benzyl (E)-3-
cyanobut-2-enoate (120d)

Me O White solid. 'H
NCTY o/\©\ NMR (CDCls, 400
H cr, MHz) 6 2.37 @, J

120d

1.2 Hz, 3H),
5.26 (s, 2H), 6.47 (t, J = 1.2 Hz, 1H), 7.48
(d, J=6.4 Hz, 2H), 7.64 (d, J= 6.4 Hz. 2H);
13C NMR (CDCls, 100 MHz) 6: 17.4, 65.9,



118.6, 125.6, 125.7, 127.2, 128.4, 131.7,
138.9, 163.4; IR (ATR) v: 3676, 2855, 2207,
1623, 1449 cm'l; HRMS (ESI) m/z calced for
C13sH10FsNOs [M+Nal* 292.0561 found
292.0567. mp:.40-41 °C.

Ethyl (E)-3-cyanobut-2-enoate
(148a)

Colorless H NMR
(CDCls, 400 MHz) 6: 1.30 (¢,
J=17.2Hz, 3H), 235, J=
1.6 Hz, 3H), 4.24 (q, J = 7.2 Hz, 2H), 6.42
(t, J = 1.6 Hz, 1H); 13C NMR (CDCls, 100
MHz) & 14.0, 17.2, 61.2, 118.8, 125.9,
132.7, 163.8; IR (ATR) v: 3736, 2927, 2208,
1724, 1623, 1372, 1066 cm';; HRMS (ESI)
m/z caled for C7HoNO2 [M+Nal* 162.0531
found 162.0529.

Me  CO,Et oil.

NC H
148a

Ethyl (E)-3-cyanonon-2-enoate
(148b)

Colorless H NMR
(CDCls, 400 MHz) &: 0.89 (t,
J=6.8 Hz, 3H), 1.29-1.40 (m,
9H), 1.65 (quin, J = 7.6 Hz, 2H), 2.77 (¢, J
=7.6 Hz, 2H), 4.23 (q, J= 6.8 Hz, 2H), 6.40
(s, 1H); 13C NMR (CDCls, 100 MHz) §: 13.9,
14.0, 22.4, 27.9, 28.6, 30.0, 31.3, 61.2,
118.2, 131.5, 132.2, 163.7; IR (ATR) v:
3676, 2240, 1713, 1515, 1498 cm';; HRMS
(ESD) m/z caled for Ci15H17NOs [M+Nal*
232.1314 found 232.1319.

"Hex CO,Et oil.

NC H
148b

Ethyl (2)-4-((tert-butyldimethylsily

86

Doxy)-3-cyanobut-2-enoate (148d)
TBSO co,re  Colorless oil. 'H NMR
;(>Z<H (CDCls, 600 MHz) §&:
1484 0.12 (s, 6H), 0.94 (s, 9H),
1.31 (t, J= 4.4 Hz, 3H), 4.22 (q, J = 4.4 Hz,
2H), 4.75 (d, J = 1.8 Hz, 2H), 6.41 (t. J =
1.8 Hz, 1H); 13C NMR (CDCls, 150 MHz) &:
11.0, 26.6, 29.0, 36.0, 63.1, 64.7, 108.6,
120.6, 122.5, 146.3; IR (ATR) v: 3677, 2224,
1629, 1339 cml; HRMS (ESI) m/z caled for
C13H2sNOsSi  [M+Nal]* 292.1345 found

292.1353.

Ethyl (E)-5-((tert-butyldimethylsily
1oxy)-3-cyanopent-2-enoate (148e)
Colorless oil. 'TH NMR
(CDCls, 400 MHz) §&:
0.09 (s, 6H), 0.89 (s, 9H),
1.35 (t, J = 7.2 Hz, 3H),
3.03 (dt, J = 1.2, 6.4 Hz, 2H), 3.90 (t, J =
6.4 Hz, 2H), 4.25 (q, J = 7.2 Hz, 2H), 6.51
(d, J = 1.2 Hz, 1H); 13C NMR (CDCls, 100
MHz) &: 14.0, 18.2, 25.8, 33.4, 60.8, 61.2,
118.2, 128.9, 133.8, 163.7; IR (ATR) v:
3648, 2955, 2222, 1720, 1380 cm';; HRMS
(ESD) m/z caled for C14H2sNOsSi [M+Nal*
306.1501 found 306.1500.

