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/@ S 10 mol% BF3*OEt; '
R' Mg
Pl AN

R CHyClp, 0°C N Ph
1 4 H
5

Table 1. The Reaction between Schiff's Base 1 and Vinyl Sulfides

Entry Vinyl Sulfide Product
SEt
SEt 5a 90%
] = ¢
(1:1)2
4a
SEt
2 ‘ 5b 96%" ©
SiMe,
4b
SEt 5¢ 78%
3 = a, c)
o (10:1)
4c
SMe
4 = 5d 90%" ©
SiMeg

a) Figures in the parenthesis are diastereomer ratios.

b) The other isomer was not detected.

c) Relative stereochemistry was determined by NOE spectrum,
which is shown in Experimental section in details.
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SEt
Ph BF3-OEt,
e 3 2
SR R
Solvent N
6 4a H
7a
Table 2. Screening of Reaction Conditions
Entry mol% of BF5-OFEt, Solvent Yield/%
1 10 CH,Cl, trace
2 50 CH,Cl, 20
3 100 CH,Cl,  complex mixture
4 100 Et,0 60
5 100 Et,0 729
6 100 toluene 83%

a) The Schiff's base was prepared in situ from
isobutyraldehyde and aniline in the presence of MgSO,.
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MgSOy4 Ph
RCHO+ PhNH, —— o [ g~y ]
toluene, 0 °C
6 R=Pr
8 R=Pr"
SEt
=< BF3+OE Rimeoet
CHxClp, rt N R
H
7 R=Pr
9 R=Pr"
Table 3. The Reaction between Aliphatic Schiff's Bases and Vinyl Sulfides
Entry R R Product
SEt
p 7a 83%
i
1 Pr' (6) H (4a) (5:1)%©
2 Pr (6) SiMe; (4b) 7b 76%° ©
9a 70%
n
8 Pr" (8) H (4a) (5:1)29)
4 Pr" (8) SiMe, (4b) 9b 79%° 9

a) Figures in the parenthesis are diastereomer ratios.

b) The other isomer was not detected.

c) Relative stereochemistry was determined by NOE spectrum,
which is shown in Experimental section in details.

d) Relative stereochemistry was determined by the comparison of NMR
spectra of 7 and 9.
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Table 4.

Entry Equivalent of 1 against10a 11 12/ %

1 1.0 35 25
22 1.3 45 32
33 2.0 33 40

a) Yields are based on alkynyl sulfide 10a.
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Table 1. Screening of Iron Carbonyl Complex

Entry Fe complex Condition 2 3/ %
1 Fex(CO)g 100Whv 18 15
2 80°C 23 15
3 ultra sound 0 42
4 Fe(CO)s 400 W hv 21 10
5 150°C 10 0
6 Fe(CO)4(BDA)*") 80°C <10 <10
7 Fe(CO)4(THF)*" rt <10 <10
8  Fe(CO)s(NMey)*? 100wWhv 40 15
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(CO)Fe Ph ) Fo(CONs Ph o
o H
E (27)

4|, BEE&KT7 Y VEEKRT1 0 2EBMAEL. E5ICZhDT
ONEMRINDZILEBEILDDILIZEID, BBHET Y VEEKI»A

V=TV Ay TV Y ITIREBRCBASIHREETHIILEND TH
Bl (X28) .

=
== :(V\// Fe(CO)4(NMes) :
T hv (CO)sFe

SMe Ge = (28)

cyclization and CO insertion reductive elimination

(OC), heating or hv

SMe 70 SMe

SHRET, ZANK=NEEEACE, —RIEREOEA LD
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A
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N
N|
s\
<

i ) e A R B g 1 R e o M e L
FRE4OFPHEEERLTwE (X29. 30)
bHBE. BRIEREETORETD 5 02
VYDORFAA YTV IV IRBR, TV B
BRerP L2 TREFEFTLEL. Z0BA L L

L TFe(CO), (NMeg) T V5B Z IS
VERPICERELABMBEIERL., TZAFT L ¥
HCr—S#GBL2EBRL,. XEHFSTBELLIIIE, 7L
hEZERELHVLED, 5IHSTEFL VB LD
FRIEEZHV, TV RELZT IV NVERATERINLE 2 DS
o IV

¥

&t
! N T
SN el

a

i

noDp

¥ =:3S
O A
A -
%
RS Y
¥ = i
TS e\
= IS
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e
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AR
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&
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>
a
e~
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« o,w-Enyne

Ph = Fe(CO)4(acetone), CO (55 psi)
_ = (29)
=

toluene, 145 °C

87%
« a,m-Diyne i
= Fe(CO
Rie—= 5 Fe(CO)s, CO (100 psi) \/ (COls et
n ) = o

Ph—= toluene, 125-130 °C = o 5 ?gzo (30)

n=1-3 P A

+ a,0—-Alleneyne

== Fe(CO}(NMey), hv

o o| — =CLn
= THF, rt

S X
X = SMe, SiMe3 vl

SHLIEEAREBTR., TLYIkEaWELTT VIV F T ELEAL
A TRl w I A L 8 P A il 8 A e 2 1V Ry Tl e e N
cED BANVKNVERLE D —BEBEBEFEDH LY, RIBR
EXmMELTwBEEZONRE, TLYIbAWIET VXNV F 4 %%
BALACEREBFALLT, EHLIEKRD2AETFLNS,
1) B®RT7LVILEH D E K

52— AL 0N B8 S il 2T £ Bl | e ELIS A A fL TS AL
VBB IAKRTEBLI—XFVF A —1—-FO¥EY (15) %, VY
FOALYFTOENVNTI FiIZkh Yy F 4L, BIBEETHLELAS
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b
— MeSNa in H,0 — BuOK
s N z e Me—=—=—SMe
Cl SMe
15
(32)
Pr2NL Li o
(Pr)2NLi — BN S X 5
=—SMe|_, | —— SN ./ P In
Ly SMe X=Br,| =
G H SMe

IORBIEBVWT, BROACERT A7 =FYGAFBHLICL), 7
VENTFFTEOMICBBIEICED, TVWEELT =4 YHP»E
L. EOHRTONNVEFVRERDEE) LB, TLYDHD
RycHsnLb,

S A A TN B A e ST e s B et D S M )
b, MR EFEITRERXB LT TS, LEALAHETT £F L

BRI AL 2—-F e8Py oE. TORBAERICE
Fhde THEDLDETRLELFE, ¥, 2-FOARII =TS
EABRTA7ODIC, Grignard AEL2FARTI2LEND L7120,

KWMT7 X FLYR2AETHATVNEFMNTIAFE2HWEZ EXH KL W
(X33) o LA2ADBTEFLVVYBMNEAET 2GrignardAEOFAR
FEELS, —KiCWurtzB h v 7Y Y S ETEERDE LS (X3

= Mg  CuBr, LiBr MesSi—=—\ =

—— n Mg & — [ } —
Br — ~ A=t o “)\”_/(”n_ R G

R =Ph, MesSi n=1,2

Minor Product Major Product

2) Ko HRE

FETCOIDBERZLLIIEK, TVEIENVNFAEZAVLAABRENOR
BOEFTERET 20H56T ., ERWICT VE N F 4K HEAS
Ndcbicnh, Th2ABALELL2ERRIBFTREL2ACAEKN
A KREV, ARBIEBVCTD, 1,2— 708 TT=VANT 4
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FERAWS I EICEo T, EEBICE=NV ANV T 4
He &Py MEIE L L a e T,
% T

VENVAEFESFL, BRD

) MeoCulLi
B m————— Jn @)
Et,0, -78°C

n=2(a)
3(7e)

¥
Y
o
w
(921

n=2(16a) 60%
3 (16e ) 85%

LE®D & )T, Fe(CO)y(NMeg) ¥ V2, —BILKRKX O A
YEIBFFATVY =AY Ay TY) VYV IIRIBEBWT, 7VbY T
VENFAELBEATAHILICEoC, R RESRIZDAL S
FO.RBOEEFER 2D, 2OoOERPOERWMMELEF - 72
EA X B




2 E
#A4H Fe(CO)y(NMe)ZH VB A VK= VAL %S
SFMT7T VYA Ay TY VIR

MEICBYC, EFANVF=NVERZHVCEIFTFAT LY -4 7 %
TYVYIIRBEODWTHRRZ, ISEEXRICTEFL VB EH-
22— T ORI T NWANT A FERAVBERBIRBW T,
Fe(CO)4(NMez ) FETHABH LAFAICHD RIF2INEKRT 8B
tLREDBAZEITVY—A v Ay 7Y Y I RB £ 2%
i VX vhFEB/BLbM, ECTIOEBFEERA VR
A=A YA TN 2T RIEODIMERLSEFTLES L
AN

7, Fe(CO) (NMe)FHET., 1,2—F7E NI T =VANT 4
FOETz2=2NWTEF LY LEOREBRIEEEBHZT o2 (K3

RO %

D BRALK A S
G R 7l ) 1y s i 1| M ) DR

=

) ¢ €TOEE T N ELIS 0D,
Lol FFHRARIBOHAIR. I,

FORIBUDPEE T EZ LD, TEF LY EDH Yy T Y IIRIGICE
BT a 1,2= T HISTF = VAT 4 FRECDL S LI 27K

B U i N L e b e el

A
o
%
a

e Fe(CO)4(NMeg)
—-=< 2 P complex mixture (36)
SMe hv,7h

9

- el (P XE T = B8 S S SRV PR RS T i SRR R 2 RS
ST I 1T R2HA, BB T 72 VT7RFLYEORE%
Al (R37) o ZOHE. IKRMOXBHICEIN 1 7 EIHRS
FEEIVSFHCY —BIERFOFEAZHEIT VY -4V H
VY I RIEHFEFTL, REKBIT 27 FLryoREIKE L 5 MEE

%

EbL®ET, 73%

19 adBEbhi,

ODPRERTRAF LY ruys /)18




i — _FelCOlNMey
—=_ = 2
SiMes T e

17 R=Ph(Ch)s s.rwe3 s|Me3
18a 58% 19a 15%

,f:iﬁllﬁi.’iAumann%li\""’Fe7(C J)gZ AV A1 -
waz—fuﬁjLVZ0&71;&”{4L>:w~ﬂ
KDBAZHE) Ay TV VIR 2HE Y5 (G2 87 8h)

cITC. MLEROMAEE T, Fcz(CO)ghﬂa“C
Fe(CO)4(NMeg) 2w, KMEZEFT 2ot s, RILK2 1,
220 FEZ) 8% o6 BB NERESHELE (K3 9) .

Ph e Ph
:.:< T e (CO)y
H reflux in benzene / (38)
20 Ph
H 21 18%
20 o ph—— Fe(CO)4(l NMeg (39)
hV 3h
21 54% 2212%

,'iiﬁlI\Fe(CO)4(NMe3)(i e s A v e e
WTHDABLRATCHAZ EFDbDho-DT., 1,2
:::,;))/*/7/172#5\‘"\\9:‘5’&-] Kt o —fthicow
o (BB) o TEFLELCT 227 2T 1
(P V) Z2AVAESEACH. 1 TRERBECTHREIL, HiET
bAFV YT sURYF )1 BDFNEEONTHELNL (E
y

2) o BEERER TR, o Wy PSS
VEBROKBEWE®ELZTEFLYORAELT, 7IVF)LE
TVFVIEBBRBOT EFLYy2ZHWTD, XHBEKRMII
DD, TTFETONKTTL DM T, —BILERZED
Iy TN Y RERET L. T s F Lz ma
“18c, 18¢c., 18dF¥BOLNUBLADLos (En

s
o~ 8N
IS0
™ <
[

N R

i
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V e
53 A4 )
R Fe(CO)4(NMeg)
=< + Acetylene ——_» Methylenecyclopentenone
SiMe 5 hv
R =Ph(CHy)3
Table 5.
Entry  Acetylene Time/h Products
[e] o
Ph
1 Ph—= 1
R/ R~? Ph
SiMe;  18a58% SiMe;  19a15%
o
Ph
2 Bliss=—ssih )]
Ra

SiMe;  18b 60%

o O
. Bu”
3 Bi'—== 8
R/ R/ gyn

SiMes  1g¢ 559 SiMe3 19c6%
o
Pr’
4 PP—=—P" 10
R/ pr7
SiMe;  18d57%

p
BEokyic, &k VA= VéEhL L TFe(CO) (NMey) % Hl
FRET EEERE L TN 12— T a N N s Sl s i
T2 LtREoT,. BADTEF LV EODBRT—BILRZOEAR

ROFFMA vy 7V Y IIREFNERSEFTEIELEEZRVEL Iz,




&% 5 AT & ILTFTIRARLE-BELFERAL
1 H ?Hﬂ%i@ﬂ%xmwm (lTH NMR)
BY o llchenr AMS500(500 MHz)
13C BRB&ALEBRARS P (13C NMR
Bt urtkhe iy AMS500(125 MHz)
TP MHEEAEA X2 PV (HRMS)
JLE QB JMiS — S EET 0 2WA
PR ARZ PV (IR)
HOWR I B AL B D= 350 10%S

A (mp) . #8 (bp) BKRKBEMEER T,
BHRELTHWAEBEAAFL VY, EBRIEZY 26 EFH L., B
HREXKEMANY DAL DEEL, EVFas—VY—T4ATER
Leboz2Hwk, by, RYEVYRIEZL, EbFxag—v
=T ATRE Db oie Hvike 7 bS5 Fag sy, YEF Ny
I—-FNVRFPIPIYA-—RYYV 72/ VEDHBHRAERICEZLL-D
DEx W,

BF 5 - OE12l37K EANVy s 2L ) EBLEHK, 0.5 M (M =
mule")@fmﬂi/‘“fl//‘&)Zsk‘filA()MC’)I‘)LJ‘/ig:fE“L
THER LA TVTE FREMAEINVY DAL DERZLEBERL 2,
FIVPY ZNMF A RXF Y ANT 2+ - bPRTEODOELZL 728

=

N RAFWVNTIVN-—FFIFR, TO_AKkMPWEIH., RERN
T2 LR EoTH, TADYRYIANVFE=ZVRFTERO SO %
t0FTETMEAL L,

AR IO b FT 74—~ ATHC) E¥. Wakogel =RBE
FElyamuweles 3552 BRI 714=E& Wak
g U= 2 0.0 (32 YA gl s e L e s

I TORBR, TVITYEBHEAFTTIT- 72,0




»F=U 2 (1) BRXBATNECHEVERL

BARITAF (Aa) i 182 —TFRFT~1

4c) 1D =R FRNFF—-1—PUXFILD

—TAnTET (4d) MOFTREEVERL 2

FAE—1—PUSIFRSSUYLEFILS> (4 Db)

4 8 (1.76 g, 20.0 mmol)@ T HEFZEE (40 mL)iIc ~78 T

C. t-BuLi (20.4 mmol, 1.7 M RV ¥ YBEHI)Z2HETT 5. K
WE1.SEHEBMEBLARZ, PYXAFALIY VIO S A F(2.39

.0 mol) P THF (20 ml)%-78 CTTMZ %2, 5l# 2 K

(% -78 CC28M., -45 CTIHEHEER, Vv BR%&HK

pH7) 2Mx. AREB LR RV CHB LK, AAMEEKTH®

#L. BAKBEBRF ) SATHERT LI, BEZBRETEELLE.,

L DRI D5, WWEKT 5 %,

EER M OWEEE LT IR T,

Bp 85-90 C/ 70 mmHg (1 mmHg= 133.32 Pa).

