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Abc&ract--a-Methylen~jMactams3 were synthesized from the various 2-bromoallylarnine derivatives 2 using 
a catalytic amount of Pd(OAc}, or Pdfacac), and PPh, under l-4 atom pressure of CO in good yields. 
Similarly, a-alkylidene+lactamtns #) were synthesizd from 3-alk yl-Zbromoallylamines 19, which were easily 
prepared from the olefins 14. in the same manner. 

After we published a preliminary report on the 
new synthesis of monocyclic #J-lactams by inser- 
tion of carbon monoxide in the presence of 
Pd(OAc),-PPh,, 2 sulftin (ta), an antibiotic of a 
monocyclic j?-lactam skeleton, was discovered from a 
strain of Pseudomonas acidophila by the Takeda’s 
group.” On the other hand, the Squibb’s group reported 
the isolation of several analogous Z-azetidinone- l- 
sulfonic acid derivatives from strains of bacteria, and 
called them “monobactams (2)” as a general trivial 
namea Under these circumstances, attention has been 
focussed into extention of our method to the synthesis 
of efficacious p-lactam in the form of modified 
antibiotics. The so-far known methods are indicated in 
Scheme 1, in which (2+2) cycloaddition, intra- 
molecular cyclization, ring contraction of five 
membered ring, and ring expansion of three membered 
ring are involved? However, a synthesis that can be 
represented as (N-C--C + C=O) developed by us has 
never been described. 

Thus, we report here the details of our method by 
items in the following. 

Syntlsesis of N-fienzyi-a-methyfene-l’l_factams. Before 
the present work, it was reported by us that u- 
haloaminoalkylbenzene was treated with a catalytic 
amount of Pd(OAc), and PPh, under an atmosphere of 
carbon monoxide to afford benzolactams? By further 
development of this method, 5, 6- and 7-membered 
lactams, lactones and cyclic imides were obtained in 
good yields6 Since the intermediates of these reactions 
were considered to be the arylmetal complexes, it was 
expected that 2-bromoallylamine derivatives should 
afford the monocyclic B-lactams. In line with this idea a 
mixture of N-~n~l-2-bromo-2-pro~nylamine @a), 
n-Bu3N, a catalytic amount of Pd(OAc), (2 mol %) 
and PPh3 (8 mol Ok) in hex~ethylphosphoroa~de 
(HMPA) was stirred at loo” under an atmosphere of 
carbon monoxide to afford N-benzyl-a-methylene-/3- 
iactam @a) expectedly in a yield of 67%. The spectral 
data suggested that this compound should possess the 
fl-lactam skeleton. To confirm this structure, 3a was 
reduced with sodium borohydride to give N&e&-3- 
methyl+lactam (4), which was also obtained by 
hydrogenation with platinum oxide in a yield of 86%. 
The Michael addition of piperidine to the methylene 
group of 3a in t-BuOH proceeded slowly at room 
temperature to afford the compound 5 in a yield of47”/,. 
On addition of benzylamine to 3a, the mixture was 
allowed to stand at room temperature for one week, 
followed by acetylation, to give only a small amount of 
the desired product (8, 6.8% yield) and the cleaved 
product (6, 12.6%). For further confirmation of the 

structure of 3a, the same lactam was prepared from N- 
~nzyl-~,~dibromoisobutyro~de (9) by the method 
reported.’ Namely, a solution of 9, which was pre- 
pared from &/J’dibromoisobutyric acid in 40% 
NaOH-CH,Cl, in the presence of benzyltriethyl 
ammonium chloride gave 3a in addition to 20 and 22. 
The spectral data of this a-methylene-fl-lactam were 
fully identical with those of the former fi-lactam (3a). 

This reaction might proceed through the vinylmetal 
complex 22, first generated from vinyl halide 2 and 
zerovalent palladium complex, which should be 
coordinated with carbon monoxide. Migration of vinyl 
group to carbon monoxide gave an acylpalladium 
complex, which should be coordinated with internal 
amino group to produce the cyclic complex 23. 
Reductive elimination murred to afford the desired E- 
methylene-/Glactam 3a and hydride palladium com- 
plex, and the latter complex was converted to 
zerovalent palladium complex with n-Bu,N. On this 
reaction, the use of OS mol y0 of Pd(OAc), as catalyst 
gave 3a in 54% yield. Pd(acac), may be used instead of 
Pd(OAc)2 with similar results and higher reaction 
temperature reduced the reaction time (Table 1). 

