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AIBN 2,2'-azobisisobutyronitrile

acac acetylacetone

Bn benzyl

Boc tert-butoxycarbonyl

"Bu normal (primary) butyl

'‘Bu tert-butyl

BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
Cp cyclopentadienyl

Cy cyclohexyl

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DCC dicyclohexylcarbodiimide

DCE 1,2-dichloroethane

DEAD diethyl azodicarboxylate

DIBAL diisobutylaluminium hydride

DMF N,N-dimethylformamide

DMAP N,N-dimethyl-4-aminopyridine

DMSO dimethyl sulfoxide



dppb 1,3-bis(diphenylphosphino)butane

dppb 1,3-bis(diphenylphosphino)ethane
dppp 1,3-bis(diphenylphosphino)propane
Et ethyl

KHMDS Potassium Bis(trimethylsilyl)amide
IPNBSH N’-isopropylidene-2-nitrobenzenesulfonyl hydrazine
LDA lithium diisopropylamide

Me methyl

Ms mesyl (methanesulfonyl)

Me methyl

NBS N-Bromosuccinimide

Ph phenyl

Piv pivaloyl

Pr isopropyl

SEM 2-(trimethylsilyl)ethoxymethyl
TBAF tetrabutylammonium fluoride

TBAI tetrabutylammonium iodide

TBS tert-butyldimethylsulyl



Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid
THF tetrahydrofuran
TIPS triisopropylsilyl
TMS trimethylsilyl

TMTU tetramethylthiourea
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AbEMmE LT, Bk, © ¥ I, flilgR. FUEME. 7 inA RROBERREDOR
MEEMZIT T, EHRES, BRI, Qukh BOtHl, a0 FRERARbORHDL
NTODIN, TNHIFRBOME, BRREORTOMAEDLENGRY, EREH L
HNYZ—va VICEATHEEE LTS, 26 OIS Z 0 FNICRE b O
W< BRNICAT o2 R0 IANTIEERRZEATKR T 20068 Z b T
Do

Bl ZIE, NP UBRE o — VRN LA o F—VER 1 2683 568 WITis
é%g¢zim WCHOR S, k& 2 AR ME 2 R (Figure 1), L- NV 7 b7 7 > 2 (2 ZHT

e UTHEMMBERFIZARTHY . ERY XLOFEICHDLLIFALVE THDLER K
=V 3RNAT b= 4 OFIBMEE LTHONTWD, A ¥ R—EKEGTERnLE LT
IR ERIE CTH DA AL T SORBTEED A~ U 7 & 6, KL EAID L
BB TRENRETOND,

COzH NH, NHAc
HO MeO
ImNH I I
N N
H H
L- tryptophan (2) serotonin (3) melatonin (4)
NMe2

MeHN ( s i i
72\ |
MeO COzH 0 N
1owd “
N sumatriptan (6)

MeO,C  OMe
(-)-reserpine (7)

Figure 1
A2 =B DN O EFINZE > TORLUTEHRIZ, EEREEZAT2{LEWITIAL D
AJEICHEEICE D> TWD T2, O X D REIRHEE 2 2 RIS T 2 FikiZ. KRAY
REFEMOEHRY —/LE LTEHEINTEY, BUES O RIEDHIENER TS
TWnD,

FEOEREBILFORBIZEEE LVLORH Y . FNETEH L FHE IS DBFES
ZTNEIGH LR ORERDIE L HiE SN TWD, ZOKIC, F¥eREIX. AL



DF- /2 ATREMEZ 51 & H L7e, MBS AL Tl LIS » I RB—IR A B 2 &
(PR S, HEREICEHMER IR EEM e bEKT 2 Z Lz el L, BRaEF L
et abElz ARSI 13450, ZOMMEZABOLDIZLIZEF A D,
2005 £ ) — LR EEZH LIcA L7 1 o A 2R TR, 2010 RIS —~UHEEH
OZFHR L IRoTeh v 7Y v 7RG EAR—EHIE * RIFERIE °, Heck KIE %) 132
DERME BT ENTE LD (Figure 2),

Ring Closing Metathesis Grubbs catalyst

2
%
L

st i nd :

Grubbs 1%t generation 2"¢ generation

Cz catalyst G| I?Cys MesN/ \NMes

Cl/l(l'Ruz\ Cll/,\(

CI™ bey.Ph ‘Ru=\

i i PCys cI” L ph
Suzuki Coupling PCys

Pd cat.

R'-X + R2BR, —> R'R2

Negishi Coupling

Ni, Pd cat.
R'-X + R%ZzZnx — R'R?
base

Heck reaction
ix s H R*  Pdcat. R1__ R*
R2 R3 base R2 R3
Figure 2
T ORNMIE AL EF I LW A 5.2 5 2 & & e o Tz, dHATE(L Tk
2y LA T e Ie B R B DR RN AIREIC 72 D &L E USROG BARHT & 2 ERICAS
L7z, #lziE, KER~7 0527 b 2RoRRWOGKTIE, LRk ° = Ll—Corey
EOREDZAT AL L 5 KEBEN TR TH o108, 4 H TR T 7 A il % iz
PABR A & & 2 A KD IRFE—RFHATERL S REBRMEOBRMICZEN D, o, HEEL
B OACFAERIL Friedel-Crafts SRS SNAr SULE O SKZEHSEN FE T To i N T Y
U LEDEBMBE AW 0 Ak o Y T OB LY | EREIREWAD B HE TR
iZm kL7, ZofRIC, ERGRZHWICHBLUS DI LY | SRk IR & < TR
THILEole, TRETIIEMEKOARRGBMBSIEHPAFE SN TODN, £D
5 & L CLLFIZ Pauson-Khand <2 B Y Fif 5.

Pauson-Khand(#) 5 it

Pauson-Khand S, 7vsr, Ty, —BRALRFED = ilisy 2 lE 3 2 8{ILEG &
LTRSS HBNDIETH D, BlzIE, TAF &V arN hF I ZANVR= AN/
DT NF -390 MER9 & ZHEHGD 8 NS ED & AR 2+2+1 1B b




MBS HEIT LT, ®GT 27 T 7 UFER 10 735 55 (Figure 3), = DO
IE. 1973 4EIZ Pauson & Khand (2 X > THIO T S ' 2 Emb 204 2 SN 5HICE
STce BRYUONL, /AN T T DL D REHLDDD S To@IEET Vo BB T o
ST Z LA, A FRIBOSEIZA C 2D AEE RO RE 2 Sl 42 2 &L AIREET, Gk
LRI S E E < X h o T2,

Pauson

1 O
; + [i-CoyCO)— /
9 10

8
Figure 3

LML, ZOHROEEIZEID T X, T UANIE, TATE RROA IR ED
ANTFOFTERETLHOR0, T Ly, BRI A I REOERBML ERHEAR bF H ATRE
ThHHIENRPLMNTRD E L BT, FARISITSHTIZESFIREAE N b 21
DOOBRMEEOENFHER Z D, 4 B TR EBEEOGH Y — L LTED
BEBPETNWD, W, TIFXr, Ty, —BURBEUSNOZEREERR D & VT8
A L IEzm L FUSOERB AR A VI BE O Ry 2+1 B EAT NS % Pauson-Khand”
B ROG & RFLTHZ LITT D,

Pauson-Khand ! i & SO & 325 0 A%

Pauson-Khand ! 5 )i % FH N 72 RERWM B Rl O il 2 2515 5

2013 4, Baran 5 | (+)-ingenol(11)? 14 TFETO AL A HE L 7= ¥(Scheme 1), (+)-Ingenol
DA Baran & O LIATIC & Winkler 5(2002)°, FlE 5(2003)'°, Wood 5(2004)" (2
Lo THESN TV, W d 40 TR &2 < O TR EZ 2L T\, Baran 513,
MEA ARG Z SR L, ZHUCHIS 728 EITV., B LR > T2 B E A~— MIE
VD EFTWD, BB, BERLUGT X D IRFE— IREFEMREE OTERIC L0 FE & & 5T 5 R
(cyclase phase) & . Z T < MR EREAAL AT 9 ¥ (oxidase phase) &% 5 &V 9 B 2T EE
D& i L7 5-7-6 BER(15) A TR LT B IZHENLSUG 21TV, #E7> 10 THE THRAD -
e 7 v44l1lEHA6) ~E W, ZDHOFRER(LIZ L - T 14 TFE T(+)-ingenol D5
REER L TND, ZORAMROETHD 5-7-6 BEEHKADIL. 7 L =1K 13 D[242+1]
BRI E > T HITHRSNTBY, ZOBRETERAROEIRICKESEHBRL TV,
M, iR HMN, T L=kl v Uy AfEZ 15 Pauson-Khand UL EFIH LB 7
2 [5.3. 08RO R G HIEITEET OFBRT 2 EEICE VLTI TR I,




Me OPP

DMAPP

cyclase
phase

Me [2+42+1]

’ Me [RhCI(CO),
Me CO (1 atm) 0
& | 140 °C
", p-xylene.

OoTBS 72%

Me/,,
TBSO,,

Me
13

™S pinacol
rearrangement

BF3+OFt,
CH,Cl,

-78 °Cto 40 °C
80%

16 (+)-ingenol (11)

Scheme 1
Flo. FEEOFET DWEE T, EEOZERVER AR D424 I Pauson-Khand () s
ZICH LTS, PlAIE, AFES R LHEATRAT) L0 8N TR o 1K 18 21
V72 Pauson-Khand SURIC &0 B2 7 m[43.0]/ 1/ 19 Zap L, el K 20 725 5
2O fawcettimine % lycopodium 7 /L% 12 A R (21-25)D 44K % R L TV % *(Scheme 2),



o) Pauson-Khand reaction

= H
HO OEt __, /(\/; Co,(CO)g, Me,S J/\:E>:O L
_OEt ~ ~ TBSO = _

HO" - DCE, rt TBSO”
(0] TBSO then 45 °C TBSO
o - 07
diethyl L-tartrate (17) 18 92%, dr = 97:3 19

H
S o
TBSO

- Me Me

(e} \\\ (-)-magellanine (21) (+)-magellaninone (22) (+)-paniculatine (23)
20 ©
HQ
N 0]
/ HO
“ 7 H |||H

(+)-lycoposerramine-B (+)-fa\/2/§§;timine

(24)

Scheme 2
Z D 6 1%, fawcettimine ! lycopodium 7 /L1 v A REKOLEIEEHRE LT 5L
T A UMK 26 ZFEE L U7z Pauson-Khand KSIZ X » TV T AT UVAERIRKICE S 7 1
(43018 27 2R L%, =%V A F L U2 ERERRISET L, FRRo FETIHEA
BB B L TUNE 15 (WO A FAEAERSEATE - LICKRILTND, F0%
Fi 2 HRESEACH & SERIFF ORAT L =7C 4 FRO Iycopodium 7747 w2 A F(30-33) D 57K

% 3% % L 72 (Scheme 3),



Pauson-Khand reaction
Co,(CO)g (20 mol%)

Z TMTU (20 mol%) o (PPh3)sRNCI -, 5
CO (1 atm) H, (1 atm) CE>:O
NN : —

N

(:)TBS toluene, 70 °C 6TBS bgeonofene’ rt .
86%, dr=10:1 °
26 o o 27 28
HO a
o R =\
={ N
-, N g -, fawcettlmlne fawcettldlne
\\NNS

(x)-lycoposerramine-Q
(z)-lycoflexine (32) (33)

Scheme 3
% 7=, Pauson-Khand U S il & » THBER 25 L7656 & L C. esermethole (36) D&
J% & . physostigmine 37)DTERAK 22T 5 4, EHOFBTHMEETIE, 7TLFr—h
WY A I NE 34 22 a )0 N4 27 X Bk =) & WLBL LT esermethole (36) &

physostigmine 37)D FHH THDH T HE T 7 1[3.3.018R 2 L TV 5 (Scheme 4),
Pauson-Khand

MeQ type reaction MeO ™S RO
— 1ms C02(CO)g (30 mol%) Me
- TMTU (120 mol%) “Neo
e S — = —_—
N NM benzene, 70 °C NN "‘ H N
34 V& co(1atm) 35 Me Me ' Me
55%

esermethole (36): R = Me
physostigmine (37): R = C(O)NHMe

Scheme 4
= P YNV EZERHENI & D [242+1 R SUE DBEFE

LU EOFI DRI Pauson-Khand SUGIEZERIEB MM 2R T 5, il BETH
AR BIEDFZE STV DN, ZHE TICRFE-~T v —HEA, Thbb=rU L
% AN =531 IN Pauson-Khand 4 SOt 1 ZESHEC b > 72,

O AR E 2 FEF L= MY v &gy &35 Pauson-Khand B BS O BRFEMFFEIZ
B otz ZORER, 2 TWNICT Ly RO= MY VA AT 5IEGE8, 4002, {bik
FIFPHST . [RhCICO)dpppls & B SH D & 242+ 1S HHEST L. BAFRIGR TERAGIK
(39, MEHLNDLZ A LT, (Figure 4), it\ﬁﬁf@%ELf TP 2 AR
JEHEREDBLEZ BT S T2D T, EOFEMICHOWTAGRS —FE Tk~ 5,




R1 R1

= *~ Rh' Catalyst =
el ] =Rl | 0
X o Y = N
38 - [2+2+1] 39 H
14 examples
up to 88%
R3 R3
[ pu— |
& Rh' Catalyst ( 0
C=N co N
R* 40 [2+2+1] R 41"
n=1~3 15 examples
up to 83%
Figure 4

Roseophilin &%~ it i B

FREOFBBRACEIGE OBRFEIT & 0 E RN E R 2 2R K ST 2 FIEOBHF TR
LT, 7THE L7 133018 %2 FESBIEE MEEIZ roseophilin (44)73 % % (Figure 5).
Roseophilin (44)|3Z OEEFICT P 7 v 33015 LG 13 BERT o Vit G0k
THT7 T VRO R —VBRAERFOZ EONFHEE UTEIT B, FEEOES MRk L CHE
B E 6T HZ NN TWAILEM TH D, FEHDI LIz EIRO S E ViU,
IHETICARPEE L v~ 7277 n[33.015H 43 2 BB IR TED0H2 5T,
Z DALFHERNZ K > THIBH OEACHE R GUC ML HRREOEANFRETH D720,
roseophilin () DEEFENAIRETH H B 2, WIRICE T LT,

Roseophilin M4 AFZEIZ DUV TR _FICFEMZ2 Ldl 3 5,

[2+2+1]

R — o " >

C=N
NC NC
42 43

Iz

(+)-roseophilin (44)

Figure 5
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LU RIS, ERBRIT, Bx OETEICEICHERD 2HAIEEWEE AL ETRPERY
bOTHY, TOMRAEGIEIHELERMERETH L, £, TO LD REREMEL
AT 2ALEMOERIEZRRET 2 2 Lid. £ OABEESCHRE S 2 AT 272K
AR THD, TNHOEREZEEZ, FHITRO L D ITHIFEICERY AT
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A
B8 = N ERRIGAKT T 2242411 RS O BR%

%1  Pauson-Khand B i DGR

£ BHEDARMELEITT DB - Toibig 2 il 25 72 OIS S BRGNS [242+1]
RIBALBIS 2 HLY BT %,

1996 4, Buchward & & O Crowe HIZZFNENMSLI LT, 77 F U EET7 AT RET L
SRR OIVE 45, 47 2T X USRS 5 & s T D v-TF 7 FUBR
46, 48 NAKTE D Z & & FLH LTz '"(Scheme 5), 25748, ~T B L RFFA1 57
5% GG ZHM L7c~7 12 Pauson-Khand S GCDRAIOHI T 5, D%, 1998 FiZ
Murai 52K ->TA »r—T 7 FIK 49 ZfilifE 0D Ruy(CO),, LB D L. A%
Pauson-Khand IS S EIT L CxHGT 5 7 7 b AR50 3+ 5 2 Lt snk Y, W
\Z3BE Murai H1F, [FERO FIERA I VICHEHARETH Y, s T D y-7 7 & LB 5208

METEXHZLEREL TS,
. H
szTI(PMe3)2
Choe
toluene, 70 °C 0
Me
46

Buchward
Me
15 psig CO

65%

§=o
/

Crowe
Y 1) Cp,Ti(PMes),, pentane, 25 °C

2) CO (1 atm), pentane, 25 °C <:Ij/¥o
No 3) air, pentane, 25 °C

H
0
47 45% for 3 steps 48
_ Ru3(CO)4, (2 mol%) S
Z ——TMS CO (10 atm) %
>< 0
z N toluene, 160 °C o
o} 50
49
Z =—TMS Ru;(CO)4, (5 mol %) S
—
z \
N—Ar N
51 52

Murai

Z = CO,FEt

H
KT pmo
toluene, 160 °C
66%

Z =CO,Et

Ar = p-MeOCgH,4
Scheme 5

™
Z
V4
84%
™
CO (5 atm) Z
Z
\
Ar



T L AIRE —RE CEEAN R LT 12- Y U REEER A L TR Y . WARNREN sp
AT, MR FED sp IRAKE 723 (Figure 6), 7 L 3K 4 OiE A DN EAE T 5 KR 2 s
EETDHIEML, TAX Ty, HHAWIIEY = o L3R s T8 A2 R4 2
&K IR RRTRIHENTWS,

|
Il

allene
Figure 6

BEHK D 531N Pauson-Khand SiCTld, BV 7 B [33.0]fFEACE V7 14301758k %2 A
T DT EITFEETH TN, B A XOEICKRE T 7 nfROMBEIZNEETH - 7=,
LINLZENE, FEHEOFBRT DM RETIZ, 7Arofboicy vrazlnizrrer—
T IV AR 53(n = 0, 1) Rh(Dfif#hE 5y 1PN Pauson-Khand #U i K 0 . B2 7 1 [5.3.018 4%
54(n = DARMIHEETTRETHH Z L2 WME LD S, £, TAX V2T LUICER
LT Lo—T 7 AR SS Z WA S BARHC RIS HEIT L, E 27 1 [4.3.01854 56(n =
)R> B [53.01EH 56(n = DSOS Z &b LTS Y, #Hic, MZEMEAKY
BT L ACEZWZ T B AT L K 57 043N Pauson-Khand BUSUG Tl B A XD LY
KE72E 27 1[6.3.01FH 58 (n= DOMFENAIEEL 720 | e K TE 7 1[7.3.015# 58 (n=
DHEMTE D= LA Lz *(Scheme 6), =415 ORFFERHIE. 4> F N Pauson-Khand
FISIZBWT, 7 L o B E i CRUMIE O @ WIS Y & LTI 2 & 2R/ H 0
Th D,

SO,Ph
[RhCI(CO)dpppl, z
CO (1 atm)
]
toluene, reflux R?
R? up to 97% " R2
n=0,1 54
[RhCI(CO),], pOPh
= CO (1 atm)
0]
3 toluene, reflux R3
R o up to 89% nR4
55 R* n=0,1 56
SO,Ph SO,Ph
== g?gCl(CO)dppplz
1 at
(1 atm) o
RS Onf—=— toluene, 80 °C R5 O
SO.Ph Upto quant
2 n=01,2 SO-Ph
dppp = 1,3-bis(diphenylphosphino)propane
Scheme 6
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T L EaTaRRZEMSEZFH Lz, 40 N~7 2 Pauson-Khand Bt $ A1 5 41T
W5, Kang HIE, 7L 2-TIATE RESIRT LA I UMK 61 22 A4 F o i Cfili &
® Ruz(CO)yp & T, 20 TIED F{LIRE F TR L= & 2 A, 7 L ORNMlo ZEiEE D
EIRAYL _I:US LC, kT2 y-7FmT7 7 hoAR60 Wy -7 F a7 7 4 LMK 6213 FDHIL
22 L RWE LTS Y (Scheme 7). £72. Yu 513 L EZRED Mo(CO)e 2 FIH L 72 [F4k
D% Wt Lz 2,

Kang Vi

/_//' Rus(CO)1, (1 mol%)
TeN CO (20 atm) . o
\_\\ _ 5

dioxane, 120 °C

59 0] 75% 60
7
/—// Ru3(CO)45 (3 mol %)
TsN CO (20 atm) TsN o
\ N
N—NHBz dioxane, 120 °C NHBz
61 53% 62
Yu //

toluene, 100 °C
0 75% 60

ﬁ// Mo(CO)r;
TsN TsN o)
- .

59
Scheme 7

TV DRFBERAE~T R CICEEB-~T I AL R, T Ly EEE S E
ALTEBY, 7 LUk, Pauson-Khand BUESIZHIH ST 5, Saito HiX, 7/4F—
HNVEKEY A I FIK 63 2L FEimfED Mo(CO)s & DMSO f7/E F, hL= U in#asiid 25

& HEIOBHBREK 64 Nh~EIRTHE LN &L 2 8iE L TW5 P (Scheme 8), £72., %
FHOFET D8 Tk, MR Coy(CO)s & TMTU % W5 5 TH RSNt T35 =
EERRLE 2 2ok, RaDAEEZ AW REEO RIS, Saito 52 & - THE S

25

o

AN /A R
( ,)—=—R conditions ("
- _Z —_— \\.\§ ,/ = O
—
N—'—N\ N N\
63 Ar 64 Ar
conditions

Saito: Mo(CO)g (1.1 eq.), DMSO (5 eq.), toluene, reflux

Mukai: Cox(CO)g (10 mol%), TMTU (60 mol%), CO (1 atm), toluene 70 °C

Saito: [RhCl{cod)], (5 mol%), dppp (11 mol%), CO (1 atm), xylene, reflux
Scheme 8

EZC RPN /\%W@ Pauson-Khand ! 503677 L, BRIKAK 67 75)|—JL|14~T BondZ Er

11



#H 1L TUW5 *(Scheme 9).

Kondo

R2  Ru;(CO)4, (3.3 mol%) R?2
CO (1 atm)
R-N=C=0 + || RN |

mesitylene, 130 °C R3
65 R up to 99% o
66 67
Scheme 9

FOMO~NT I AL ERWEE LT, A YFFTT T IRT T oA U ERIS
%55 &3 545 FW Pauson-Khand B 78 Saito HIZ K » THE SN TEBY . 2 F it
HF T /[23-b]A v R—/L2-F K 69 KN, y-T 7 & LMK 72 DEAFRIETHELINLD
T(Scheme 10).