TBSO
CO,Et

NC H
148e

Ethyl (E)-5-(benzyloxy)-3-cyanopent
-2-enoate (148g)

Colorless oil. 'H NMR
(CDCls, 400 MHz) &: 1.29
(t, J = 6.8 Hz, 3H), 3.10

BnO
CO,Et

NC H
148g



(dt, J=1.2, 6.4 Hz, 2H), 3.74 (t, J= 6.4 Hz,
2H), 4.20 (q, J = 6.8 Hz, 2H), 4.55 (s, 2H),
6.49 (t, J = 1.2 Hz, 1H), 7.27-7.30 (m, 1H),
7.32-7.35 (m, 4H); 3C NMR (CDCIs, 100
MHz) &: 14.0, 29.7, 30.4, 61.4, 67.3, 73.1,
115.2, 118.0, 127.7, 128.4, 129.6, 133.9,
137.9, 163.6; IR (ATR) v: 3752, 2848, 2223,
1719, 1496 cm’; HRMS (ESI) m/z calcd for
CisHi7NOs  [M+Nal* 282.1106
282.1106.

found

Ethyl (E)-3-cyanopent-2-enoate
(148i)

Colorless H NMR
(CDCls, 400 MHz) §: 1.21 (¢,
J=17.6Hz, 3H), 1.31 (¢, J =
7.2 Hz, 3H), 2.81 (dq, J = 1.2, 7.6 Hz, 2H),
4.23 (q, J="7.2 Hz, 2H), 6.38 (t, J= 1.2 Hz,
1H); 3C NMR (CDCls, 100 MHz) &: 12.3,
14.0, 23.6, 61.2, 118.0, 131.8, 132.6, 163.7;
IR (ATR) v: 3677, 2207, 1723, 1624, 1327
cm'l; HRMS (ESI) m/z caled for CosH11NO2
[M+Nal* 176.0688 found 176.0692.

Et CO,Et oil.

NC H
148i

Ethyl (E)-3-cyano-3-phenylacrylate
(148j)
Colorless oil. 'TH NMR (CDCls,

Ph CO,Et

< M 400 MHz) 6: 1.19 (t, J = 7.2
148] Hz, 3H), 4.17 (q, J = 7.2 Hz,

2H), 6.64 (s, 1H), 7.39-7.44 (m, 3H),

7.47-7.50 (m, 2H); 13C NMR (CDCls, 100
MHz) 6: 13.8, 61.6, 117.9, 126.3, 128.5,
128.6, 130.6, 131.0, 132.3, 163.5; IR (ATR)
vi 3629, 2984, 2224, 1634, 1347 cm'
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HRMS (ESI) m/z caled for Ci2HiiNO2
[M+Nal* 224.0688 found 224.0689.

Ethyl (2)-3-cyano-3-(trimethylsilyl)
acrylate (1481)

Colorless H NMR
(CDCls, 400 MHz) 6: 0.35 (s,
6H), 1.33 (t, J= 7.2 Hz, 3H),
4.25 (q, J = 7.2 Hz, 2H), 7.04 (s, 1H); 13C
NMR (CDCls, 100 MHz) 6: -1.1, 14.1, 61.7,
119.7, 129.7, 134.4, 147.0, 164.5; IR (ATR)
v: 8750, 2206, 1623, 1372 cm'’; HRMS
(ESD m/z caled for CooH15NO2Si [M+Nal*
220.0770 found 220.0769.

TMS  CO,Et oil.