~y~&~e~i~ of N-substitutes.~-~t~yfene-~-l~t~~. 
To confirm its broad applicabilities, this method was 
further extended to synthesis of N-substituted-a- 
methylene-g-lactams 3 from the corresponding 2- 
bromo-2-propenylamine 2, which was easily prepared 
from 2,3dibromopropene and the primary amine. 
Various amino acids such as fl-alanine, glycine or 
alanine as a primary amine gave the ar-methylene+ 
lactams possessing a carboxyl group at the a- or /3- 
position of the nitrogen. For this reaction, a higher 
pressure of carbon monoxide increased the yields of the 
desired fi-lactams 3 (Table 2, Runs 5 and 6). 

Synthesis of ~-~~yf~e~~~-f~t~. For the synthesis 
of biologically active substances in this series, it has 
been tried to develop the preparation of ar-alkylidene-fjr- 
lactams 28 from olefins 24 according to Scheme 4. 
Initially, styrene (24a) was chosen as the starting 
material, which was transformed into dibromocyclo- 
propane derivative 25a by a phase transfer technique! 
Ring opening of this cyclopropane derivative 2511 with 
silver acetate in acetic acid gave the ally1 acetate 26a9 
and 26b. The former compound 26a was quantitatively 
hydrolyzed with 5% NaOH to the ally1 alcohol 27% 
which was converted to the ally1 bromide 2&r with CBr, 
and PPh,‘O in acetonitrile in a yield of 86%. A 
condensation of 28a with benzylamine in the presence 
of potassium carbonate in methylene chloride afforded 
the desired secondary amine 29a. The insertion of 
carbon monoxide to this amine 19a afforded N-benzyl- 
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3-fZ*~~y~ideaer-B-tactana (2&a) in a yield of ‘76x, On Table f , Patladkn ~ataIyzed ~r~n~~at~~n oftbe amqmnd 
the other hand, hydrorysis of Mb gave the akuhal Ins, @a) u&x varbus f amditims 
which was treated with GBr,, and PRh, in a similar 
manner to furnish a mixture of 18~ md f%b in yields of Reaction R=&an W&d of 

48% and HO/,, res;pectiveIy. A c~nde~a~~n oft8b with Cottaf~St fnul % t@q.? (“C) time fxirj 3 KI 
benzykunine provided the okfinic E-isomer 19b of PaOACJ 
the former ccompound 16r, G~~ony~a~o~ of this 

3uO 

cumpound 19b also smootfiXy procee&d a-rding to 
Pdfacac),2 z-0 

100 
; 

66.9 
100 66.2 

P$(OAc), 0.5 loo 10 53.5 
the abve mentioned procedure to afford the #?-factam Pd(OAc), 0.5 120 4.5 53,3 
2Ob in a yield of 90%. 

12 w 

Thus, other ~m~~y~de~~~~~l~~ms 20 were syn- tactam (Zoo), md to the E-isomer I!% gave N&enzyl-3- 
thesized from 2a~rom~a~~y~~es X9* which were ~~-~~yiide~e~~-~ac~m @@b), However, the corn* 
prepared through the same route frum tfre correspond* pound 1% gave two okfink isomers 28~ and ZW from 
ing otefins 14, in fairly good yields (Table 3). In this the reaction mixture f>rxause these ~&M&UIU 2Oe and 
reaction, the insertion af carbon monoxide to the 21 2Uc’ possessed the protons at the ar-positian of the 
isomer 1% afforded ~-~~t-3~~-~~~idene~~~ un~turat~ carbnyX gruup. TO cun~fm these 
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structures, r-alkyfidene-j34actams 20~ and 2W were 
hydrogenated with platinum oxide in ethanol, 
respectively, to give the same compound 21~. The same 
treatment of the compound 206 also gave the 
corresponding #?-lactam 216. These results dem- 
onstrate that an olefinic compound couid be easily 
converted into vinyl halide hearing an aminomethyl 
group at the halogen0 position which should be a useful 
precursor for the synthesis of a-alkylidene-j&lactams. 