Saito

Mo(CO)g Bu
— By DMSO

—— toluene _
N S reflux N
68 75% 69

1) 70, Co(CO)g Ph
Ph Ar CHyCly, rt _

Ph

+ o:N
|‘| ph/E 2)71,DMSO  Ph~ N
70 71 toluene, reflux Ph Ar

77%
Ar = p-MeOCgH,4 72

0]

Scheme 10
Z DX DI, ~7 v Pauson-Khand B SUGSIZ BT HWFEDOFRICITA T E L b 0723
HY., ZnoOHEIX, Hegedus D [Transition Metals in the Synthesis of Complex Organic
Molecules?® | <2 Torres 2@ [The Pauson-Khand Reaction®”] 12 H#EM STV 5,

INETOREFING, fFKx RRF—~T 1 _HEEEN, 771N Pauson-Khand
FIHFRETH D Z B3 nnb, LLRRL, RF—T 1 —HiEG, 772bb=rJ/L
% 725571 Pauson-Khand RIS 3E ECTH - 72, BLFIZ, = M U ILDIAKRIRIZEB W T
WINIRNEETH D0 DB % 2T D, 78 =MV LEZEEIC, 7% 73 L 10 Y&
JIVRNTF VI % Coy(CO) AT 5 & v a R T ) VERER 74 IR L L S5
L0, T =MV AD= b Y IVERG DB BUSBE S Lo AR RIE < G oz, Z DK
RS9, 7 b=k U /L%, Pauson-Khand S DRI U CIL<SfEH ST
WBHZENE, = b UANRERD Pauson-Khand KIZEB W TRIEETH S Z EDBHBETH
% *(Scheme 11),
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o) Co0,(CO)q
PhT< + Lb =/ Ph
% / MeCN ‘ Xq
q H /
73 8 80°C H
93%, dr=1.8:1 74

Xq = chiral oxazolidin-2-ones
Scheme 11
LInLR S, = MY Ao ol & BOSES & U CERT 248 8 M5 03 3 ST
W5, Bz, AR TS5 L= MUK 76 % T A ME RhDfiiE & ALFE 5 & [2+2+2]
RIBAATIIBEDSEEAT Uy SS9 5 Y 2 U8R 77 2903 & < Ak 1% Y (Figure 12), =
D L, Y RESSRECSM. RE AN CE L= MY VARG E LT
FIHARECTH D Z &2 RET H 6D LRINTE 2,

Tanaka R’
__ [Rh(cod),]BF 4 R2
R __ BINAP ah
X + R>=N - _N
—= R DCM or DCE ¢
75 76 A 77
up to quant
Scheme 12

INLOERERE X, HEEHITI= NV VARG & 7% Pauson-Khand K& OB &
H9E L. AWFZEZE1T729 Z & & Lz, LFICEO N ERIZ OV TIEA B> Tk 5,

B f o7 V=TT = Y AVERE ST ABRERL

R T HEmREA TH DT LA Pauson-Khand U SICETEMETH D &V ) AL AN E 2.
DFFRIZT LV RO= NIV EETLREZ®RG L. BIESERETT 52 & & Lie, 5
Heb 7V r—= kUMK 80 IZLL F D {ETERK L7 (Scheme 13), B1H, o5 — R~
2=ATE R= FYUAE T NAEAT A — VB EEEMECE Y Dy T T EETT
La— K79 L L, FEWTR P ALT =7 mT74 RERISSHETANLT 4 VT
AT E LTz, a Py AMEGEETO2,3]- v 7~ o B —d3 (Il L AR = LT L
A 80 ~E /-,

PhO,S
Ol s o
CN CN CN

78 79 80
reaction conditions: a) Pd(PPh3),Cl,, Cul, Et3N, rt, quant;
b) PhS(O)CI, ‘Pr,NEt, THF, -78 °C;
¢) 10 mol% [RhCI(CO),],, toluene. 50 °C, 27% for 2 steps

Scheme 13
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LEDORRIZLTAR LT Lyr—= h ULk 80 Z I & LT, R+2+117BRA L BUG fib e
R EIT-72(Table 1), £3°, 7 L r—= K U JL{K 80 % [RhCI(CO),], & (bR FEFHAL T
RV HINBGETE T H R LT & & A, BHEZRIRE M & 15 D572 5 7= (entry 1),
F 72, filif% RhCI(CO)(PPhs), (2258 L72BRIZ & HEYDBRILIKIISS HAv7e 0> 7 (entry 2).
iV T, [RhCI(CO)dpppl, & filfit & U CRUL W72 E 2 A, BRI E T 5 242+ 1 R SUG HELT
L RV AFF A R—/UEK 81 73 60% DU T B L7z (entry 3), IRIZfilt i & 2 20 mol%
WCHERO L CRUSE AT T2 & 2 A IRIT 74%I283 L 7 (entry 4), #4212 5 mol %6 filtfi & %
WU THRETLIZE Z A, UK 24% & K& KR L7z(entry 5). 20 mol%Dfilifit % v 7= & =
I TOREROM ES R S7228, 20 mol%Iid il & LTE W\ =, 10 mol% % xSk
& LCUBomF 2175 & & L,

Table 1: Optimization of Rh mediated [2+2+1] cycloaddition

PhO,S additive $O:Ph
= CO (1 atm)
0]
=N toluene, reflux ”
80 81
entry additive (mol%) yield (%)
1 [RhCI(CO),], (10) complex mixture
2 RhCI(CO)(PPhs), (10) complex mixture
3 [RhCI(CO)dppp], (10) 60
4 [RhCI{CO)dpppl, (20) 74
5 [RhCI{CO)dpppl, (5) 28

HAOR+2+ 1B SUSEIT T 2 Gofb 2 R 720 ¢, iz, FER EHDLWIET L
v OB R TN D 21T oo, BAEROSICHW S BB IZLL T ORKE TAK LT
(Scheme 14), 7 L' FIZA VA= VI EG T 5 HE 86, 87 1IxteT 57 /L2—/L{Kk 82, 83
Wb, AT 4 R ATV 84, 85 HfRH T DM SUSIZ K> THEM LTz, F/o, AR
ST VAR 92, 9B ITANT = BT AT VO D%, BRLBOSEIT > T8 LTz, —
Fi. Ty R AFVIEEET HHE 103-111 (35S T 5 7 /v a— vk 2 2l LTtk
AFNTTT—REMBRLTER LT, £, BT VAR 110 Z7 v —uik 79 %
IPNBSH & #LEE3 % Movassaghi & D Fik 2 12t > THRK LT,
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PhO,S
R = OH a R = OSOPh b R 2 —
CN CN CN

82: R' = OMe 84: R' = OMe 86: R! = OMe (28%)
83:R'=Cl 85:R'=Cl 87:R' = CI (10%)

reaction conditions: a) PhS(Q)CI, Pr,NEt, THF, -78 °C; b) 10% [RhCI(CO),],, toluene. 50 °C

Ph(0)S PhO,S
R1 & OH c R1 P — d R1 .
- CN R2 CN R2 CN

88: R', R? = OCH,0 90: R", R? = OCH,0 92: R", R? = OCH,0 (41%)
89: R? = OMe 91: R? = OMe 93: R? = OMe (50%)

reaction conditions: c) PhSCI, EtsN, CH,Cl,, -78 °C; d) mCPBA, CH,Cl,, 0 °C

Me

R =~ OH . R =~ OMs f R@f-

R2 CN R CN R? CN
79:R'=H,R?>=H 96:R'=H,R?=H 103: R'=H, R?=H (97%)
82: R'= OMe, R2=H 97: R'=OMe, R2=H 104: R' = OMe, R2 = H (33%)
83:R'=CI,R?=H 98:R'=CI,R?=H 105: R' = Cl, R? = H (50%)
88: R', R? = OCH,0 99: R', R? = OCH,0 106: R', R? = OCH,0 (51%)
89: R'=H, R2= OMe 100: R' = H, R? = OMe 107: R" = H, R? = OMe (75%)
94: R"=NO,, R?=H 101: R'=NO,, R?=H 108: R = NO,, R? = H (38%)
95: R'=H, R?=NO, 102: R'=H, R? = NO, 109: R" = H, R? = NO, (60%)

reaction conditions: e) MsCl, Et;N, CH,Cl,, 0 °C; f) MeLi, CuCN, LiCl, THF, -78 °C

H

OH
=7 g.h —
CN CN

79 110

reaction conditions: g) IPNBSH, PPhs, DEAD, THF, 0 °C to rt; h) TFE / H,O (1/1), rt, 79%

Scheme 14

AR LAY Lo —= b ULk 80, 86, 87. 92. 93, 103-110 % > T[2+2+11ER 1L
SR ZATV, EHIEDO B A JH 7= (Table 2), £, 7 L RIC ALK = VA2 /T 5 E
DORUBUVER FICA MRS anlk AF LU UAFUEAEAL, MGETo T,
Entry 1 OFERIZEICHBEONTRERTH D, 7/ AFNEONNTALIZA F¥ T HE ROk
B 86 WL Z A, IRIX T9%IZ1A E Lic(entry 2), 7 ruikzH45EEICZENTH
[FIERIC 54% DUCECTRIGEIT Liz(entry 3), — 5, AF Lo UAF U267 555 92
RT LV DANFAZ A N VA FFORE 93 2 AW RECIE. R EIEE 37%. 26%
EEROAR T A3 5 3U7- (entries 4,5),
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FEWNT, T Ly RICATFNEEGTLHEZ O, R+ ETo T, £, X8
VB FICEBIL A 7 220 I 103 TUE 88% & LA 7R IR TERLIR 116 2345 5 4172 (entry 6).
RIERIC, ¥ 7/ AF VIO NTAIC A R U7 v n a8 A L2 YE 104, 105 %
7o & ZABPDRINEZ R L, 65%., 62% DU TS HEIT LT (entry 7,8), £72, AF L
VU TVREEGT LY 106 0T L ONTLZ A F X VEARFORE 107 2T
BBV T H G RWOIERTHPOBRILR 119, 120 2345 5 417 (entries 9,10), —F, &K
SIERECTH D = HVER L7 E 108, 109 2 VWi b 2 A, KiEEn<h 30 0T
HRt Uy BAFZRCR TEBIR 121, 122 % 5% 7= (entries 11,12), fxf&ic, BT L 1K 110
AW TERALISZ R L7228, BHEIOISITHEITT 5 5 O OIRIRIZE F - 7= (entry 13),

Table 2: substituent effect on aromatic ring or allene of nitriles

R, 10 mol% R,
R, .= [RhCICO)dpppl, R,
:@i: toluene, reflux O
Ry CN  co (1 atm) Rs N
80, 86, 87, 92, 93, 103-110 111-123
entry  substrate R R, Rj time (h) yield (%)
1 80 SO,Ph H H 1 111: 60
2 86 SO,Ph OMe H 4 112: 79
3 87 SO,Ph cl H 3 113 54
4 92 SOzPh —OCH,0— 3 114 37
5 93 SO,Ph H OMe 5 115: 26
6 103 | Me H o H 15  116: 88
7 104 Me OMe H 5 117 : 65
8 105 Me cl H 3 118 : 62
9 106 Me —OCH,0— 4 119 : 79
10 107 Me H OMe 2 120 : 66
11 108 Me NO, H 0.5 121: 72
12 109 Me H NO, 0.5 122: 80
13 10  H H H 05 - 123: 15

BT L AR DT BRIITARIERICE £ o 72N BRI 111 O 2 LR = v T S
CANENTRET DI ENFETH D, FHE, 111 %2 ) 7F /LA X AIBN & Kis St
7otk R & AVER LT A LR UK 128 ~ 85% Tl L7z, Lo T, ARBRLSIZRBWT
AIVIR = VIIIOK R OFAT R & 7729 2 & 232Kk 5 (Scheme 15),

"BusSnH
SO,Ph AIBN H
benzene, reflux
O —mmm (0]
N then N
H 10% HCI aq. H
111 85% 123
Scheme 15
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B OCHERSRI] O 72 8 O LY A

7 L r—= kYK EF|IH L7455 FW Pauson-Khand [ )is Clid, LATF O > ORREN S
Z Hivb (Figure 7). 2 HIE, 7 LU OAMI| HEHFES K ON= R U LR e Yo SIZEREAIfT
ML Tr—=FYA 7 i Z R L7221, BB FE ORI, EIThIEEZ % CTRZICHE
IS K> TS L 722 D% (oute A) TH D, —HOHIE, = NI ABRTT A I i ~5
ML L7212, v o0 A~OB BN X 2 WA bii Ok L . ki < —BbRE
FRA KL ONETTRILBEC K 0 B 235 53 D% (route B) T D, #E ORI TlE, HPREIE
il OHE N =D enE BRSNS ET L, THF T bR ) VA E iv BRI LT
%, B YU AR INDSETT U CHRMAR §ii 2B S L0 S B 2 b d,

R R ' !

O O Qi: tautomerization
-~ |

NH “=NH i

R {
________ =

route B i
OO

N
R R
OO Rn'' - Co co
N
H
Rl
iii i
Figure 7

= hULD o MACEBIEEZEAL T, 77 A I o ~ORMEAHIR S - RE 2 A
X, K VEEMIR s oMBNcE s L Bbhs, £2C, FHIEET, =IO o fiL
IOl &2 OEHEL A28 A U2 W 2 3% 5 L. Pauson-Khand B S S03HE4T4 2 v 2 Badhd
LTl WHERDLZTV—= U RIZLL FORRIZERL L72 (Scheme 16), (LU %
W2y RD 0-F3— K7 2= T8 h= MU L T8 KL T U A, I U{EAT L LA
L., = hULD o fLIZ AT IVHEN -DBEAIN 124 5K LT, FE T, E/ AT IR
124 % LDA, 2 VLA F L MR L TPV A FIE 125 ~E V-, 0-F— R 7 2= A7 & b=
U LR 124, 125 2 70 2L LT )L o — )L & DR EARSISAT LT 126, 127 ~FFE L7,
T a—)UK 126 % A AR A~ZEWR . AR — FRRIEE O SN2 D T Lo TA
FNLT LIAR128 A LTz, Fo, Tva—/ufK 126 LN 127 # AV 7 4 VR AT )L
RAFE LRI, ~F T4 T o FE ol AP LT 32337~ ha B —iz
EHEITSHE, ALBR=LT AR 129 KON 130 24K Lz, 05, THIRD o-7 mEx2 Y
= FULABDEHEWE & LT, BEERGIC XY 132 28R4, 126, 127 75 128~130 %
AR LTZBRICHWIEFIEIZ LD ATFAT LV AR133, ANKR=VT L AR 134 ZZ2RER
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| //\ OH or R

RR RR
ar = 78:R=R'=H 126:R=Me, R'=H 128:R=Me, R'=H,R"=M
b 124:R=Me, R'=H 127:R=R' = Me 129: R =Me, R = H, R" = SOzPh
125:R=R' = Me 130: R =R’ = Me, R" = SO,Ph
" "OH R"
CN
131 133:R"=M
134:R" = SOZPh

reaction conditions: a) Mel, NaOH aq., DMSO, 45 °C, 124 (75%); b) Mel, LDA, THF, -78 °C,
125 (95%); c) Pd(PPh3),Cl,, Et;N, Cul, THF, rt, 126 (91%, from 124); d) Pd(PPh;),Cl,, EtsN, Cul,
THF, reflux, 127 (54%, from 125); e) MsCl, EtsN, CH,Cl,, -78 °C; f) MeLi, CuCN, LiCl, THF,
-78 °C, 128 (81% from 126), 133 (79% from 132); g) PhS(O)CI, 'Pr,NEt, THF, -78 °C; h) AgSbFg,
MeNO,, 60 °C, 129 (83% from 126), 130 (63% from 127), 134 (93% from 132); i) Pd(PPh3),Cl,, EtsN,
Cul, rt, 32 (87%).

Scheme 16
PLEDORRIZL TR LT Lo —= b VLK Z FE & LT Pauson-Khand U e DKt %
1otz T =IO o Ll DAFNEEZEALET Lr—= UL 128 KT 129
% . 10 mol%? [RhCI(CO)dpppl, & —FR{LIRFE IS T, b HNBGER L72E 2 A, £
NZENFTLO SO HET U, PABRIKR 135, 136 728 68%. 35% DL T 5172 (Scheme 17).

Me Me
. [RhCI(CO)dpppl,
(10 mol%)
(0]
CN toluene, reflux H
Me CcoO (1 atm) Me
128 135 (68%)
PhO,S Ph
*}_.__ [RhCI(CO)dpppl 1%
(10 mol%)
(0]
CN toluene, reflux H
Me CO (1 atm) Me
129 136 (35%)
Scheme 17

. =PI D a Ll Z oD A F)VEEAE A L7 EE 130 2 FH VT Pauson-Khand B4 5¢
ISDRF AT > Te & 2 A, HIEIOR2+H1REGEE 139 132<HGF o7, bl e—i

B A AT 5 ZBRIEEW 137 S 19%DUCRCTAR Lic, £, A k=% ~ ok 138
HIEBF RS DAL= (Scheme 18), = U AT T A I U A~BYELT 2 72O B 72 o fLOD
KEIRAZFFHE TV /20 130 Tl Pauson-Khand U SR 3HETT L2272 2 b
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St route B % LT\ 5 EHERITE 5, W, BIIOKISDORD VI, V&R S 137,
18 NN Ens, TNOLOERINHEONLEEEZTA D720, LT O L 9 72t
T2,

SO,Ph

o [RhCI(comppp]z o PhO2SC_ ?
(10 mol%) SOzPh
NH \ 0

—N toluene, reflux N
Me Me CO (1atm) Mé Me
130 139

1 [+)
137 ( 9%) 138 (trace) not observed
Scheme 18

ANHR=ZLT L DT L HDNEREREZZ T3 < SRR LS L TRESIZT Y
NT =F L BELDHZENRMBATNAS, 2T, Padwa b **X° Ruano b O ¥ 4 5%
(2. 7 LK 130 % PhSO,Na & 15-crown-5 DIFAE F hbm SR CUER L T, Kk %iB
BRL7=E A, T 138 NAEKTHZ LA TLC ECHERR L7z, WRICBIGIRE AR E C 1
HEE LA, “BRIEEAEW 137 D3 34%DYLFHE T L vz (Figure 8), L~ T, Z O
OEEZUTO X HI12E 27, FTREAICSOPHRT L FLNZKEB L, TIYALT =4
i24ELD, RIC, AT =42 N= PULDRB~SREKBL A I =20 LT =4 Vi
WA 5, 20K, SOST IR ii 00 A LR =L 3ko 138506712 K~ TR i 23420 L.
7'a koAb s BMEAGIC K-> T138 AT 5, - HMEEITR D & PRHK [ 225 A VAR
=VIEOBIBEECE O BAEAHEIT L, 137 BNEK L= bo L Bbins, 7o, PRE i L
138 705 137 NAERKT DR B E TE 72V, Scheme 18 DL TiX, EL 10 DPPP
DIAIORBAIE LTT L oL ERELC, JEBRB LI D EEXDZ LB TE S,
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H PhO,S
SO,Ph PhSO,Na PhO,S hon 2

15-crown-5 ~ sO,Ph reflux \NH

toluene O‘ NH, O‘

rt

Me Me me Me
138 137 (34%)
oo Q. T e ‘
| PhO,S fSOzPh PhO,S SO,Ph SO,Ph PhO,S 5
! — o PhO:S 1.3-shift [ “soph
: L N® N® :
i =N =N i
: Me Me Me Me Me Me Me Me !
| 130 i ii iii :
: o H* :
; SO,Ph 950.ph isomerization !
‘ 2 '
| PhO,S PhO,S. | :
! < " SOph
I NH - 1
| D)
! ve Me Me Me :
: 137 138 :
Figure 8

I, 130 LRIBRIC= R YLD afIZKBRF A2 R/, NUB VB BICEES T /5K
NEE LT Lo—= MUK 133 2O 134 Z V. Pauson-Khand B ORET 21T~ 7=
(Scheme 19), VT iILh, = NUANLT T oA I U ~DORMEDEZ D 272 0WETH D,
TP ATATLAR133 22N ETERBROSRMIICALIZE 2 A, HIOBRLIK 139 1%
BonT., HHERREAWME LG 2T, £, AR AT LR 134 WSS
Pauson-Khand ! i ZEATH T, ALK = VA TR S(LEW) 140 DD B4R T D O F
ThH-oT-,

Me [RhCI(CO)dpppl Me
.— (10 mol%)
complex mixture ‘
N toluene, reflux \
CO (1 atm) N
not observed
SO,Ph
PhO,S [RhCI(CO)dpppl, SO,Ph S02Ph

= (10 mol%) | O‘
N\

toluene, reflux

CN  co(1atm) S 3 :1 o
134 N
140 (13%) not observed
Scheme 19

PLEOFER IV, = YLD oI KEZFF-72 W EYE Tld 4y W Pauson-Khand %Y 57
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DT LW ERHOMER ST, Ko T ARISIE, = NUARTT oA I o ~Bpt
b L7282 I BOGMZ B 5 LT B B (route BY THRUGEITL TV D B2 b b,

FVUET HEOZERNE & B R O fEI

INETOBRFTE. WTRBMEHICRBUVREET LT Lo—= MU MEEFRIH L
T&, WAL, XUV = NIV EETLHEREEZHWCE L Eic2 b,
HORBUBRIZ=NIANST T oA I U~ORMEEAREL T D IENY Tl £
DL Z ST 27 o 7 — " ROEE - T D B2 NS, £Z T, AKX
Jis D ORI A AR 5720 MEHIC N B UBRE Rz WER O RLE 4 H T
Pauson-Khand i Miptd 52 & & L7z, AIEOREENSG, = MU ILDTT oA I~
DBEMALD, REISICBWTHEERZEHZ R L TCHWDHLIENBEXLND I D, =
Yo a fLlZ/KFED pKa % T 5 DEHILEZEANTIEL, 7T oA I ~O R MEdE
ENDHOTIERVNEEX, TLrb~va /= NI VESTNICET 5 144 2325
77, 14413, BEEOT L= 7 a2 —)u K142 D A ik & FRfEl e /= ULk
DH 7Y 72K VAR LT (Scheme 20).
cN  "Bu

2:.: a «— b =
ijEN
OH oM
S CN
142 143 144

reaction conditions: a) MsClI, EtzN, CH,Cl,, 0 °C; b) NaH, TBAI, THF, rt, 82%
Scheme 20
AR LT L o—= kU LK 144 Z T 10 mol%D[RhCI(CO)dpppl, & . —FR{LIRFET
S, b= FNMBGETE T 2 R L2 & 2 A, 32%D IR T HE O PABR (K 145 135
D U7 (Table 3, entry 1), fEl VT, BCREOSEE G L, GG E2 R LTz, ROSTAE (entries
2 and 3). J2FE (entry 4), I (entries 5-8), W& {LARF L (entry 9), fEH T2 1 7 Al (entries
10-14), ¥sHN# (entries 15-17)%F & Fli 4 255 L TR 21T - 725 3. 10 mol% @ [RhCl(CO)dpppl-
E1RIED BRIGIREFRL T, hbm i 80 °C (MBS 5 &t (entry 6)73 i UK L <
(69%) HHIDBRALAK 145 2 52 2 = L VR L7z,
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Table 3. Optimization of aliphatic Pauson-Khand-type reaction

144 145
entry cat. (mol%) solv.(M) temp. (°C) CO (atm} time (h) result (yeild%}
1 [RhCI{CO)dpppl, (10) toluene (0.1) reflux 1 0.25 32
2 [RhCI{CO)dpppl, (10) 1.2-DCE (0.1)  reflux 1 0.75 21
3 [RhCI{CO)dpppl, (10) 1.4-dioxane(0.1) reflux 1 0.5 25
4 [RRCICO)dpppl, (10) toluene (0.05)  refux 1 025 o7
5 [RhCI(CO)dpppl, (10) toluene 0.1) 95 1 15 55
6 [RhCI(CO)dpppl, (10) toluene (0.1) 80 1 4 69
7 [RhCI{CO)dpppl, (10) toluene (0.1) 65 1 16 51
8 [RhCHCO)dpppl, (10) toluene (0.1) 50 1 (%) n.r
9 [RNCICO)dpppl, (10) toluene 0.1) 80 005 1 3
10 [RhCICO)J, (10) toluene (0.1) 80 1 4 complex mixture
11 [RhCI{CO)dppb], (10) toluene (0.1) 80 1 21 complex mixture
12  RhCI{CO)(PPh3), (20) toluene (0.1) 80 1 4) n.r.
13 RhCl{dppp), (20) toluene (0.1) 80 1 (21) 542
14 [Rh(CO)dppp,]CI (20) toluene (0.1) 80 1 (10) 20b
15 [RhCI{CO)dppp], (10) toluene (0.05) 80 1 4) complex mixture
+ AgBF, (12)
16 [RhCI(CO)dpppl, (10) toluene (0.1) rt to 95 1 0.5 complex mixture
+ AlMe; (100) (at 95°C)
17 [RhCI{CO)dpppl, (10) toluene (0.1) rt to 50 1 1 complex mixture
+ Et,AICI (100) (at 50 °C)

414% of SM was recoverd.
bg19, of SM was recoverd.