NC
1481

H

Ethyl (E)-3-cyano-3-cyclohexacryla
te (148n)

<:§_<co2ﬁt

'H NMR
5

Colorless o1l.
(CDCls, 400 MHz)
1.20-1.29 (m, 1H), 1.30-
NC H
148n 1.33 (m, 4H), 1.36-1.48 (m,
3H), 1.70-1.83 (m, 5H), 3.47-3.53 (m, 1H),
4.23 (q, J = 6.8 Hz, 2H), 6.32 (s, 1H); 13C
NMR (CDCls, 100 MHz) 6 14.0, 25.3, 25.5,
31.0, 37.7, 61.2, 117.1, 130.8, 137.0, 163.7;
IR (ATR) v: 3751, 2221, 1720, 1623 cm'};
HRMS (ESI) m/z caled for Ci5H17NOs
[M+Nal* 230.1157 found 230.1161.

Ethyl (E)-3-cyano-4-((4-methyl-N-
phenylphenyl)sulfonamido)but-2-en
oate (1480)

Colorless oil. 'TH NMR (CDCls, 400 MHz) &:
1.28 (t, J = 4.4 Hz, 3H), 2.42 (s, 3H), 4.20



(q, J= 4.4 Hz, 2H), 5.59 (s,
2H), 6.15 (s, 1H), 7.21-
7.31(m, 5H), 7.34-7.40 (m,
2H), 7.67 (d, J = 8.0 Hz, 2H); *C NMR
(CDCls, 100 MHz) 6: 14.2, 21.7, 23.1, 60.5,
120.8, 127.96, 128.0, 128.7, 129.2, 129.5,
130.0, 137.8, 139.1, 143.7, 147.0, 164.4; IR
(ATR) v: 3619, 2948, 2220, 1630 cm’;
HRMS (ESD m/z caled for Ci9H2:1NO4S
[M+Nal* 382.1089 found 382.1082.

TsN CO,Et
mo =

NC H
1480

Methyl 3-cyclopropylpropiolate
(176a)

(CAS-Reg# 80766-48-4) Spectral data
were identical to the literature data.
(Herges, R. et al. Chem. Eur. J. 2000, 6,

7.

%cone

176a

Yellow oil.
(CDCls, 400 MHz)
0.88-0.96 (m, 4H), 1.35-
1.41 (m, 1H), 3.74 (s, 3H).

1H NMR
5:

Ethyl-3-cyclopropylpropiolate
(176b)

(CAS-Reg# 123844-20-2) Spectral data
were identical to the literature data.
(Osmo, H. et al. Organic syntheses 1988,
66, 173.)

[>—=—coEt

176b

Yellow oil. 'H NMR (CDCls,
400 MHz) 6: 0.91-0.96 (m,
4H), 1.29 (t, J = 7.2 Hz,
3H), 1.35-1.41 (m, 1H), 4.20 (q, J = 7.2 Hz,
2H).

88

Benzyl 3-cyclopropylpropiolate
(176¢)

(CAS-Reg# 1009603-04-6) Spectral data
were identical to the literature data.
(Yamamoto, Y. et al. Chem. Eur. J. 2012,
18, 3153.)

>—— COan

176¢

Yellow oil. 'H NMR
(CDCls, 400 MHz) &:
0.89-0.94 (m, 4H), 1.34-
1.40 (m, 1H), 5.16 (s, 2H), 7.32-7.40 (m,
5H).

Cyclohexyl 3-cyclopropylpropiolate
(1764)

Yellow oil. 'TH NMR
O (CDCls, 400 MHz) 6:

0.90-0.93(m, 5H), 1.19
-1.49 (m, 9H), 1.54-1.57 (m, 1H), 1.73-1.77
(m, 2H), 1.87-1.89 (m, 2H), 4.79-4.83 (m,
1H); 3C NMR (CDCls, 100 MHz) &: 9.7,
14.7, 23.9, 24.4, 25.8, 26.3, 32.1, 39.6, 69.5,
75.1, 93.2, 154.0; IR (ATR) v: 2938, 2223,
1611, 1451 cm'’; HRMS (ESI) m/z calcd for
Ci12H1602 [2M+Nal* 407.2198
407.2195.