The present new synthetic method for the dt- 
methylene-j34actams is very useful, because the starting 
material is readily available and operation of the 
reaction with carbon monoxide is very easy. Since it was 
considered that monocyclic /3-lactams should be 
important in search for biologically active substances, 
various a-methylene-jMactams should be synthesized 
by use of this method. 

M.ps we= measured with a hot stage microscope (Yanaco 
MPJ-2) and Yamato MP-1 and uncorrected. Spectra were 
measured on a Jasco IRAdifkaction grating IR spactro- 
photometers, Hitachi R-20B (NMR, 60 MHz), a JELL-F’X 
100 (100 MHz) spectrometer and Hitachi RMU-7M double 
focussing mass spectrometer. The preparation of P~(OAC)~’ 1 
and Pdfacac), 1 z was conducted by the method described 
previously. 

General procedure for the synthtssis of 2-brow-2- 
propenyluntkte derivutives 2 

To a soln of primary amine (I-3 mol) in the presence of 
K&O3 (1-3 mol) in DMF or CH2C12 was slowly added a soln 
of2J-dibromopropenefl mol)int.hcsamesolvent atO*.Afka 
soln was stirred at room temp overnight, ether was added and 
the ether layer was washed with water, dried over MgS04 and 
evaporated. 
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Table 3. Syntheses of a-~y~d~~~-l~~s (2@) from the corresponding okfins (16) 

Run /?-laotams (XI) 
Yield of 

B-l=taoJs W) (“/) 

Ph Ph 

N-Ph 
H 

Ph 
1 75.9 

14a 19s 

2 14s 89.5 

\ 

20b 

H 

48‘0 

r4c 

2Oc’ 

a Br 
\ 

N-Ph 
H 

4 0 I 85.3 Ph 

2od 19d 14d 

N-Benzyl-2-bromo-2-propenylamine (a). The crude pro- 
duct which was prepared from benxyiamine (40.9 g, 0.382 
mmol), 2,3-dibromopropene(25.5 g, 0.128 mol), K&O3 (17.6 
g, 0.128 mol) in DMF (310 ml) was purified by cohunn 
chromatography on silica gel ciuted with n-hcxanc-Et+ 
CHzCi2(12:4: l)to~~eap~eye~owoilof~~24.5~9~~).~R 
v (neat) em - ’ : 3320(NH), 1625 (C==. NMR (CDCl,) : 6 1.80 
(s, 1 H, NH), 3.45 (s, 2H, NCH,CBr), 3.72(s, 2H, PhCHIN), 5.60 
(d, lH, J = 1 Hz, vinyl), S.8o(d, lH, J = 1 Hz, vinyl), 7.28-7.45 
(m,5H,aromatic).MSm/e227,225(N’),l46(M+-Br), 120, 
91. 

N-f2_Phenethyl)-2-~~2-~o~y~~ (2b). The crude 
product which was prepared from phenethylaminc (3.63 g, 30 
mmol), 2,3dibromopropene (2.00 g, IO mmol) and K,CO, 

(Iz.lOg, 15.2~ol)inCH,CI,(150~)waspurifiedbycol~n 
chromatography on silica gel clutod with n-hcxanc_1Et,O 
(1: 3) to give a colorless oil of 2h (1.877 g, 78.2%). IR v (neat} 
cm - 1 : 3300 (NH), 1625 (C==O). NMR (CYX&) : S 1.45 (s, lH, 
NH), 279 (s, 4H, CH&H& 3.43 (m, 2H, NCH,CBr), 5.52 (m, 
lH, viuyl), 5.72 (m, lH, vinyl), 7.24 (s, 5H, aromatic). MS m/e 
241,239 (M+), 160 (M+ -Br), 150,148,121,119,105,91,61. 