LA I Table 3 Ot & 0 (SR OE T b SUSHEITT D 2 & D3l T & 7o, AU T,
= FUNAD o MEOBEHILNFOEICRESEET L EnBZ2oNLZ Enb, = MU
D o Ll 144 LITRp -7 flix DEWE LT L REZGK L. BitaiTo 2L & Lk,
W, WEERDT L r—= b UK 148~152 1%, 144 OHFIRFIZ W72 515 & Lo Tk
L0, BEROT L a2— UK 146, 142 705 Z i 2 TRECA L L7 (Scheme 21),
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"Bu "By _
— a — b -
OH | H =N
146 147 148
"Bu "Bu R™CN B .
2:0: C pr— d —
OH OMs R =N
142 143 149:R = CO,Et
1560:R = p-NO,Ph
151:R = SO,Ph
152:R = Piv

reaction conditions: a) |,, PPh;, CH,Cl,, rt; b) NaCN, DMF, rt, 148 (9% from 146); c) MsClI, EtsN,
CH,CI, 0 °C; d) NaH, TBAI, THF, rt, 149 (12% from 142), 150 (33% from 142), 151 (9% from 142),
152 (33% from 142).

Scheme 21

FP RERE LT= MY LD o fCICERIL A FF 270 WIVE 148 %, Table 1 OfRETT
R U 7= i 414 ([RhCI(CO)dppplo(10 mol%), CO(1 atm), kL, 80 °ONIf L7z & 2 A,
FOSE R EIT Lo Tz, £, RISREZRERE C EA LENFEROFE R L7272
(Table 4, entry 2), J&'E 148 1%, = F U LB T oA I U ~O B 2T B R A2 FF- 72
WD T T oA I SO RMEEPETE T, ZOREREIEREIT Lol & B X T 5D,
WIZ, =P U LD a (EOBEHBRIERICT FEF U ARV EEZE AL 149 2 VTG %
Tole& ZA, HIOT 7 m 33,0158 153 28K 43% CTAR L7z (entry 4), /37
= bR T 2 VAV = VA RITEA LT 150, 151 THNIHEITT 25 2 B 5
METpoTomd PERITZEINEI 37%. 38D F ~ 7= (entries 4,5), — 5. RIZE/ AL
EA2AT D 152 T, B 7 2K 156 7% 83% D @l CA AL L 7= (entry 6), . Table
DEREICHE= R A D o fiKFED pKa 275 L= %, pKafHEINRE RIE~L L, ZRbH0
FHZIFAHBI R A Hav, B REIBED @V VERER N E L L2 E B W T RAFRIGETHM
DOFABRENE BT,
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Table 4. Substituent effect on a-position of nitrile

"Bu [RhCI(CO)dppp], "Bu
*— (10 mol%)
© H
—N toluene N
R CO (1 atm) rR H .
144, 148-152 145, 153-156
entry substrate R temp. (°C) time (h) result (yield%) R pKa
J 144 CN . 80 . 4 145 (69) CN 111
2 148 H 80-reflux - n.r. H 31.3
3 149 CO.,Et  reflux 45 153 (43) CO,Et 13.1
4 150 p-NO,Ph 95 32 154 (37)° p-NO,Ph 12.3
5 151 SO,Ph 95 8 155 (38) SO,Ph 12.0
6 152 Piv 95 5 156 (83) ( coph 10.2)

4SM was reacoverd in 23%.

TOMFTORER., = MU LD affoEHIEE U CRIFRMGEE R LY T 2 EH D0
e e AEEHG, Ty FOBEREEATEAEE L, KOSMEEBRE Lz, W, Aoz
FEIILL T ORRIZ, ST L =T b2 — )UK 157-161 /> HaF8E L7z A 7 — b 162-166 &
a7 h= NIV EDH TV TROSZEY . AL 72(Scheme 22), F7z, KA
TR EHETDHT L AR1T8 1L, T2 —/u K 176 MOFFE LT-T /L2 —/L{K 177 #HiaY
VBT AT L L LT, BWIRR3]-2 7~ ha E—lEfnic L 0 Ak LT Y,
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R2" CN .
R1 a R1 B b —
L] :N
OH OMs R?
157 : R' = Me 162 :R' = Me 167 : R' = Me, R2=CN
158 : R' = Pr 163 :R' = 'Pr 42 :R'='Pr,R?=CN
159 : R' = By 164 : R' = Bu 168 : R'='Bu, R?=CN
160 : R' = CH,OTBS 165: R' = CH,0TBS 169 :R"=CH,0TBS, R®=CN
161:R'=H 166 :R'=H 170 : R' = Me, R? = Piv
171 : R' =Pr, R2 = Piv
Te OTBS 172 : R'=Bu, R? = Piv
TBSOCH, c.d 173 :R' = H, R? = Piv
_— X
MeO,C
OH
175 174
=0
= OTHP ¢ /£j4¢//\
OH NC™ CN
176 177

reaction conditions: a) MsCl, Et;N, CH,Cl, 0 °C; b) NaH, TBAI, THF, rt, 167 (13% from 162),

42 (60% from 163), 168 (57% from 164), 169 (48% from 165), 170 (32% from 162),

171 (32% from 163), 172 (53% from 164), 173 (32% from 166); c) CICO,Me, Et;N, CH,Cl,, 0 °C;

d) Pd(OAc),, PPhz, MeOH, 40 °C, CO (10 atm), 175 (11%, from 174, e) DIBAL, toluene, -78 °C,

161 (36%); f) I, PPhs, imid., CH,Cl,, rt; g) malononitrile, NaH, THF/DMSQO, rt, then 10% HCl aq.,

rt, 177 (34% from 176); h) CIP(OEt),, Et;N, THF, -78 °C then reflux, 178 (29%).

Scheme 22
AR LEERET Lo—= bk U ARZ O CR42+118 s DR gt 24T - 72 (Table 5), £ 37,

= RUAD oIy T /HkEFo~vn /= MU ARIOIEZ Wiz, 7 L2 BEIZATF R
AT 5 IE 167 TN ISDHETT L, 54% D IHE TR 180 2345 H 417 (entry 1),
A VT EIVIHER tert-7 FIOVIEDS EHE LTI 42, 168 % [RIKE DSOS LI- 8 2 A,
SO DR NG D ST, 62%. 58% & [RIFEFE DULR TR HELT L 7= (entries 3.,4),
— 05, vuaXx T RAFRAEET LT 169 T, BEIOBRKE 181 AT 5 b O OET
DU TN H A7 (entry 4), KIZ, Table 4 DRFI T b B W REZ R LIZE AL
EAESREAZHOCR241USE S Uiz, LZLERS, 7Ly RICAF L, 4V
TV EFTHEE 170, 171 TIHRICRIZE £ 55 R(entries 5,6) & 720 | tert-7 F b
FESEHL U 72 172 TSRS OMATICAEE S O & @i & B e Liz(entry 7). Z DOJR
RIZENTIER WD, BN VRN r T oA 2 o ~DRML T 5T, R
B SHICRE T TWnWA EHEZ BND,
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Table 5: [242+1] cycloaddition of aliphatic allene-nitrile

R? 10 mol% R?
*=  [RhCI(CO)dpppl, mo
=N  toluene, 95 °C N
R! CO (1 atm) rt H
42,167-172 43,179-184
entry substrate R’ R2 time (h)  yield (%)
1 167 CN Me 0.25 179: 54
2 42 CN Pr 1 43: 62
3 168 CN By 4 180: 58
419 CN_ CHOTBS 1 181:39
5 170 Piv Me 10 182; 282
6 171 Piv Pr 21 183: 19°
7° 172 Piv By 1 184: 52

a) SM was recoverd in 4% yield. b) SM was recoverd in 55 % yield.
¢) 20 mol% [RhCI{(CO)dppp], was used at refluxing temperature.

2. T Ly FICRARFT—FE2BHETAT L -= kU LK 178 % F\ T Pauson-Khand %!
BOSOWE 21T > Te & A BHERIRA W 215 DM R 72 > 7(Scheme 23), F7-. &k
T VAR 173 2O TRISZAT > 125G S B O SOSITETE PABRK 186 1345 641
otz

EtO E EtO
0= [RNCICO)dpPDL, 0=t OF!
(10 mol%)
complex mixture
toluene, 95 °C N 0
CO (1 atm) H
NC 485
[RhCI(CO)dpppl, H
(10 mol%)
> complex mixture 0
toluene, 95 °C ”
CO (1 atm i
( ) Piv 186

Scheme 23
i, SEHZE L, AR T 28 A X3 E 72 5 FE % I C Pauson-Khand K D
Eta T o0, EHERDT Lo-= MU LK 187, 198, 190, 192 1%, ZivE TOEAE [H]
R ST 27 v 23—k 146, 189 DI/KEAEL Z HBER (AWt = NV UKL Dl v 7Y
K VAR LTz (Scheme 24), £7-. TV 3 — LK 193 705 AL T ¢ BT AT LK 195
~FHES, 1D Ml O TEER SIS K o TS A AR =T L AR 196 A
% L7z,
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"Bu
nBU nBLI R/\CN [ Je—
[ Qe a [ Py b
CN
OH [ R

146 147 187:R=CN

188: R = Piv
gy gy R/\CN
[ Qe C [ Qe d
OH OMs
191: R=CN
192: R = Piv

SO,Ph

% 2

oTBS _ 0so .
CN

CN
196

reaction conditions: a) I,, PPhs, CH,Cl,, rt; b) NaH, THF, rt, 187 (50% from 1486),
188 (48% from 146); c) MsCl, Et;N, CH,Cl,, 0 °C; d) NaH, TBAI, THF, rt, 191 (56% from 189),
192 (16% from 189); e) |, PPhs, imid., CH,Cl,, rt; f) marononitrile, NaH, THF/DMSO, rt,
then 10% HCI aq., rt, 194 (17% from 193); g) PhS(O)Cl, 'Pr,NEt toluene/THF, -78 °C;
h) [RhCI(CO),],, toluene, 50 °C, 196 (25%., from 194).

Scheme 24
AR LT L o—= b U LK% v C Pauson-Khand U O3 4 1T - 72 (Scheme 25),

E. ML REME LI 187, 188 2 WV TRt w:o RMWTT /R 187 T
L. BEYOPABRME 199 73 17% TH O DL LT, FFLETHITL AT A 0 R—UER
200 73 23%DYRTH LI Z b A FHIE 40%TH E’J@)ﬂﬂj}iﬁ}?ﬁ) TL=Z &2
Do Ji. ENmAVEREE A L2 188 Tk, HHYOMHBRIK 201 28 19%@%%?@%‘
DORTEST-, W, T Ly BICANK=VIEZ G35 5E 196 Tl Pauson-Khand i)t
Rboviz, 7oz FRIPARKISOESL L, (L&YW 202, 203 4K Lo, S 6 I8
R LE~vr 2 = YR 191 2 W TGRSR TR E 1T 72 & 2 A 17% & RIER T
WEH DR, THE T 153,075 K 204 73 %6%5 &5y 7§>O710 =P =P " 75
EHL L7 192 Z WO TR EIT - 23581201E. MICOEITIZTR D b o Tz,
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n n
Bl [RnCICO)dpppL B
(10 mol%)
__ o + (0]
=N toluene H H
R CO (1 atm) R CN
187: R=CN 199: R=CN 200
188: R = Piv 201: R = Piv
R =CN, 95 °C, 0.5 h, 199 (17%), 200 (23%)
R = Piv, reflux, 4 h, 201 (19%)
PhO,S [RhCI(CO)dpppls SO,Ph SO,Ph
(10 mol%)
+
toluene, reflux
CO (1 atm) cN CN cN CN
202 203
85% 11%
"Bu
[RhCI(CO)dpppl2
(10 mol%) 0
N
toluene H
CO (1 atm) CN
192: R = Piv

BomELY

. FRNIET VRO = N VvERT HE % bR E
[2+2+ 1RSI 205 A ﬁ“%f) xR LT,
2. = MU AVOD afilKFBRFE2FROHEE

T EFF I WHYE I, E%@ﬁmﬁ
VAR i X[ APy It

JESED &,

IWNTrT oA 2
RETHHEDTH D,

3. #HROT L r—=F U KIZIBW TS Pauson-Khand 7 )iis 73

R = CN, reflux, 3 h, 204 (17%)
R = Piv, reflux, n.r.

Scheme 25

TIERET D BRALIR DG S T3,

T L

7% T [RhCL(CO)dpppl, & X

ITLRNWZ 2R LT, 2O/
%V\] Pauson-Khand 7 i3 Eﬁﬁ“é%ﬁ%%‘:@ﬁ<

InT 57 e

27 1 [m3.0)E R m=3-5) P RETH 5 2 E NS E 72 0 | B O &P A3
fﬁokoﬁ\*F)waﬂﬁﬁﬁﬁé%@%#&7/4 DBV B RHET D 0>
RV KEIGOETIRMN AL S vz,
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Piranit

% 2 Roseophilin D24 AFFE

% —Hi  Roseophilin DR

(+)-Roseophilin(44)iZ, 1992 AT 512 L o THRRE L 0 BB SR E S itk
WE T, BRLHREEEZE TS 2L TS PKS62 MlllE : ICs = 0.15 pg/ml,
KB #i2 : ICso=0.45 pg/ml), 7 HFE L7 3302 &5 13 BRT ViE#EEL2E L.
7T vl r— VERDNERE LT RHEEY e E 2 o T & 3 F B AT 4 (Figure 9).

(+)-roseophilin (44)

Figure 9

ZOX D = — 7 ekl EAPEN NS . RMEAWORE IR S < OWFFRHEIZ L
o> TERIATOI T 7=, BUEE TIC S BloRER Y & 8 FloA G * KOt 12 Bl
WG ” O R D 5,

EWIOAERRIT 1998 412, Firstner 12 K - TS 7= 7% (Scheme 26). Fiirstner 5 1.
T =K 205 2D TARF T MR 206 ~EX | b— e R FSIZE - T 13 BER 207 &
AR LT, BT, 77 R Ak EKEBEE O LA #2 T4 b AR 208 ~F%E L 7214, Paal-Knorr
HBICE T =K 209 28 L. D%, BIROBEREEWZRETT bk 210 ~
ENTW D,

Pd(PPh,),
/\H/\ dppe — -
PhOZS © 85% PhO,S HO
MeOLC  “oTRS MeOC  “oTRS
206 207

BnNH,
Pd(PPh3), | N\
PhO,S N N
70% 2 \
o’ oH H 0) SEM
209 210 (racemic)
Scheme 26
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Flo, BPo— K21l M OFHE L — K212 %, y-TF 7 X LMK 213 D HENET
SNNTA R 24 LFEESETH PR 2158 ~FE L%, BUSEET e — LA R
L, 7V —{K 216 Z4F TV 5 (Scheme 27),

Cl
Cl Cl Pd(PPh3),
U 4 StepS d\ "BulLi d\ 43-61% / \
N OoTBS
MeO,C ZnBr N
56% overall ZnCI2 H OMeO OMe
211 215
PPTS
_ OMe 4 steps OMeO OMe 76%
OoTBS |
0™ g 52% overall ClI C
213 214 /N\ z OMe
H (o) /
216
Scheme 27

TORRICLTEARR L FoAR210 &L 216 DRFER 2 VLK THRELF-7U LD
— K217 T F L) Fo L LY U AEZHWTHES S 218 & L7214, TBAFIZ L5

Wi > U Al & 3G % O T2 K SO 20 F 2 SR roseophilin(44) D415 % & 2% LT Uy
% (Scheme 28).

1) "Buli 1) TBAF
210 2) CeCly 2) aq. HCI
+ [EE— —_—
MeQO 62% 76%
0
Cl—»r N/T|PS
— roseophilineHCI (44
217 p (44)

Scheme 28

LLEDERIZ, Firstner 512 K > THIO RGP HE SN, LrLRls, 7Hevrnm
BI.01EHZETe 13 BERYT VBHEZ RO b AR 210 OERUFIAS TIERL Z<D
TREEZEL T\, Z201%., 2EOMIE 7 /Vv— 712 L - T roseophilin @A AR i
SNTWDLR, Iiliiits Shic BlafRE, RTOWRENR DT AR 210 OERE HiR
ELTEbDOTHY, SWVBANIERGKRE BIEIZ L2 DTho 7o, LLFICZEDORER
U Ea N

2000 4E, Trost |Z & = THAEFIER 7 b AR 231 DA D BRSNS S 4172 7°(Scheme 29),
Torst HI1%, 12 BERZ b AR 219 % ¥ K- 95 Favorskii SUGSZ L - T, 11 BERAILA
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U220 ICFHEE LR, (- A ¥ b b & OREE BOGIZ Ko TORFAEME R = 27 V4K 221 %
B LTz, Gk L7z 221 M oisIt, BEZRTT AT B RR 222 ~E X BEEET I v
EE RN 7 0 2OV LU EITW T L 2 — Uik 223 Z457-, 223 OKigk% TBS
L T224 &L, LA LEAHT A XY ARSI L > TERILKL, 13 ARy K
226 AR LTz, G L7 b AR 226 R L TR ¥ RIR 227 & L, AHESIEE H
W2 SN BIRRIC L > CTA Y T BV A G A LT, 228 B TRA R CTHN =7 kv
K229 2R DT 2 v LA S8 5 Paal-Knorr SUG ORI LT 11—/ LK 230 A 15
L7ctk, KRR DB & BRI 2 ATV AR 7 b AR 231 ~iFu e,

O
0
(-)-menthol
HO,C DCC OHC
- > DMAP
83%
dr=4.7:1
219 220 222
Ph Ph
TSHN  NHTs o
— 2
_ SnPh toluene
BBr, —’80 -
80% 99%
dr=7:1 223
PrivgBr
') NBS CuBr2
> i T
N ) NaOH 62%, 23teps
TBSO 596 TBSO 227

225

BnNH,
p—V T TS — > .
0 MeOH

N N N
8BS0 © 80%  1Bso Bn
229 230 231 (chiral)

Scheme 29
2001 #E21%, Tius 512 X % (+)-roseophilin D FIDRF 2GR 7 &, Boger HIZL 5D
ent-(-)-roseophilin D RF AR 74 28 JACS FEI0EHE L T S L7z, Tius B1E, 5-~F ¥
=R OIFE LT I MK 233 &, BMESRONEEEIET L =/L ) F U LK 234 & iiE
A &4, insitu T b AR 235 238 /4E 7= (Scheme 30). & D7 b K 235 ZERIESAC AT
L TAFF Nazarov L 24TV, AKB 2 I LoD Y 7 m_ T ) K236 AR LTz,
BT, AR L7z 236 ICIBEAEALTAL 7 1 4K 237 L L, HBAZ B X I2L DK
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BERME L | AT 5 @A LT 0 COBIRZREITTIC L > TY 7 b Ak 238 #1572,
5 537z 238 % Paal-Knorr UG DS LT r— VB A L=t 71 1IZ SEM
HABALT, REMERUNVAREEZFT 257 ARk 210 246 8% L7, Firstner & O Tk
WCRIY . CORZEMER 7 Rk 210 27 Vv — Lkt h v 7Y 7 SH T,

(+)-roseophilin DA FRE R A ERK LT,

P
0 i 7 b 00
(\N A 234
T == s U «
H X O\) -78 °C to -30 °C |
232 233 ”
- 235 -
=
\ O 1) Grubbs 1st (0]
HCI \ 91%
78%, 86%ee o 2) H,, Pd/C
HO o 89% . o
BzO z
236
237 238
NH4OAc
Ti(O'Pr),
_— —>  (+)-roseophilin (44)

54%

210 (natural)

Scheme 30

Boger H 1%, ¥ T /0AFH > U T ) 4K 240 % H\ 7= Evans 7 /0 R—/LRUGZ K - TS
2L 7 ¢ R 241 2GR L. 1,24,5,-7 b T V2 L @ Diels-Alder St & Z AU < i
BFE WAL )LD 12-UT VR 2243 ~FHE LT, i T, VT VK 243 B lfigh
EALFRY BB ITTARMICAT LT E B — UK 244 ~ENTWD, TOH%, fix BHEEAHIC &
STRFBHEMEL, BONIA LT 4 1K 245 2B A X B ADSMIAT LT 13 B
246 ZHR LTz, A LT 246 DT AT VR L URCICER L, o247 % R Y T
FIAX AIBN EES 5T DI NBEORMHFIAT LTE S 7 B [33.015H 2 HE LT,
Bt D —FRE A 2 KFEL L T 7 b AR 210 D= F > F A~ —~E = (Scheme 31),
Z D%, Firstner b OFIH] & [AEICHEFRER 2 5 A L CHERIRRLD (-)-roseophilin Z &k L7z,
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ISP -
242
= A
—/ N OBn 91% MeO,C CO,Me
Bn 240 241 N=N
243
—/
Grubbs 1st =
72-88% B
MeO N
\
O SEM
246

i) NaOH —/ i) BusSnH, AIBN
49% = 83%
—_— —_— > 1\ h.I.
ii) (Et0),P(O)CI B i) PtO, —>  ()-roseophilin
PhSeNa PhSe N 100% \
83% O SEM 0 SEM
247 210 (unnatural)
Scheme 31

—J7. Harran 513 2013 4512 2 F T L3 < BAR DR CORER L #E L7 Y (Scheme
32), £9. 7UAEa— K217 27 TN F UL BA#Gh ENEICAB L ok, T Y
U LIEAFAE T, CERLRFEE D TV TS ETHIVR R 248 AR LT, Boh-
TIVR R 248 O — LK LA L, B — L BEORH#EELRE T, b AR 250 ~E
72o U b AR 250 & THF Ff KHMDS Kk (V7 7 7 m—F )L LALERT 2 & | Bk, AR
UNFEDERAL, WY e bsEge U CHETT Ly o, B-AREaFN S b AR 251 8 AERR LT, 2D
AR 251 S U F ARG IT LT b Uk 252 & L7tk feld TbA Ak & ALBR
T DMK L BT 7 1 [33.014K 253 M58 L7, fefelc. HERSRMFCHE bR & st
L C _EmMEAOBRMALZITV, (+)-roseophilin D45 % & 2k L7,
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"BuLi, THF, -78 °C OMe
then
ZnBr,, -78°Ct0 0°C (] | N CO,H cl
then = o >
Pd(OAG),, PCys, N\_N. (EtO),0P-N_
rt, 79%
248 249
B Me Me ]
Me
KHMDS 0
18-crown-6
. Ar I_A\g
THF =
-78 °Cto 55 °C (EtO);0P-N_ _ (EtO0P-N_
66%
OMe
Ar= —
r=cl [ Y- 250a 250b
~ (0]
\
N‘TIPS
H, (100 bar)
Rh{cod),OTf
chiral ligand
- HOP(O)(OEt),
HCI
t
[ReBr(CO)a(thf)], BuOH