'H NMR 8= 0.16 (9H, s), 1.28 (3H, t, J= 7.4 Hz),

Ty (28 as T Tod Ba), 3.35. 00 s 54 (VE . o)

3¢ NMR 8= -1.6, 112.9, 24.2, 114.5, 147.0.

IR (neat) 1574, 1450, 1250 cm™!.

HRMS Found m/z 160.0723. Calcd for C7H|6SSi: M,

160.0743.

Yy 7HREITEEZNZANT 4 K4 a—dEDRRKB

Y ZaEk 1 (20174 mg, 1520 mmol)E BE=VARAMZ T F 4
(1.32 mmol) DEAL X F L YW (12 m1)IZ, BF3:0Et,(0.12
mmol, 0.5 M BIL X F L VEW)ZERTMZ 5, 3 — 6 B4
i DV UBREE® (pH7) 2 MARE2EILL ., HHE 2 E 1L 2
FLYy B LKk, BXHERST M) 9ATERT 2, BHELRE
FEEL. BRE2TLCRIDVSEERET 5,
ERWoOMBEEEULTFTICRET .

&=t T o = 2= paE = e 2 Band—g R
BREL S Lt 5 R (B a)

Said, 1 1P F7FRF v —ReEBELTBLRE,

i
"

50




V s

LHONMER 5 =01 82 08 (3 H X1 0.5, ks J= 7.4 Hz), 1.30 (3H, x
HESEEE, BTl 4n Bz, 2 SLE P AR e 0E S Ml al s T8 20 1750
Bzl B8 et Hy s 0 S id il S SRl S SN 2 2 80520615
(SR m)ss 3L 0200 H ix 2005 5 basT), L EARI0S SEIED =10 5, PbiE) R
RO EREITHE X 0.0 dd = 302008 ok Heayo e 20T x 0L S5
B S St O U R A [ o s L7 1 £ 1 S Rl R S = S [
Bzl 4 o9 GlH x 05 35 vdidis e T e Hiz) 646 (T &
DEaL disadi= ad Hiz, M6 47 TR X (0ISy ds T = T Hez )
651653 CTH s Q05T fd dE =R ST T 2 G ST S CH S 05
gd'y, T=U7w450 740 H 2D 68 FONCINEE w0 55, didhsd = 7,78 747
Hz); 07 15 (1 B Sx 80555 dy, s F.4 Haz)w 7.26-7.42 (SH +
BH X OL5, mE), T 5653 W0 LHF X705 8lerd2 1= N H 20

CRINEMIRY 5 =) 1/ 2608 R4 LT 923 8 D90 Siu Rl 65 15k, 208 Tok 41, 3%,
SO S Sl A o R B L (8 W S I I e o B 7 A0S T R 6 ),
JUE 05 $10276 . Ste g 180,61 8 o ] LTl S 6 SIRD Rl 1NN T eoR R i

Gt i

¥ 167 1R 2 RE 6 NE0T0 Rou Ul a1 Raos RN L a ey B 144.3,
145.5.

IR (neat) 3373, 1606, 1587, 1486 cm™ ..

Anal. Eeosimdiet Cami7. 57 GisE B SR L33 SN 8 5. diDs 5SS T 9 T %
Galical foit (O H il o NISEsaGl, A5k ROy HIwTA [ 1% (NA 50205 'S,
11.90% .

L ST FWFF=—2—Zxg=l=4— kY XFN2Y Jb— 1
2ea 13 i =k BT B BRI ou( 5 bl)
Mp 99-100 C (Hexane)

HENEMIR. 9= 01 15O siye A sO3HE i, =0 6l Hez )y,
’.ll(lH.dq,szll,f‘n HZ.Jq= Tar6n Bziy, 02 26 <23148
GOTEL A th Yo 48:57005 - (GICHES D BiSY) . - 62 (e Ei s didl, Ji= 86, 18] 3
Hezi) e G ed B (L, dids B 0ROWSTRG Hizd 6. 690 CUIEL didid,
=009 70650 To6 Hiz)h, 6.89:5:3(1H . didd, J= 1.4 7. 6. ‘7,6

Hezi, 7 2RI C5H,, i Teadags JCEHEE, didi, T 14 [T6
HiZ i

E GOINTMIRE Si= i 20 1l w1340 1 90100 e 20 e S0 A1 5508 51
18, 8, UTiL75 3, 122, 8, 126.2, 126k 3, 2787 128.6,
128 70 o1 4. 31, d:d4 a0y




JRE(neaty 335635 a3, 145 em- 1.
HRMS Found m/z 341.1625. Calcd for Cq[)Hl7.\SSi: M,
341.1635.

MG CHEERH2LHY LONOESYR~2 F Lo @

LD 72 o
EtSa +Si(CH3%)5
N

boPh

4—IFNFA—4—XFN—2—-—TFz=h—1, 2., 3.
f—F b7 FOXJ YU (5 c)
5cixl10:1Y7RA7VvI~~—BEBELTELLE,
'H NMR (major isomer) 8= 1.12 (3H, t, J= 7.5 Hz),
68 (G3VED - sD5) 20 0T LeEl sedld e Ti= 2 4 1E8L8 HiZ), 2. 108
GG = DTS G IR A R
m), 4.03 (1H, bs), 4.44 (1H, dd, J= 2.4, 11.9 Hz),
6.54 (1H, dd, J= 0.9, 7.6 Hz), 6.76 (1H, ddd, J= 0.9,
7.6, 7.6 Hz), 7.02 (1H, ddd, J= 1.4, 7.6, 7.6 Hz),
73087845 (SH ; m)s 168 GLHY, ¢dd, 8= 1.4,:7560Hz).
3¢ NMR (major isomer) 8= 3.8, 23.1, 32.7, 46.7,
BTN £5 4% % o 4l By 1S S0 aRIND S Gas 1 (D Gl 11 257 S50 1 2 TAv R
1287 129 10, 1 48 e S s b
IR (neat) 3363, 1581, 1477 cm™ !,
Anal. Found: C, 76.32; H, 7.56; N, 4.81:; S, 11.64%.
Calcd for C18H21NS: Cs\ 1628 B, a7y N, 42945 §,
BiN3 %e

MM IAERBERH2 L HP LONOES YRR FVoBHCL

St T
EtSa_ «CH3?
N
{iiEh
S=N R ==L FWFE=2 =T xS =4 =Y &

FAOLUNM—1., 2. 3. 4—5+rS5SEFQ*/U> (5d)
LB NIMR 5= 01550 (9 Hs s s wl 163 0(3H &)e) 3948 (LUH; bie),

52




v =

(= €5
=310
6.96

s), 4.98 (1H,
7.6 Hz),
Hz), (1H, ddd,
(5H, 7.67 (1H,
13¢ NMR 8= -1.9,

1235 40 12
144.6, 1

4.61
dd,

810 N0 S HE, I8
6% 79 (I'H; ddd, J= 1
Ji= A L3S RT 06 RS 6 " H Z) 5
At T= Sl s et H 2

10 <85 49, 1", 60.18
SR e R R 7 0 5
45.6

m),

1 B S
1143/ 3%

=)

=Y ¥(93.1 mg, 1.00 mmol)D b VT ¥ iFH(4
10| 2. RIDEA @I,

mmol)D P VI YHEW(S ml)% Iz .
1.0 M PV YHEW®)
CHET B,
pPH7) 2MARKIE:2 &L,
KBS bY Y ATER

BEML B,

mmol,

53

1 &
12.8 .75,

Anal, Eounds €, 70.533 H, 7.58; N, 4.03;
Galcd™ fox C20H25NSSi: 0 MO 4s 1, ST gD
9.44%.
st LARERH2 tHP LONOES Y 2~
THRD IR
MeSa_ +Si(CHz?)5
N
[ Ph
% 3 &
EBHEN—Z7 =LYy 78E%6 .
D RIS

EREBRE 7 V7 F(1.0 mmol)®D b VI YEW6

107 M BHET 2. BB~ 2 YT A(100 mg) 2 ME K,
<0 K Ol Tor e VS A e A
51 2% EBF3-0Et,(1.05
3EEM AT THR 4 I
FERTIHIC2-SHEERBEL &,

o B O 5

LR (nerat)) 3:3% 5 106:2,0°F $155.9i55 F 14837 4 14004 em- 1,

S 2 41%.:

Mo # ik

SBEE=NRI I 1 K4

mi) 0 cC &7

ml) % i z .
&b
F(1.20

DI § X

FHRBZELXFLYTHBLAZE,
T5. BE*BETE XL, BEX2TL

CRIVoHERT 2,

AR OWEMEEULTIECR T,
4—IFNFA—2—qaY7AEL—1, 2. 3. 4—. 5
RSSEREm % 2 U (07 )

7aixs LY TR —BAEBELTH/BALL,
'"H NMR (major isomer) 6= 1.00 (3H, d, J= 5.3 Hz),




—v_ =

0TS S, < diwl=aatas T2 G123 R 3iHE W = T4l Hayy o 1, 7.3
(1H, dq, J4=J,= 5.3 Hz), 1.88 (1H, ddd, J=11.5,
9435 M523 Hz), #20529 CVHS sdddi J=82-6; 5506 1.2.3 Hz),
P48 GLHS dgia¥ =a7. 4 Hz, Jg= 12.0 Hz), 2.57 (1H, dq,
Jg= 7.4 Hz, Jg,= 12.0 Hz), 3.13 (1H, ddd, J= 2.6, 5.3,
hlas HZ)M3474) (AH ;) bs), dx07 C1H: ddy T=56, 12.3
Hiz)'y sblpi0 W H, d p Ji= § 0 62 Hzp, 60688 CildH 5 did Ji=
a6 Hz)y 6.990 (1LH, ddd. . T=1:05 726 7.6 " Ha) 5 75509
GUH , wid o 3=0 e 0,4 § G6 | Hiz)d

'H NMR (distinguishable peaks of minor isomer) 8=
Paadl g0 3 H b, Ji=s T N4 Hizie <2 %03 160 He ididi sl 25,15 113538
Hz), 3+.48-3.54 (1H, m), 6.59 (1LH, d, J= 7.4 Hz), 7.09
(L pedls =704 Hizd;
major isomer

3¢ NMR (major isomer) 5=14.6, 18.0, 18.2, 23.2,
F2abin ALy 42,05 ST 58 A TARE A S 2158, 127 56
L2951, 1450 8

l';(' NMR. Cminor isiomer) =" 1460 L8 .0, 18.2: 2519,

26 e R 1 A T ol R TN 9 o R 1 . S S W a7 i 15 83 T Vi B 8
130.0, 144.6.

LR (nieat) $3:925, 1606, 1583+ 1483 cms
Analls S ound € T8 S H S SR ROTS BN s GO S F3 961
Calicd, foir ‘€ pH» NS G F14d H 8000 N, 5,95z S,
13.62%.

ML AhREGH2 LHP EONOESY AR b VOB L
STHD 12,

A —ITFNFF—-—2—4YTREN—4—=PYXFNLSUN
=] BN A TG R S R SR S b R A I SR (871 T
SR MR 5 =k 090’5 ® (0 HIS ) 50 S0k R (3 trs AL ST 05 i s
1200 (3 : 4. 0="els B2, 119, (8H, &, I= 7:5 Hz),
0 2 il (T et G 1 i TR BT =
54




1225 Mz ), 219 ((LH, gy, Jg= 1 .38 Hz..lq= (a5 "Bz)y
2.22 (LH, dd,yJT= 1oiSHHE) N0 N CITE g e
113 Hz.Jq= Tu5 Hz), 3,22 (1R, wddd, J= 2.9, 65,

12 Hozdn 3m) C1H, dbisd, Bndile (UG dl s J= 706 Hz),
66 CLH Y dids 3= 756,47 65 Hz), 6898 ( LHy vdidd ;¢ = {:3,
Git6iy F G ELZ Y, TAA90C TH did s R TEs 1 A0 76 Bz

I3 MR 3=22,.2 ; o1l 0; 416739, 1584 20:6), 33.6, 34:7,
319k s S0l Sl 1 3T 116 294 12 305 21026020 1 %8 56« 14:5.0::
IR g(Cnefait) 3396, 1603, LA » 1488 cm~ 1,
Amals BokndiiC,; 66835 H. '9:39:5 N 4. 545 S, 9,96%.
Calicd T oo VC 7 7iH oo NS ISHIRNCGEN66.531 05 HIS S OFL 5075 SN S 42 S RIS,
10.42 % .