N - (2 - Brumo - 2 - propenyl) - 3 - (tetrahydru - 2H = pyran - 2 - 
y~~~y)~opy~~ (2c). To a soln of Iaminopropanol(l.52 g, 
20.3 mmol) and Ptoluenesulfonic acid hydrate (4.0 g, 21.1 
mmol) in CHzClt (50 ml) was added a soln of 3,4dihydro_cr- 
pyrane (2.07 g, 24.6 mmol) in CH,Cl, (10 ml) and a soln was 
stirred at room temp for 18 hr. After the undissolved material 
was filtered off and the soln was concentrated. The residual oil 
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was dkolved in CHzClz (100 ml) containing I&C& (7.1 g 
51.4 mmol) and a soln of 2,3dibromopropene (1.37 g, 6.8 
mmol) in CH&12 (50 ml) was added for 1.5 hr and a mixture 
ww stirred for 2 days. After usual work up, the residue was 
purified by column c~omato~aphy on silica gel elutcd with 
Et,0 to give a colorless oil of 2e (0.953 g, 50.2%). IR v (neat) 
cm- ’ : 3320 (NH), 1625 (C=C). NMR (CDC13) : 6 1.30-2.00 
(m, 9H), 2.62 (t, 2H, J = 7 Hs NCH2), 3.2&4.00 (on, lH, 
OCHO), S-47 (m, lH, vinyl), 5.76 (m, lH, vinyl). 

Methyl Y2-bromcE-2-propenylaminolptopionare (2d). The 
crude product which was prepared from fl-alanine methyl 
ester hydrochloride (1.395 g, 10 mmol), 2,3dibromopropene 
(2~~lO~ol~KI(O.l66~l.~mmol)andK~CO~(l~38~ 
10mmol) in CH&N and CH2C12 (2 : 1,15 ml) was purified by 
column chromatography on silica gel eluted with n-hexane- 
Et,0 (2: 1) to give a colorless oil of 26 (1.131 g, 51.0”/,}. IR v 
(neat) cm - ’ : 3340 (NH), 1735 (C==O), 1625 (C==C). NMR 
(CDCl,) : 6 1.80 (br s, 1 H, NH), 269 (m, 4H, CH& 3.48 (s, 2H, 
NCH,CBr), 3.71 (s, 3H, OCH&, 5.59 (m, lH, vinyl), 5.84 (m, 
lH, vinyl). 

N - (p - Met~xy~~ny~ - 2 - bromo - 2 - propenylmnine (2e). 
The crude product which was prepared from panisidine (1.23 
g, 10 mmol), 2,3dibromopropene (1.00 g, 5.0 mmol) and 
K,COJ (1.38 g, 10 mmol) was purified by column 
chromatography on silica gel eluted with n-hexane-Et,0 
(4 : 1) to give a colorless oil of Ze (1.834 g, 75.5%). IR v (neat) 
cm-‘:34lO(NH), 16~{~.NMR(C~~):~3.71~~ lH, 
NH), 3.73 (s, 3H, OCH,), 3.94 (t, J = 1.5 Hz, 2H, NCH& 5.54 
(m, lH, vinyl), 5.83 (m, f H, vinyl), 6.52-6.83 (m, 4H, aromatic). 
MS m/e 243,241 (M+), 228,226,162 (M+ - Br), 122. 

Benzyi 2 - (2 - bromo - 2 - ~~~~~y~~~~ - 2 - propionute (2f). 
The crude product which was prepared from alanine benzyl 
ester ptoluent sulfonate (2.00 g, 5.69 mmol}, 2,3- 
dibromopropene f 1.083 g, 5.42 mmol) and K&O, (2.07 g, 15.0 
mmol) in CH&N (30 ml) was purified by column 
chromatography on silica gel eluted with n-hexauc-CHCls- 
EtOH(20: 10: l)to~vea~lorl~o~of~(78Om~~~3~~.IR 
v(neat)cm-‘: 3460 (NH), 1740 (C=O), 1640 (c=C). NMR 
(CDCl~):~l.3l(d,3H,J=6H~CCH~),l.95(s,lH,NH),3.~ 
(m, 3H, CH,NCH), 5.12 (s, 2H, OCH,Ph), 5.47 (m, 1 H, vinyl), 
5.74 (m, lH, vinyl), 7.28 (s, SH, aromatic). 