32%

roseophilinsHCI (44)

Scheme 32

Gt Y e

FEFIIAME TR LZL 2, = P UL Z WD R2+1RIBRLEUGT £ » CTEEE MBI
B EDRIOICERT 2 FEEZRHLTWD, ZOFHBRLE T Z v E THRRAEE L )
ST E T 7 v B33.018 A4 B LRI LIz D A2 b T, EOR(LEREIED e
fiC LD, ME R OEREREICLERERREZEARR L0, KiEZISH T
roseophilin (44) %= L < BRI D DO TIT /W EB 2, ZORERMRICE T LT,
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LRI Z 5 B fi#AT % F2 9" (Figure 10). Roseophilin (44)D B 12— /L N7 T VBRIZT VT B
FIK254 InOEMTE L LB R, 13 BBRITHIST DA L7 4 K255 InGPABR A # 2 A
FC k> T+ 52 L Lin, AL 7 4 K255 1377 u[3.3.014k 43 ~pRFEH
EEANLTARTOHZEEL, 207 k43 152-7F 2 -14-TF—/1(256) L V&7
T Ly —=h UK 2 05| RilE TR LI R+2+ 1B UG L » TR RTRECTH D L &
Z 717,

(+)-roseophilin (44)

[2+2+1] o
e— o — e— HO\/\OH
N =N )
2- -1,4-diol (256
NC H NC butyne-1,4-diol (256)
43 42
Figure 10

PLEOFMZHASUNT roseophilin ORA AR ZBAMG LT, KEiND, 5D RED
FEA A NIRRT,

% =F1 Roseophilin & EKDELY FH I

FP AR CRL LA FIETT P B 7 v([3.3.011K 43 %2 &% L 72 (Scheme 33), 2-7 F >-1,4-
A —(256) % HRWE & L, IR T4% TR 7O KIEH:%Z TBS TR L7, i T, b
D —HDKEEIEE A AL LTt AR & SO S5 SNBSS L D 7 L oAk 258
% 2 TREICR 83%DILRTHMR LIz, Bk L7z 258 D TBS #:% 96% DULR TR L1-1%.
AT —h163 #fREL v /= ULy o r7Sw, TLr=hIUEk42 %2
THREIGE 89% THT-, fHoN/oT Lyr—=hU iR 42 % B{LRFEFHS T, bz
[RhCI(CO)dpppl, & AL L CR+2+1PRBRAL UGS 24TV 7 E S 7 n 33015584 43 & 72%
DOPETHRKL LT,
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TBSCI MsCI
NaH Et;N
Ho\v/éz//\OH TBSO ———————*'TBSO
THF CH,Cly, 0
2-butyne-1,4-diol (256) 74%
PrMgBr MsCl
CuCN, LiCl 4§: TBAF 4§: BN
THF, -78 °C Tﬂf rt CH,Cl,, 0 °C
83%, 2 steps OTBS 96%
! 163
10 mol%
[RhCI(CO)dppp],
0]
CO (1 atm) N
toluene, 95 °C H
72% NC
43
Scheme 33

LEDOFRIZL TV EY 7 a3301BHKEZ AR TEZ0OT, i\ T, oz

U Z HA S D RREHT D o T,

// OMs

257
NG

NaH
TBAI

CN

—_—

THF/DMSO
rt
89%, 2 steps

BRAbiR 43

REICY s a0 r b (pKa = 18)

L7 2 Ro7 v b (pKa = 20) X FFRE OREIEE 25> 2 L v b T 5 YU BRI bR 43 1%
maRg VT ERET I REE RO, £ EL LD %&m@ﬂmw&%
2 HND. EBRZ, Boc X0 Bn OB AZKRE LB, ERF 2 RRI T 52 L

IR, PRAEREA

DLLFE A X 7RI (259-262) 03 RS X AL 7= (Scheme 34), Ok

W2, BB OB WY 7 a R 2T S RRRSEOR ISR R T s, R T

OS5 ENRES TIERWN

NC

FITEZFEE2, T 70X 0 U8 OREALREMT L

43

Ir=z

EHWT L, B2 REeTTHI e LT,

(Boc),0
DMAP Boc
O — Boc o + 0
THF, rt N N
NC i30c NC i300
259 (13%) 260 (21%)
BnBr
'ProNEt
TBAI
— o + ? 0
THF, 40 °C N n N
NC Bn NC Bn
261 (23%) 262 (23%)
Scheme 34

/A =T N
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43 & 6-~7F -1-7—/L% THE 1, DBU kO't'm U 20 LA L CHER RS 21TV, 7
SRR 263 & 56% DI CTHRK L7-(Scheme 35), #i\>C, THF (L~ L & TBAI
EHOTERK LT 7K 263 DR DAL E U =F LT I UAF(E F TV, N-
NV IARIK 264 7 80% DI TRz, ZORRICL T, MIBHOBEA L EROMREITRI L
7o Wy ZOAEE O RATEMEIZ SV TR X BT SAEEMATIC KV | 264 TR LTS
BALTNDZ EEMHERLTND,

jJ)\/\/\/\

H N BnBr

DBU H TBAI

o  byrrolidine — N o Et;N

N
ndH THF, 40 °C ne M THF, 1t
43 56% 80%
— 263

Scheme 35
PLEOKRIZ L TR LT 7 _UAR 264 DT 7 7 DERICIRFBEHEEANT D720, Y
7 T — MEDH D F 1 T AR 265 ~DZEHLZ 52 72 (Scheme 36), E1H. Comins #A3ESC
AR NY 7T — b, EEARARY LERHOTHEA ZHAE R L2, WTnoga b g
WS DR L 720 . BRI 265 135572 o7z,

conditions //

/!

264

conditions : TfL,NPh, DBU, THF, rt
Tf,0, 'Pr,NEt, CH,Cl,, rt
Tf,0, 2,6-di-tert-butylpyridine, CDClj, rt
POCI,, Pr,NEt, toluene, reflux

Scheme 36
WIZ, AVT 4 MERERWIZT v 7Y o TROSEAT 9 < DVR=NEDOF AT VR
=L YA F AL Z4T > 7= (Scheme 37), 7 7 % LK 264 % /L > H1 100 °C C Lawesson
IR &G S 8RDINKTT AT 7 2 5k 267 L LIzte, RV TF AT IIHERI Y
b ATV ERLPR L T 56% T A F /L AL T 4 IR 268 ~E Tz,

' Mel
Lawesson's EtsN
reagent

—_— THF, rt
toluene, 100 °C 56%

68%

Scheme 37
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SEONTZANT ¢ KK 268 & HAWTH v 7Y VRIS DKGE 51T - 7= (Table 6), Wenkert
5. Knochel &, Liebeskind & Oy ¥ 2B L2, = v 70T Uy LAafilfii 45
=NVEBRFEE DT v 7Y T RIEERE LR, Wb SRS OLEM R D BRSO
L b LRAICHER RS 28R E 20 . R HBION v 7Y 7K 266 13755
niginoTo,

Table 6: Attempt to introduce vinyl group

N _sMe condition — N/
N N
Bn NC Bn
268 — 266
entry condition result
1 (PPhs3),NiCly, /\MgBr unknown
benzene, 80 °C compounds
2 PdCI,(PPhgz),, CuMeSal, /\Sn”Bu3 decomposed
THF, 60 °C
3 Ni(acac),, DPE-Phos, /\an decomposed
THF, 50 °C
4 Pd(OAc),, CyJohnPhos, > 7B, decomposed
THF, reflux
5 Pd(OAc),, S-Phos, >z, unknown
THF, reflux compounds
CuMeSal DPEPhos CyJohnPhos SPhos

CO,Cu ©\
@: PPh; PCy, PCy,
PPh2 MeO OMe

Scheme 36 =2 Table 6 DFEFHFEE S . HILAR = )L E 2 BB H 4 5 Tk TIIRFHH
BEANTDHZENESTIER W ENHHA L, ZOHBEEZUTORRICELE LT, b,
HE T 2{bEMB N E 7 a 33010 FICEEO _EfG L2 22 EnbERN
REL, ARET BT AUERL R Y 75— ME 265 VAR LSOt bDEEZ LI
b, Flo, RICHBD 265 BNAERLTWEELTH, = hULMZX0iEH b Tnsg 7
IR SRR K 2 MAINBOS B EIT T 4L, FEIC K D ZEDPEZ 5720,
LT LE N, HEfCEX 0> ToDOTiERWhEB 2 oD,

— 5 ETHEGRED R E WREIR 1% B S W72 AL 7 ¢ IR 268 OHBEIC TR L7z,
LU s, UL ARLETHICELE N THRAIZHBLTLEN, Iy 7Y TRIGN
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AT Lo BN,

RO X IR VEZBBEERCHEET 22O O ERESE T TR, IR
:w%ﬁiﬁﬁ<7w&y%“%%%@M?5%%&ﬁ@\ﬁ%ﬁ%ﬂﬂﬁ%v&ok&
FEER LTm, 220y BEMESEEZRET T, LA AR D D | ETEEE O M E UL
%LT&E#%DBAL&7&&A%%M&@ﬁm%%ﬁk&:%\%mmﬁﬁﬁ&Aﬁw
N VEOBITEPEIT L, ~I 7 I —/{K 269 234 % L 72 (Scheme 38), AEf% L 72~
ISR 269 B HEET D Z Ll VA AFBEEEL CA R =D AN TF A 2% insitu TH
REE, ZFNET VLRI TFAAXTE T v 7 LT, 7 VKK 270 % 2 TRGE 79%
THD Z LTS Lz,

/\/SFIBUQ,
BF4°OEt,

CH,Cl,
0°C
79%, 2 steps

270

Scheme 38

LEDkRIZ, vomaXo 2 iy o7 2 NIVIR =V IRIZ OO R~ 7 IRFEH
BEANTHZ LIRS LT, b EOFMTIEA NN = VA E o VAW 5 TETE -
Ted —ORBENL T VVEEFRERINTEAT L Z Lol led, TR UEOK
FHE OBV DDOICEL L, HOEKEIT> 72 (Scheme 39), RO HFIEIZHEST, B
7 k43 & DRFBHEHOE 6-~T T L -1-T — L EFEA LT 40% DR T 7 )L~ K 271
~NFFE LTtk THF TR U0, TBAI KOV A Y 7R ELTF LT I EALBEL T
N-_R U DUABIR 272 2R 90% THR LTc, #%I21T 9 REEREGHICE W TAT T =L EO
FHFRORFED sp3 IR TR > TV DMERHDH L EBEZ LD, 71K 272
B ) —)VTHE IREVEEFKFIFA TR T N U A LRI LTI Ny &2 KR L,
DI aR R VTR 2T3 ZNR 66% TR, 1502273 Y7 mm A Z 1 DIBAL T
I L TAIT I UK 274 L LTtk A ABMESRIET T UL RY 7TF AR E G
SR T, BRALATERA 275 2 2 TRIE80%., 3 : 2DV T AT LA~—RaMmE LTEKL
o AR LTZYT AT LA~ — D5 BEEIRNEET ~ 72720  IREM O E ERO ST,
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0]

HJ\/\/\/ BnBr

DBU H TBAI
0 pyrrolidine — N 0 'ProNEt
N o H
NC 45" v e 271 e
\ 90%
NaBH, o DIBAL
N g
EtOH/THF \ CH,Cl,
0 OC NC B _78 OC
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Experimental Section

General. Melting points were measured with YANAGIMOTO micro melting point apparatus, and
were uncorrected. Infrared spectra were measured with a SHIMADZU FTIR-8700 spectrometer for
samples in CHCI; or Thermo Scientific Nicolet™ iS™5 ET-IR Spectrometer. 'H NMR spectra were
measured with INM-ECS400 or JNM-ECA600 spectrometers for samples in CDCl; or DMSO-dg.
Tetramethylsilane (for compound with a phenyl group), CHCI; (7.26 ppm) or DMSO-d; (2.50 ppm)
were used as an internal reference. "C NMR spectra were measured with JNM-ECS400 or
JINM-ECA600 spectrometers for samples in CDCI; (77.0 ppm) or (DMSO-ds, 39.5 ppm) as an
internal reference. High-resolution mass spectra were measured with JMS-SX102A (FAB) or
JMS-T100TD (DART) mass spectrometers, and mass spectra were measured with JMS-SX102A
(FAB) or IMS-T100TD (DART) mass spectrometers. Single crystal X-ray diffraction was measured
with R-AXIS RAPID II. Commercially available anhydrous Et,0, THF, CH,Cl, and toluene were
employed for reactions. Et;N, Pr,NH were distilled from CaH,. DMSO was distilled from CaSO,.

Commercially available 3-Methoxybenzylalcohol (Aldrich), 1-iodo-3-nitrobenzene (Lancaster) and

2-lodophenylacetonitrile (Aldrich) were employed for a reaction.
2-Bromo-4-methoxyphenylacetonitrile', 2-bromo-4-chlorophenylacetonitrile?,
2-(2-iodophenyl)propanenitrile”, 2-(2-iodophenyl)-2-methylpropanenitrile”,
2-[6-(3-hydoroxyprop-1-ynyl)benzo[d][1,3]dioxol-5-yl]acetonitrile’,

2-(3-hydroxyprop-1-ynyl)benzonitrile®, 4-[(1,1-dimethylethyl)dimethylsilyloxy]but-2-yn-1-yl
methyl carbonate7, 2-vinylidene-1 -hexanolg, 2-methylbuta-2,3-dien-1 -019,
2-(1-methylethyl)buta-2,3-dien-1-ol'°, 2-(1,1-dimethylethyl)buta-2,3-dien-1-ol"',

3-vinylideneheptan-1-ol'> and 4-vinylideneoctan-1-ol'> were known compounds. Silica gel (Silica
gel 60 N, 40-50 um, Kanto Chemical) was used for chromatography. All reactions were carried out

under N, atmosphere. Organic extracts were dried over Na,SO,.
Chapter 1
Preparation of 2-(2-Iodo-5-methoxyphenyl)acetonitrile (S1).

I To a solution of 3-methoxybenzylalcohol (300 mg, 2.17 mmol) in CHCl; (20
MeO /©i/CN mL) was added I, (770 mg, 3.0 mmol) and CF;CO,Ag (670 mg, 3.0 mmol) at
e

1 0 °C. After stirring for 2 h at same temperature, the precipitate was filtered,

and the filtrate was added saturated aqueous Na,S,0;. Then, the mixture was
extracted with CH,Cl,. The extract was washed with water and brine, dried, and concentrated to
dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt (4:1) to afford

the crude iodobenzene. To a solution of the crude iodobenzene in CH,Cl, (10 mL) was added MsCl
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(0.4 mL, 5.0 mmol) and Et;N (1.0 mL, 13 mmol) at 0 °C. After stirring for 1 h at same temperature,
the reaction was quenched by addition of saturated aqueous NH,Cl, and the mixture was extracted
with CH,Cl,. The extract was washed with water and brine, dried, and concentrated to dryness. The
residue was passed through a short pad of silica gel with hexane-AcOEt (1:1) to afford the crude
mesilate. To a solution of the crude mesilate in DMF (10 mL) was added NaCN (140 mg, 2.8 mmol)
at room temperature. After stirring for 1.5 h at same temperature, the reaction was quenched by
addition of water, and the mixture was extracted with CH,Cl,. The extract was washed with water
and brine, dried, and concentrated to dryness. The residue was purified by column chromatography
with hexane-AcOEt (7:3) to give S1 (367 mg, 63% for 3 steps) as a colorless plate: m.p. 83-83.5 °C
(Hexane-AcOEY); IR 2255 cm™; '"H NMR § 7.71 (d, J = 8.7 Hz, 1H), 7.10 (d, J = 3.2 Hz, 1H), 6.63
(dd, J = 8.7, 3.2 Hz, 1H), 3.82 (s, 3H), 3.78 (s, 2H); °C NMR & 160.4, 140.2, 134.1, 117.1, 115.9,
115.2, 87.1, 55.5, 29.9; DARTMS m/z 274 (M*+1, 19.3); DARTHRMS calcd for CoHgINO 273.9729,
found 273.9726.

Preparation of 2-(2-Iodo-4-nitrophenyl)acetonitrile (S2).

(420 mg, 1.69 mmol) in DMSO (2.0 mL) was added NaOH (670 mg, 16.8
mmol) in DMSO (2.0 mL) at 0 °C. After stirring for 30 min at room

OzN\©il/ To a solution of PASCH,CN (250 mg, 1.68 mmol) and 1-iodo-3-nitrobenzene
CN

S2
temperature, the reaction was quenched with 10% aqueous HCl, and extracted

with CH,Cl,. The extract was washed with water and brine, dried, and concentrated to dryness. The
residue was purified by column chromatography with hexane-AcOEt (4:1) to give S2 (426 mg,
88 %) as a colorless amorphous; IR 2255, 1529, 1348 cm'l; '"HNMR § 8.73 (d,J=2.3Hz, 1H), 8.29
(dd, J = 8.2, 2.3 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 3.91 (s, 2H); °C NMR & 147.6, 140.3, 134.4,
129.3, 123.7, 115.9, 98.2, 30.0; DARTMS m/z 289 (M"+1, 35.1); DARTHRMS calcd for CgHgIN,O,
288.9474, found 288.9472.

Preparation of 2-(3-Hydroxyprop-1-ynyl)phenylacetonitrile (79).
= OH To a solution of 2-iodophenylacetonitrile (1.00 g, 4.11 mmol) in Et;N (4.0 mL)

were added Pd(PPh;),Cl, (58 mg, 8.2x10” mmol) and propargylalcohol (0.36
CN

79

mL, 6.2 mmol) and Cul (16 mg, 8.2x107 mmol) at room temperature. After

stirring for 5 h at same temperature, Et;N was evaporated off, and the residue
was purified by column chromatography with hexane-AcOEt (1:1) to give 79 (703 mg, quant.) as a
yellow oil: IR 3605, 3458, 2257 cm™; 'H NMR & 7.48-7.46 (m, 1H), 7.44 (d, J = 7.8 Hz, 1H),
7.38-7.34 (m, 1H), 7.32-7.28 (m, 1H), 4.54 (s, 2H), 3.89 (s, 2H), 2.39 (brs, 1H); °C NMR § 132.5,
131.7, 129.2, 128.13, 128.10, 122.1, 117.5, 93.8, 82.2, 51.3, 22.6; EIMS m/z 171 (M", 26.5);
EIHRMS calcd for C;;HgNO 171.0684, found 171.0688.
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Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-4-methoxyphenyl]acetonitrile (82).
To a solution of 2-(2-bromo-4-methoxyphenyl)acetonitrile (300 mg, 1.33

// OH
mmol) in DMF (6.0 mL) were added Pd(PPh;),Cl, (46 mg, 6.5x107

MeO

CN mmol), propargylalcohol (80 uL, 1.5 mmol), Cul (27 mg, 1.4x10>

82 mmol) and Pr,NH (720 pL, 6.4 mmol) at room temperature. After
stirring for 5 min at same temperature, the mixture was concentrated to dryness. The residue was
purified by column chromatography with hexane-AcOEt (3:1) to give 82 (180 mg, 60%) as a
colorless plate: m.p. 71-72 °C (CH,Cl,); IR 3603, 2255 cem’; '"H NMR (DMSO0O-d6) 6 7.39 (d, J=8.2
Hz, 1H), 7.01-6.99 (m, 2H), 5.39 (t, J = 6.0 Hz, 1H), 4.35 (d, J = 6.0 Hz, 2H), 3.97 (s, 2H), 3.76 (s,
3H); °C NMR (DMSO0-d6) & 158.6, 130.0, 124.7, 123.1, 118.6, 116.7, 115.4, 95.4, 80.7, 55.4, 49.5,

20.9; DARTMS m/z 202 (M*+1, 6.1); DARTHRMS calcd for C;,H;,NO, 202.0868, found 242.0866.

Preparation of 2-[4-Chloro-2-(3-hydroxyprop-1-ynyl)phenyl]acetonitrile (83).
N P as According to the procedure described for preparation of 82, 83 (17.0 mg,
38%) was obtained from 2-(2-bromo-4-chrolophenyl)acetonitrile (50.0 mg,
0.217 mmol) as a colorless plate: m.p. 63-66 °C (CH,Cl,); IR 3607, 3393,
2258 cm™; '"H NMR & 7.46 (d, J = 2.3 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H),
7.34 (dd, J = 8.2, 2.3 Hz, 1H), 4.54 (d, J = 6.4 Hz, 2H), 3.85 (s, 2H), 2.19 (t, J = 6.4 Hz, 1H); °C
NMR 3§ 134.1, 132.2, 130.2, 129.44, 129.41, 123.7, 117.0, 95.0, 81.2, 51.4, 22.3; DARTMS m/z 206

(M"+1, 36.1); DARTHRMS calcd for C;;HyCINO 206.0373, found 206.0368.

CN
83

Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-5-methoxyphenyl]acetonitrile (89).

. oH To a solution of S1 (328 mg, 1.20 mmol) in THF (12.0 mL) were added
Pd(PPh;),Cl, (17 mg, 2.4x10 mmol), propargylalcohol (100 pL, 1.8
CN :
MeO mmol), Cul (2.3 mg, 1.2x107 mmol) and 'ProNH (1.7 mL, 12 mmol) at
89

room temperature. After stirring for 30 min at same temperature, THF
was evaporated off, and the residue was purified by column chromatography with CH,Cl,-AcOEt
(15:1) to give 89 (240 mg, quant.) as a pale yellow plate: m.p. 85.5-86 °C (Hexane-AcOEt); IR 3607,
3429, 2253 cm™; "TH NMR & 7.39 (d, J = 8.7 Hz, 1H), 6.97 (d, J = 2.3 Hz, 1H), 6.81 (dd, /= 8.7, 2.3
Hz, 1H), 4.51 (brs, 2H), 3.86 (s, 2H), 3.82 (s, 3H), 2.22 (brs, 1H); °C NMR & 160.1, 134.0, 133.5,
117.4,114.0, 113.9, 113.7, 92.1, 82.3, 55.4, 51.5, 22.8; EIMS m/z 201 (M"+1, 63.2); EIHRMS calcd
for C;,H;NO, 201.0790, found 201.0790.
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Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-4-nitrophenyl]acetonitrile (94).
ON =~  OH According to the procedure described for preparation of 89, 94 (299 mg,
89%) was obtained from S2 (448 mg, 1.00 mmol) as a colorless plate:
m.p. 67-68 °C (CH,Cl,); IR 3605, 3394, 2255, 1531, 1352 cm™; '"H NMR
(DMSO-d6) 6 8.26 (d, J = 8.2 Hz, 1H), 8.21 (s, 1H), 7.78 (d, / = 8.2 Hz,
1H), 5.48 (t, J = 5.8 Hz, 1H), 4.40 (d, J = 5.8 Hz, 2H), 4.25 (s, 2H); °C NMR (DMSO-d6) & 147.1,
139.9, 130.0, 126.3, 123.8, 123.5, 117.5, 98.2, 78.9, 49.5, 22.1; EIMS m/z 216 (M", 9.4); EIHRMS

caled for C;;HgN,05 216.0535, found 216.0538.