WS ChREBEH2EHP tONOES YA~ FMovo Bk
T P ey

(%)
¥

EtSa_ +Si(CH3?)3
| oHP 7b
N
H

S

—EFWFF—2=SFBEL—1T: 2. 34— T3
ELR B ZSSSE. (g a )

a5 1IVTAFLIT-BABE LTHEDL AL,
'H NMR (major isomer) 8= 0.96 (3H, t, J= 7.2 Hz),
1523 (38,¢, 'Ps 7.4 Hz), 1385155 ¢4H, m)) 9. 84 (1H;
g sy e L S gl W 1ot BRER Gadkl (1H Ly ddd, T= 258
SRCYR T $RI8 Frtz o WOl Y R TVE T s M= o | A Ry ey

q
Hize)ss ™ 2554 G Tl d.q; L= 1251 Hz.Jq: Tt HZi)s 35...3/0
e = did/d =52 5 2 672 T P S Hez Y s i i B S st S S0
GUHES: Sdidl = 80 LA Hiz) ., SOE A6 INHEE didice = 0 57 o8
J=

HiZOE N 070077 el H o didid 15505 o8 WL SeR Zl . 56,98 (1 H

digids, s ST R TR )G ST 5 CIAE, dd, = 2, ST RS
HZ)\.

'n NMR (distinguishable peaks of minor isomer) 3=
ERTOREIH SRS S H7 ), 2RO T ¥R = ok 5 SN ES
R AR 7T, 6 ol 8 W EHT T =S 0T 7 s SR TR RS U H R e 0 )
(01 = S i e L R SR 2 B




—

13 NMR (major isomer) 8= 14.2, 14.7, 18.8, 25.3.
LRl i T B B o S A T W (4l S e R Wl
130.2, 144.4.

3¢ NMR (minor isomer) &= 14.1, 14.7, 18.7, 23.2,
A sl LR G A L e S TG s R T
(29:3; 1'46.0.

IR (neat) 3379, 1604, 1583, 1487 cm" L.

HRMS Found m/z 235.1419. Cal'cd for C;4H,y, NS: M,
235.1396.

M ZABEEIR., 7at9atdONMROKEIZE > THhD I,

A —ZITFNFF—2—-—TREIL—4—PYXFILSYI—1.
2 31 A= T EZERFRRZ U (9 b)
'H NMR 8= 0.04 (9H, s), 0.91-0.98 (3H, m), 1.11
(BH, t F= 908 "HEZY, T E4944H, WYL .97 irH,) &d,

= 12.%; 12:7 Hz), 2:17 (1H, da, T4= 7.5 HI.Jq:]].4
ey S25 20N ITHE N did S Y == 21 90 S50 B S i Sk 3he (1NH L S dig,
Tg= 7,90 T.= 11.4 Hz), 3.39-3.44 (1H, m), 3.69 (1H,

g q
DS 655319 SEINHS Sl =R SHZ 6 oA (BT HG Sdid T = ST 75,

T Hz)y, fonss (IH,: Taidid o= mAsy) g5t ye 7 )k 7 4o
IH, dd, J= 1.3, 7.7 Hz).

8 eTININTRL (5 2201, o SN (08 o SR g BI00 T 38 .y 39,6,
A A 0 I B o e I [ 001 - T b LTI e 0 T
IR (neat) 3402, 1577, 1483 cm- !,
HRMS Found m/z 307.1773. Calcd for C,,H,gNSSi: M,
307.1792.

M LR BIXZ. 7b L 9bEDODNMROHEIZELE > THD T,

%48
N—=Z =W ys e ETFIR =00 RI7 4 K1 0%ase
297
ThEaMALT £ P10 a P10 w5 0 Syl 7B X % 1 3
EVEMW, BF3:OEt, % 3 Omol% &My 2U51, v 7%
TEE=VANT 4 FALODRIBELEKABRDEIETIH 2 2o
EROWEEELL TFTICRT
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SR AN A W e S TR o R G B T IR S8
FAZ /US>, 3—RXFMN—4—2X2FNFTF—-2—-—T7z=)—
1.4—-EFQX /YD E3I—XFN—4—XFILFH—2
—72z=N—3, A—JEEFRX/JYUORERAY (1 1)
'H NMR (benzene-dg, 60 °C)(distinguishable peaks) &=

5416 203 HENb &), 2.3 S 3H ; ThiE)s 6.8 8-t 1 (CTI0H ) ).
13¢ NMR O = i, NG S 2T 5 0% 12385600 1276, 128 .3,
128155, 121950, 512078315 01 30505, $.8340d . 1349 N136,2

B3 6x2 5 A5:1.3"

IR G Eait) 1583 A s 5 emt |

Anal. Foum'dl: €.~ 70642 VHY 6. 4 4% "N S50 3% & 8 1 24,1704,
Grlllcd fox Gy G HYy NSNS, ¥761.36; H, b6l4l; N, 5,245 S,
1'1.99%:

SR e S R s S SV S i e | R L) IR ()
Il NMR 8= 2.41 (3H, s), 2.66 (3H, s), 7.41-7.69 (7H,
e 3% B IEIHIEAE  T= 804 izl 8515 LIl didi, Ji= | 1205
815 Rz ).
3¢ NMR 5=18.8, 19.8, 125.9, 127.0, 128.2, 128.3,
{08 S0 S 12 Rmsl, “1R00 1 103 SRR AR e Y A6 5,

1160. 6% (1 208 2o T W5, )

IR (neat) 1554, 1479 cm~!.

Anal. Fouwndz Cs " B6L TS THy, 5. 7493 Ni, 5 S

Caled for C;;H,;sNS: C, 76.94; H, 5.70; N, 5.28; S,
12.08%.

Leptomerine 1 5 ® & &

TFLMNIFNLZIANT F10biE. XWMDECREVERL

d=—TFRLFF—2—TAELZXIY> (13)

El= 20 7 4 K4 et s TN EF =gvh Vg 4 K ()0
b)) 2HWwAUMNIR, BUKE Yy 7EX8 ¥ = VAV T 4 F 4
LORIBEESABRLZFEBRICE)BAE 3282, WHEKT0%.
'H NMR 8= 0.95 (SH, Wy UV=7.4 Hey, 1,08 (3H, ¢, §=
ESRELZ) R SV IR G2 THE ST R s A M e ST AT SRR (5 O )

q
DSE 2RSS (2 Wi G SRS 205 305 2 H ) s W= 7 S 2
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T 030 (CUER, s 7. 48 (CLH; dds  J= o608 4 Ha) . F.o61
GLH, d8 s F=a756n 84 HEZYs 7.99 (LH, d, 7= 184 Hz),
G5 (LI, 4y W=18.4 Hz)s

3¢ NMR T e (Tl R P e B AR e U R o Je SR 1 e G )
JBi56 FONR 132531 s [ ERT NSy 1252 8501290 . L2905 14720

L4857 ST A 91616 -

PR Cnean) MPST 2.0 4 4958 Gma
HRMS Found m/z 259.1362. Calcd for C;4H, ;NS: M,
25951396

1

A —TFLFF—1—XAF—2—-—7OENLFI)=Y9L4
PYUZNFR X2 FF—PF (1 4)

1. 302160105 10 g BIE0:0 smimio 1) Lot File s U Z g w8 X & R
WAF — F(328.2 mg, 2.00 mmol)DERAWE60C T1H:MM
BL, BoOMLMERYWZTLCIREVAERTABZEICED, 1 4
(402.5 mg, INE 95 %)% 1% 3
Mp 122 T (H,O0).

'H NMR &= 0.94 (3H, t, J= 7.4 Hz), 1.08 (3H, t, J=

3 Hiz), 1053 (2H, g, Ty=J = 74 H2}, 1.80 (4H, m},
32 S NGO rdid T 795 T O HIZ) s #3300 (2 s = 4
B2, 4.32 O3 H, 5,0 753 (A, s .73 CUB; dad; J=
0IR0% 702, 480 Rz, (B 0RO dd d T WS T2 90
Hiz), 8.24:8.26 (2H, m)h
3o NMR 5= 3.5, 13.7, 21.8, 2 i i,
o 165 e T W (X R RSl ) O T 0TS O T
185540 di3i7e 85 1.595 7501634115
IR (KBr disk) 1589, 1566, 1516, 1267, 1157 cm"
el HFounds Cu 50835 H, 554 Ni,;: 3.58% §' 15.921.%.
Caille'dt T o0 Ciig HIl EUIN 013550 G STLE0ISE iy Sl S N 8l ia
SEelsy 14t

[§)
%)
©
w

1

= b T Pl e B O A = e i =
(leptomerine) (1 5)
SR AR IR e S R R

EHBL. 1 NXBRILF Y

ARBEHAEMA, 2HMBRT 2, RIEH®ELZ I NEBRTHML -




V__ =

., ABRWEEALAF L ¥
. BREBRETEE L.

+ 1.5(140.1
FXmE23) e —s L

Mp 143-44 C (AcOEt).
Ll NMB 5= 11508 (35 o, N2 3 H 73,81 116:5 -4 7.3 298,

&b 70%) % 1% .

g,
&
1z

m)s 25 6SNCT RS, Jad, SIS R 7.8 Hiz), 3.69 (3HL s) 6..19
LI % 5755 7k 3R R HL S R I eE G S O R 7L 6 (S d
=E800) Hz)  #7. 62 W(EE, i dd ) g 1% 75 385 003 8.0 1299 2L 410
1H, dd, J=1.7, 8.0 Hz).

e NMRG =150 2l gaksdi0%, sionta) 100 2 V5.5,
2328 V2icisal 102691, 13 205001 % Mox, s 4% 45 8y 7 79 gl

IR (KBr disk) 1630, 1597, 1572 cm~!.

HRMS ‘Found m/z 201 . 11545 € alcid  f oir Ci3H{5sNO: M,
204 M 10550




o
= i

3 12X e Teda=tl o 52 S = AR a Rl 5 SH (U ) e iR

NEEWwEE L Zs

Fe(CO) (NMeg) HFET . XkBHIC LB 1., 2—TFOny
IZWNANLT 4 F1ORIE

TIVITVRMEBRAMAT AL LY 7 ZA0RBHEIZ., FT 48y

SR kAT W 3 NS P32 w50 maol)E

HRULEY, FESEFRZ5 (4 ml)EME S ~30 CTTF A
VS SN = V(298 mg, 1.5 mmol) OF bz R
HW (3 mI)EMR B E, Fe(CO),(NMey) D&l 253 & T
Ale BIFE R L5 20 F EOS ST = X gy g ] (70,4 mg, 0.5
mmol)D 7 F 7k FO 7 I VERMmHZMEL, R T100 Wi
EXBE X T EEONBEREEHF ) TLCELY, 1, 27
ANTZZWANTA FIHFEELEZLEZHEALLEE, YU 57
VRV a—bhTa (AR BBz FL=1":1) 2EFT i
h, ERWERY) R, BEETBETEEL, TLC (AFH ¥
B FV) KXV MBERT S,

ERWOMEEEZULTICR T,

n— 7 U kBE G2
i #E o
Mp 119-121 C (Hexane).

DTN MR g | 42:8 W 1 He (=) SR 66 I didd.,
U058 K81 0rp o879, Hiz) s 42502 J63 B 78 2,300 IGHED, 4%, 75
L6R3 H Z )0y 2SR QI Lididids Ji=e9k 0, 19:101, - 103048 Hz)% O 84
Il dad= 3.9 He). 2:89 (18; dd; F= . $. 8, 16.3 B,

SR00 435 05 (S Y 5L 2 O (R sy v didst T—pRH10 8 0TS 15
Hizo)

L CUNMR 5= 1:7iad s 2959, 4 31 350310000 499101, w6 8. B4, (O/4 O
1216 6.0 OB kT 215061 2067459,

IR(KBr disk) 1996, 1934, 1917, 1631, 1454 cm- 1.
Al (B otnrd i G, W4T, 205 H w4 300nsy o 1T Tih.e aCallied fTor

('HH1203SF€:: Gy A7k 16%: Hshwdinr 323 o8 il 4 51%

N

o)
e\




—»k,

[p-2-n1:1-3-n3- (3 —XFRLFF—2, 6—AT &Y
I=Nh) ]I—EX (MPYUDBALE=ZNLP10O>) (Fe-Fe) (3)
1H N'MER 95 1101008 39V ¢1 B, "m 3 F 80 O Gl . mi )
207 -2 15 SCUHIS o)), 121, 2850 Saa i, m )L F 2 37N (3, s
3547 CILH, 's), 4.03 (1H; s), 4.97 (1B, d; = 9.8 Hz).
5803 5¢TH,- ds *T='17.3 Hz). 5.73-6.82 (1H, m):

H(' NMR 8= 2907 5 310 85" 32. 3 M50 950 0.0 4 156"
136.4, 174.6. (A VFE = VRFEUHN)

IR(neat) 2065, 2023, 2019, 1990, 1982, 1638, 1421
1

cm”
HRMS Found m/z 419.9032. Caled flor CI4H12065FC:
M, 419.9054.

38 =S WL A — ] R SOS — RA ST e T = B (R A )
BRSOV ERL 72,

=R b Fr g =R SN =) i 2.9 SR A= T
-4 > (6b) BXMIVVILEV, 1 —XFNVFA+—-—1-7FOF
b1l -7 RE-5 -T2 V-4 —-RYVFUIDVERLE. UES

Bp 150 T/ 1077

SHENIMROSES TeRa ((2H, i T= A T Hah 2015 (3,
55, eNBMNC2H, wt, J= 2.8, 7.1 Hz), 2-46 (2Hs ty I= 71
Hz), 5.01 (2H, t, J= 2.8 Hz), 7.14-7.23 (3H, m),
88740 2 Y mo

LSl N MRS 1 5 A ghilig 27 2oy sk 14 Heiitor i aila® gl o
0L 8 feeral 15 Wilory sl Sl iah ik 1S 0 9lon’ D)

IR(neat) 2215, 1946, 1489, 756 cm~ .

HRMS Found m/z 228.0977. Calcid: Tox C15H16$: M,
Joi 010738

mmHg (bulb to bulb distillation).

I =t el =l AR = AT T B LR 6T o)
RO, 1 —-2FVFt—-1—-FO¥rEl-—70%-—
=R R TD & e e, 5 5%,
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Bp 100 T/ 0.1 mmHg (bulb to bulb distillation).
BN MRS o= 140 T, S T=0204 Wl o, 12 ODRENCBIH s ),
310~ 2503194 (A S0y, S5 50120 (G20H) 8 18 = 612
3c NMR 8= 15.5, L7360, 325 11, 6870, 182:0, 834,

102 s T 2502 ¥38.