176d

found

Ethyl (E)-3-cyano-3-cyclopropyl
acrylate (177b)

Yellow oil. 'H NMR (CDCls,
<g:<C02Et 400 MH2) & 0.96-1.00 (m,
NEH T oH), 1.09-1.12 (m, 2H), 1.30 (¢,
J= 6.8 Hz, 3H), 3.07-3.13 (m,
1H), 4.25 (q, J = 6.8 Hz, 2H), 6.36 (s, 1H);
13C NMR (CDCls, 100 MHz) §: 22.7, 22.9,

177b



24.8, 26.8, 64.4, 107.8, 119.5, 124.3, 147.1;
IR (ATR) v: 3675, 2855, 2207, 1624 cm'’;
HRMS (ESI) m/z caled for C7HsNO:
[M+Nal* 162.0531 found 162.0528.

Ethyl (2)-3-cyano-3-cyclopropylacry
late (177b’)

Yellow oil. 'H NMR (CDCls,
400 MHz) &: 1.31 (t, J = 7.2
Hz, 3H), 2.35 (d, J = 1.6 Hz,
3H), 4.24 (q, J = 7.2Hz, 2H),
6.42 (q, J = 1.6 Hz, 1H); 13C NMR (CDCls,
100 MHz) §: 14.0, 17.2, 61.2, 118.8, 125.9,
132.7, 163.8; IR (ATR) v: 3736, 2855, 2208,
1624 cm’l; HRMS (ESI) m/z caled for
C:HsNO: [M+Nal* 162.0531
162.0529.

NC CO,Et

H

177b'

found

Cyclohexyl (E)-3-cyano-3-cyclopropy
lacrylate (177d)
Yellow oil.
o (CDCls, 400 MHz)
<g:2¥0 0.96-0.98 (m, 2H), 0.98-
N H
177d

1H NMR
5:

1.01 (m, 2H), 1.21-1.54 (m,
6H), 1.69-1.72 (m, 2H),
1.85-1.93 (m, 2H), 3.06-3.09 (m, 1H),
4.82-4.85 (m, 1H), 6.35 (s, 1H); 3C NMR
(CDCls, 100 MHz) &: 9.5, 12.1, 24.3, 32.1,
74.3, 116.1, 131.2, 136.1, 146.6; IR (ATR)
vi 2939, 2861, 2224, 1365, 1314 cm';
HRMS (ESD m/z caled for CisH17N:102
[M+Nal* 242.1157 found 242.1152.
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Cyclohexyl (2)-3-cyano-3-cyclopropyl
acrylate (177d”)

Yellow oil. 'H NMR
(CDCls, 400 MHz) &:
1.01-1.03 (m, 3H), 1.27-
1.42 (m, 4H), 1.48-1.56
(m, 3H), 1.74-1.77 (m,
3H), 1.85-1.87 (m, 2H), 4.87-4.90 (m, 1H),
6.40 (s, 1H); 13C NMR (CDCls, 100 MHz) &:
8.2,11.5,16.4, 23.7, 25.4, 31.5, 74.2, 113.7,
130.2, 131.6, 162.5; IR (ATR) v: 2937, 2224,
1617, 1365; HRMS (ESI) m/z caled for
C1sH17NO:  [M+Nal* 242.1157
242.1157.

177d’

found

Ethyl 3-((18,2R)-2-(((tert-butyldi
methylsilyl)oxy)methyl)cyclopropyl)
propiolate (184)

A oill. ™™
TBSO o,
~a %\

NMR (CDCls, 400
CO,Et

Hz) §: 0.90 (s, 6H),
0.75 (q, J = 5.6 Hz, 1H), 0.88 (s, 9H),
1.11-1.16 (m, 1H), 1.29 (t, J = 7.2 Hz, 3H),
1.43.1.51 (m, 1H). 1.58-1.67 (m, 1H), 3.75
(dd, J = 6.0, 11.2 Hz, 2H), 4.20 (q, J = 7.2
Hz, 2H); 13C NMR (CDCls, 100 Hz) &: 4.8,
13.5, 14.0, 18.3, 22.1, 25.9, 61.5, 63.5, 70.9,
89.9, 153.6; IR (ATR) v: 3855, 2954, 1463
cm'l; HRMS (ESI) m/z caled for Ci15H2603S1

[M+Nal* 305.1549 found 305.1544.