CN
94

Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-5-nitrophenyl]acetonitrile (95).

OH To a solution of 2-(2-iodophenyl)acetonitrile (250 mg, 1.02 mmol) in the
CH,CI, (0.30 mL) and H,SO4 (0.80 mL) was slowly added mixture of

CN

O,N H,S0, (0.30 mL) and HNO; (0.010 mL) at O °C. After stirring for 15 min,
95

=

the reaction mixture was filtrated. The residue washed with water,
air-dried to give crude nitrile. To a solution of crude nitrile in THF (10 mL) were added Pd(PPh;),Cl,
(31.9 mg, 4.54x10™ mmol), propargylalcohol (100 uL, 1.8 mmol), Cul (4.3 mg, 2.3x10”* mmol) and
"Pr,NH (1.3 mL, 9.1 mmol) at room temperature. After stirring for 8 h at same temperature, THF was
evaporated off, and the residue was purified by column chromatography with CH,Cl,-AcOEt (15:1)
to give 95 (136 mg, 52% for 2 steps) as a colorless needle: m.p. 97.5-98.5 °C (CH,Cl,); IR 3597,
3368, 2255, 1526, 1346 cm™; "H NMR & 8.35 (s, 1H), 8.20 (d, J = 8.2 Hz, 1H), 7.66 (d, J = 8.2 Hz,
1H), 4.60 (s, 2H), 3.98 (s, 2H), 2.05 (brs, 1H); >C NMR & 147.4, 133.6, 133.5, 128.8, 123.5, 123 .4,
116.1, 99.2, 80.9, 51.4, 22.9; DARTMS m/z 217 (M*+1, 34.3); DARTHRMS calcd for CoHoN,O3
217.0613, found 217.0612.

Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)phenyl]propanenitrile (126).
To a solution of 2-(2-iodophenyl)propanenitrile (1.78 g, 6.92 mmol) and Et;N

é OH
(9.6 mL, 69 mmol) in THF (25 ml) were added propargylalcohol (520 uL, 9.0
CN mmol), Pd(PPh;),Cl, (97 mg, 0.14 mmol), and copper(I) iodide (26 mg, 0.14
IEIASG mmol) at room temperature. After stirring for 2 h at same temperature, THF

was evaporated off, and the residual oil was chromatographed with
hexane-AcOEt (1:1) to afford 126 (1.17 g, 91%) as a yellow oil: IR 3605, 3447, 2245 cm’l; '"H NMR
67.51(d,J=17.6Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H),
4.55 (d, J = 6.2 Hz, 2H), 4.38 (q, J = 7.2 Hz, 1H), 2.02 (t, / = 6.2 Hz, 1H), 1.65 (d, J = 7.2 Hz, 3H);
BC NMR 8§ 138.7, 132.9, 129.5, 128.0, 126.6, 121.4, 121.1, 93.0, 82.3, 51.5, 29.7, 20.4; DART MS
m/z 186 (M'+1, 100); DART HRMS calcd for C;,H;,NO 186.0919, found 186.0927.
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Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)phenyl]-2-methylpropanenitrile (127).
= OH To a solution of 2-methyl-2-(2-iodophenyl)propanenitrile (60.0 mg, 0.221
mmol) in Et;N (1.1 mL) were added propargylalcohol (20 pL, 0.33 mmol),

CN
e M Pd(PPh;),Cl; (3.1 mg, 4.4x10° mmol), and copper(l) iodide (0.8 mg, 4x107
e Me
127 mmol) at room temperature. After stirring for 8 h at 50 °C, EtN was

evaporated off, and the residual oil was chromatographed with hexane-AcOEt
(1:1) to afford 127 (23.8 mg, 54%) as a yellow oil: IR 3605, 3452, 2237 cm’l; '"H NMR § 7.52 (dd, J
=7.7,14Hz, 1H), 742 (dd, J=7.7, 1.0 Hz, 1H), 7.36 (td, J=7.7, 1.4 Hz, 1H), 7.30 (td, /= 7.7, 1.0
Hz, 1H), 4.57 (d, J = 3.4 Hz, 2H), 2.33 (brs, 1H), 1.88 (s, 6H); °C NMR & 141.1, 134.5, 129.0,
127.8, 124.9, 124.3, 121.2, 95.6, 84.2, 51.8, 36.5, 27.5; DART MS m/z 200 (M'+1, 100); DART
HRMS calcd for C;3H;4NO 200.1075, found 200.1093.

Preparation of 2-(1-Phenylsulfonylpropa-1,2-dienyl)phenylacetonitrile (80).
PhO,S To a solution of 79 (100 mg, 0.58 mmol) in THF (6.0 mL) were added iPerEt
*=(0.30 mL) and PhS(O)CI (280 mg, 1.7 mmol) at -78 °C. After stirring for 3 h at

oN  Same temperature, the reaction was quenched by addition of water, and the mixture
80 was extracted with AcOEt. The extract was washed with water and brine, dried, and
concentrated to dryness. The residue was passed through a short pad of silica gel

with hexane-AcOEt (3:1) to afford the crude benzenesulfinate. To a solution of the crude
benzenesulfinate in toluene (0.5 mL) was added [RhCI(CO),], (10 mg, 2.5x107 mmol). After stirring
for 24 h at 50 °C, toluene was evaporated off, and the residue was purified by column
chromatography with hexane-AcOEt (3:1) to give 80 (60 mg, 27% for 2 steps) as a colorless oil: IR
2253, 1967, 1927, 1323, 1153 cm™; "H NMR & 7.70 (d, J = 7.6 Hz, 2H), 7.65 (t, J = 7.6 Hz, 1H),
7.51-7.47 (m, 3H), 7.41 (t, / = 7.6 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.00 (d, J/ = 7.6 Hz, 1H), 5.54 (s,
2H), 3.69 (s, 2H); °C NMR & 207.7, 138.8, 134.0, 131.7, 130.7, 130.4, 129.1, 128.5, 128.1, 127.8,
117.3, 111.5, 83.7, 21.8; EIMS m/z 295 (M", 4.1); EIHRMS calcd for C;7H3NO,S 295.0667, found

295.0665.

Preparation of 2-[4-Methoxy-2-(1-phenylsulfonylpropa-1,2-dienyl)phenyl]acetonitrile (86).
PhO,S According to the procedure described for preparation of 80, 86 (40.7 mg,
MeO =

24%) was obtained from 82 (98.5 mg, 0.490 mmol) as a colorless plate: m.p.
97-98 °C (CH,Cl,); IR 2255, 1967, 1323, 1153 cm™; '"H NMR & 7.74-7.72
86 (m, 2H), 7.66-7.63 (m, 1H), 7.52-7.49 (m, 2H), 7.34 (d, J = 8.5 Hz, 1H), 6.92

(dd, J=8.5,2.9 Hz, 1H), 6.54 (d, J = 2.9 Hz, 1H), 5.54 (s, 2H), 3.67 (s, 3H),

3.57 (s, 2H); "C NMR § 207.7, 159.0, 139.0, 134.0, 130.2, 129.1, 128.9, 128.6, 122.5, 117.6, 116.8,
116.2, 111.6, 83.8, 55.3, 20.9; DARTMS m/z 326 (M*+1, 21.1); DARTHRMS calcd for C;gH;NO3S
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326.0851, found 326.0842.

Preparation of 2-[4-Chloro-2-(1-phenylsulfonylpropa-1,2-dienyl)phenyl]acetonitrile (87).

PhO.S According to the procedure described for preparation of 80, 87 (26.5 mg, 33%)
2

Cl .

was obtained from 83 (50.0 mg, 0.243 mmol) as a colorless plate: m.p.

N 103-105 °C (Et,0); IR 2255, 1967, 1927, 1325, 1155 cm™; "H NMR & 7.72 (dd,

87 J=1.6, 1.4 Hz, 2H), 7.68 (tt, J = 7.6, 1.4 Hz, 1H), 7.54 (t, J/ = 7.6 Hz, 2H),

7.42 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 8.2, 2.1 Hz, 1H), 6.97 (d, J = 2.1 Hz,

1H), 5.56 (s, 2H), 3.67 (s, 2H); °C NMR & 207.6, 138.5, 134.3, 134.1, 131.7, 130.44, 130.35, 129.5,

129.3, 129.2, 128.6, 116.9, 110.8, 84.3. 21.4; DARTMS m/z 330 (M*+1, 64.8); DARTHRMS calcd
for C7H;3CINO,S 330.0356, found 330.0374.

Preparation of 2-[6-(1-Phenylsulfonylpropa-1,2-dienyl)-1,3-benzodioxol-5-yl]acetonitrile (92).
PhO,S To a solution of 2-[6-(3-hydoroxyprop-1-ynyl)benzo[d][1,3]dioxol-5-yl]aceto-

nitrile (48.3 mg, 0.1222mol) in THF (2.0 mL) was added Et;N (200 pL, 1.43

cN mmol) and PhSCI (0.10 mL, 0.91 mmol) at -78 °C. After stirring for 3 h at

92 same temperature, the reaction mixture was quenched by addition of saturated
aqueous NaHCOj;, and the mixture was extracted with CH,Cl,. The extract was washed with water
and brine, dried, and concentrated to dryness. The residue was passed through a short pad of silica
gel with hexane-AcOEt (7:3) to afford the crude sulfoxide. To a solution of the crude sulfoxide in
CH,CI, (2.0 mL) was added mCPBA (56.6 mg, 0.311 mmol) at 0 °C. After stirring for 2 h at same
temperature, the reaction mixture was quenched by addition of saturated aqueous NaHCO; and
saturated aqueous NaS;0;, and the mixture was extracted with CH,Cl,. The extract was washed
with water and brine, dried, and concentrated to dryness. The residue was purified by column
chromatography with CH,Cl,-hexane (30:1) to give 92 (31.3 mg, 41% for 2 steps) as a colorless
plate: m.p. 138-141 °C (AcOEt); IR 2255, 1967, 1323, 1153 cm™; "H NMR & 7.74 (d. J = 7.6 Hz,
2H), 7.66 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 6.90 (s, 1H), 6.55 (s, 1H), 6.01 (s, 2H), 5.50 (s,
2H), 3.48 (s, 2H); °C NMR & 208.0, 149.3, 147.5, 138.8, 134.1, 129.2, 128.5, 124.6, 120.9, 117.3,
111.41, 111.37, 109.2, 102.0, 83.5, 21.5; EIMS m/z 339 (M", 17.2); EIHRMS calcd for C;gH;3NO,S
339.0565, found 339.0564.

Preparation of 2-[5-Methoxy-2-(1-phenylsulfonylpropa-1,2-dienyl)phenyl]acetonitrile (93).
PhO,S According to the procedure described for preparation of 92, 93 (72.4 mg,
50%) was obtained from 89 (90.0 mg, 0.487 mmol) as a colorless oil; IR
MeO CN 2253, 1967, 1321, 1153 cm™; "H NMR & 7.70 (d, J = 7.6 Hz, 2H), 7.64 (t, J
93 =7.6 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 6.99 (d, J =2.7 Hz, 1H), 6.93 (d, J =
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8.6 Hz, 1H), 6.76 (dd, J = 8.6, 2.7 Hz, 1H), 5.50 (s, 2H), 3.82 (s, 3H), 3.62 (s, 2H); °C NMR 5 208.1,
160.9, 138.9, 133.9, 133.0, 132.1, 129.0, 128.5, 119.6, 117.2, 114.6, 113.5, 111.3, 83.2, 55.4, 21.9;
EIMS m/z 325 (M", 11.7); EIHRMS calcd for C1gH;5sNO5S 325.0773, found 325.0771.

General Procedure for Preparation of Methylallenes

To a solution of alcohol (0.200 mmol) in THF (2.0 mL) was added Et;N (140 pL, 1.0 mmol) and

MsCl1 (60 pL, 0.80 mmol) at -78 °C. After stirring for 15 min at same temperature, the reaction was

quenched by addition of saturated NaHCOj;, extracted with AcOEt. The extract was washed with

water and brine, dried, and concentrated to dryness. The crude mesylate was carried through to the
next step. To a solution of CuCN (71.6 mg, 0.800 mmol) in THF (2.0 mL) was added LiCl (67.7 mg,
1.60 mmol) and MeLi (750 uL, 0.80 mmol, 1.07 M in Et,0) at -78 °C, and the mixture was stirred

for 5 min at -30 °C. Then, the crude mesylate was added to the mixture at -78 °C. After stirring for

30 min at same temperature, the reaction was quenched by addition of saturated aqueous NH,CI and

28% aqueous NHj, extracted with AcOEt, washed with water and brine, dried, and concentrated to

dryness. The residue was chromatographed with hexane-AcOEt to afford corresponding allenes.

H, R? = OMe, R® = H (75%)
NO,, R? = H, R® = H (38%)

= H, R2= NO,, R®=H (60%)
=H, R2=H, R®= Me (81%)

MsCl MelLi
S CuCN
R! = O EtsN el
R? CN CHzC|z THF
RO 78 °C
103; R1 =H,R2=H,R®=H(97%) 107: R1
104: R' = OMe, R? = H, R® = H (33%) 108: R! =
105:R'=CI,R2=H, R®=H (50%) 109: R'
106: R', R2 = OCH,0, R®=H (51%) 128: R
MeCl MeLi
3 CuCN Me
OH BN =z OMs i —
CHZCIz THF
0°C CN -78 °C CN

133 (79%)

2-[2-(Buta-2,3-dien-2-yl)phenyl]acetonitrile (103).

Compound 103 was a yellow oil: IR 2253, 1950 cm™; '"H NMR & 7.45 (d, J = 7.9

Me
*=— Hz, 1H), 7.36-7.27 (m, 3H), 4.86 (q, J = 3.1 Hz, 2H), 3.85 (s, 2H), 2.08 (t, J = 3.1
CN Hz, 3H); BC NMR § 207.2,137.2, 129.2, 128.4, 127.94, 127.87, 127.7, 118.2, 97.7,
103 75.5, 22.1, 20.3; EIMS m/z 169 (M™, 29.5); EIHRMS calcd for C;,H;;N 169.0892,

found 169.0889.
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2-[2-(Buta-2,3-dien-2-yl)-4-methoxyphenyl]acetonitrile (104).
Me Compound 104 was a colorless oil; IR 2253, 1944 cm’l; "H NMR § 7.33 d,J
MeO = =28.2 Hz, 1H), 6.84 (d, J = 2.4 Hz, 1H), 6.81 (dd, J = 8.2, 2.4 Hz, 1H), 4.86
\©)\:0N (q, J = 3.1 Hz, 2H), 3.81 (s, 3H), 3.77 (s, 2H), 2.07 (t, J = 3.1 Hz, 3H); °C
104 NMR & 207.2, 159.4, 138.5, 130.3, 119.9, 118.4, 113.8, 112.7, 97.8, 75.6,
55.3, 21.3, 20.2; DARTMS m/z 200 (M*+1, 100); DARTHRMS calcd for
C,3H14NO 200.1075, found 200.1086.

2-[4-Chloro-2-(buta-2,3-dien-2-yl)phenyl]acetonitrile (105).
Me Compound 105 was a colorless oil: IR 2254, 1950 cm™; "H NMR § 7.38 d,J
Cl «— =7.2Hz 1H), 7.30 (d, J = 2.1 Hz, 1H), 7.26 (dd, J = 7.2, 2.1 Hz, 1H), 4.90
\©i:CN (q, J = 3.1 Hz, 2H), 3.80 (s, 2H), 2.07 (t, J = 3.1 Hz, 3H); °C NMR § 207 .4,
105 138.9, 134.3, 130.5, 128.1, 127.7, 126.4, 117.7, 97.1, 76.2, 21.8, 20.1;

DARTMS m/z 204 (M'+1, 59.2); DARTHRMS caled for C;oH;CIN
204.0580, found 204.0586.

2-[6-(Buta-2,3-dien-2-yl)-1,3-benzodioxol-5-yl]acetonitrile (106).

Me Compound 106 was a colorless powder: m.p. 78-79 °C (CH,CL); IR 2255,
oji:i‘_ 1954 cm™'; "H NMR (DMSO-d6) § 6.97 (s, 1H), 6.95 (s, 1H), 6.04 (s, 2H),
<O CN 4.93 (q, J = 3.1 Hz, 2H), 3.86 (s, 2H), 1.98 (t, J = 3.1 Hz, 3H); °C NMR
106 (DMSO-d6) 6 206.6, 147.3, 146.6, 130.8, 121.8, 119.0, 109.4, 108.1, 101.5,

97.3, 75.6, 21.0, 20.1; EIMS m/z 213 (M", 24.6); EIHRMS calcd for C;3H;;NO, 213.0790, found
213.0787.

2-[2-(Buta-2,3-dien-2-yl)-5-methoxyphenyl]acetonitrile (107).
Me Compound 107 was a pale yellow oil; IR 2253, 1948 cm™'; 'H NMR § 7.22
= (d,J=8.7Hz, 1H), 6.98 (d, J = 2.7 Hz, 1H), 6.88 (dd, J = 8.7, 2.7 Hz, 1H),
/©)\:0N 4.83 (q, J = 3.2 Hz, 2H), 3.83 (s, 2H), 3.82 (s, 3H), 2.05 (t, J = 3.2 Hz, 3H);
107 C NMR § 207.4, 158.9, 129.3, 129.2, 129.0, 118.1, 114.5, 113.9, 97.4, 75 .2,
55.4, 22.3, 20.5; EIMS m/z 199 (M*+1, 100); EIHRMS calcd for C;3H;3NO
199.0997, found 199.0996.

MeO

2-[2-(Buta-2,3-dien-2-yl)-4-nitrophenyl]acetonitrile (108).
Me Compound 108 was a colorless amorphous; IR 2254, 1950, 1529, 1348 cm’l;

O.N = 'HNMR §8.18 (d, J = 2.3 Hz, 1H), 8.14 (dd, J = 8.2, 2.3 Hz, 1H), 7.67 (d, J
= 8.2 Hz, 1H), 4.98 (q, J = 3.2 Hz, 2H), 3.94 (s, 2H), 2.14 (t, ] = 3.2 Hz, 3H);

CN
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C NMR § 207.6, 147.9, 139.0, 134.9, 130.2, 122.9, 122.3, 116.8, 96.7, 76.9, 22.4, 20.1; EIMS m/z
214 (M, 25.9); EIHRMS calcd for C;,H;oN,O, 214.0742, found 214.0743.

2-[2-(Buta-2,3-dien-2-yl)-5-nitrophenyl]acetonitrile (109).
Me Compound 109 was a colorless oil; IR 2260, 1942, 1524, 1348 cm™; 'H
= NMR 8 8.33 (d, J = 2.3 Hz, 1H), 8.20 (dd, J = 8.7, 2.3 Hz, 1H), 7.50 (d, J =
ON J@i:cru 8.7 Hz, 1H), 5.00 (q, J = 3.2 Hz, 2H), 3.94 (s, 2H), 2.13 (t, J = 3.2 Hz, 3H);
109 BC NMR 6 207.6, 146.7, 144.1, 129.8, 129.0, 124.5, 123.4, 116.8, 97.0, 77.1,
22.5,20.0; MS m/z 214 (M*+1, 61.0); HRMS calcd for C1,H(N,O, 214.0742,

found 214.0742.

2-[2-(Buta-2,3-dien-2-yl)phenyl]propanenitrile (128).
Me Compound 128 was a colorless oil: IR 2241, 1952 cm’l; 'H NMR § 7.55-7.52 (m,
= 1H), 7.34-7.30 (m, 2H), 7.28-7.26 (m, 1H), 4.84 (dq, J = 11.1, 3.4 Hz, 1H), 4.79
CN (dq,J=11.1,3.4 Hz, 1H), 441 (q, J =7.2 Hz, 1H), 2.06 (t, J = 3.4 Hz, 3H), 1.60 (d,
Me J =72 Hz, 3H); "C NMR 5 206.8, 136.7, 134.9, 128.3, 128.1, 128.0, 127.4, 122.3,

97.5,75.1,27.8,21.3, 21.1; DART MS m/z 184 (M*+1, 99.3); DART HRMS calcd
for C13H 4N 184.1126, found 184.1114.

128

2-(Buta-2,3-dien-2-yl)benzonitrile (133).

Me Compound 133 was colorless oil; IR 2226, 1946 cm™; 'H NMR 8 7.65 (dd, 1H, J =
©\):-= 7.8, 1.2 Hz), 7.55 (td, 1H, J = 7.8, 1.2 Hz), 7.42 (dd, 1H, J = 7.8, 1.2 Hz), 7.32 (ud,
N IH, J=17.8, 1.2 Hz), 5.06 (q, 2H, J = 3.2 Hz), 2.15 (t, 3H, J = 3.2 Hz); "C NMR &

133 208.2, 141.8, 133.9, 132.4, 127.5, 127.1, 118.1, 111.3, 97.8, 78.0, 18.6; DARTMS

m/z 156 (M*+1, 100); DARTHRMS calcd for C;;H;oN 156.0813, found 156.0814.

2-[2-(Propa-1,2-dienyl)phenyl]acetonitrile (110).
H To a solution of 79 (226 mg, 1.32 mmol) in THF (4.4 mL) were added IPNBSH
(1.4 g, 5.3 mmol), PPh; (1.4 g, 5.3 mmol) and DEAD (2.4 mL, 5.3 mmol, 40% in

©i:CN toluene) at 0 °C. After stirring for 1 h at room temperature, trifluoroethanol-H,O
110 (3:2, 5.0 mL) was added to the mixture. After stirring for 4 h at same temperature,

the reaction was quenched by addition of water, and the mixture was extracted with
AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness. The
residue was purified by column chromatography with hexane-AcOEt (7:1) to give 110 (162 mg,
79%) as a yellow oil: IR 2253, 1942 cm™; "H NMR § 7.40 (d, J = 7.6 Hz, 1H), 7.38 (d, J = 7.6 Hz,
1H), 7.31 (t, J = 7.6 Hz, 1H), 7.24 (t, J = 7.6 Hz, 1H), 6.26 (t, J = 6.9 Hz, 1H), 5.19 (d, J = 6.9 Hz,
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2H), 3.81 (s, 2H); °C NMR § 210.7, 132.0, 129.3, 128.6, 128.5, 127.6, 126.9, 117.5, 90.4, 78.7,
22.0; EIMS m/z 155 (M", 81.8); EIHRMS calcd for C;;HoN 155.0735, found 155.0734.