Merhyl2-(2-br~~-2~pru~ny~i~)-2-pr~pio~e(2~. 
The crude product which was prepared from alanine methyl 
ester hydrochloride(3.000 g, 21.5 mmol), 2,3dibromopropene 
(3.074 g, 15.4 mmol) and K&O3 (9.280 g, 67.1 mmol) in 
CH&N (30 ml) was purified by column ~hromato~aphy on 
silica gel eluted with n-hexane-Et,0 (1: 1) to give a colorless 
oil of 2g (1.394 g, 410/. IR v (neat) cm-i : 1735 fC+O), 1630 
(C=C). NMR (Ccl,): S 1.27 (d, 3H, J = 7 Hz, CCH& 1.88 (s, 
lH, NH), 3.57(m, 3H,CH,NCH), 3.70(s, 3H, COOCH,), 5.53 
(m, lH, vinyl), 5.88 (m, lH, vinyl). 

Methyt 2-(2-bromo-2-prupenylamino)4cetate @II). The crude 
product which wax prepared from glycine methyl ester 
hydrochloride (2.05 g, 15.9 mmol) and K,COJ (5.622 g, 41.0 
mmol) in CH,CN (15 ml} was purified by column 
chromatography on silica gel &ted with n-hexane-Et,0 
(2: l)to~veap~ey~llowo~of2h(92O.lm~32.6%~.IRv{n~t~ 
cm-‘: 174O(C=O), 1630(C==C).NMR(CCl,):62.02(~, IH, 
NH), 3.29 (s, 2H, NCH&O), 3.42 (s, 2H, =CCH,N), 3.68 (s, 
3H, COOCH~), 5.49 (m, lH, vinyl), 5.80 (m, 1 H, vinyl). 

General procedarefor the synthesis of a-~rhyl~-~-~~t~ (3) 
A mixture of 2 (1 eq.), PdfOAc), (2 mol %), PPhJ (8 mol %) 

and n-Bu,N (1.25 eq.) in HMPA was warmed under an 
appropriate pressure of CO. After cooling, ether was added to 
the mixture and the ether layer was washed with water or 5% 
HCl soln, dried over MgSO* and evaporated. The residue was 
purified by chromatography on silica gel or alumina to give a 
desired 3. 

l-Benzyf-3-methyZene-azetidin-2-one (3a). A mixture of 2a 
(l.l7~S.l6~ol~P~OAc)~(23m~O.lO3~ol),PPh~(lO8 
mg,0.41 ~ol)~dn-Bu~N(l~~6.45~ol)inHMPA~lO 
ml) was warmed under CO (1 atm) at 100”. After ceasing of the 
absorption of CO, the mixture was treated in the usual manner 

and the crude product was purified by column chromatog- 
raphy on alumina eluted with n-hexane-Et,0 (3 : 2) to give 
colorless prisms of 3r (597 mg, 66.9”4), m.p. 32” (from et her). IR 
v(neat)cm-’ : 174O(C=O).NMR(CDCl,):S3,65(t,J = 1 Hz, 
2H, H-4), 4.54 (s, 2H, NCH2Ph), 5.17 (dd, J = 3,l Hz, lH, 
vinyl), 5.75 (dd, J = 3, 1 Hz, lH, vinyl), 7.20-7.50 (m, 5H, 
aromatic). ‘3C-NMR(C13C13) : S 45.9,47.7,109.2,127.8,135.1, 
144.9,163-O. MSm/e 173(M+), 172,133,9l.(Found: C76.44; 
H, 6.42; N, 8.07. Calc for Ci,H,,NO: C, 76.28; H, 6.40; N, 
8.WX.1 

3-Methylene-1-phenethylazetidin-2-one (34). The crude oil 
which was prepared from 2b (2.608 g, 10.9 mmol), P~(OAC)~ 
(48 mg, 0.21 mmol), PPh, (224 mg, 0.85 mmol) and n-Bu,N 
(2.426 g, 13.1 mmol) in HMPA (10 ml) under an atmosphere of 
CO at 100” for 6 hr was purified by column chromatography 
on alumina eluted with n-hexane-Et,0 (10: 1) to give a 
colorless oil of 3b (1.258 g, 61.90/,). IR v (neat) cm- ’ : 1740 
(C=O). NMR (CCld: S 2.83 (m, 2H, CH,Ph), 3.40-3.65 (m, 
4H, H-Q, NCH,), 5.01 (m, lH, vinyl), 5.53 (m, lH, vinyl), 7.06- 
7.~(m,5H,~omatic).MS~/e 187(M’), 159,104,%,91. High 
resolution mass spectrum talc for C, *H i 3N0 m/e 187.0996, 
found 187.0984. 