IR(neat) 2119, 1946, 1431 cm™ !,

HRMS Found m/z 138.0482: Caled for CgH pS: M,

138.0504.

6= RXAFNFAH= 6 h—F T &I T— I = 2r—if —F
=W (6d) BXMIDIZfEW, 1 -XFNVF4+—-1-—-FunEYL
ISR min 2N W SR A = S I B o Vs e e s S SRS S
N A R e B ER R S 1 2 = A = i g 7 4
F2b, BuyN*F Itk h YU VEZHBET S LITL o TAR
e WG E %
Bp 175 C/ 0.1 mmHg (bulb to bulb distillation).
“H. NIMRE Si=t 2,03 (( LR, &, T= 2.7 Ha), 2.18 (3H, )
230U HS Mbis) s 12-8.6=2 .48 (4H, m), 3.99 (1H, dd, J=
ST s T Izl 50530 162 Hi st
LGN NIMR, §'= W1 S5y 216,58 390 19m e Sariain St 8 08 AL 8T 6l
1100/ .45/, ,2i08), 0.
IR(neat) 3294, 2107, 1944, 1427 cm™1.
HRMS Found m/z 168.0612. Calcd for CgH,;,0S5: M,
168.0609.

3—2FNFF+—-—1, 2—-77FYT>—8—1> (660)
1w, 1 —2FLVFEF—-1—-FOE¥EYL1-7ODE-5
A0h SR/l g Sl e ILERER 8106

Bp 125 C/ 0.1 mmHg (bulb to bulb distillation).

LS NIMIRE D= 1005 2 1.1616 0.4 HIE ) 80,912 G Bl o) ST=%2 5
Hi), 2.12 W3H ;1'e), 2. 042,280 (48, mh 4,06 (28, v, J=
248 Hz).

LS MR ot s e wo 78 e olg e s o SE e R ia SRS
Biare 0sSs it 20295

IR(neat) 2117, 1944, 1431 cm™ !,




————

HRMS Found m/z 166.0804. calcad for C](,H]4S: M,
166.0817.

% 3

Fe(CO)4(NMoeg) #HET . XkBHICLIALKKCT7EF L
CBUNEAETEITFLUIEEMORD

ML de T) 2 = s P = AT AR 1D b 2l m &

el s R TS W e

ERMOWBEEELTICRT .

=R FRFAELIOT4.3.0]2 F=1 . 8~
LR b N
7.3 A T
Mp 39 C (Hexane-CH,Cl,).

l'H NMR 8= 1.90 (2H, dt, Jig=J =) 6.2 Hiz), 2313 (37,
g), 2.44 (2H, ¥, 'I= 6.2 Hz), 2.60 (28, t, J= 6.2 Hz),
2. &8 (2H, 5), 5.79 (1H, 3),
BN MR 5= AIBE 5482104 60021550 2708 4 B85 125,35
131.9, ' 136.4, 169.9, 204.3,
IR(neat) 1697, 1571, 1430 cm™!.
Anial ™ Bound €; 66, 345 H N6, 505 8L ET09 7% Calcd for
B Hi 2 OISk Co 6l6 5 6@HH 6 IR IS| Sl 7107%;

N

H

v
|

2—2FFF—-—7—-2x=0E>70[4.3.0]172F=1.
6—YyT>—8—%> (70b)
HE# &,
Mp 119-120 C (Hexane-CH,Cl,).
Ly NMRI 5=1.91 (2H N i, %= 6:2,96.2 Hz), 2.36 (3H,
$): 251 (2H, t. J=16.2 Hz), 2.76(2H, £, I= 6.2 Hz);
3.06 (2H, s), 7. 25-7.40 (5H, m).
13¢ NMR 5= 13.6, 22 IERON NI o5, 1 1 2T
B2i8s. D AI21R100 B 1 B\0N S, L FTREL N USRI 56. 01, 6 BME )
202.0.
IR(neat) 1684, 1614, 1597, 1444, 698 cm" !
HRMS Found m/z 256.0919. Calcd for CIGHIGOS: M,
256.0922.




b BB (2 =2 FNFFd=T—-—FTz=2WEPIn
[4.3,00i 4= By Tl 1) =SAE L —8—cFE ) P10
(10b)
ly NMR 8= 1.80-1.86 (1H, ma 1legd sl 99, ¢l H, ),
22-12=-2455 A XH, m), 22003 H, 8 265 (LH: ddidy =
G, “6asBi g1 7 4 Hiz)oos 2. 781 G H seed dod s 8 0i=16 o 25, 16 258 (1 34
Hz); 8.569 (IR, dd, I= 545, 3.5 Hz)s 4.28 (I H. s);
1729 -7.37 (3H, m), T6 1063 (Z2Hy mis
IR(nieat) 2071, 2013, 1998 4712 1/637, 1363 cm"
HRMS Found m/z 396.0116. Calcd for CigH;gO04SFe:
M, 396.0d:1 8,

Gl ARl NE S B3, Si 0] A Zas = 1L g 5L = g
=3 =Ko LT &)
kO A Ao
Mp, 78 279 € (Hexane-CH,Cl,).
lH NMR 8= 2.47 (3H, s), 2.85 (2H, bs), 2.93 (2H,
bs), 2.96 (2H, s), 5.69 (1H, s)
I3¢ NMR 5= 14.5, 26.3, 36.6, 38.8, 117.0, 137.6,
48518 w 18160610 2101725
IR(neat) 1672, 1612, 1568, 1433 cm" !
Aaal. Found G, 65.09; H, 6:20: Su 19.63%., Calcd for
GigH.1i0 OIS 2 (G 4 6'5/.102i5 HL, 6110655, 119.,.2/9.%:

3—kEFOX%Y—5—XxFALFFES>s7O[4.3.0] 7 F—
5509 (A0) — AT = 8 = 2 (7 .d)

Mp 100 C (Hexane-CH,Cl,).

“SHE NIMRa 5= 1. 7005 (A HL, Bbisiing 9568 5 MARIHE: 4011 12,4500 (T,
U5 =N 6 205N 62 OF HiZ i W0 S 6161 (ITH S S d s T =8P 6081 ST 2
2R NEHE e d il i= psa s 16 08 THIZ S B BISLa0k 0 D8 (B TH e )
4o iedl 0.3 GINH & mo)k ISR GIUE], s

'3%¢ NMR 8= 13.6, 34.4, 36.6, 38.3, 66.3, 126.9,

i B W, P PR R (% O e 0 e B
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IR(neat) 3373, 1660, 1614, 1429 cm- 1.
Anal. Found C, 61.00: H, 6.18: S, 16.11%. Calcd for

('I()HIZOZS: G, o205, S6EN] 65 S fih . 3 %

2=RFFPRFAEL2A[5.3.0]FH—1 7—-YI1IT>r—
9—%*> (7 e)

H NMR"8="1_79 (28 . "itr, W= 6.4, 6 4 H2z), 1T.89 (21,
it Te 609, 604 HZ), 23293 H, )5 2L64%(2H Nty Y= 6.4
Hiz ), " 25 74 G2IH 15 U= 6 A H Z) s 35 020 (BiHR s Is kol SeT H,
5 &
o MR 8= 185505, 23018, 26 8, 30145, 3006, 424,
[B:07 ST E1 5 a1k BTk e MR Ao o TG W
IR(neat) 1678, 1603, 1558, 1421 cm~1.

HRMS Found m/z 194.0760. Caled for C11H14OS: M,
194.0766.

n— T UL EEBEEE Oe

NI T
Decomposed at 120 C (Hexane).

H NMIRS 6= 10 55 (A H,; 4 J= 2.4 Hehs 161 -"1. 65 ¢ 1'H,
M TR S PORS wETTHS R N0, S 24 10T (e EIS ey S 0Bl (62 210" (C ITER

My #2204 52653 2501 HES mi)S TS 3 iGN Ydidid s e S0 a7

EEST Hzgy 247 752289 (2HF m),; 5.316, CLH, $)-

IR(neat) 2004, 1996, 1948, 1639, 1623 cm"!.

Angls Found® €, 50,763 Hi 4,605 S, 1:0.96%.,. Calecd tor
C]3H14O35Fe:C.51,()(]:H‘4A61:S. O PR Ve

HRMS Found m/z 306.0026. Calcd for C|3H|4OBSFCZ
M, 306.0013.

71—7z=Mh—2—bPYRXFNE>I70[4.3.0]17%+—1
6—YITr—-—8-—-F> (12)

IS NIMR Po= 10: 18 L EOHI, (s, 1T 6 R 2T oy =ts2h lonid
HZ I8 S (2 HY T l6.2 H 2 et G otg S =t e ol d 2,
S0 ICo HE ) G D RE G ko) (S H Y my

5 L

C NME o= &I,0, “22.6, 26.2, 28.8, 4002, 127, %,

N
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b (P A 0 T IS G 1 P SRS e S R . BT A P P e SR 1 O B
IR(neat) 1701, 1693, 698 u]\‘].

HRMS Found m/z 282.1422. Calcd for Ci1gH,,08i: M,
282.1440.

2MMET I/ T a. e DERBRBRAAICELIXFALERD
)M (190.5 mg, 1.0 mmol ) MBAEKLEL LK, YT F1
I—F V(5 ml)kX Mz % 30: ClemAL =8, MeLi(2.0
mmoidy 4.3 M, 7 Sk BryzdEmMyrascEickbh, Me, CulLi
T-FHBEREBE . 8HIZ-78 CEBH LB, Y2227
(0.5 mmol)D ¥ = F T —FIEWS ml)2ME2, TLCT
7 AR OSE Rl T A MAMNH CIRE®H 2 Mz TR
kL, 94 FPEBCIVEBDERVZ, ARE:X Y = F
L—F VT LR, fafiAEKkceE L., EBAMKBF LY v
ALKV ERT S, BRELBRETEEL, BREEX2TLC (~NFH ¥
IBEBR T F V) Xy FHEMET
ERY oW YEEZEZ T ICRT
2 =X FREYIO[4.3,0)4F =1, =9 XT%=§ =
g L AnB @)
14 NMR 8= 1.80 (2H, tt, J= 6.3, 6.3 Hz), 1.80 (3H,
E)on 25 18 G2 H it D=1061030 HiZ) i1 2610 5( 20HEs, St = 6.3 W Hiz) 4
RS2 H, ys)s a8 ((LHL &0
L C N MRS 2101590 2200 ) 235 0, 308" ST 7 12605
£311 e 18316:67 1Tila 0% 2054
IR(neat) 1697, 1670 cm"
HRMS Found m/z 148.0888. Calecd fior CIOHIZO: M,
T E D

VI e B S 85 o R 18 T I [ R i B I S T
~g % 1.1 8e)
HONIVIR, &= 16 780l thy iS5 90, 8 Sk 9a Bz e L 79w 25
te el §51E9 50 JH 7Yy, 15812, (G, 805 22000 (2H8 b ey 50
L 24) 2 TR0k (2, o s ¥= 05 80 Hoz ), 200 Wl Sasy, 5489 C1H,

$).




V_,

162.1045.

%48

1251 o0 1 oisr o Nbolsigioil) s el o gin s
IR(neat) 1927, 1248, 839 c¢m"!.

230.1481.

Y1V TETFTEFLXEDRRK
TVIVEMEBAN T A4 LYy 7 A0RBREIC, F

B oWmEEE LT CRT

67

13¢ NMR 8= 24.0, 24. I ol S N e R Lk A W
130355, 132.5,; 140:05 1759, 20552

I[IR(neat) 1680 cm'l.

HRMS Found m/z 162.1045. Calcd for Ci11H40: M,

HRMS Found m/z 230.1484. Cratlicd. fior CISHZ?_Si:

6°="2" = =3 = BRI P = AN 2L =N S

m).

ST 78

EBMINE R w, S8 —F 2= a7 o s BEYEBRLE
lH NMR 8= 0.09 (9H, s), 1.80 (2H, tt, I= 7.7,
Hz), 1,99 (2R . i, J= 3.2, 2.7 " Haey, 264 (20, ¢,
3.2 W), 435 COHLE-5=3.2 Hay;, 7. 159,39 (58,
Ioe mMR 6= 17, 28,2, 30.7, 35.5, 69.1, 94.1,

Fe(CO) 4(NMeg) EFHET. XBMHIK L3 1, 2—-FOnNyzx

A AR

Jth T % S ) el e =CHSERREERN2 205 s 3 0Smiano. L) %

[ R e A i A B A e A T8 T B ol 1) e S C R B e st

YRYFANE= V(293 mg, 1.5 mmol) DF F Sk F e

L (3 mI)ZMR B &, Fe(CO),(NMe )DFBHERSARTE

2. BIE 1. 2—FRATL=p Y5 Y1 7(115.2 mg, 0.5
mmol)y: 7T F L (1,5 mmol)DEBESET T FERZ S
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es and aldehydes in the
hand, the reactio:

In organic synthesis, allene compounds? have been 1). After screening several Lewis acids, it was found
used for the introduction of three carbon units. For  that BF3-OEt, catalyzes the reaction effectively, gi
example, various kinds of 1,2-propadienyl metals have  the 1,3-diene 2a in 83% yield (Entry 3).

been devised for the introduction of propargyl or 1,2- On the other hand, when the alkoxy analogue of 1a,
propadienyl groups? 1,2-Propadienyl ethers are also 3-methoxy-4-phenyl-1,2-butadiene (3), was employed,
used as a dienophile in intramolecular [4+2] cycloaddi-  no reaction proceeded with benzaldehyde. As ex-
tion® and 1,2-propadienyl silanes react with aldehydes  pected, an alkylthio substituent effectively increases the
and o,B-unsaturated ketones to give [3+2] cyclo-  reactivity of allene compounds as an ene component.®!
adducts.! In fact, there is no precedent in which Lewis acid-

In the previous paper,¥ we have reported the Lewis catalyzed ene reaction proceeds at such low temperature
d-catalyzed [2+2] cycloaddition reactions between  except for the reactions using highly reactive aldehydes
such as glyoxylate derivatives® or polyhalogenated
aldehydes.!o

electron-deficient olefins and |,2-propadienyl sulfides,
while oxygen anal i
react under the sam

ndn::z: the re

’-ﬂm both in
That is,
phatic. :md «,B-

Results and Discussion

Reaction between propadienyl Sulfides

1-Alkyl-1
and Aldehydes. t

conditions, were prepared in good
ild reaction c
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1.2 H2), 6.35 (s, 1H), 7.24—7.34 (m, 10H); 127.7, 1284, 1285, 137.3, 1422, 148.0. HRMS
117.9, 124.1, 126.6,126.7, 127.7, 128.1, : m/z 262.1370. Caled for CisH=OS: M, 262.1393

Anal. Caled for S-hepten-3-ol (2g).