2-Methyl-2-{2-[1-(phenylsulfonyl)propa-1,2-dien-1-yl]phenyl}propanenitrile (129).
PhO,S To a solution of PhSO,Na (492 mg, 3.00 mmol) in toluene (6.0 ml) was added a
) solution of (COCI), (250 ul, 3.0 mmol) in toluene (3.0 ml) at 0 °C. After stirring for

CN
Me Me
129

1 h at room temperature, the reaction mixture was added to a solution of 127 (183
mg, 0.920 mmol) and "Pr,NEt (522 pl, 3.00 mmol) in THF (1.0 ml) at -78 °C. After
stirring for 1 h at same temperature, the reaction was quenched by addition of water,
and the mixture was extracted with AcOEt. The extract was washed with water and brine, dried, and
concentrated to dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt
(1:1) to afford the crude sulfinate. To a solution of the crude sulfinate in MeNO, (4.3 mL) was added
AgSbFs (31 mg, 9.2x10” mmol) at room temperature. After stirring for 4 h at 60 °C, MeNO, was
evaporated off and the residue was chromatographed with hexane-AcOEt (3:1) to afford 129 (187
mg, 63% for 2 steps) as a colorless plate: m.p. 110-112 °C (EtOH); IR 2235, 1967, 1323, 1153 cm'l;
'H NMR & 7.88-7.87 (m, 2H), 7.66-7.63 (m, 1H), 7.54-7.49 (m, 3H), 7.42 (td, J = 7.6, 1.4 Hz, 1H),
7.27-7.23 (m, 1H), 7.18 (dd, J = 7.6, 1.4 Hz, 1H), 5.41 (s, 2H), 1.82 (s, 6H); °C NMR & 208.8, 140.4,
139.4, 133.8, 133.1, 130.2, 129.2, 128.8, 127.5, 127.1, 126.3, 124.5, 113.0, 84.0, 36.7, 30.5; DART
MS m/z 324 (M*+1, 100); DART HRMS caled for C;oH gNO,S 324.1058, found 324.1045.

2-[1-(Phenylsulfonyl)propa-1,2-dienyl]benzonitrile (134).
PhO,S According to the procedure described for preparation of 129, 134 (130 mg, 73%)

was obtained from 2-(3-hydroxyprop-1-ynyl)benzonitrile (100 mg, 0.636 mmol) as

CN a colorless plates: m.p. 97-98 °C (EtOH); IR 2231, 1965, 1325, 1155 cm'l; 'H

134 NMR & 7.93 (d, J = 8.2 Hz, 1H), 7.76 (d, J = 7.3 Hz, 2H), 7.67-7.56 (m, 3H),

7.48-7.43 (m, 3H), 5.70 (s, 2H); °C NMR & 208.7, 139.2, 133.9, 133.1, 132.6,

132.0, 130.9, 129.6, 129.1, 128.3, 116.3, 113.9, 111.3, 85.3; DARTMS m/z 282 (M'+1, 51.1);
DARTHRMS calcd for C;cH;,NO,S 282.0589, found 282.0582.

Preparation of 2-[(1,1-Dimethylethyl)dimethylsilyloxymethyl]buta-2,3-dien-1-o0l (160).
CHOTBS  To a solution of 4-[(1,1-dimethylethyl)dimethylsilyloxy]but-2-yn-1-ylmethylcarbonate
(893 mg, 3.46 mmol) in MeOH (20 mL) were added Pd(OAc), (77.7 mg, 0.346 mmol)

OH
160

and PPh; (363 mg. 1.38 mmol) at room temperature. After stirring for 18 h at 40 °C
under CO (10 atm) atmosphere, MeOH was evaporated off, and the reaction mixture

was passed through a short pad of silica gel with hexane-AcOEt (4:1) to afford crude allene. To a
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solution of the crude allene in toluene (10 ml) was added DIBAL-H (2.5 ml, 2.5 mmol, 1.0 M in
hexane) at -78 °C. After stirring for 30 min at same temperature, the reaction was added aqueous
Rochelle’s salt and Et,0. The organic layer was washed with water and brine, dried, and
concentrated to dryness. The residue was chromatographed with hexane-AcOEt (4:1) to afford 160
(98.0 mg, 13%) as a colorless oil: IR 3599, 3497, 1960 cm'l; '"H NMR & 4.86 (quin, J = 2.3 Hz, 2H),
431 (t,J = 2.3 Hz, 2H), 4.22 (brs, 2H), 2.24 (brs, 1H), 0.91 (s, 9H), 0.10 (s, 6H); °C NMR & 205.0,
102.7, 77.2, 63.4, 62.3, 25.9, 18.3, -5.4; DART MS m/z 215 (M"+1, 100); DART HRMS calcd for
C11H230,S1215.1467, found 215.1480.

General procedure for preparation of allene-nitrile.

To a solution of alcohol (1.00 mmol) in CH,Cl, (10 mL) was added Et;N (410 pL, 3.0 mmol) and
MsCl (290 uL, 3.0 mmol) at 0 °C. After stirring for 15 min at same temperature, the reaction was
quenched by addition of saturated NaHCO3, and the mixture was extracted with CH,Cl,. The extract
was washed with water and brine, dried, and concentrated to dryness. The crude mesylate was
carried through to the next step. To a solution of nitrile (4.00 mmol) in THF (10 mL) was added NaH
(60% in oil, 160 mg, 4.00 mmol) at 0 °C, and the mixture was stirred for 30 min at same temperature.
Then, the crude mesylate and TBAI (554 mg, 1.50 mmol) were added to the mixture at 0 °C. After
stirring for 1.5 h at room temperature, the reaction was quenched by addition of saturated aqueous
NH,4CI, and the mixture was extracted with Et,O. The extract was washed with water and brine,
dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt to afford

the corresponding allene-nitrile.

MsCl ren R
R1 Et3N R1 NaH [
2: CH,Cl, TBAI CN
OH 0°C OMs THF R2
rt
141: R' ="Bu, R? = CN (82%) 167 : R' = Me, R? = CN (13%)
149: R' = "Bu, R? = CO,Et (12%) 42 : R'=/Pr, R2 = CN (60%)
150: R' = "Bu, R = p-NO,CgH, (17%) 168 : R' =Bu, R2 = CN (57%)
151: R' = "Bu, R2 = SO,Ph (9%) 169 : R' = CH,OTBS, R? = CN (48%)
152: R' = "Bu, R? = Piv (33%) 170 : R' = Me, R2 = Piv (13%)

171 : R" ='Pr, R? = Piv (32%)
172 : R' = Bu, R2 = Piv (53%)
173 : R' =H, R? = Piv (32%)

2-(2-Vinylidenehexyl)malononitrile (141).
"Bu Compound 141 was a colorless oil: IR 2258, 1960 cm'l; '"H NMR § 5.03 (quin, J =3.4
Hz, 2H), 3.82 (t, / = 7.2 Hz, 1H), 2.63 (dt, J = 7.2, 3.4 Hz, 2H), 2.01 (tt, / = 7.2, 3.4 Hz,
CN  2H), 1.47-1.42 (m, 2H), 1.35 (sex, J = 7.2 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H); "C NMR §

CN
141 204.5, 112.6, 98.5, 81.0, 32.6, 31.6, 29.3, 22.1, 21.2, 13.8; DART MS m/z 175 (M"+1,
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43.5); DART HRMS calcd for C;;H;sN; 175.1235, found 175.1218.

Ethyl 2-Cyano-4-vinylideneoctanoate (149).

"Bu

CN
CO,Et
149

Compound 149 was a colorless oil: IR 2253, 1960, 1745 cm'l; "H NMR & 4.91-4.83 (m,
2H), 4.25 (q, J = 7.2 Hz, 2H), 3.62 (dd, J = 8.8, 5.8 Hz, 1H), 2.62-2.58 (m, 1H), 2.49
(ddt, J = 15.3, 8.8, 3.4 Hz, 1H), 1.98 (tt, J = 7.2, 3.4 Hz, 2H), 1.45-1.40 (m, 2H),
1.36-1.30 (m, 5H), 0.89 (t, J = 7.2 Hz, 3H); °C NMR & 204.9, 165.8, 116.5, 99.5, 79.2,
62.8, 36.0, 31.8, 31.5, 29.4, 22.2, 13.9, 13.8; DART MS m/z 222 (M"+1, 18.5); DART

HRMS calcd for Ci3H;0NO, 222.1494, found 222.1486.

2-(p-Nitrophenyl)-4-vinylideneoctanenitrile (150).

"Bu

P-NO,CgH,4
150

Compound 150 was a colorless oil: IR 2247, 1958, 1528, 1350 cm™; '"H NMR
8.26 (d, J = 8.9 Hz, 2H), 7.56 (d, J = 8.9 Hz, 2H), 4.90 (dquin, J = 10.0, 3.1 Hz,

CN  1H), 4.85 (dquin, J = 10.0, 3.1 Hz, 1H), 4.04 (dd, J = 9.6, 5.8 Hz, 1H), 2.58 (ddt, J

=15.1, 9.6, 3.1, 1H), 2.49-2.44 (m, 1H), 2.01-1.92 (m, 2H), 1.43-1.39 (m, 2H),
1.36-1.30 (m, 2H), 0.90 (t, J = 7.2 Hz, 3H); °C NMR & 205.6, 147.7, 142.9, 128.5,

124.3, 119.6, 99.5, 79.0, 37.8, 35.8, 31.9, 29.4, 22.2, 13.9; DART MS m/z 271 (M'+1, 39.9); DART
HRMS calcd for Ci6H9N>0,271.1447, found 271.1449.

2-(Phenylsulfonyl)-4-vinylideneoctanenitrile (151).

"Bu

CN
SO,Ph
151

Compound 151 was a colorless oil: IR 2249, 1960, 1335, 1159 cm’l; '"H NMR §
8.05-8.02 (m, 2H), 7.80-7.76 (m, 1H), 7.69-7.64 (m, 2H), 4.96-4.85 (m, 2H), 4.03 (dd, J
=11.9, 3.7 Hz, 1H), 2.90 (dq, J = 15.1, 3.7 Hz, 1H), 2.40 (ddt, J = 15.1, 11.9, 3.2 Hz,
1H), 2.01-1.96 (m, 2H), 1.46-1.38 (m, 2H), 1.36-1.28 (m, 2H), 0.90 (t, / = 7.3 Hz, 3H);
C NMR § 204.6, 135.6, 135.3, 129.7, 129.6, 114.1, 98.5, 79.9, 56.3, 31.8, 29.3, 28.7,

22.2, 13.8; DART MS m/z 290 (M"+1, 34.7); DART HRMS calcd for C;gHyoNO,S 290.1215, found

222.1199.

2-Pivaloyl-4-vinylideneoctanenitrile (152).

"Bu

CN
Piv
152

Compound 152 was a colorless oil: IR 2243, 1958, 1720 cm’l; "H NMR & 4.89 (dquin, J
=10.3, 3.5 Hz, 1H), 4.82 (dquin, J = 10.3, 3.5 Hz, 1H), 3.94 (dd, J = 7.9, 6.5 Hz, 1H),
2.49-2.40 (m, 2H), 2.00-1.96 (m, 2H), 1.44-1.39 (m, 2H), 1.34 (sex, J = 7.6 Hz, 2H),
1.26 (s, 9H), 0.90 (t, J = 7.6 Hz, 3H); °C NMR § 205.1, 204.9, 117.3, 100.2, 78.9, 45.5,
35.6,32.1,31.2,29.4,26.5,22.2, 13.9; DART MS m/z 234 (M*+1, 51.2); DART HRMS

calcd for C;sHxNO 234.1858, found 234.1841.
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2-(2-Methylbuta-2,3-dienyl)malononitrile (167).

Me Compound 167 was a colorless oil: IR 2260, 1963 cm’l; "H NMR § 4.98 (sex, J=3.2 Hz,
— 2H), 3.83 (t, J = 7.3 Hz, 1H), 2.63 (dt, J = 7.3, 3.2 Hz, 2H), 1.80 (t, J = 3.2 Hz, 3H); °C
CN " NMR §205.1, 112.5,93.4, 79.6, 33.7, 21.2, 18.4; DART MS m/z 133 (M*+1, 18.4);

CN
167 DART HRMS caled for CgHgN, 133.0766, found 133.0783.

2-[2-(1-Methylethyl)buta-2,3-dienylJmalononitrile (42).

ipr Compound 42 was a colorless oil: IR 2258, 1956 cm™; '"H NMR § 5.08 (q, J = 3.4 Hz,
"= 2H),3.83(t,J=7.2Hz, 1H), 2.67 (dt, J = 7.2, 3.4 Hz, 2H), 2.22-2.14 (m, 1H), 1.08 (d, J
CN  =7.2 Hz, 6H); °C NMR & 203.3, 112.7, 104.8, 82.2, 31.0, 30.6, 21.3, 21.2; DART MS

CN
42 m/z 161 (M'+1, 61.4); DART HRMS calcd for C1oH;3N; 161.1079, found 161.1067.

2-[2-(1,1-Dimethylethyl)buta-2,3-dienylJmalononitrile (168).

By Compound 168 was a colorless plate: m.p. 47-48 °C (hexane); IR 2258, 1954 cm™; 'H
"= NMR$5.08 (t, J = 3.8 Hz, 2H), 3.83 (t, J = 7.6 Hz, 1H), 2.68 (dt, J = 7.6, 3.8 Hz, 2H),
CN  1.10 (s, 9H); C NMR & 202.7, 112.8, 107.9, 82.2, 33.1, 28.8, 28.4, 21.5; DART MS

m/z 175 (M"+1, 100); DART HRMS calcd for C;H;sN, 175.1235, found 175.1220.

CN
168

2-{2-[(1,1-Dimethylethyl)dimethylsilyloxymethyl]buta-2,3-dienyl}malononitrile (169).
CH,O0TBS Compound 169 was a colorless oil: IR 2258, 1960 cm’l; '"H NMR § 5.04 (quin, J = 2.7
—  Hz 2H), 4.23 (t, J = 2.7 Hz, 2H), 4.04 (t, J = 7.3 Hz, 1H), 2.76 (dt, J = 7.3, 2.7 Hz, 2H),
CN 0.91 (s, 9H), 0.09 (s, 6H); °C NMR & 205.3, 112.5, 97.3, 79.8, 64.2, 30.9, 25.8, 21.7,
C:jsg 18.2, -5.4; DART MS m/z 263 (M'+1, 100); DART HRMS calcd for C;4H,3N,0Si
263.1580, found 263.1584.

4-Methyl-2-pivaloylhexa-4,5-dienenitrile (170).

Me Compound 170 was a colorless oil: IR 2243, 1961, 1722 cm'l; 'H NMR § 4.87-4.73 (m,
"= 2H), 3.93 (dd, J = 7.8, 6.9 Hz, 1H), 2.51-2.39 (m, 2H), 1.75 (t, J = 3.2 Hz, 3H), 1.26 (s,
CN  9H); >C NMR & 205.5, 204.9, 117.3, 95.2, 77.5, 45.5, 35.6, 32.5, 26.4, 18.9; DART MS

Pi
I:m m/z 192 (M*+1, 69.8); DART HRMS calcd for C;,HgNO 192.1388, found 192.1376.

4-(1-Methylethyl)-2-pivaloylhexa-4,5-dienenitrile (171).

ipr Compound 171 was a colorless oil; IR 2243, 1954, 1720 cm'l; '"H NMR § 4.95 (dq,J =

9.6, 3.1 Hz, 1H), 4.86 (dq, / = 9.6, 3.1 Hz, 1H), 3.94 (dd, J = 8.2, 6.5 Hz, 1H), 2.53-2.43

CN  (m, 2H), 2.18-2.11 (m, 1H), 1.26 (s, 9H), 1.05 (d, J = 6.8 Hz, 3H), 1.04 (d, J = 6.8 Hz,
3H); °C NMR § 205.2, 203.8, 117.4, 106.6, 80.1, 45.5, 35.7, 30.8, 29.5, 26.5, 21.3, 21.2;

Piv
171
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DART MS m/z 220 (M*+1, 50.7); DART HRMS caled for C14H2,NO 220.1701, found 220.1708.

4-(1,1-Dimethylethyl)-2-pivaloylhexa-4,5-dienenitrile (172).
By Compound 172 was a colorless oil: IR 2243, 1952, 1720 cm’™'; '"H NMR & 4.97 (dt, J =
"™ 9.6,3.8 Hz, 1H), 4.85 (dt, J = 9.6, 3.8 Hz, 1H), 3.95 (dd, J = 8.2, 6.8 Hz, 1H), 2.51-2.44
CN  (m, 2H), 1.27 (s, 9H), 1.08 (s, 9H); °C NMR & 205.4, 203.3, 117.5, 109.5, 80.2, 45.5,
Pi1"72 36.0, 33.0, 28.9, 26.54, 26.52; DART MS m/z 234 (M*+1, 100); DART HRMS calcd for
C15sH24NO 234.1858, found 234.1863.

2-Pivaloylhexa-4.5-dienenitrile (173).
H Compound 173 was a colorless oil: '"H NMR § 5.15 (quin, 1H, J = 6.9 Hz), 4.87-4.80 (m,
= 2H), 3.89 (t, 1H, J = 7.6 Hz), 2.59-2.50 (m, 2H), 1.26 (s, 9H); *C NMR & 208.9, 204.7,
CN  116.9, 85.5,77.1, 454, 36.6, 28.3, 26.1.
Piv
173

Preparation of 2-(3-Vinilideneheptyl)malononitrile (187).
To a solution of 3-vinylideneheptan-1-ol (410 mg, 2.92 mmol), PPh; (1.53 g, 5.85

n
™ = mmol) and imidazole (398 mg, 5.85 mmol) in CH,Cl, (15 mL) was added iodine (1.48
CN g, 5.85 mmol) at O °C. After stirring for 20 min at room temperature, the reaction was

CN quenched by addition of saturated aqueous Na,S,0; and saturated aqueous NaHCOs3,
187 and the mixture was extracted with CH,Cl,. The extract was washed with water and

brine, dried, and concentrated to dryness. The residue was passed through a short pad of silica gel
with hexane to afford crude iodide. The crude iodide was carried through to the next step. To a
solution of malononitrile (793 mg, 12.0 mmol) in THF (15 ml) was added NaH (480 mg, 12.0 mmol)
at 0 °C, and the mixture was stirred for 1 h at same temperature. Then, the reaction mixture was
added a solution of crude iodide (2.22 mmol) in THF/DMSO (2:1, 4.5 ml) at same temperature.
After stirring for 24 h at room temperature, the reaction mixture was quenched by addition of
saturated aqueous NH,Cl, extracted with AcOEt. The extract was washed with water and brine, dried,
and concentrated to dryness. The residue was chromatographed with hexane-AcOEt (10:1) to afford
187 (275 mg, 50%) as a colorless oil: IR 2258, 1956 cm'l; '"H NMR § 4.81 (quin, J = 3.2 Hz, 2H),
3.85 (t, J =6.9 Hz, 1H), 2.26-2.17 (m, 4H), 1.99-1.93 (m, 2H), 1.45-1.29 (m, 4H), 0.91 (t, J = 7.3 Hz,
3H); >C NMR & 204.8, 112.5, 100.6, 78.0, 31.9, 29.5, 28.8, 28.0, 22.3, 21.6, 13.9; DART MS m/;
189 (M"+1, 11.8); DART HRMS calcd for C;,H;7N; 189.1392, found 189.1407.
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2-Pivaloyl-5-vinylidenenonanenitrile (188).

"By According to the procedure described for preparation of 187, 188 was a colorless oil: 'H

NMR 6 4.75 (quin, J = 3.2 Hz, 2H), 3.97 (dd, J = 8.6, 6.2 Hz, 1H), 2.15-1.92 (m, 6H),
CN  1.45-1.30 (m, 4H), 1.24 (s, 9H), 0.90 (t, J = 7.2 Hz, 3H); °C NMR & 205.6, 205.1,

Piv 117.3,101.7,77.2,45.5, 36.0, 32.0, 29.5, 28.8, 27.6, 26.1, 22.3, 13.9.

188

Preparation of 2-(4-Vinylideneoctyl)malononitrile (191).
"Bu To a solution of 4-vinylideneoctan-1-ol (168 mg, 1.00 mmol) in CH,Cl, (5 mL) were
added Et;N (280 pL, 2.0 mmol) and MsCl1 (150 pL, 2.0 mmol) at 0 °C. After stirring for

cN 15 min at same temperature, the reaction was quenched by addition of saturated
CN NaHCO;, and the mixture was extracted with CH,Cl,. The extract was washed with
191 water and brine, dried, and concentrated to dryness. The crude mesylate was carried
through to the next step. To a solution of malononitrile (198 mg, 3.00 mmol) in THF
(10 mL) was added NaH (120 mg, 3.0 mmol) at 0 °C, and the mixture was stirred for 30 min at same
temperature. Then, the crude mesylate and TBAI (190 mg, 0.50 mmol) were added to the mixture at
0 °C. After stirring for 16 h at room temperature, the reaction was quenched by addition of saturated
aqueous NH,ClI, and the mixture was extracted with AcOEt. The extract was washed with water and
brine, dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt
(10:1) to afford 191 (114 mg, 56%) as a colorless oil: IR 2258, 1956 cm’l; 'H NMR & 4.73 (quin, J =
3.2 Hz, 2H), 3.72 (t, J = 7.2 Hz, 1H), 2.11-2.01 (m, 4H), 1.93 (tt, / = 7.3, 5.2 Hz, 2H), 1.81-1.74 (m,
2H), 1.45-1.29 (m, 4H), 0.91 (t, J = 7.2 Hz, 3H); C NMR & 205.4, 112.5, 101.6, 76.8, 31.8, 30.35,
30.25, 29.6, 24.2, 22.5, 22.4, 13.9; DART MS m/z 203 (M*+1, 51.8); DART HRMS calcd for
C,3H9N, 203.1548, found 203.1544.

2-Pivaloyl-6-vinylidenedecanenitrile (192).

"By According to the procedure described for preparation of 191, 192 was a colorless oil: IR

2243, 1956, 1722 cm’™; 'H NMR & 4.71-4.64 (m, 2H), 3.82 (dd, J = 8.7, 6.4 Hz, 1H),
cN 1.98 (tt, J =7.2, 3.6 Hz, 2H), 1.94-1.80 (m, 4H), 1.71-1.60 (m, 1H), 1.58-1.47 (m, 1H),
piy  1-43-1.29 (m, 4H), 1.26 (s, 9H), 0.90 (t, J = 7.3 Hz, 3H); PC NMR § 205.6, 205.5,

192 117.4,102.2,76.12,45.4,36.9, 31.7, 31.0, 29.6, 29.5, 26.0, 24.9, 22.3, 13.9.
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2-(5-Hydroxypent-3-ynyl)malononitrile (194).
To a solution of alcohol 193 (746 mg, 3.48 mmol), PPh; (1.83 g, 6.96 mmol) and

// OH
imidazole (474 mg, 6.96 mmol) in CH,Cl, (11 mL) was added iodine (1.77 g, 6.96
CN mmol) at 0 °C. After stirring for 30 min at room temperature, the reaction was
CN19 4 quenched by addition of saturated aqueous Na,S,03 and saturated aqueous NaHCOs,

and the mixture was extracted with CH,Cl,, washed with water and brine, dried, and
concentrated to dryness. The residue was passed through a short pad of silica gel with hexane to
afford crude iodide. The crude iodide was carried through to the next step. To a solution of
malononitrile (445 mg, 6.73 mmol) in THF (8.0 ml) was added NaH (269 mg, 6.73 mol) at 0 °C.
After stirring for 1 h at same temperature, the reaction mixture was added a solution of crude iodide
and DMSO (1.0 ml) in THF (2.0 ml) at same temperature. After stirring for 9 h at room temperature,
to the reaction mixture was added 10% aqueous HCI (2.0 ml) at 0 °C. After stirring for 30 min at
same temperature, the reaction was quenched by addition of saturated aqueous NaHCO;, extracted
with Et,O, washed with water and brine, dried, and concentrated to dryness. The residue was
chromatographed with hexane-AcOEt (2:1) to afford 194 (97.9 mg, 17%, from 193) as a colorless
oil: '"H NMR & 4.27 (brs, 2H), 4.09 (t, 1H, J = 6.9 Hz), 2.61 (tt, 2H, J = 6.9, 2.1 Hz), 2.26 (q, 2H, J =
6.9 Hz); "C NMR & 112.2, 82.2, 80.9, 51.0, 29.6, 21.3, 16.2.