Colorless

184

Ethyl (2)-3-((18,2R)-2-(((tert-butyl
dimethylsilyl)oxy)methyl)cycloprop
y1)-3-cyanoacrylate (anti-185)



Yellow oil. 'H NMR (CDCls,

NC CO,Et
400 Hz) &6: 0.04 (s, 6H), 0.88
4 H
(s, 9H) 1.05-1.10 (m, 1H),
—OTBS

1.14-1.19 (m, 1H), 1.30 (t, J =
6.8 Hz, 3H), 1.46-1.59 (m,
1H), 1.61-1.75 (m, 1H), 3.69 (dd, J = 5.2,
10.8 Hz, 2H), 4.24 (q, J = 6.8 Hz, 2H), 6.38
(s, 1H); IR (ATR) v: 2954, 2875, 2226, 1487

anti-185

cm’; HRMS (ESID) m/z caled for
C15H27NOsSi  [M+Nal* 332.1658 found
332.1651.

Ethyl (3E,6E)-7-((tert-butyldimethy
l1silyl)oxy)-3-cyanohepta-3,6-
dienoate (186)
Yellow oil. 'H NMR
CouEt (CDCls, 400 Hz) &:
0.14 (s, 6H), 0.88 (s,
9H), 1.29 (t, J = 7.2 Hz, 3H), 2.79 (dt, J =
1.6, 7.6 Hz, 2H), 3.25 (s, 2H), 4.20 (g, J =
7.2 Hz, 2H), 4.89 (dt, J= 1.6, 12.0 Hz, 1H),
6.29 (d, J = 12.0 Hz, 1H), 6.50 (t, J = 7.6
Hz, 1H); 3C NMR (CDCls, 100 Hz) §: -5.2,
14.2, 18.4, 25.7, 25.9, 27.1, 34.3, 61.7,
105.3, 107.3, 115.4, 119.3, 129.7, 143.0,
150.4, 168.5; IR (ATR) v: 2954, 2857, 2220,
1471 cm’l; HRMS (ESI) m/z caled for
CisH27NOsSi  [M+Nal]* 332.1658 found
332.1652.

186

(E)-3-cyano-3-cyclopropylacrylic
acid (187)

Colorless solid. '"H NMR (CDCls, 400 MHz)
§: 1.05-1.12 (m 2H), 1.13-1.18 (m, 2H),
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3.02-3.11 (m, 1H), 6.40 (s,
1H); 13C NMR (C¢Ds, 100 Hz)
8 9.6, 12.2, 114.9, 1284,
138.9, 169.7; IR (ATR) v: 2934,
1683, 1010, 822, 749 cm; HRMS (ESI)
m/z caled for C-H7NO:2 [M+Nal* 160.0374
found 160.0400; mp. 126-127 °C.

<g,<C02H

NC H
187

Ethyl 3-((1R,2R)-2-phenylcycloprop
yDpropiolate (trans-191)

Yellow oil. 'H NMR
Ph;%:—coza (CDCLs, 600 MHz) &

1.32 (t, J = 7.2 Hz, 3H),
1.37-1.43 8m, 1H), 1.46-1.51 (m, 1H),
1.59-1.62 (m, 1H), 2.44-2.45 (m, 1H), 4.21
(q, J = 7.2 Hz, 2H), 7.07-7.09 (m, 2H),
7.19-7.23 (m, 1H), 7.26-7.30 (m, 2H); 13C
NMR (CDCls, 150 MHz) 6: 10.6, 14.0, 17.7,
217.0, 61.7, 69.6, 91.2, 126.1, 126.7, 128.5,
139.3, 153.8; IR (ATR) v: 2964, 2207, 1461
cm'l; HRMS (ESI) m/z caled for C14aH14NO2
[M+Na]* 237.0891 found 237.0890.