Found: C, 76.27; H, 5, 1623, 145 ; 'HNMR 6=0.88 (d, 3H

(Z)-4-Methylene-5-methylthio-1,6-diphenyl-3-hexen-3-0l  3H), 1.89 (bs, IH), 1.96 (s, 3H), 2.03 (s
@-2). IR (neat) 3600, 1600, 1452 cm~+; 'HNMR 6=1.85—  H), 487 (d, IH, J=1.8 H2), 5.38 (dd, IH,
210 (m, 2H) 2.0 (bs, 1H), 2.15 (s, 3H), 2.70—2.88 (m, 2H),  Anal. Calcd for CuH»0S: C, 69.94; H, 10.06; S, 13.34%
452(bs, 1H), 531 (d, 1H, J=L.1 H2), 5.40 (dd, IH, Fol . 69.83; H, 9.98; S, 13.16%
669 (s, 1H),7 OH); SCNMR =165 1-Cyclohexyl-4-methyl-2-methylene
72.3,114.4,125.6, 127.3, 128.3, 128.4, 128.4, 129 Lol (2h). IR (neat) 36. 1628, 1
3.1, 1416, 1516, HRMS Found: mfz 3101379,  8=1.03—1.77 (m, 1 1H), .79 (s, 3H), 1.92 (d, IH,
Caled for CxoH=OS: M, 310.1393 1.96 (s, 3H), 2.02 (s, 3H), 4.14 (bs, 1H),4.86 (d, IH .J*IQHl)‘

(E)-4-Methylene-5-methylthio-1,6-diphenyl-S-hexen-3-ol 533 (s, IH). HRMS Found: m/z 240.1534. Caled for
(2b-E). IR (neat) 3598, 1596, 1448 cm~%; HNMR 8=1.72  CuHxOS: M, 240.1548.

(bs, [H), 1.75—2.00 (m, 2H), 2.31 (s, 3H), 2.56—281 (m, 2H), 2-Methyl-4-methylene-3-methylthio-2,6-decadien-5-ol (2i).
413 (bs, 1H), 5.43 (d, [H, J=1.1 Hz), 5.60 (dd, IH,J=1.1, 1.1 IR (neat) 3428, 1668, 1635, 1438 cm~*; *H NMR §=0.84 (1, 3H,
Hz), 621 (s, [H), 7.12—7.34 (m, 10H); SCNMR 6=15.9,31.9, /=74 Ha), 1.35 (tq, 2H, J=7.2 Hz, ;=74 Hz), 1.72 (s, EH),
37.7,72.2, 117.0, 2 3,125.7,126.7,128.1, 1283, 1283, 128.4,  1.92 (s, 3H), 1.94—1.99 (m, 2H), 2.01 (s, 3H), 2.32 (bs, |

137.0, 138.1, 1419, 149.9. HRMS Found: m/z 310.1379.  4.72(d, IH, J=7.0 Hz),4.77 (s, | H), 5.38 (s, 1 H), 5.43 (dd, m
Caled for CaoH2OS: M, 310.1393. J=1.0, 153 Hz), 5.65 (dt, IH, J=153

(2)-2-Methyl-4-methylene-5-methylthio-6-phenyl-3-hexen- MR §=13.6, 16.3, 21.7, 22.2, 226,
3ol (2¢-2). IR (neat) 3608, 1600, 1448 cm— ‘HNMR 5, 130.5, 1325, 1365, 147.2.
60388 (d, 3H, /=68 Hz), 1.02 (d, 3H, J=6.9 Ha), | 1396, Calcd for CiaH20S: M,
IH), 1.92—1.98 (m, [H), 2.18 (s, 3H), 434 (bs, 1H), 5.33 (s, fethylene-3-methylthio-1-phenyl-
IH), 6.70 (s, 1H), 7.22—7.57 (m, SH); BCNMR  (neat) 3402, 1697, 1576, 1444 cm~; ¢

15 0,314,774, 114.9, 127.3, 128.0, 129.5, 130.3,  2.16 (5. 3H), 4.82 (s, [H). 5.19 (s, IH), 5.43 (s
1364, 137.6. 151.0. HRMS Found: m/z 248.1232. Caled  [H), 5.58 (s, IH), 7.20—7.40 (m, SH). H
for CisH2OS: M, 248.1236 206.0773. Caled for CuaH1OS: M, 206.0766.
fethyl-+-methylene- 4-Methylene- mﬂh\hhin-l-phen
(n2at) 3411, 1726, 1676,
1H,J=3.9,5.1,7.6,10.0 r{7) 2 [{)(uduj IH
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Preparation of 1,2-Propadienyl Sulfides 42 and 4b. d4a was
red according to the literature procedures.’¥ db was
ed by the same method for pr;oarauan of 4a except
1 -butyldimethylsilyl chloride was employed in place of
ylsilyl chloride

1-t-Butyldimethylsilyl- 1-methylthio-1,2-propadiene
To a THF solution (20 ml) of diisopropylamine (2
mmol) was added BuLi 2 mmol, 1.62 M hexan
=1 moldm-3) dropwise at 0°C and the mixtur
for 10 min. To this on mixture was add
solution (10 ml) of I-methylthio-1-prop
at —78°C, and after h\n

Typical Procedure for the Aldol-T
Aldehyde and 1,2-Propadienyl Sulfide

H\dru\»
panone (3a)

2829

none (3b).
(s.9H), 1.8
4.38 (bs, 1 H), 6.07 (
(m, 5H). HR\I: Found m, ‘73’
M, 262.1390.
3-Cyclohexyl-3-hydroxy-2- me(h_vlene»l-lrimclh}lsilyl-l—
pmpanonz (50). IR (near) 344
5=0.25 (s, 9H), 0.89—1.74 (m,
IH, J=6.9 Hz), 6.06 (s, I H), 60: (s, IH)
259 26.4, 283, 30.0, 42.4, 129.4, )
Found: m/z 240.1539. Calcd for Ci3H2:02Si: M, 240.1559
3-Hydroxy-2-methylene-1-trimethylsilyl-1-dodecanone.
(5d). IR (neat) 3442, 1689, 1594 c \\m 8=0.26 (s,
9H), 0.85 (1, 3H, J=7.0 Hz), 1.23—1.54 (m, I7H
.5 Hz), 6.05 (s, | H), 6.16 (s, 1H); ”C\\iRc
5.9, 29.2, 29.4, 29.5, 29.6, 31.9, 36.2
240.0. HRMS Found: m/z284.2174. Cal
M, 284.2173.
(E)-3-Hydroxy-2-methylene-5-phenyl-1-trimethylsilyl-4-
penten-l-one (3e). IR (neat) 3433, 1707, 1595 cm~t; 'H NMR

5=0.28 (s, 9H), 3.05 (bs, I H), 5.11—5.14 (m, | H), 6.14 (s, 1H),
6.24 (dd 2, 15.7 Hz), 6.28 (d, |H J5 0?Hz)66(d
1ijs s 7.36 (m, 5H); BCNMR

126.5, 127.7, 123.6, 129.0, 129.4, 130.9, 136.
HRMS Found: m/z 260.1218. Caled for Cy
260.1233.

Typical Procedure for the Aldol-Type Reaction between
Acetal and 12-Propadienyl Sulfide 4. The

Methoxy-2-
propanone (9a).
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5.15 (s, [H), 6.27 (s, sH
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BF3+OEt; CATALYZED [4+2] CYCLOADDITION REACTIONS OF
N-ARYL SCHIFF'S BASES WITH 1-ALKENYL, 1,2-PROPADIENYL,
AND 1-ALKYNYL SULFIDES

Koichi Narasaka* and Takanori Shibata

Department of Chemistry, Faculty of Science, The University of

Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

Abstract - [4+42] Cycloaddition reaction proceeds between N-
aryl Schiff's bases and 1-alkenyl sulfides, a 1,2-propadienyl
sulfide, or 1-alkynyl sulfides in the presence of BF3<OEty to
provide 2-substituted quinoline derivatives. A 2-alkyl-4-

quinolone alkaloid, leptomerine, is prepared by applying the

present cycloaddition reaction.

In general, Schiff's bases are rather unreactive toward nucleophiles and unstable
under acidic conditions. Therefore, it is not an easy task to develop addition reactions
of nucleophiles to Schiff's bases as compared with carbonyl compounds. In the
previous paper,! it is reported that various olefins having an alkylthio group exhibit
sufficient reactivity in the nucleophilic addition reaction to N-benzyl Schiff's bases
with the aid of acids. For example, the 1,2-addition reaction proceeds by employing a

ketene dithioacetal and the allylation reaction proceeds by utilizing 2-(methylthio)-

allylsilane. It was presumed that the N-aryl Schiff's bases react not only with the
ketene dithioacetal but also with less reactive l-alkenyl and l-alkynyl sulfides which

do not react with N-benzyl Schiff's bases, because their reactivity towards nucleo-

This paper is dedicated to Prof. Edward C. Taylor in celebration of his 70th birthday.
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philes might be higher than that of the N-benzyl Schiff's bases by electron-withdraw-
ing effect of an aryl substituent.

When a mixture of a Schiff's base (1), prepared from benzaldehyde and aniline, and
1,1-bis(methylthio)ethylene (2) was treated with one mole equivalent of BF3+OEty,
the 1,2-addition product (3) was obtained yet in low yield (less than 10% yield). In
contrast, the reaction between 1 and ethyl vinyl sulfide (4a) gave no 1,2-addition

product but the [4+2] cycloadduct (5a) in 30% yield.2

ol ™ o e PhNH SMe
Ph/\N’ - =< complex
SMe e Ph SMe ™ mixture
b TS
1 SRy 3<10%
SEt
BF3-OEt:
1 + ___/SEt il - complex
4a CHyClp, 0°C N Ph mixture
H
5a 30%

There are some examples of the acid-catalyzed [4+2] cycloaddition reaction in which

the N-aryl Schiff's bases are employed as dienes. For instance, Kametani et al.3 made

comprehensive research on the cycloaddition reaction between N
bases and various vinyl ethers and applied the reaction to the synthesis of several
natural products containing quinoline skeletons. However, the cycloadducts are
afforded generally in low yield. Enamines* are also employed as dienophiles, but
only the reaction of B-disubstituted enamines gives the cycloadducts in good yield
Thus, it is desirable to develop an alternative dienophile which has wide generality in
the [4+2] cycloaddition utilizing N-aryl Schiff's bases as diene components. Formation
of the quinoline derivativeS (5a) by the use of the vinyl sulfide (4a) prompted us to

investigate the cycloaddition reaction of the N-phenyl Sch

base (1) with olefins or
acetylenes possessing an alkylthio group
As a result of screening the reaction conditions, it was found that the yield of the

reaction between the Schiff's base (1) and the vinyl sulfide (4a) was influenced by
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the amount of Lewis acid. The cycloadduct (5a) was afforded in favorable yield

(90%) as a mixture of 1:1 diastereomers by the use of a catalytic amount (10 mol%) of

SR 10mol% B
SN =

il 4

R CHaClp, 0°C N” > Ph
H
5
Table 1 The Reaction between Schiff's Base (1) and Vinyl Sulfides

Entry Vinyl Sulfide Product
SEt
SEt 5a 90%
1 =/
(1)@
4a N™ ~Ph
H
o EtSy_wSiMe;
2 = ) @ 5b 96%"°/
SiMe; N Ph
4b H

B iy
) T " siMe, N7 YPh
H

4d

a) Figures in the parenthesis are diasteromer rartios
b) The other isomer was not detected

As shown in Table 1, various vinyl sulfides ¢ be utilized as dienophiles in the

-

present [4+2] cycloaddition reaction. For example, when I-ethylthio-1-trimethy
silylethylene (4b) was employed, 4-ethylthio-2-phenyl-4-trimethylsilyl-1,2,3,4-

tetrahydroquinoline (5b) was obtained in almost quantitative yield as a single

stereoisomer (Entry 2). 1-Alkylvinyl sulfides are known to be good ene components
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in the reaction with aldehydesé and Schiff's bases,! but the reaction between (1) and
2-ethylthiopropene (4c) gave only [4+2] cycloaddition product (5c¢) in high yield and

no ene product was afforded (Entry 3). Allene compound, 1-methylthio-1-trimethyl-

silyl-1,2-propadiene (4d), can react with 1 to afford 3-methylene-1,2,3,4-tetrahydro-
quinoline (5d) in preferable yield as a single stereoisomer (Entry 4).

[4+2] Cycloaddition also proceeded between 1l-alkynyl sulfide (6a) and the Schiff's
base (1) to provide quinoline derivatives (7) and (8). In this reaction, though the
total yield of these cycloadducts was fairly good (77%), the Schiff's base (1) was
partially consumed as an oxidant to aromatize the dihydroquinoline (7). After the

isolation, however, 7 was oxidized very slowly to 8 by air and existed as an

equilibrium mixture of the possible isomers.