2-(3-Phenylsulfonylpenta-3,4-dienyl)malononitrile (196).
SO,Ph  To a solution of PhSO,Na (493 mg, 3.00 mmol) in toluene (6.0 ml) was added a solution

of (COCl); (250 pl, 3.0 mmol) in toluene (3.0 ml) at 0 °C. After stirring for 1 h at room

CN temperature, the reaction was added to a solution of 194 (148 mg, 1.00 mmol) and
01'; 6 "Pr,NEt (530 pl, 3.00 mmol) in THF (1.0 ml) at -78 °C. After stirring for 1 h at same

temperature, the reaction was quenched by addition of water, extracted with AcOEt,
washed with water and brine, dried, and concentrated to dryness. The residue was passed through a
short pad of silica gel with hexane-AcOEt (4:1) to afford crude sulfinate. To a solution of slufinate in
toluene (5.0 mL) was added [RhCI(CO),], (20.7 mg, 0.0534 mmol) at room temperature. After
stirring for 6 h at 50 °C, toluene was evaporated off, and the reaction mixture was chromatographed
with hexane-AcOEt (2:1) to afford 196 (68.1 mg, 25% from 194) as a colorless oil: IR 2258, 1969,
1321, 1154 cm™; "H NMR $ 7.92-7.90 (m, 2H), 7.70-7.66 (m, 1H), 7.59 (t, 2H, J = 8.0 Hz), 5.48 (t,
2H, J = 2.7 Hz), 3.89 (t, 1H, J = 7.3 Hz), 2.59 (tt, 2H, J = 7.3, 2.7 Hz), 2.30 (q, 2H, J = 7.3 Hz);
207.6, 139.0, 134.1, 129.4, 128.1, 112.0, 110.0, 85.6, 29.0, 24.3, 21.6.
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General procedure for Pauson-Khand-type reaction

To a solution of allene (0.100 mmol) in toluene (1.0 mL) was added [RhCI(CO)dppp], (11.6 mg,
1.00x10™ mmol) under N, atmosphere. The reaction mixture was stirred at each temperature under
CO (1 atm) atmosphere until complete disappearance of the starting material monitored by TLC.
Then, the solvent was evaporated off, and the residue was chromatographed with hexane-AcOEt or
CH,Cl,-AcOEt to afford the corresponding cyclized products. Chemical yields are summarized in

Table 1-5, Schemes 17-19 and 25.

4-Phenylsulfonyl-1,3-dihydrobenzo|[f]indol-2-one (111).

SO,Ph Compound 111 was a pale orange powder: m.p. 238-241 °C (CH,Cl,); IR 3343,

1718, 1317, 1144 cm™; '"H NMR (DMSO-d6) & 11.04 (s, 1H), 8.44 (d, J=7.9

OO N © Hz, 1H), 8.04 (d, J=7.6 Hz, 2H), 7.91 (d, J=7.9 Hz, 1H), 7.64 (t, / = 7.6 Hz,
111 : 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.48-7.45 (m, 2H), 7.39 (t, / = 7.9 Hz, 1H), 4.19

(s, 2H); °C NMR (DMSO-d6) & 175.4, 142.2, 141.7, 134.1, 133.8, 132.7,
130.1, 129.5, 128.1, 126.8, 125.4, 123.84, 123.80, 110.2, 110.1, 38.2; EIMS m/z 323 (M", 5.4);
EIHRMS calcd for C;3H;3NO;S 323.0616, found 323.0615.

6-Methoxy-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (112).
SO,Ph Compound 112 was a red plate: m.p. 204-206 °C (CH,Cl,); IR 3395,
MeO 1717, 1353, 1150 cm™; "H NMR (DMSO-d6) 3 10.91 (s, 1H), 8.06 (d, J
OO N ° 7.3 Hz, 2H), 7.86 (d, J = 9.2 Hz, 2H), 7.77 (d, J = 2.3 Hz, 1H),
112 : 7.73-7.55 (m, 3H), 7.46 (s, 1H), 7.16 (dd, J = 9.2, 2.3 Hz, 1H), 4.18 (s,
2H), 3.76 (s, 3H); >C NMR (DMSO-d6) & 175.1, 156.4, 141.5, 140.3,
133.7, 132.6, 129.5, 129.4, 129.1, 128.7, 126.7, 125.1, 118.4, 110.5, 103.6, 55.1, 38.2; EIMS m/z 353
(M*, 100); EIHRMS calcd for CoH;sNO,S 353.0722, found 353.0721.

6-Chloro-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (113).
SO,Ph Compound 113 was a pale orange powder: m.p. >226 °C (decomposed)
cl (CHCly); IR 3431, 1718, 1321, 1157 cm™; "H NMR (DMSO-d6) & 11.12
OO N ° (s, 1H), 8.42 (s, 1H), 8.02 (d, J = 8.2 Hz, 2H), 7.99 (d, J = 8.2 Hz, 1H),
13 : 7.68 (t, J = 8.2 Hz, 1H), 7.59 (t, J = 8.2 Hz, 2H), 7.52-7.51 (m, 2H), 4.18
(s, 2H); °C NMR (DMSO-d6) & 175.3, 142.8, 141.4, 134.2, 134.1, 132.6,
130.2, 129.9, 129.7, 129.2, 127.2, 126.7, 124.4, 122.6, 110.0, 38.1; EIMS m/z 357 (M", 100);

EIHRMS calcd for C,3H;»CINO;S 357.0226, found 357.0225.
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9-Phenylsulfonyl-1,3-benzodioxolo[5,6-f]-6,8-dihydroindol-7-one (114).
Compound 114 was a pale orange powder: m.p. >260 °C (decomposed)
0 (AcOEY); IR 3429, 1709, 1308, 1148 cm™; "H NMR (DMSO-d6) & 10.89
<O OO N O (s, 1H), 8.00 (d, J = 7.3 Hz, 2H), 7.77 (s, 1H), 7.66 (t, J = 7.3 Hz, 1H),
H 7.57 (t, J = 7.3 Hz, 2H), 7.39 (s, 1H), 7.37 (s, 1H), 6.09 (s, 2H), 4.10 (s,
1 2H); °C (DMSO0-d6) NMR & 175.4, 147.6, 147.1, 141.6, 141.1, 133.8,
131.7, 129.6, 129.5, 129.4, 126.6, 120.5, 110.5, 104.3, 101.8, 100.4, 38.2; FABMS m/z 368 (M'+1,

8.0); FABHRMS calcd for C;oH4NOsS 368.0593, found 368.0595.

SO,Ph

7-Methoxy-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (115).
SO,Ph Compound 115 was a colorless powder: m.p. >288 °C (decomposed)
(CH,Cl,); IR 3416, 1718, 1329, 1146 cm™'; '"H NMR (DMSO-d6) &
OO N © 10.99 (s, 1H), 8.36 (d, /= 9.3 Hz, 1H), 8.01 (d, J = 7.6 Hz, 2H), 7.64 (t,
115 : J=7.6 Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.39 (s, 1H), 7.37 (d, J = 2.7
Hz, 1H), 7.04 (dd, J = 9.3, 2.7 Hz, 1H), 4.12 (s, 2H), 3.81 (s, 3H); °C
NMR (DMSO-d6) & 175.5, 157.6, 142.7, 141.8, 136.0, 133.8, 130.2, 129.6, 129.5, 126.7, 125.3,
118.8, 117.1, 109.4, 107.1, 55.2, 37.9; EIMS m/z 353 (M", 77.0); EIHRMS calcd for C;oH;sNO,S

353.0722, found 353.0720.

MeO

4-Methyl-1,3-dihydrobenzo[flindol-2-one (116).

Me Compound 116 was a pale orange plate: m.p. 245-248 °C (CH,Cl,); IR 3437,

1718 cm™; '"H NMR (DMSO-d6) & 10.62 (s, 1H), 7.90 (d, J = 7.6 Hz, 1H),

OO N ° 7.76 (d, J=7.6 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.34 (t, /= 7.6 Hz, 1H), 7.01
116 : (s, 1H), 3.56 (s, 2H), 2.47 (s, 3H); C NMR (DMSO-d6) & 175.9, 141.5,

133.5, 129.3, 128.5, 127.3, 125.9, 125.6, 123.7, 123.4, 102.2, 34.7, 15.0;
EIMS m/z 197 (M", 100); EIHRMS calcd for C;3H;;NO 197.0841, found 197.0838.

6-Methoxy-4-methyl-1,3-dihydrobenzo[f]indol-2-one (117).

Me Compound 117 was an orange plate: m.p. 230-232 °C (CH,Cl,); IR
Meow 3230, 1709 cm™'; 'H NMR (DMSO-d6) § 10.49 (s, 1H), 7.70 (d, J = 9.0
OO N ° Hz, 1H), 7.24 (d, J = 2.4 Hz, 1H), 7.09 (dd, J = 9.0, 2.4 Hz, 1H), 6.97 (s,

17 : 1H), 3.87 (s, 3H), 3.55 (s, 2H), 2.46 (s, 3H); °C NMR (DMSO-d6) &

175.7, 155.6, 139.5, 129.5, 128.7, 128.4, 128.2, 126.2, 117.1, 103.5,
102.3, 55.0, 34.8, 15.1; EIMS m/z 227 (M", 66.2); EIHRMS calcd for C14H;3NO, 227.0946, found
227.0945.
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6-Chloro-4-methyl-1,3-dihydrobenzo[f]indol-2-one (118).
Me Compound 118 was a pale yellow powder: m.p. 282-291 °C (sublimation)
C'\“j>: (CH,Cl,); IR 3435, 1715 cm’'; '"H NMR (DMSO-d6) 5 10.69 (s, 1H),
OO N ° 7.92 (s, 1H), 7.82 (d, J = 8.9 Hz, 1H), 7.41 (d, J = 8.9 Hz), 7.05 (s, 1H),
118 : 3.58 (s, 2H), 2.46 (s, 3H); °C NMR (DMSO-d6) & 175.8, 142.0, 132.0,

129.39, 129.36, 128.9, 127.9, 127.3, 1259, 122.8, 102.2, 34.8, 15.0;
EIMS m/z 231 (M", 100); EIHRMS calcd for C;3H;oCINO 231.0451, found 231.0452.

9-Methyl-1,3-benzodioxolo[5,6-f]-6,8-dihydroindol-7-one (119).
Me Compound 119 was a pale yellow powder: m.p. >285 °C dec. (CH,Cl,);
Ow IR 3448, 1718 cm’'; '"H NMR (DMSO-d6) & 10.48 (s, 1H), 7.30 (s, 1H),
<O OO N ° 7.24 (s, 1H), 6.92 (s, 1H), 6.07 (s, 2H), 3.51 (s, 2H), 2.40 (s, 3H); °C
119 : NMR (DMSO-d6) & 175.9, 146.8, 145.5, 140.3, 130.3, 128.6, 124.7,

123.9, 103.8, 102.6, 100.8, 100.7, 34.8, 15.5; EIMS m/z 241 (M", 81.6);
EIHRMS calcd for Cy4H;;NO;5 241.0739, found 241.0737.

7-Methoxy-4-methyl-1,3-dihydrobenzo[f]indol-2-one (120).
Me Compound 120 was a colorless powder: m.p. 230-231 °C (CH,Cl,); IR
/“\/>: 3437, 1715 cm™; '"H NMR (DMSO-d6) § 10.57 (s, 1H), 7.80 (d, J = 8.9
MeO OO H ° Hz, 1H), 7.22 (s, 1H), 6.98 (d, J = 8.9 Hz, 1H), 6.95 (s, 1H), 3.84 (s,
120 3H), 3.51 (s, 2H), 2.43 (s, 3H); °C NMR (DMSO-d6) & 176.1, 157.1,

142.1, 135.0, 129.2, 125.2, 123.7, 123.3, 114.9, 106.5, 101.8, 55.0, 34.6,
15.0; EIMS m/z 227 (M*+1, 100); EIHRMS calcd for C14H3NO; 227.0946, found 227.0945.

4-Methyl-6-nitro-1,3-dihydrobenzo[f]indol-2-one (121).
Me Compound 121 was a pale yellow powder: m.p. >285 °C (CH,Cl,); IR
OzN\“j>: 3433, 1718, 1506, 1340 cm™'; '"H NMR (DMSO-d6) & 10.96 (s, 1H),
OO N ° 8.75 (s, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.17 (s,
121 ; 1H), 3.63 (s, 2H), 2.56 (s, 3H); °C NMR (DMSO-d6) & 175.8, 145.5,

142.7, 137.2, 131.8, 128.7, 128.3, 126.9, 120.5, 118.9, 102.3, 34.5, 15.0;
EIMS m/z 242 (M", 100); EIHRMS calcd for C;3H;oN,03 242.0692, found 242.0690.
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4-Methyl-7-nitro-1,3-dihydrobenzo[f]indol-2-one (122).

Me

Compound 122 was a yellow needle: m.p. >290 °C (decomposed)

(CH,Cl,); IR (KBr) 3543, 1707, 1542, 1346 cm™; "H NMR (DMSO-d6)
)
O-N N 6 10.87 (s, 1H), 8.85 (d, / = 2.4 Hz, 1H), 8.14 (d, J = 9.3 Hz, 1H), 8.05
2 H

122

(dd, J = 9.3, 2.4 Hz, 1H), 7.37 (s, 1H), 3.67 (s, 2H), 2.55 (s, 3H); "°C
NMR (DMSO-d6) & 175.7, 144.9, 143.4, 132.7, 131.3, 130.6, 129.9,

125.8, 123.5, 116.3, 103.9, 34.9, 15.1; DARTMS m/z 243 (M'+1, 56.7); DARTHRMS calcd for
Ci3H11N,05 243.0770, found 243.0770.

1,3-Dihydrobenzo|f]indol-2-one (123).

H

CLn-

N
H
123

Compound 123 was a colorless plate: m.p. 249-254 °C (AcOEt); IR 3439,
1713 cm™; "H NMR (DMSO-de) & 10.66 (s, 1H), 7.79 (d, J = 7.6 Hz, 1H),
7.77 (d, J=7.6 Hz, 1H), 7.70 (s, 1H), 7.39 (t, /= 7.6 Hz, 1H), 7.30 (t, /= 7.6
Hz, 1H), 7.13 (s, 1H), 3.61 (s, 2H); "C NMR (DMSO-ds) & 176.0, 142.3,
133.2,129.4, 127.7, 127.4, 126.7, 125.8, 123.5, 123.2, 103.7, 35.1; EIMS m/z

183 (M, 86.2); EIHRMS calcd for C,HoNO 183.0684, found 183.0681.

4,9-Dimethyl-1,3-dihydrobenzo[f]lindol-2-one (135).

Me

O O
N
H
Me
135

Compound 135 was colorless powder: m.p. 243-244 °C (CH,Cl,); IR 3443,
1701 cm™'; "H NMR (DMSO-d) & 10.63 (s, 1H), 7.93 (d, J = 7.3 Hz, 1H),
7.87(d,J=17.3Hz, 1H), 747 (t, J =7.3 Hz, 1H), 7.38 (t, J = 7.3 Hz, 1H), 3.57
(s, 2H), 2.45 (s, 3H), 2.44 (s, 3H); °C NMR (DMSO-de) § 176.2, 139.5, 132.7
128.8, 126.9, 125.44, 125.42, 124.0, 123.3, 123.1, 108.2, 35.2, 14.9, 12.3;

bl

DART MS m/z 212 (M*+1, 59.8); DART HRMS caled for C14H4NO 212.1075, found 212.1077.

9-Methyl-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (136).

SO,Ph

(Lo

N
H
Me
136

Compound 136 was colorless powder: m.p. >290 °C decomposed (CH,Cl,);
IR 3447, 1705, 1300, 1148 cm™"; '"H NMR (DMSO-dg) 8 11.02 (s, 1H), 8.51 (d,
1H, J=7.6 Hz), 8.03 (d, 2H, J=7.6 Hz), 7.98 (d, 1H, J = 7.6 Hz), 7.63 (t, 1H,
J=7.6 Hz), 7.56-7.50 (m, 3H), 7.41 (t, 1H, J = 7.6 Hz), 4.23 (s, 2H), 2.54 (s,
3H); °C NMR (DMSO-dg) & 175.6, 142.0, 140.5, 133.6, 133.1, 132.1, 129.4,

128.0, 126.65, 126.62, 125.1, 124.18, 124.15, 124.0, 117.6, 38.6, 13.3; DART MS m/z 338 (M"+1,
32.0); DART HRMS caled for C;gH;cNO5S 338.0851, found 338.0850.
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8,8-Dimethyl-3-phenylsulfonylindeno[2.1-b]pyrrole (137).
PhO,S Compound 137 was a colorless amorphous: IR 3447, 3296, 1304, 1140 cm’l; 'H
= NMR 6 9.22 (brs, 1H), 8.02—8.00 (m, 2H), 7.85 (d, J = 7.3 Hz, 1H), 7.53-7.44 (m,
O‘ NH 3H), 7.33 (d, J = 2.7 Hz, 1H), 7.29-7.24 (m, 2H), 7.15 (t, J = 7.3 Hz, 1H), 1.40 (s,
Me 6H); °C NMR § 154.2, 150.0, 143.5, 134.9, 132.5, 129.1, 127.3, 126.6, 125.7,
137 124.7, 122.7, 121.9, 120.6, 118.2, 42.8, 25.4; DART MS m/z 324 (M'+1, 41.4);
DART HRMS calcd for C;oH;sNO,S 324.1058, found 324.1061.

3-[(E)-1,2-Bis(phenylsulfonyl)vinyl]-1,1-dimethylinden-2-amine (138).
PhO,S H Compound 138 was a yellow plates: m.p. >150 °C decomposed (AcOEt); IR
= SO,Ph 3491, 3396, 1319, 1310, 1151 cm™; '"H NMR & 7.90 (s, 1H), 7.71-7.68 (m,
‘ NH, 4H), 7.50-7.47 (m, 2H), 7.34-7.31 (m, 4H), 6.99-6.97 (m, 1H), 6.86-6.83 (m,
v Me 2H), 6.39-6.37 (m, 1H), 4.20 (s, 2H), 1.21 (s, 3H), 1.00 (s, 3H); °C NMR &
138 162.6, 148.8, 145.2, 141.7, 139.0, 138.9, 136.9, 134.2, 134.0, 129.0, 128.9,
128.8, 128.3, 126.5, 122.0, 120.1, 117.3, 94.8, 47.9, 25.0, 24.1; DART MS
m/z 466 (M'+1, 13.6); DART HRMS calcd for CosHyNO,S, 466.1147, found 466.1147. The

structure of 7 was unambiguously determined by an X-ray crystallography.

2-[(1E)-2,3-bisphenylsulfonylprop-1-enyl]benzonitrile (140)..
SO,Ph Compound 140 was a red solid: IR 2230, 1323, 1151 cm™; "H NMR & 8.22 (s,

Ph
| S0: 1H), 7.93 (d, 2H, J = 7.6 Hz), 7.75 (d, 1H, J = 7.6 Hz), 7.69-7.66 (m, 5H), 7.62 (t,
1H, J=7.6 Hz), 7.59 (t, 2H, J = 7.6 Hz), 7.50 (t, 1H, J = 7.6 Hz), 7.47 (t, 2H, J =
\\N 7.6 Hz), 4.43 (s, 2H); DART MS m/z 424 (M"+1, 59.8); DART HRMS calcd for

CH;sNO4S; 424.0677, found 424.0692.

6-Butyl-8-cyano-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (145).

"By Compound 145 was a colorless plate: m.p. 140-142 °C (AcOEt); IR 3421, 3209,
o 2201, 1751, 1682, 1626 cm™; '"H NMR & 8.48 (brs, 1H), 3.43 (s, 2H), 3.21 (s, 2H),

H 2.39 (t, J = 7.6 Hz, 2H), 1.53 (quin, J = 7.6 Hz, 2H), 1.33 (sex, J = 7.6 Hz, 2H),

NC 145 0.93 (t, J = 7.6 Hz, 3H); "C NMR & 177.9, 157.7, 146.8, 130.0, 116.5, 73.5, 46.8,

31.6,30.6,29.3,22.5, 13.7; DART MS m/z 203 (M"+1, 100); DART HRMS calcd
for C,H;5N,0203.1184, found 203.1192. The structure of 11b was unambiguously determined by
an X-ray crystallography.
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6-Butyl-8-ethoxycarbonyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (153).

"Bu

0
N
EtO,C
153

Compound 153 was a colorless plate: m.p. 109-111 °C (AcOEt); IR 3431, 3229,
1747, 1682, 1624 cm™'; "H NMR 6 8.25 (brs, 1H), 4.22 (g, J = 7.1 Hz, 2H), 3.40
(s, 2H), 3.21 (s, 2H), 2.39 (t, J = 7.6 Hz, 2H), 1.54 (quin, J = 7.6 Hz, 2H),
1.39-1.30 (m, 5H), 0.93 (t, J = 7.6 Hz, 3H); C NMR & 178.7, 163.9, 155.5,
147.3, 129.8, 98.3, 59.6, 44.2, 31.7, 30.7, 29.5, 22.6, 14.7, 13.8; DART MS m/z

250 (M"+1, 100); DART HRMS caled for C4H,0NO3 250.1443, found 250.1441.

6-Butyl-8-(p-nitrophenyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (154).

"Bu
(6]
N
H
154

P-NO,Ph

141.8, 132.9, 124.5,

100); DART HRMS

Compound 154 was a yellow powder: m.p. >245 °C decomposed (AcOEt);
IR 3524, 1720, 1583, 1335 cm™; "H NMR (DMSO-d6) & 11.16 (s, 1H), 8.06
(d, J=9.2 Hz, 2H), 7.54 (d, J = 9.2 Hz, 2H), 3.54 (s, 2H), 3.21 (s, 2H), 2.37
(t, J = 7.3 Hz, 2H), 1.53 (quin, J = 7.3 Hz, 2H), 1.31 (sex, J = 7.3 Hz, 2H),
0.89 (t, J = 7.3 Hz, 3H); °C NMR (DMSO-d6) & 180.2, 147.5, 142.6, 142.2,
124.0, 105.3, 45.2, 30.8, 30.2, 28.7, 22.1, 13.8; DART MS m/z 299 (M'+1,
calced for C7H 9N,03299.1396, found 299.1407.