trans-191

Ethyl 3-((1S,2R)-2-phenylcyclopropy
Dpropiolate (cis-191)

Yellow oil. 'H NMR
(CDCls, 400 MHz) §&:
1.26 (t, J = 6.8 Hz, 3H),
1.37-1.47 (m, 1H), 1.49 (dt, J = 5.2, 8.4 Hz,
1H), 1.90 (dt, J = 6.0, 8.4 Hz, 1H), 2.46 (q,
J = 8.4 Hz, 1H), 4.08 (q, J = 6.8 Hz, 2H),
7.22-7.25 (m, 3H), 7.31-7.34 (m, 2H); 13C
NMR (CsDs, 100 Hz) §: 9.1, 13.9, 15.3, 24.9,
61.5, 72.6, 89.3, 127.7, 128.0, 128.1, 136.5,

cis-191



153.5; IR (ATR) v: 2954, 2223, 1465, 1364
cem'l; HRMS (ESI) m/z caled for C14H14NO>
[M+Nal* 237.0891 found 237.0889.

Ethyl 3-((1R,2R)-2-(4-(trifluorometh
yDphenylcyclopropyl)propiolate
(trans-194)

E — com Yellow oil. 1H NMR
(CDCls, 400 MHz) &:
1.30 (t, J = 6.8 Hz,
3H), 1.40-1.45 (m,
1H), 1.54-1.60 (m, 1H), 1.61-1.64 (m, 1H),
2.47-2.52 (m, 1H), 4.24 (q, J = 6.8 Hz, 2H),
7.19 (d, J= 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz,
2H); 13C NMR (CeDs, 100 Hz) &: 11.2, 14.0,
18.0, 26.6, 61.9, 70.4, 90.1, 94.4, 125.51,
125.54, 126.4, 143.5, 152.5; IR (ATR) v:
2965, 2207, 1635 cm’; HRMS (ESI) m/z
caled for Ci5H13Fs02 [M+Nal* 305.0765
found 305.0771.

trans-194

Ethyl (E)-3-cyano-3-((1R,2R)-2-(4-
(trifluoromethyl)phenyl)cyclopropyl
)acrylate (syn-195)

Yellow oil. 'H
FiC— D
3@ COEt NMR  (CDCls,
NC  H 400 MHz) 6: 1.29
syn-195

(t, J = 4.8 Hz,
3H),; 1.54-1.58 (m, 1H), 1.68 (dt, J = 3.6,
6.0 Hz, 1H), 2.49-1.54 (m, 1H), 3.48 (dt, J
=3.6,6.0 Hz, 1H), 4.20 (q, J= 4.8 Hz, 2H),
6.44 (s, 1H), 7.24 (d, J = 5.6 Hz, 2H), 7.54
(d, J = 5.6 Hz, 2H); 13C NMR (CDCls, 100
Hz) & 14.1, 18.1, 22.7, 26.4, 61.4, 115.4,
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123.3, 125.62, 125.65, 126.5, 126.5, 129.1,
130.8, 133.3, 143.8, 164.3; IR (ATR) v:
2965, 2207, 1635 cm'’; HRMS (ESI) m/z
caled for CisH14F3NO2 [M+Nal]* 332.0874
found 332. 0875.

Ethyl (2)-3-cyano-3-((15,2S5)-2-(4-
(trifluoromethyl)phenyl)cyclopropyl

)acrylate (anti-195)

NC  CO,Et

Yellow oil. 1H
NMR (CDCls, 400
MHz) 6: 1.32 (t, J
= 4.8 Hz, 3H), 1.55-1.58 (m, 1H), 1.71-1.75
(m, 1H), 1.98-2.01 (m, 1H), 2.54-2.54 (m,
1H), 4.28 (q, J = 4.8 Hz, 2H), 7.20 (d, J =
5.6 H, 2H), 7.54 (d, J = 5.6 Hz, 2H); 13C
NMR (CDCls, 100 Hz) &: 14.1, 16.8, 25.8,
28.0, 61.7, 113.6, 125.7, 126.5, 129.6, 130.7,
143.6, 162.8; IR (ATR) v: 2975, 2210, 1655
cm’; HRMS (ESD
C16H14F3sNO:2 [M+Nal* 332.0874 found 332.
0875.