30 mol% BF3+OEt,

1 + Me—==—SMe -
6a CH,Cly, room temperature
SMe SMe
A Me Me
ST ErLET e = H
k 2 + PhNCH,Ph
N==Dh N=>Ph
7 45% 32%

8 o
(Yields are based on alkynyl sulfide (6a))

The present cycloaddition, employing vinyl sulfides as dienophiles, has salient feature

which the other cycloadditions using vinyl ethers and enamines do not have. That is,

not only aromatic N-aryl Schiff's bases like 1, but also Schiff's bases prepared from
aliphatic aldehydes and aniline (aliphatic N-aryl Schiff's bases) are also utilized as
diene components. In general, it is difficult to develop the addition reactions towards

4

aliphatic N-aryl S bases, becasuse t

hydrolyzed polyme

under acidic conditions Actually, [4+2] cycloadduct (10a) was afforded only in not
more than 60% yield, when the isolated aliphatic Schiff's base (9) was used (Table 2

Entries 1-4). But the adduct (10a) was obtained in better yield by the use of in_situ

prepared Schiff's base (9) (Entries 5, 6).
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\
.. -Ph BF4-OE
N7 SEt i
\r\ e
9 an olvent
Table 2. Effect of Amount of BF3+OEt, and Solvent
Entry mol% of BF3+OEt Solvent Yield/% of 10a
1 10 CHxCl trace
2 50 CHaClp 20
3 100 CHCl; complex mixture
4 100 Et,0 60
5% 100 E0 72
6% 100 toluene 83
« Schiff's base (9) was prepared in situ from isobuzym!}lc-
hyde and aniline in the presence of MgSO4
As well as the Schiff's base (9) prepared from a secondary aldehyde, a Sc base

(11) derived from a primary aldehyde (butanal) can be employed and reacted with

the vinyl sulfides (4a,b) by the use of one mole equivalent of BF3-OEtz (Table 3).
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Table 3 The Reaction between Aliphatic Schiff's Bases and Vinyl Sulfides

Entry R Rt Product
SEt
10a 83%
i
1 Pri(9) H (4a) " 51y
H
EtSy SiMe;
2 Pr' (9) SiMe; (4b) 10b 76%°
N
H
SEt
- 12a 70%
2 Pr’ (11 H (4a)
1) N (5:1)
H
EtSy_ «SiMey
4 Pr (11) SiMejs (4b) 12b 79%2)

$

a) Figures in the parenthesis are diasteromer rartios.
b) The other isomer was not detected

Furthermore, the cycloaddition reaction proceeded between the aliphatic Schiff's base
(11) and a l-alkynyl sulfide and was favorably applied to the synthesis of 2-alkyl-4-

quinolone alkaloid, leptomerine (15).7 The reaction between the Schiff's base (11)

prepared in situ and butyl ethynyl sulfide (6b) delivered quinoline derivative (13)

in 70 % yield. N-Methylation of 13 was carried out with methyl trifluoromethane-
sulfonate® in quantitative yield and the subsequent hydrolysis under basic
conditions? afforded the desired leptomerine (15)

In summary, l-alkenyl, l-propadienyl, and l-alkynyl sulfides were found to react

2-substituted

with aliphatic N-aryl Schiff's bases as well as aromatic ones to give
p INGary g

quinoline derivatives by the [4+2] cycloaddition reaction
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MgSO4
"PrCHO + PhNH,
toluene, 0 °C
SBu”
air oxidation B CF3SOzMe
_—
e —_—
N 60°C
13 70%
SBu” 0
e
N/ reflux N
leter S0 i
14 95% 15 70%
EXPERIMENTAL

General. !H Nmr spectra (500 MHz) and !3C nmr spectra (125 MHz) were measured

with Bruker AMS500 spectrometer using tetramethylsilane as the internal standard.

ere recorded with Horiba FT 300-S spectro-

CDCl3 was used as solvent

were obtained with JEOL JMS-D300

photometer. High-resolution mass spectra (
mass spectrometer operating at 70 eV

(Wakogel

Preparative thin-layer chromatography (tlc) was
B-5F)

Tetrahydrofuran (THF) was freshly distilled f

) CaHy,

om sodium diphenylketyl. Dichloro-

nd dried over Molecular Sieves 4A

methane was distilled from P20s5, then fi

(MS 4A). Toluene was distilled and dried over MS 4A. BF3-OEty was distilled from

CaH» and stored in 0.50 M dichloromethane solution (M = mol dm3) or 1.0 M toluene

solution. Methyl trifluoromethanesulfonate was used after distillation. Schiff's base
(1) was prepared according to the reported procedures.10  Aldehydes were distilled

from CaCly. 1-Alkenyl sulfides (4a)!! and (4¢),!2 a 1,2-propadienyl sulfide (4d)!2

and alkynyl sulfides (6a)!2 and (6b)!3 were synthesized by the literature methods.
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All the operations were carried out under an argon atmosphere and all the solvents
for the [4+2] cycloaddition reaction were degassed before use by irradiating ultrasonic
wave under reduced pressure.

Preparation of 1-Ethylthio-1-trimethylsilylethylene (4b). To a THF solution
(40 ml) of ethyl vinyl sulfide (4a) (1.76 g, 20.0 mmol) was added t-BuLi (20.4 mmol,
1.7 M pentane solution) dropwise at -78 °C and the mixture was stirred for 1.5 h. To
this reaction mixture was added a THF solution (20 ml) of trimethylsilyl chloride
(2.39g, 22.0 mmol) at -78 °C. After being stirred for 2 h at -78 °C and for 1 h at -45
°C, the reaction was quenched with pH 7 phosphate buffer, and the organic materials
were extracted with pentane and the extracts were washed with brine and dried over
Na»SO4. After evaporation of the solvent, the crude materials were purified by
distillation. Yield 2.40 g (75%). bp 85-90 °C/ 70 mmHg (1 mmHg= 133.32 Pa). Ir
(neat) 1574, 1450, 1250 cm-l; 14 nmr 8= 0.16 (9H, s), 1.28 (3H, t, J= 7.4 Hz), 2.73 (2H,
q, J= 74 Hz), 5.33 (1H, s), 5.41 (1H, s); 13C nmr 8= -1.6, 12.9, 24.2, 1145, 147.0. Hrms
Found m/z 160.0723. Calcd for C7H(SSi: M, 160.0743

Typical Procedure for the Reaction between the Schiff's Base (1) and 1-
Alkenyl Sulfide (4) (Table 1). To a dichlorom

ethane solution (12 ml) of the Schiff's

base (1) (217.4 mg, 1.20 mmol) and l-alkenyl sulfide (4) (1.32 mmol) was added
BF3+0Et; (0.12 mmol, 0.5 M dichloromethane solution) at room temperature After
being stirred for 3-6 h, the reaction was quenched with pH 7 phosphate buffer.
Organic materials were extracted with dichloromethane and the combined extracts
were dried over NapSOy4. The solvent was removed under reduced pressure and the
residue was purified by tlc to afford the product (5).

Spectral data of the addition products are as follows.

3,4-tetrahydroquinoline (5a). 5a was obtair

4-Ethylthio-2-phenyl-1,2
a 1:1 diastereomer mixture. Ir (neat) 3373, 1606, 1587, 1486 cm-l; IlH nmr 8= 1.20
(3H x 0.5, t, J= 7.4 Hz), 1.30 (3H x 0.5, t, J= 7.4 Hz), 2.16 (IH x 0.5, dd, J= 3 2,170}, 221
(1H x 0.5, dd, J= 11.7, 11.7 Hz), 2.39-2.65 (3H, m), 3.92 (1H x 0.5, brs), 4.05 (1H x 0.5,
brs), 4.08 (1H x 0.5, dd, J= 3.2, 3.2 Hz), 420 (1H x 0.5, dd, J= 5.9, 11.7 Hz), 4.37 (1H x
0.5, dd, J= 2.4, 11.4 Hz), 479 (1H x 0.5, dd, J= 7.1, 7.1 Hz), 6.46 (1H x 0.5, d, J= 7.4 Hz),
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6.47 (1H x 0.5, d, J= 7.7 Hz), 6.63 (1H x 0.5, dd, J= 7.4, 74 Hz), 6.71 (1H x 0. 5, dd, J=
7.4, 7.4 Hz), 699 (1H x 0.5, dd, J= 7.7, 7.7 Hz), 7.15 (1H x 0.5, d, J= 74 Hz), 7

(5H + 1H x 0.5, m), 7.63 (1H x 0.5, d, J= 7.7 Hz); 13C nmr &= 14.6, 14.7,
40.7, 41.3, 41.8, 51.8, 57.1, 114.4, 114.6, 116.9, 117.9, 119.9, 121.0,

127.6, 127.7, 127.7, 128.1, 128.6, 128.6, 129.2, 130.2, 143.3, 143.8,

Anal. Caled for C17H19NS: C, 75.79; H, 7.11; N, 5.20; S, 11.90. Found: C, 75.61;

Ny 52123 S, 11.97.
4-Ethylthio-2-phenyl-4-trimethylsilyl-1,2,3,4-tetrahydroquinoline (5b).
mp 99-100 °C (hexane). Ir (KBr disk) 3398, 1599, 1481 cm-!; IH nmr 8= 0.15 (9H, s),
1.11 (3H, t, J= 7.6 Hz), 2.23 (1H, dgq, Jg= 11.3 Hz, Jg= 7.6 Hz), 2.26-2.43 (3H, m), 3.95
(1H, brs), 4.62 (1H, dd, J= 3.6, 11.3 Hz), 6.48 (1H, dd, J= 0.9, 7.6 Hz), 6.69 (1H, ddd, J=
0.9, 7.6, 7.6 Hz), 6.95 (1H, ddd, J= 1.4, 7.6, 7.6 Hz), 7.28-7.41 (5H, m), 7.57 (1H, dd, J=
14, 7.6 Hz); 13C nmr 8= -2.1, 13.9, 20.7, 40.1, 41.6, 55.5, 113.8, 117.3, 122.8, 126.2,

126.3, 127.7, 128.6, 128.7, 144.2, 144.9. Hrms Found m/z 341.1625. Calcd for

C20H27NSSi: M, 341.1635. Relative
Si(CH3?)3

stereochemistry was determined Q
by the NOESY spectrum in which WH? 5b
N

NOE between H2 (0.15 ppm) and L

Hb (4.62 ppm) was observed
4-Ethylthio-4-methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (5¢). 5c¢ was

obtained as a 10:1 diastereomer mixture. 1581, 1477 cm!; 'H nmr

(major isomer) &= 1.12 (3H, t, J= 7.5 Hz), 1.68 (3H, s), 2.11 (1H, dd, J= 2.4, 13.3 Hz),

2.18 (1H, dq, Jg= 11.5 Hz, Jg= 7.5 Hz), -2.45 (2H, m), 4.03 (1H, brs), 4.44 (1H, dd, J=

24, 11.9 Hz), 6.54 (1H, dd, J= 0.9, 7.6 Hz), 6.76 (1H, ddd, J= 0.9, 7.6, 7.6 Hz), 7.02 (1H,

isomer) &= 13.8, 23.1, 32.7, 46.7,
128.7, 129(1; 143:3, 145:2. Anal,
Calcd for C;gH21NS: C, 76.28; H,

747; N, 4.94; S, 11.31. Found: C,

16.32; B, 7.56; N, 4.81; S, 11.64
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Relative stereochemistry of the maz

or isomer was determined by the NOESY spectrum
in which NOE between H2 (1.68 ppm) and H® (4.44 ppm) was observed.
3-Methylene-4-methylthio-2-phenyl-4-trimethylsilyl-1,2,3,4-
tetrahydroquinoline (5d). Ir (neat) 3367, 1620, 1595, 1483, 1414 cm-!; !H nmr
8= 0.15 (9H, s), 1.63 (3H, s), 3.94 (1H, brs), 4.61 (1H, s), 4.98 (1H, s), 5.63 (1H, s), 6.48
(1H, dd, J= 1.0, 7.6 Hz), 6.79 (1H, ddd, J= 1.0, 7.6, 7.6 Hz), 6.96 (1H, ddd, J= 1.3, 7.6, 7.6
Hz), 7.28-7.36 (5H, m), 7.67 (1H, dd, J= 1.3, 7.6 Hz); 13C nmr &= -1.9, 10.8, 49.1, 60.8,
1142, 114.4, 118.5, 123.4, 126.1, 127.1, 128.0, 128.5, 129.5, 143.3, 144.6, 145.6
Anal. Caled for CpoH25NSSi: C, 70.74; H, 7.42; N, 4.12; S, 9.44. Found: C, 70.53; H, 7.58;
N, 4.03; S, 9.41. Relative stereo-

MeS,_ «Si(CH5?
chemistry was determined by the s N
. i A St m He 5d
NOESY spectrum in which NOE 3 o

f ’
between H2 (0.15 ppm) and HP D
(4.98 ppm) was observed.
The Procedure for the Reaction between the Schiff's Base (1) and 1-

Alkynyl Sulfide (6a). The procedure is the same as that for the above reaction

between 1 and alkenyl sulfide (4) except that the amount of 1 was 1.5 mole

equivalent against 6a and 30 mol% of BF3+OEty was used

Equilibrium Mixture of 3-Methyl-4-methylthio-2-phenyl-1,2-
dihydroquinoline, 3-Methyl-4-methylthio-2-phenyl-1,4-dihydroquinoline,
and 3-Methyl-4-methylthio-2-phenyl-3,4-dihydroquinoline (7). Ir (neat)
1583, 1485 cm-!; distinguishable peaks of !H nmr (benzene-dgs, 60 °C) 8= 1.62 (3H,

brs), 2.31 (3H, brs), 6.88-7.11 (10H, m); 13C s 16.9, 121.0; 123:6, 1276,

128.3, 128.5, 129.0, 129.3, 130.0, 134.1, 134.9, 136.2, 136.2, 151.3. Anal. Calcd for
C17H17NS: C, 76.36; H, 6.41; N, 5.24; S, 11.99. Found: C, 76.42; H, 6.44; N, 5.37; S, 12.10
3-Methyl-2-methylthio-2-phenylquinoline (8). mp 96 °C (hexane). Ir (KBr

disk) 1554, 1479 cm-l; 'H nmr 8= 2.41 (3H, s), 2.66 (3H, s), 7.41-7.69 (7H, m),
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, J= 1.0, 8.5 Hz); 13C nmr 8= 18.8, 19.8,

1414, 1444, 146.5, 160.6. Anal.