3 - Methyls - 1 - [3 - (tetmhydropyrun - 2H - 2 - yloxy) 
propyl)lazetidin - 2 - one (3~). The crude oil which was pre- 
pared from 2c (2.015 g, 7.2 mmol), Pd(OAc), (31 mg, 0.318 
mmol), PPh3 (148 mg, 0.565 mmol) and n-Bu3N (1.608 g, 8.7 
m.mol)in HMPA (5 ml) under an atmosphere of CO at 100” for 
4 hr was purified by column chromatography on alumina 
eluted with n-hcxane-EtOAc (4 : 1) to give a colorless oil of 3e 
(1.025 g, 62.9%). IR v (neat) cm-’ : 1740 (C=O). NMR 
(CDC13) : 6 1.30-2.10 (m, 8H), 3.40 (t, J = 8 Hz, 2H, NCH& 
3.71 (m, 211, H-4), 3.20-4.00 (m, 4H, CH,O), 4.51 (m, lH, 
OCHO), 506 (m, lH, vinyl), 5.59 (m, lH, vinyl). MS m/e 225 
(M+), 141,124,96,85. High resolution mass spectrum talc for 
Ci2H,,N03 m/e 225.1366, found 225.1382. 

1 - (2 - Me?hoxyc~bo~y~thy~ - 3 - methylene - azetidin - 2 - 
one (3d). The crude product which was prepared from 2d (563 
mg, 2.5 mmol), Pd(OAc), (11.2 mg, 0.05 mmol), PPh, (52.5 mg, 
0.20 mmol) and n-Bu3N (579 mg, 3.13 mmol) in HMPA (5 ml) 
under au atmosphere of CO at 100” for 3.5 hr was punlfed by 
column chromatography on alumina eluted with n-hexane- 
EtOAc (1: 1) to give a colorless oil of 36 (165 mg, 37.6%). IR v 
(neat) cm- ’ : 174O(C=O). NMR (CDCI,): S 2.64 (t, J = 7 Hz, 
2H,CH,CO),366(t,J = 7Hz,2H,NCH,),3.73{s,3H,0CH3), 
3.81 (m, 2H, H-4), 5.20 (m, lH, vinyl), 5.72 (m, lH, vinyl). MS 
m/e 169 (M‘), 141,138,110,98,96. 

1 - (p - Me~~~yp~y~ - 3 - methylene - azetidin - 2 - one (3e). 
Thecrude oil which was prepared from 2e (1 .O97 g4.54 mmol), 
PdfOAc)z (20 mg, 0.091 mmol), PPh, (95 mg, 0.363 mmol) 
and n-Bu,N (925 mg, 5.00 mmol) in HMPA (2 ml) and 2- 
pyrrolidone (2 ml) under an atmosphere of CO at 100” for 5 hr 
was purified by column chromatography on alumina eluted 
with n-hexane-Et20 (2: 1) to give colorless plates of 3e (128 
mg, 14.9x), m.p. 106-107” (from ether-petroleum ether, lit.’ 
m.p. 105-107”). IR v (Nujol) cm- 1 : 1725 (C=O). NMR 
JCDCl,) : 5 3.77 (s, 3H, OCH,), 4.06 (m, 2H, H-4), 5.29 (m, 1 H, 
vinyl), 5.81 (m, lH, vinyl), 6.82-6.94 (m, 2H, aromatic), 7.24 
7.40 (m, 2H, aromatic). MS m/e 189 (M +), 174,149,135, 120, 

1 - (1 - BenzyIoxycarbonylethyl) - 3 - methylene - azetidin - 2 - 
one (311) 