8-Benzenesulfonyl-6-butyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (155).

"Bu

o)
N
PhO,S
155

Compound 155 was a colorless plate: m.p. 105-107 °C (hexane/AcOEt); IR
3416, 1753, 1680, 1624, 1294, 1157 cm™'; '"H NMR § 8.55 (brs, 1H), 7.89-7.87
(m, 2H), 7.58-7.56 (m, 1H), 7.53-7.50 (m, 2H), 3.32 (s, 2H), 3.20 (s, 2H), 2.33
(t, J=17.6 Hz, 2H), 1.48 (quin, J = 7.6 Hz, 2H), 1.30 (sex, J = 7.6 Hz, 2H), 0.90
(t, 3H, J = 7.6 Hz); "C NMR & 177.9, 154.8, 148.2, 142.5, 132.7, 129.4, 129.2,

126.6, 102.5, 44.2, 31.5, 30.5, 29.4, 22.5, 13.7; DART MS m/z 318 (M*+1, 100); DART HRMS
calcd for C;7H»NO5S 318.1164, found 318.1166.

6-Butyl-8-pivaloyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (156).

By Compound 156 was a colorless plate: m.p. 120-122 °C (AcOEt); IR 3418, 3254,
o 1745, 1674, 1630, 1560 cm™; "H NMR & 8.90 (brs, 1H), 3.59 (s, 2H), 3.18 (s, 2H),

H 242 (t, J = 7.6 Hz, 2H), 1.57 (quin, J = 7.6 Hz, 2H), 1.37 (sex, J = 7.6 Hz, 2H),

PIv 156 1.24 (s, 9H), 0.95 (t, J = 7.6 Hz, 3H); °C NMR & 200.7, 179.0, 160.6, 146.6,

129.8, 106.4, 45.9, 42.7, 31.2, 30.7, 29.4, 27.1, 22.6, 13.8; DART MS m/z 262

(M*+1, 100); DART

HRMS calcd for C;6H,4NO, 262.1807, found 262.1805.
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8-Cyano-6-methyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (179).

=
.i;m
I=

NC
179

Compound 179 was a colorless powder: m.p. >232 °C decomposed (AcOEt); IR
3420, 3190, 2201, 1749, 1686, 1628 cm™'; "H NMR (DMSO-d6) & 11.37 (brs, 1H),
3.43 (s, 2H), 3.18 (s, 2H), 1.96 (s, 3H); °C NMR (DMSO-d6) & 179.1, 159.3,
140.7, 131.5, 117.1, 71.1, 47.6, 30.8, 14.5; DART MS m/z 161 (M"+1, 100);
DART HRMS calcd for CogHgN,O 161.0715, found 161.0724.

8-Cyano-6-(1-methylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (43).

ipr

'S

NC
43

Compound 43 was a colorless plate: m.p. 205-208 °C (AcOEt); IR 3420, 3196,
2201, 1749, 1678, 1624 cm™; "H NMR & 8.75 (brs, 1H), 3.4 (s, 2H), 3.28 (s, 2H),
2.73 (sep, J = 6.9 Hz, 1H), 1.18 (d, J = 6.9 Hz, 6H); °C NMR & 178.1, 158.1,
152.3, 128.6, 116.6, 73.3, 45.0, 32.2, 29.5, 22.0; DART MS m/z 189 (M*+1, 100);
DART HRMS calcd for C;;H;3N,0 189.1028, found 189.1021.

8-Cyano-6-(1,1-dimethylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (180).

o
c
IZi

NC
180

Compound 180 was a colorless plate: m.p. 218-221 °C (AcOEt); IR 3420, 3205,
2201, 1753, 1674, 1618 cm™; "H NMR 8 8.55 (brs, 1H), 3.47 (s, 2H), 3.31 (s, 2H),
1.21 (s, 9H); °C NMR & 178.0, 157.9, 155.6, 127.9, 116.5, 73.4, 44.1, 34.2, 33.3,
30.1; DART MS m/z 203 (M*+1, 100); DART HRMS caled for Cj,H;sN,O
203.1184, found 203.1194.

8-Cyano-6-(1,1-dimethylethyl)dimethylsilyloxymethyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one

(181).

CH,OTBS

(@]
Ir=z

N
181

Compound 181 was a colorless needle: m.p. 214-216 °C (AcOEt); IR 3420, 3219,
2203, 1751, 1688, 1630 cm™'; 'H NMR & 8.83 (brs, 1H), 4.51 (t, J = 1.8 Hz, 2H),
3.44 (s, 2H), 3.29 (brs, 2H), 0.92 (s, 9H), 0.09 (s, 6H); °C NMR & 178.3, 157.9,
144.7, 130.7, 116.5, 73.8, 61.1, 44.2, 32.2, 25.8, 18.2, -5.5; DART MS m/z 291
(M*+1, 100); DART HRMS caled for C;sH»3N,0,S1291.1529, found 291.1547.

8-Pivaloyl-6-methyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (182).

Me

'S

Plv
182

Compound 182 was a colorless needle: m.p. 176-178 °C (AcOEt); IR 3418, 1745,
1680, 1632, 1560 cm™; "H NMR & 8.87 (brs, 1H), 3.60 (s, 2H), 3.15 (s, 2H), 2.07
(s, 3H), 1.24 (s, 9H); °C NMR $ 200.7, 179.1, 160.5, 141.6, 130.6, 106.6, 47.5,
42.7, 30.7, 27.1, 14.8; DART MS m/z 220 (M"+1, 100); DART HRMS calcd for
Cy3H5NO, 220.1338, found 220.1325.
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8-Pivaloyl-6-(1-methylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (183).

ipr
0
N
pv M
183

Compound 183 was a colorless plate: m.p. 158-159 °C (AcOEt); IR 3418, 1745,
1668, 1628, 1560 cm™; "H NMR & 8.86 (brs, 1H), 3.60 (s, 2H), 3.23 (s, 2H), 2.75
(sep, J = 6.9 Hz, 1H), 1.24 (s, 9H), 1.21 (d, J = 6.9 Hz, 6H); °C NMR & 200.8,
178.9, 160.7, 152.3, 128.4, 106.3, 44.0, 42.7, 31.9, 29.5, 27.1, 22.2; DART MS m/z
248 (M*+1, 100); DART HRMS calcd for C;sH»NO, 248.1651, found 248.1660.

8-Pivaloyl-6-(1,1-dimethylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (184).

Bu
0
N
pv M
184

Compound 184 was a colorless needle: m.p. 175-180 °C (AcOEt); IR 3418, 1745,
1664, 1624, 1560 cm™; "H NMR & 8.87 (brs, 1H), 3.62 (s, 2H), 3.27 (s, 2H), 1.25
(s, 9H), 1.24 (s, 9H); °C NMR & 200.9, 178.9, 160.6, 155.4, 127.9, 106.2, 42.80,
42.76, 34.1, 32.9, 30.2, 27.1; DART MS m/z 262 (M'+1, 100); DART HRMS
caled for C;6H,4NO,262.1807, found 262.1787.

2-Butyl-5-cyano-7-azabicyclo[4.3.0]nona-1,5-dien-8-one (199).

"By
(0]
N
H
CN
199

Compound 99 was a colorless plate: m.p. 141-143 °C (hexane/AcOEt); IR 3410,
3198, 2197, 1749, 1718, 1691, 1641 cm™; "H NMR & 8.43 (brs, 1H), 3.14 (s, 2H),
2.47 (t,J=8.7Hz, 2H), 2.32 (t, J = 8.7 Hz, 2H), 2.12 (t, / = 7.3 Hz, 2H), 1.44 (quin,
J =7.3 Hz, 2H), 1.32 (sex, J = 7.3 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H); °C NMR
174.5, 150.3, 142.8, 120.8, 118.4, 71.9, 34.1, 32.6, 29.2, 26.5, 22.5, 22.1, 13.9;

DART MS m/z 217 (M*+1, 100); DART HRMS calcd for C;3H;7N,O 217.1341, found 217.1343.

2-Butyl-5-cyano-7-azabicyclo[4.3.0]nona-1,3,5-trien-8-one (200).

"Bu
(6]
N
H
CN
200

Compound 200 was a colorless powder: m.p. 131-132 °C (hexane/AcOEt); IR 3420,
3198, 2230, 1747, 1717, 1618, 1603 cm™'; 'H NMR & 7.85 (brs, 1H), 7.36 (d, J =
8.2 Hz, 1H), 691 (d, J = 8.2 Hz, 1H), 3.51 (s, 2H), 2.58 (t, J = 7.6 Hz, 2H),
1.61-1.56 (m, 2H), 1.37 (sex, J = 7.6 Hz, 2H), 0.94 (t, J = 7.6 Hz, 3H); °C NMR &
175.7, 145.8, 144.6, 130.3, 124.3, 123.0, 116.1, 91.0, 34.8, 33.0, 31.5, 22.4, 13.8;

DART MS m/z 215 (M*+1, 100); DART HRMS calcd for C;3H;sN,O 215.1184, found 215.1182.

4-Butyl-7-pivaroyl-1,3,5,6-tetrahydro-2H-indole-2-one (201).

"By
(0]
N
. H
Piv
201

Compound 201 was a brown solid: 10.5 (brs, 1H), 3.05 (s, 2H), 2.74 (t, J = 7.3 Hz,
2H), 2.28 (t, J = 7.3 Hz, 2H), 2.22 (t, J = 7.3 Hz, 2H), 2.16 (, J = 7.3 Hz t, 2H),
1.45-1.30 (m, 4H), 1.24 (s, 9H), 0.93 (t, J = 7.3 Hz, 3H).
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2-Methylene-3-phenylsulfonylcyclopentane-1,1-dicarbonitrile (202).
so,ph  Compound 202 was a colorless oil: IR 2251, 1321, 1151 cm™; 'H NMR 8 7.91-7.89 (m,
2H), 7.77-1.72 (m, 1H), 7.65-7.61 (m, 2H), 6.07 (t, 1H, J = 2.3 Hz), 5.81 (t, 1H, J=2.3
Hz), 4.23-4.21 (m, 1H), 2.64-2.32 (m, 4H); °C NMR § 137.7, 135.7, 134.8, 129.6,
NC o 1205, 1243, 1147, 1138, 66.2, 387, 37.1, 26.8

2-Methyl-3-phenylsulfonylcyclopent-2-enedicarbonitrile (203).
SO,Ph Compound 203 was a colorless oil: "H NMR § 7.92-7.89 (m, 2H), 7.73 (tt, 1H, J = 7.6,
1.5 Hz), 7.65-7.61 (m, 2H), 2.90-2.84 (m, 2H), 2.65 (t, 2H, J=7.3 Hz), 2.47 (t, 3H, J =

2.3 Hz).
NC CN

203

2-Butyl-6-cyano-8-azabicyclo[5.3.0]deca-1,6-dien-9-one (204).

"Bu Compound 204 was a colorless needle: m.p. 147-149 °C (AcOEt); IR 3404, 2195,
1732, 1659, 1622 cm™; "H NMR & 7.67 (brs, 1H), 3.23-3.22 (m, 2H), 2.51 (dd, J =

H 6.2, 5.2 Hz, 2H), 2.46-2.45 (m, 2H), 2.09 (t, J = 7.6 Hz, 2H), 1.92-1.88 (m, 2H),
02104 1.45-1.40 (m, 2H), 1.35 (sex, J = 7.2 Hz, 2H), 0.93 (t, J = 7.2 Hz, 3H); °C NMR &

172.9, 151.2, 149.8, 121.2, 119.6, 84.2, 37.7, 36.2, 35.9, 30.3, 29.3, 23.8, 22.7,
13.9; DART MS m/z 231 (M'+1, 100); DART HRMS calcd for C;;H;oN,O 231.1497, found
231.1508.

Chapter 2

(Z)-8-Cyano-6-(1-methylethyl)-7-(hept-6-en-1-ylidene)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-on
e (271).

To a solution of 43 (564 mg, 3.00 mmol) in THF (15 mL) were added

hept-6-en-1-al (673 mg, 6.00 mmol), DBU (830 ul, 6.00 mmol) and

— O pyrrolidine (50 pul, 0.60 mmol) at room temperature. After stirring for 16 h

Ir=z

NG at 40 °C, the reaction was quenched by addition of aqueous NH,CI,

A\ 071 extracted with AcOEt, washed with water and brine, dried, and

concentrated to dryness. The residue was chromatographed with
hexane-AcOEt (4:1) to afford 271 (339 mg, 40%) as a yellow needles; IR 3171, 2202, 1763, 1651,
1636, 1594 cm™; "H NMR 6 9.03 (s, 1H), 6.38 (t, J = 7.9 Hz, 1H), 5.84-5.78 (m, 1H), 5.04-5.01 (m,
1H), 4.97-4.94 (m, 1H), 3.35 (s, 2H), 2.89 (sep, J = 6.8 Hz, 1H), 2.80 (q, J/ = 7.9 Hz, 2H), 2.11 (q, J
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= 7.2 Hz, 2H), 1.62-1.57 (m, 2H), 1.53-1.48 (m, 2H), 1.20 (d, J = 6.8 Hz, 6H); BC NMR 5 177.8,
160.2, 143.3, 141.1, 138.6, 137.8, 126.8, 117.0, 114.6, 69.5, 33.5, 32.5, 29.0, 28.33, 28.32, 25.7,
22.7; DARTMS m/z 283 (M++1, 100); DARTHRMS calcd for C1sH23N20 283.1810, found
283.1804.

(Z)-2-Benzyl-8-cyano-6-(1-methylethyl)-7-(hept-6-en-1-ylidene)-2-azabicyclo[3.3.0]octa-1(8),5-
dien-3-one (272).

To a solution of 271 (58.4 mg, 0.204 mmol) in THF (2.0 mL) were added
"Pr,NEt (140 pl, 0.81 mmol), BnBr (50 pl, 0.41 mmol) and TBAI (75.3 mg,
0.204 mmol) at room temperature. After stirring for 16 h at same

temperature, the reaction was quenched by addition of saturated aqueous

NH,CI, extracted with AcOEt, washed with water and brine, dried, and
concentrated to dryness. The residue was chromatographed with
hexane-AcOEt (10:1) to afford 272 (67.0 mg, 90%) as a orange plates; IR 2198, 1745, 1637, 1593
cm; '"HNMR 8 7.53 (d, J = 7.4 Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 6.35 (t, J
= 8.1 Hz, 1H), 5.84- 5.77 (m, 1H), 5.04-5.00 (m, 3H), 4.97-4.94 (m, 1H), 3.36 (s, 2H), 2.90-2.80 (m,
3H), 2.10 (q, J = 7.0 Hz, 2H), 1.60-1.55 (m, 2H), 1.51-1.47 (m, 2H), 1.18 (d, J = 6.9 Hz, 6H); °C
NMR 3§ 176.7, 160.4, 142.9, 141.1, 138.6, 137.7, 135.5, 128.8, 128.7, 128.1, 125.2, 117.6, 114.6,
69.8, 44.7, 33.5, 32.1, 29.1, 28.4, 28.2, 257, 22.7; DARTMS m/z 373 (M++1, 100);
DARTHRMS caled for C2sH2oN20 373.2280, found 373.2271.

2-Benzyl-8-cyano-6-(1-methylethyl)-7-(hept-6-enyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one
(273).
To a solution of 272 (50.0 mg, 0.134 mmol) in THF (1.0 ml) and EtOH
(0.7 ml) was added NaBH, (10.1 mg, 0.268 mmol) at 0 °C. After stirring

N O for 5 min at room temperature, the reaction was quenched by addition of
NC iBn saturated aqueous NH,CI, extracted with AcOEt, washed with water and
A\ 273 brine, dried, and concentrated to dryness. The residue was

chromatographed with hexane-AcOEt (10:1) to afford 273 (33.3 mg, 66%)
as a pale yellow oil; IR 2193, 1745, 1669, 1621 cm™'; "H NMR & 7.50-7.48 (m, 2H), 7.36-7.34 (m,
2H), 7.31-7.26 (m, 1H), 5.81-5.75 (m, 1H), 5.00-4.90 (m, 4H), 3.60 (dd, 1H, J = 5.8, 4.5 Hz),
3.36-3.27 (m, 2H), 2.56 (sep, 1H, J = 6.8 Hz), 2.01 (q, 2H, J = 7.0 Hz), 1.97-1.91 (m, 1H), 1.73-1.67
(m, 1H), 1.37-1.32 (m, 2H), 1.31-1.23 (m, 2H), 1.21 (d, 3H, J = 6.8 Hz), 1.18-1.14 (m, 1H), 1.11 (d,
3H, J = 6.8 Hz), 1.09-1.03 (m, 1H); °C NMR & 177.0, 157.8, 155.3, 138.8, 135.4, 128.7, 128.6,
128.0, 126.2, 116.8, 114.3, 78.8, 57.2, 44.7, 33.6, 32.2, 29.2, 28.9, 28.6, 28.1, 24.0, 23.2, 20.7;
DARTMS m/z 375 (M++1, 100); DARTHRMS calcd for C2sH31N20 375.2436, found
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375.2445.

3-Allyl-2-benzyl-8-cyano-6-(1-methylethyl)-7-(hept-6-enyl)-2-azabicyclo[3.3.0]octa-1(8),5-diene
(275).

To a solution of 273 (32.0 mg, 8.54x107 mmol) in CH,Cl, (1.0 ml) was

— added DIBAL (100 pl, 0.103 mmol, 1 M in toluene) at -78 °C. After

N stirring for 5 min at same temperature, the reaction was quenched by

\

NC Bn addition of saturated aqueous potassium sodium tartrate, extracted with
A\ 275 AcOEt, washed with water and brine, dried, and concentrated to
dryness. The crude hemiaminal was carried through to the next step. To a solution of crude
hemiaminal in CH,Cl, (1.0 ml) were added allyltributyltin (53 pl, 0.17 mmol) and BF;°OEt, (10 pul,
8.5x10™ mmol) at 0 °C. After stirring for 5 min at same temperature, the reaction was quenched by
addition of saturated aqueous NaHCQO3, extracted with AcOEt, washed with water and brine, dried,
and concentrated to dryness. The residue was chromatographed with hexane-AcOEt (10:1) to afford
275 (27.2 mg, 80%, two diasteromers, 3:2) as a pale yellow oil; IR 2170, 1702, 1659, 1619 cm’l; 'H
NMR § 7.36-7.20 (m, 5H), 5.85-5.78 (m, 1H), 5.67-5.60 (m, 1H), 5.13-5.09 (m, 2H), 5.02-4.97 (m,
2H), 4.94-4.92 (m, 1H.), 4.33 (d, J = 15.8 Hz, 3/5 x 1H), 4.30 (d, J = 15.8 Hz, 2/5 x 1H), 3.99-3.97
(m, 1H), 3.72 (brs, 1H), 2.78-2.73 (m, 1H), 2.48-2.38 (m, 3H), 2.34-2.26 (m, 1H), 2.05-2.03 (m, 2H),
1.89-1.84 (m, 1H), 1.65-1.62 (m, 1H), 1.40-1.26 (m, 6H), 1.17-1.15 (m, 3H), 1.13-1.07 (m, 3H); °C
NMR & 165.3, 165.1, 151.8, 151.6, 139.10, 139.08, 136.43, 136.40, 135.5, 135.3, 132.6, 132.4,
128.7, 128.2, 128.1, 127.6, 120.7, 120.6, 118.7, 118.6, 114.2, 66.11, 66.08, 65.1, 64.8, 57.92, 57.90,
47.86, 47.84,37.4, 37.3,33.8, 33.7, 30.0, 29.8, 29.44, 29.41, 28.8, 28.42, 28.40, 27.88, 27.85, 27.81,
26.8, 23.93, 23.91, 23.0, 22.8, 20.8, 20.7, 17.6, 13.6; DARTMS m/z 401 (M*++1, 12.9);
DARTHRMS caled for C2sH37N2 401.2957, found 401.2958.

(E)-2-Benzyl-15-cyano-13-(1-methylethyl)-2-azatricyclo[10.2.1.1*"*]-hexadeca-1(15),5,13-triene
(276).

To a solution of 275 (10.0 mg, 2.50x10 mmol, cis:trans = 3:2) in toluene (1.0 ml)
was added Hoveyda-Grubbs P catalyst (1.6 mg, 2.5x10” mmol) at room
temperature. After stirring for 1.5 h at same temperature, the reaction mixture was
concentrated to dryness. The residue was chromatographed with hexane-AcOEt
(5:1) to afford 276 (3.7 mg, 37%) as a colorless oil; IR 2171, 1661, 1623 cm’l; 'H
NMR 6 7.38-7.28 (m, 5SH), 5.39-5.32 (m, 1H), 5.28-5.21 (m, 1H), 5.09 (d, J = 15.1 Hz, 1H), 4.27 (d,
J = 15.1 Hz, 1H), 4.05-4.01 (m, 1H), 3.82-3.79 (m, 1H), 2.83-2.75 (m, 1H), 2.57-2.46 (m, 3H),
2.12-1.90 (m, 5H), 1.51-1.24 (m, 5H), 1.22 (d, J = 6.9 Hz, 3H), 1.15-1.10 (m, 1H), 1.07 (d, / = 6.9
Hz, 3H); "C NMR & 164.6, 150.7, 136.9, 136.4, 134.6, 128.7, 128.2, 127.7, 123.7, 121.0, 65.7, 65.3,
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58.1, 47.8, 35.2, 30.6, 28.9, 28.7, 28.0, 27.9, 27.6, 23.2, 22.9, 20.6; DARTMS m/z 373 (M++1,
100); DARTHRMS calcd for C26H3sN2 373.2644, found 373.2659.

2-Benzyl-15-cyan0-13-(1-methylethyl)-2-azatricyclo[10.2.1.13'14]-hexadeca-1(15),13-diene 277).
To a solution of 276 (1.6 mg, 4.3x107 mmol) in MeOH (0.4 ml) was added Pd/C
(9.1 mg, 4.3x10” mmol) at 0 °C. After stirring for 1 h at room temperature under
H, (1 atm) atmosphere, the reaction was filtrated to afford 277 (1.1 mg, 69%) as a
colorless oil; IR 2173, 1659, 1624 cm™; 'H NMR § 7.37-7.28 (m, 5H), 5.08 (d, J =
15.1 Hz, 1H), 4.19-4.17 (m, 2H), 3.87-3.85 (m, 1H), 2.87-2.81 (m, 1H), 2.58-2.52
(m, 2H), 2.03-1.88 (m, 3H), 1.49-1.39 (m, 2H), 1.33-1.22 (m, 13H), 1.09-0.99 (m, 4H); °C NMR &
164.8, 151.7, 137.2, 136.4, 128.7, 128.1, 127.6, 121.0, 66.0, 65.2, 58.1, 47.5, 30.4, 29.3, 28.1, 27.6,
26.3, 26.1, 25.7, 25.2, 23.4, 23.3, 22.8, 20.6; DARTMS m/z 375 (M++1, 76.9); DARTHRMS
caled for C26H3sN2 375.2800, found 375.2803.
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