; S, 12.08. Found: C, 76.74; H

Typical Procedure for the Reaction between Aliphatic N-Aryl Schiff's Base

and 1-Alkenyl Sulfide (4) (Table 3). To a toluene solution (

al yde (1.00 mmol) was added a toluene solution (4 ml) of

mmol) dropwise at 0 °C. After being stirred for 10 min, MgSO4 was a and the

a toluene solution (5

mixture was stirred for an additional 10 min To this mixtu
ml) of l-alkenyl sulfide (4) (1.20 mmol) was added and, subsequently, BF3+OEt2 (1.05
mmol, 1.0 M toluene solution) was added at 0 °C and the temperature of the reaction
mixture was raised gradually to room temperature over 3 h. After being stirred for

an additional 2-5 h, the reaction was quenched with pH 7 phosphate buffer. Organic

terials were extracted with ethyl acetate and the combined extracts were dried

over Na»SO4. The solvent was removed under reduced pressure and the residue was

product (10) or (12)

purified by

n products are as follo

Spectral

4-Ethylthio-2-isopropyl-1,2,3,4-tetrahydroquinoline (10a). 10a

Ir

obtained as a 5:1 dia

150

Hz), 1.73 (1H, dq, Ja=Jc

J= 2.6, 5.6, 12.3 Hz), 248 (1H

12.0 Hz); 3.13 (1H; ddd, J= 2.6, '5.3, 11.5'Hz), 3.74 (1H, brs), 4
| Hz), 6.49 (1H, d, J= 7.6 Hz), 6.68 (1H, dd, J= 7.6, 7.6 Hz), 6.99 (1H, ddd, J= 1.0, 7.6. 7.6

.59 (1H, dd, 1.0, 7.6 Hz); distinguishable peaks of 'H nmr (minor isomer) 8= 1.31

3H, t, J= 7.4 Hz), 2.03 (1H, dd, J= 215, 13.3 Hz), 3.48-

Hz), 7.09 (1H, d, J=7.4 Hz); 13C nmr (major isomer) 8= 14.6, 18.0, 18.2, 23.2, 32.6, 34.1,

121.3, 127.6, 129.1, 145.8; 13C nmr (minor isomer) 8= 14.6,

. 29.7, 32.3, 41.4, 52.0, 114.3, 116.4, 120.5, 127.9, 130.0, 144.6. Anal.

Caled for C14H21NS: C, 71.44 H, 8.99; N, 5.95; S, 13.62. Found: C, 71.23; H, 8.95; N, 6.01;
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S, 13.96. Relative stereochemistry of
major isomer was determined by the
NOESY spectrum in which NOE

between H2 (4.07 ppm) and Hb (3.13

ppm) was observed

4-Ethylthio-2-isopropyl-4-trimethylsilyl-1,2,3,4-tetrahydroquinoline

(10b). Ir (neat) 3396, 1603, 1577, 1483 cm-!; 1H nmr 8= 0.05 (9H, s), 0.97 (3H, d, J=
6.5 Hz), 1.00 (3H, d, J= 6.5 Hz), 1.13 (3H, t, J= 7.5 Hz), 1.62 (1H, dq, J¢=Jg= 6.5 Hz), 2.02
(1H, dd, J= 12.1, 12.5 Hz), 2.19 (1H, dq, Jg= 11.3 Hz, J¢= 7.5 Hz), 2.22 (1H, dd, J= 2.9,
12.5 Hz), 2.40 (1H, dq, Jg= 11.3 Hz, Jg= 7.5 Haz), 3022 (8, iddd] T=2.9,76:5; 12:1 Hz), 3.71
(1H, brs), 6.41 (1H, d, J= 7.6 Hz), 6.61 (1H, dd, J= 7.6, 7.6 Hz), 6.89 (1H, ddd, J= 1.3
7.6 Hz), 7.49 ( 1H, dd, J= 1.3, 7.6 Hz); 13C nmr 8= -2.2, 14.0, 17.9, 18.4, 20.6, 33.6, 34.
39.7, 55.7, 113.7, 116.9, 123.0, 126.2, 128.5, 145.0. Anal. Caled for C;7H29NSSi: C,
66.39; H, 9.50; N, 4.55; S, 10.42

Found: C, 66.83; H, 9.39; N, 4.54;

S, 9.96. Relative stereochemistry

mined by the NOESY

was de

NOE between

H2 (0.03

nd HP (3.22 ppm)
was observed

4-Ethylthio-2-propyl-1,2,3,4-tetrahydroquinoline (12a). 12a was obt

as a 5:1 diastereomer isomer. Ir (neat) 3379, 1604, 1583, 1487 cm-!; 'H nmr 8= 0.96

(BH, t, I="7:2 Hz), 1.23 (3H, t, I='74 Hz). 1 (4H, m), 1.84 (1H, ddd, J= 11.1, 11.4

12.8 Hz), 2.31 (1H, ddd, J= 2.5, 5.9, 12.8 Hz), 2.45 (1H, dq, J¢= 12.1 Hz, Jg= 7.4 Hz), 2.54

7.4 Hz), 3.30 (1H

¢= 12.1 Hz, J 6825 N1 HZ), BFA(H, Fhrs),

4.07 (1H, dd, J= 5.9, 11.4 Hz), 6.46 (1H, dd, I= 1.0, 7.8 Hz), 6.67 (1H, ddd, J= 1.0, 7.8,
7.8 Hz), 6.98 (1H, ddd, J= 1.2, 7.8, 7.8 Hz), 7.57 (1H, dd, J= 1.2, 7.8 Hz); distinguishable
peaks of 'H nmr (minor isomer) 8= 1.30 (3H, t, J= 7.4 Hz), 2.06 (1H, ddd, J= 2.5, 2.5,

13.4 Hz), 6.58 (1H, ddd, J= 1.0, 7.5, 7.5 Hz), 7.09 (1H, dd, J= 1.4, 7.5 Hz); !3C nmr

(major isomer) 8= 14.2, 14.7, 18.8, 3.9, 38.6, 414, 46.6, 114.4, 116.6, 120.6,
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87 41T,

128.0, 130.2, 144.4; 13C nmr (minor isomer) 3= 14.1, 14.7, 18

51.8. 114.4, 117.8, 121.5, 127.6, 129.3, 146.0. Hrms Found m/z 235.1419. Calcd for

C14H21NS: M, 235.1396. Relative stereochemistry of major isomer w
the analogy of relative stereochemistry of 10a.
J-EthyIthiu-2-prop_vl-4-trimelhylsiI_vl-1,2,3,4-tetrahydroquin0|ine

Ir (neat) 3402, 1577, 1483 cml; 1H nmr 3= 0.04 (9H, s), 0.91-0.98 (3H, m), 1.11 (3H,

t, J= 7.5 Hz), 1.41-1.49 (4H, m), 1.97 (1H, dd, J= 123, 12.7 Hz), 2.17 (1H, dq, Jg=

(12b).

Jg= 17,3, Iq

0

Jg= 114 Hz), 2.25 (1H, dd, J= 2.9, 12.7 Hz), 3.38 (1H, d
344 (1H, m), 3.69 (1H, brs), 6.39 (1H, d, J= 7.7 Hz), 6.61 (1H, dd, J= 7:7.°%.7 Hz), 6.88
(1H, ddd, 1.3, 7.7, 7.7 Hz), 7.49 (1H, dd, J= 1.3, 7.7 Hz); 13C nmr 8= -2.2, 14.0, 14.2,
18.7, 20.7, 38.4, 39.6, 39.9, 50.0, 113.6, 117.0, 123.1, 126.2, 128.7, 144.7. Hrms Found
m/z 307.1773. Calcd for Cj7H29NSSi: M, 307.1792. Relative stereochemistry of 12b

was determined by the analogy of relative stereochemistry of 10b.

The Synthesis of Leptomerine 15.
he same as that for the

4-Butylthio-2-propylquinoline (13). The procedure was

reaction of aliphatic N-aryl Schiff's base except that butyl ethynyl sulfi

employed in place of 1-alkenyl sulfide (4): Ir (neat) 1

3H, t, J= 7.4 Hz), 1.00 (3H, t, J= 7.3 Hz), 1.51 (2H, tq, J;=J¢= 7.4 Hz),

2.88 (2H, t, J= 7.8 Hz), 3.05 (2H, t, J= 7.4 Hz), 7.03 (1H, s), 7.43 (1H, dd, J= 7.6, 8.4 Hz),

7.61 (1H, dd, J= 7.6, 8.4 Hz), 7.99 (1H, d, J= 8.4 Hz), 8.05 (1H, d, J= 8.4

13.6. 413:0.722:1. Y2393, 302, 30741211610, 1233, 1254, 125:3; 129.1,
147.7, 161.6. Hrms Found m/z 259.1362. Calcd for Ci6H21NS: M, 259.1396

4-Butylthio-1-methyl-2-propylquinolinium Trifluoromethanesulfonate

1.00 mmol) and methyl trifluoromethanesulfonate

(14). A mixture of 13 (260.0 mg,

de product pu

328.2 mg, 2.00 mmol) was stirred at 60 °C for 1 h. The c

:mp 122 °C (H20). Ir

by tlc to afford the N-methylated product (14) (402.5 mg, 95
(KBr disk) 1589, 1566, 1516, 1267, 1157 cm-!: 'H nmr 8= 0.94 (3H, t, J= 7.4 Hz), 1.08
(3H, t, J= 7.3 Hz), 1.53 (2H, tq, Ji=Jq= 7.4 Hz), 1.80 (4H, m), 3.25 (2H, dd, J= 7.9, 7.9 Hz),
3.30 (2H, t, J= 7.4 Hz), 432 (3H, s), 7.53 (1H, s), 7.73 (1H, ddd, J= 09, 7.2, 8.2 Hz), 8.02
B8 2. 12043,

(1H, ddd, J= 1.5, 7.2, 9.1 Hz), 8.24-8.26 (2H, m); 13C nmr 8= 13.5, 13.
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31.6,,37.2,

8

[

[9)

117.2, 149:2, 125.0; 125.3, 128.2, 128:6, 135.4, 137.8, 159.7, 163.1.
Anal. Calcd for C1gH24F3NO3S2: C, 51.05; H, 5.71; N, 3.31; S, 15.14. Found: C, 50.83; H,
554; N, 3.58; 8, 1521,

1-Methyl-2-propyl-4-quinolone (Leptomerine) (15). 14 (425.0 mg, 1.00
mmol) was dissolved in methanol (1 ml) and the solution was poured into IN NaOH
solution (10 ml). The mixture was refluxed for 2 h, then neutralized by 1IN HCl
Organic materials were extracted with dichloromethane and the combined extracts
were dried over NapSO4. The solvent was removed under reduced pressure and the
residue was purified by tlc to afford the product (15) (140.1 mg, 70%). Melting point
and !H nmr spectra accorded with those in literature.” mp 143-144 °C (AcOEt). Ir
(KBr disk) 1630, 1597, 1572 cm-!; 'H nmr 8= 1.03 (3H, t, J= 7.3 Hz), 1.65-1.73 (2H, m),
2.65 (2H; dd, J=7.8, 7.8/Hz), 3.69 (3H, s), 6.19 (1H, s), 7.32 (1H, «dd, J= 8.0, 8.0 Hz), 7.46
(1H, d, J= 8.0 Hz), 7.62 (1H, ddd, 1.7, 8.0, 8.0 Hz), 8.40 (1H, dd, J= 1.7, 8.0 Hz); 13C nmr
8= 13.7, 21.7, 34.0, 36.6, 111.2, 115.3, 123.2, 126.5, 126.6, 132.0, 141.9, 154.4, 177.8

Hrms Found m/z 201.1154. Calcd for C13H|5sNO: M, 201.1155
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Conversion of 1-(w—Alkynyl)-1,2-propadienyl Sulfides to Bicyclic Dienones

by the Use of Iron Carbonyl Complex

Koichi NARASAKA and Takanori SHIBATA
Department of Chemistry, Graduate School of Science,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

1-(w-Alkenyl)-1,2-propadienyl sulfide reacts with Fe(CO)4(NMe3) under photo
irradiation conditions and a cyclized and carbonylated 13-allyl mononuclear iron complex
is isolated. On the other hand, the reaction of 1-(w—alkynyl)-1,2-propadienyl sulfides

and Fe(CO)4(NMe3) also proceeds by photo irradiation to give various bicyclic dienones

through the n3-allyl iron complex.

The reactions of allenes and various metal carbonyl complexes were widely investigated,!) and with iron
carbonyl complex, a unique binuclear complex was afforded in which one iron atom is w-bonded to the allyl
group and another atom is G-bonded to the center carbon of allyl ligand and two iron atoms are linked by a metal-

metal bond (n!,n3 -bridging allyl complex).2) In recent years, attention has been drawn to the iron carbony!

complexation with allenes possessing electron withdrawing groups:3) Thermal reaction of allene carboxylate with

Fe2(CO)g provided a cyclized and carbonylated trimethylenemethane comlpex.3®) Photo irradiation of 1,2-

propadienyl ketones with Fe(CO)5 gave lactones by carbonylation and successive demetallation.

We have reported 1,2-propadienyl and vinyl sulfides exhibit good reactivity in the reactions such as the

[2+2] cycloaddition reaction with electron deficient olefins,*) the aldol type addition reaction with aldehyde:

and the ene reaction with Schiff's bases.®) Since the introduction of alkylthio group increases the electron density
of olefins,”) 1,2-propadienyl sulfides are expected to make complexes readily with metal carbonyl compounds.