H

anti-195

m/z caled for

Ethyl 3-((1R,2R)-2-hexylcyclopropyl
)propiolate (trans-201)
[ — o Yellow oil. 'H NMR
"Hex' (CDCls, 400 MHz) §&:
0.71-0.75 (m. 1H), 0.88
(t, J = 7.2 Hz, 3H), 1.03-1.23 (m, 2H),
1.25-1.33 (m, 13H), 1.36-1.41 (m, 1H), 4.23
(q, J = 7.2 Hz, 2H); 13C NMR (CsDs, 100
Hz) & 6.32, 13.9, 14.3, 16.1, 22.9, 23.7,
29.0, 29.2, 32.0, 33.3; IR (ATR) v: 3792,
3423, 2957, 2855, 2223, 1969 cm'l; HRMS

trans-201



(ESD m/z caled for Ci14H22NO2 [M+Nal*
245.1518 found 245.1514.

Ethyl 3-((1S,2R)-2-hexylcyclopropyl)
propiolate (cis-201)

Yellow oil. 'TH NMR
(CDCls, 400 MHz) §&:
6.60-0.64 (m, 1H), 0.90
(t, J = 6.8 Hz, 3H), 1.06-1.14 (m, 2H),
1.20-1.57 (m, 14H), 4.23 (q, J = 6.8 Hz,
2H); 3C NMR (CeDs, 100 Hz) §: 5.3, 13.9,
14.3, 15.6, 20.3, 23.0, 29.3, 30.3, 32.1, 61.3,
71.7, 90.6, 153.8; IR (ATR) v: 3712, 3445,
2955, 2855, 2221, 1903 cm’; HRMS (ESI)
m/z caled for C14H22NO2 [M+Nal* 245.1518
found 245.1518.

Ethyl (E)-3-cyano-3-((1R,2R)-2-hexy
leyclopropyl)acrylate (202)

Yellow oil. 'H NMR
"Hex
_ FOFt (CDs, 400 MHz) &
NC H

0.47-0.50 (m, 1H), 0.78-
0.83 (m, 7H), 0.99 (t, J =
7.2 Hz, 3H), 1.07-1.19 (m, 8H), 2.91-2.94
(m, 1H), 3.76 (q, J = 7.2 Hz, 2H), 5.91 (s,

202
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1H); 13C NMR (Ce¢Ds, 100 Hz) &: 13.7, 14.0,
16.1, 18.8, 22.7, 23.6, 28.92, 28.99, 31.8,
33.0, 60.3, 115.7, 128.5, 135.9, 164.1; IR
(ATR) v: 2955, 2210, 1701 c¢cm’; HRMS
(ESI) m/z caled for CisH2sNO:2 [M+Nal*
272.1626
CO,Et
245.1634.

found

203
Ethyl

(E)-3-cyano-3-((18,2R)-2-hexy
leyclopropyl)acrylate (203)

Yellow oil. 'H NMR (Benzene-Ds, 400
MHz) & 0.75-0.79 (m, 7H), 0.81-0.83 (m,
1H), 0.85-0.87 (m, 1H), 1.09-1.14 (m, 8H),
1.33-1.35 (m, 1H), 1.38-1.42 (m, 1H),
2.69-2.73 (m, 1H), 3.79 (g, J = 7.2 Hz, 2H),
6.08 (s, 1H); 13C NMR (Benzene-Ds, 100
Hz) & 13.7, 14.0, 15.4, 17.2, 22.67, 22.71,
28.8, 28.9, 29.4, 31.8, 60.4, 117.6, 132.3,
132.9, 163.7; IR (ATR) v: 2956, 2207, 1465
cm'l; HRMS (ESI) m/z caled for Ci15HasNO2
[M+Nal* 272.1627 found 245.1633.
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