When such an iron complex is generated from 1,2-propadienyl sulfide hav

g terminal olefinic moiety,
successive intramolecular cyclization reaction would occur to give a cyclic 3 -allyl iron complex.
1-(3-Butenyl)-1,2-propadienyl methy! sulfide (1), prepared by alkylation of 1-methylthio-1,2-propadienyl
lithium with 4-bromo-1-butene, reacted with Fe2(CO)9 by photo irradiation (Eq 1). In addition to the formation
9) the cyclic n3-2

of n!,n3-bridging ally! binuclear iron complex 3%) and (u-MeS)2Fe2(CO)g

Ilyl mononuclear

iron complex 2 was obtained in 18% yield whose structure was established by X-ray crystall

aphy as shown in

Fig. 1.10) By photo irradiation or heating in refluxing toluene, the complex 3 could not be converted to the
cyclized complex 2. This observation implies there are two different pathways for the formation of complex 2
and 3, respectively, and the binuclear complex 3 is never an intermediate in the transformation of 1,2
propadieny! sulfide 1 to the cyclized product 2

Since the binuclear complex could not be converted to the mononuclear iron complex 2, 2 was thought to

be formed by the reaction of the propadienyl sulfide 1 with mononuclear iron carbonyl species ge ted from

Fe2(CO)9. Accordingly, the reaction was investigated by using some mononuclear iron carbonyl complexes to




o Fez(CO)g, hv Me$
benzene, rt Fe’—Fe * (1-MeS),Fe;(CO)g
1 (CO); (CO); <10%
2 18% 3 15%

hv or reflux in toluent

Table 1. Screening of Iron Carbonyl Complex

Fe complex Condition 2 3/%
Fe2(CO)9 100 W hv,rt 18 15
80°C 23 15
ultrasound 0 42
Fe(CO)s 400 W hv,rt 21 10
150°C 10
Fe(CO)3(BDA)!12) 80°C <10 <10
Fe(CO)4(acetone)!3) rt 0 0 B
< @) e
Fe(CO)4(NMe3) 100 W hv,rt 40 15 NS W

BDA = benzylideneacetone Figl.

improve the yield of 2. As shown in Table 1, the cyclized product 2 was provided in the best yield of 40% by
photo irradiation at room temperature with Fe(CO)4(NMe3)!!) which was prepared in situ from Fe(CO)3 and
imethylamine N-oxide in THF, along with the formation of the binuclear complex 3 in 15% yield.

The reaction of 1,2-propadienyl silane 4, a silicon analogue of 1, was also examined but afforded no

cyclic iron complex (Eq According|

alkylthio substituent plays a pivotal role in stabilizing monocyclic 13-

allyl iron complex 2 to be isolated.

SiMe, @
4
Methyl 1-(4—pentynyl)-1,2-proy
reaction in the presence of Fe(CO)4(NMe3) by photo irradiation.!!) In contrast with the reaction of 1.2-
propadienyl sulfide 1, the reaction of 5a with Fe(CO)4(NMe3 =d no monocyclic m—allyl iron complex but

icyclic dienone 6a in moderate yield (Eq 3).

Iron carbonyl complexes have been known to promote intramolecular alkene-alkyne!3) and alkyne-
alkyne!4) carbonylative coupling reactions. All these reactions proceed under high pressure of carbon monoxide

or by heating over 130 °C. On the contrary, the intramolecular coupling reaction!3) between alkyne and all

functionality proceeded at ambient temp

-ature under argon atmosphere

o R = Me (6a) 50%
Ph 36%
SR Bu' 27%




-3e) were converted into [

Various 1-(w-alkynyl)-1.2-propadienyl sulfides (5

, monocyclic

1 In the reaction of

ained by X-ray measurement was afforded as a major product

asc

7c¢ whose structure w
lic dienone 6¢ in h

elimination from 7c easily occurred by heating 7¢ in refluxing benzene to give the bicy

in the intermolecular

yield (Entry 2). 13-Allyl mononuclear iron complex was a hypothetical intermedi

carbonylative cyclization reaction of allene and acetylene to methylenecyclopentenone 15 The isolation of 7c and

really the

transformation of 7¢ to dienone 6¢ definitely show that the n3-allyl mononuclear iron complex is

intermediate, which was stably isolated with aid of the coordination of sulfur to iron atom. 1.2-Propadienyl

sulfide 5d possessing a substituted acetylene on the side chain also reacted under the same condition:

bicyclic dienone 6d in 30% yield. In addition to 6d. (cyclopentadienone)iron complex 7d was obta

fect on this

yield (Entry 3). Existence of hydroxyl group in the tether of 1.2-propadienyl sulfide gave no e

reaction (Entry 4)

Table 2. Conversion of [-(w-Alkynyl)-1,2-propadienyl Sulfides to Dienones

Entry Allenes Products

R. Giles, Coord. Chem. Re 20, 81 (1976)
1966): R. B.-Shoshan and R. Pettit, J. C

Chem. Soc. Jpn., 39,5

uot., 1968, : R. E. Davis, ibid., 1968
3) a) D. Martina, F. Brion. and A. D. Cian, Terra

. Helv. Chim. Acta, 71, 551 (1988):

23, 857 (1982): b) L. S. Trifonov, A. S

Orahovats, R. Prewo. and H. Heimg




Orahovats, and H. Heimgartner, ibid., 73, 1734 (1990); d) L. S. Trifonov, A. S. Orahovats, A, Linden,
H. Heimgartner, ibid., 75, 1872 (1992).

4) Y. Hayashi, S. Niihata, and K. Narasaka, Chem. Le:t., 1990, 2091.

5) K. Narasaka, T. Shibata, and Y. Hayashi, Bull. Chem. Soc. Jpn., 65, 2825 (1992).

6) K. Narasaka, T. Shibata, and Y. Hayashi, Bull. Chem. Soc. Jpn., 65, 1392 (1992).

7) Increase of the electron density in olefin moiety by introduction of alkylthio group was elucidated by MOPAC
calculation: K. Narasaka, Y. Hayashi, H. Shimadzu, and S. Niihata, J. Am. Chem. Soc., 114, 8869
(1992).

8) Similar binuclear complex was obtained in the reaction with methyl 1,2-propadieny! sulfide and Fe3(CO)y2:
D. Seyferth, L. L. Anderson, W. B. Davis, and M. Cowie, Organometallics, 11, 3736 (1992).
9) R. B. King, J. Am. Chem. Soc., 84, 2460 (1962).
10) Crystallographic data: MF = C; 1H12Fe03S, MW = 280.12, monoclinic, a = 7.93 (1), b = 11.039(4), ¢ =
13.622(3) (A), V = 1179(1) (A3), B = 98.40(4)°, space group P2/n, Z = 4, Dc = 1.577 g/em3, p(MoKa) =
4.34 cm"l. Data collection: Crystal size = 0.

x 0.1 x 0.1 mm, Tc = 24 °C, MoK radiation (graphite
monochrometer), 3071 independent reflections (20 < 55.1°). The structure was finally refined

anisotropically for Fe, S, O, and C and isotropically for H to give an R factor of 0.036 for 1930 reflections
with Fo > 30 (Fo).

11) General procedures using Fe(CO)3(NMe)s3; to a Pyrex test tube equipped with argon balloon, trimethylamine
N-oxide (225 mg, 3.0 mmol) and THF.(4 ml) was charged. Addition of a THF solution (3 ml) of Fe(CO)s
(293 mg, 1.5 mmol) to the suspension at -30°°C gave a red solution of Fe(CO)4(NMe)3.17) A THF solution
(3 ml) of 1,2-propadienyl sulfide (0.5 mmol) was then added. After external photo irradiation by 100 W
high pressure mercury lamp at room temperature, the resulting precipitates were removed by filtration
through a small pad of silica gel. Purification of the crude products by preparative thin layer chromatography
gave 1)3-allyl iron complex and dienone.

12)J. A. S. Howell, B. F. G. Johnson, P. L. Josty, and J. Lewis, J. Organomet. Chem., 39, 329 (1972)

13) A. J. Pearson and R. A. Dubbert, J. Chem. Soc., Chem. Commun., 1991, 202

14) A. J. Pearson, R. J. Shively Jr., and R. A. Dubbert, Organometallics, 11, 4096 (1992); H.-J. Kn
Heber, and C. H. Mahler, Synlett, 1992, 1002.

Intermolecular alkyne-al

lene carbonylative coupling reaction is reported, but gave the products as a mixture of
regioisomers of alkyne relatively in low yield: R. Aumann and H.-J. Weidenhaupt, Chem. Ber., 120, 23
(1987).

16) The

action of 1-(@-alkynyl)-1,2-propadiene 8 was examined under the same conditions (Eq 4), but gave a

complex mixture including a small amount of the bicyclic dien 9. Therefore introduction of alkylthio

group controls the reaction to give the intramolecular alkyne -allene carbonylative coupling products.

Ph

9 <10%

7) Y. Shvo and E. Hazum, J. Chem. Soc., Chem. Commun, 1975, 829

(Received November 2, 1993)
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‘ Ene reaction proceeds between a-alkylallenyl sulfides and enophiles
such as aldehydes and Schiffs bases in the presence of Lewis acid to afford
various 1,3-dienes.

| In recent years, development of synthetic reactions by the use of allene derivatives!) ha

been investigated with much interest because of their

unique structure. For instance, many
kinds of allenyl metals have been devised for the introd

on of allenyl or propargy

Allene itself is, however, not so reactive that the introduction of suitable substituents is

required to increase its reactivity. That is,

yl ether,3) allenyl silane,) and allenyl
ferrocene) are used in

] and (3+2] cycloaddition reactions

a synthet

reactions of allenyl su

ction conditions.  As shown

and allenyl sulf

to be employed as enoph

&
o

in high y




reactivity of allenyl as ene components is expec

ly so high that

n proceeds even at low temperature (-78 °C).10) This high reactivity of 1is attributable to

io substituent, because the ene reaction did not proceed between the alkoxy analogue
enzyl-1-methoxy-1,2-propadiene, and benzaldehyde in the presence of BF3-OEta.

experir procedure is as follows: To a dichlor

n of benzaldehyde (0.40

d 1a (0.60 mmol) was added a dichlorome
gion of BF3-OEt2 (0.48 mmol) dropwise at -78 °C. The mixture

vas stirred at that temperature
and the reaction was quenched with 2 ml of

hosphate

)

triethylamine and then with pH 7
The crude product was purified by thin layer f

83%).

chromatograpt

¢ (silica gel) t

5
®
]
a
=
a

2a (0.33 mmol,

Me (1b)

2/%, ( cis




ml) solution of 3a (0

same wor

with allenyl sulfides la-c in

Not only an aromatic Schiff's base but to be employ

ceeds even in the case

)

imary aldehyde, wh

coexistence of Lewis acid

PhCH,NH  SMe

AlCly R!
[ 1+  R'CH=NCH,Ph ———————  R* N
3 toluene, r.t. R2

4




0).

5 The chapter 10 of Ref.

M. Suzuki, Y. Morita, and R. Noyori, J. Org. Chem., 55, 441 (1990); M. Ishiguro, N. Ikeda, an

M. Karila, M. L. Capmau, and W. Chodkiewicz, Bull. Soc. Chim.

a.
oo}

moto ibid., 47, 2225 (1982);

Fr.. 1973, 3371; J.-L. Morea

Tetrahedron Lett., 1972, 37; E. M. Gaudemar, J. Organomet. Chem.,92, 17 (1975).
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®
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4 Y. Hayashi and K. Narasaka, Chem. Lert., 1989, 793; 1990, 1295.

1 Metallation!4) of 1-methylthio-1-propyne by lithium diisopropylamide, followed by benzyl
bromide, afforded la in 80% yield after distillation.
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Acid-Promoted Reactions of Schiff’s Bases with
Ketene Dithioacetal, Vinyl Sulfides,
and 1,2-Propadienyl Sulfides

cetene dithioacetal 1 with an 2l

sses) provide e
en-containing natural products, €.g
5, and amino sugars. As
/| compounds, however, it is not usually tl on occ! oom ter ature b
ask to develop carbon-carbon bond formi adduct 3a only in 21 d (Table I, Entry
use of Schiff’s bases alysts, Lewis acids and protic acids
ilkyllithiums and Gri
ion witt
for

Results and Discussion

Reaction of Ketene Dithioacetal.
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generality.
b, but also

HRMS
M, 2811
N-Benzyl-3,3-bis(methy
(3b). IR (ncat) 1680
1H), 2.22 (s, 3H), 2.28

r{R\()
Caled for CsHaNS:2 5.1117
bis(me(h_\l(hxo)e(hcn_\l]p:nt\]:mme (30).
1579, 1454cm™'; 'HNMR 6=0.86 (1, 3
5 (m, 6H), 1.64 (b
+1H, J=13.1 H2), 375 (d,
9.0 Hz), 5 m( ¥
HR\Ib Found: m/z 295.1409. Caled for

ation reaction with 2-(methylthio)allyl-

ion with 1,2-propadienyl sulfides,

B-] ]actam precursors, homoallylic amines, and
5 1,3-dienes, respectively.

Hydrolysis of 3a to S Tethyl 3-Benzylamino-4-methyl-
pentanethioate (4). Inamixed sol
d (24 ml) and ethanol (10

flahoteorcahydtoehlaic
Experimental tion of concd hydrochloric

| Procedure for the Allylation Reactic
hio)allylsilane (7) and Schiff’s Ba

Typical Procedure for the Reaction betw
d Ketene dithioac:




(8¢). m/z 337.1835
0 Ha) +NS: M, 337.188
d, 2H, (E)-N-Benzyl-1-isopropyl-

-methylen
IR (neat

Benzyl-2-methylene-
butenylamine (11b-Z). IR (;
2.00 (s, 3

butenylamine (
24 (bs, 1H), 2.04 (s, 3H),
13.2 Hz), 4.24 (s, 1H), 5

-Benzyl-1-(1-methyler
I)pentylamine (11c-Z)
}=7.2

methyl-2
(11e).

1.81 (bs,

2)-N-Benzyl-1-isopropyl-2-
enyl-3-butenylar




-methylthio-1-phenyl-3-butenylam-
2, 1601, 1491, 1450 cm™'; 'H NMR

28, 4331 (1987)
T. M

13) 2) Y.Haya

1990, 1295; b) Y. H

1990, 2091

he NOE was observed betwee yash
: d 25 Eiso The singlet signal of 1990, 1693
n appeared at 6,73 ppm in Zisomer and it appeared at  15) The hydrolysis of kete i has been
in £ isomer. formed by :SO., p-TsOH, BF;-
HgO, and CF;CO:H).3 hydroly HCI-EtOH
the amino &

30NH SMe
e
. Kan M. Shibasaki, J. Org. Che.,
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. 1979,

511 (1989)
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