Met!& A. A mixture of 2f (278.5 mg 0.935 mmol), 
Pd(OAc), (4.2 mg, 0.019 mmol), PPh,, (19.6 mg, 0.748 mmol) 
andn-Bu,N(25Omg, 1.35 mmol)inHMPA(3 ml)was warmed 
under an atmosphere of CO at 100” for 5 hr. After 
usual work up, the residue was purified by column chro- 
matography on alumina eluted with n-hexane-EtOAc 
(2 : 1) to give a colorless oil of 3ft46.7 mg, 20.8”/,). IR v (neat) 
cm-‘: 1740 (CF=O), 1660 (C=C). NMR (CDCl,): 6 1.48 (d, 
3H, J = 8 Hs CH,), 3.78 (s,2H, H-4),4.66 (q, lH, J = 8 HZG 
NCHC), 5.16 (s, 2H, CH,Ph), 5.21 (m., lH, vinyl), 5.75 (m, lH, 
vinyl), 7.34 (s, 5H, aromatic). MS m/e 245 (M”), 110 (M’ 
-COOCHzPh). High resolution mass spectrum talc for 
C14H15N03 m/e 245.1053, found 245.1064. 
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Method 8. A rnixturc of 2ff3 16.2 mg, 1.06 mmol), Pd(OAc), 
(4.8 mg, 0.021 mmol), PPhJ (22.2 mg,O84l3 mmol) and n-I&N 
(235.7 mg, 1.27 mmol) in HMPA (1 ml) was heated under 4 
kg/at? pressure of CO at 80” for 24 hr. After usual work up, a 
colorless oil of 3f (116.0 mg, 44.7”f,) was obtained. 

1 - (1 - ~~~~~~~~y~~y~ - 3 - methylene - uzetidin - 2 - 
one (3& A mixture of 2g (758 mg, 3.43 mmol), Pd(OAc), (15.4 
nag, 0.068 mmol), PPh, (72.0 mg, 0.275 mmol) and n-&N 
(757.4 mg, 4.12 mmol) in HMPA (3 ml) was heated under 4 
kg/cm2 pressure of CO at 80” for 25.5 hr. After usual work up, 
the residual oil was pur&d by column chromatography on 
alumina eluted with n-hexane-EtOAc (2 : 1) to give a colorless 
oilof~(235.Sm~~.6~~~.IRv(n~t)~-‘: 1735(C=O), 1660 
(C==C).NMR(CCl&S 1.46&J = 7Hz,3H,CH,),3.74&,3H, 
CO~~~3.~(m,2H,H~~4.52(~lH,NCH~5.16(~ lH, 
vinyl), 5.70 (s, lH, vinyl). MS m/e 169 (M+), 141, 110. High 
resolution mass spectrum ealc for C&Hi INOj m/e 169.0738, 
found m/e 169.0730. 

1 - (~~~x~~~ny~rhy~ - 3 - methylene - azetidin - 2 - 
one (3h). The crude oil which was prepared from 2h (707.7 mg, 
3.40 mmol), Pd(OAc), (15.3 mg, 0.068 mmol), PPhS (71.3 nag, 
0.0272 mmol) and n-Bu,N (756.2 mg, 4.62 mmol) in HMPA (3 
ml) under 4 kg/cm’ pressure of CO at 80” for 24 hr was purified 
by column chromatography on alumina cluted with n- 
hexane-EtOAc (1: 1) to give a colorless oil of 3h (316.8 mg, 
6&l%). IR v(neat)cm - ’ : 1730 (C=O). NMR (CDCI,) : S 3.76 
(s, 3H, COOCH,), 3.95 (m, 2H, H-4), 4.14 (s, 2H, NCH,Ph), 
5.25 (m, lH, vinyl), 5.77 (m, lH, vinyl). 

1 -Benzyl-3-nurthyl-azetidine-2-one (4) 
Metlu#i A. To a soln of 3a (9.5 mg, 0.055 mmol) in EtOH- 

THF (1: 2,1.S ml) was added NaBH, (20 mg, 0.526 mmol) and 
the s&n was stirred at room temp for 16 hr. After the solvent 
was removed under reduced pressure, the residue was 
dissolved in water (1 ml) and theaqueous layer was neutralized 
with loo/, HCl soln and extracted with ether. The ether layer 
was dried over MgSO, and conccatrated. The residual oil was 
put&d by preparative TLC on silica gel &ted with n- 
hcxane-Et,0 (1: 1) to give a colorless oil of d(5.9 mg, 61.3%). 
IR v (neat) cm- ’ : 1740 (C===O). NMR (CDCl& 6 1.31 (dt, J 
= 2,7 Hz, 3H, CH,), 2.76 (dd, J = 2,5 Hq lH, H-4), 3.05-3.34 
(m, lH, H-3), 3.28 (dd, lH, J = 5, 2 Hz, H-4), 4.36 (s, 2H, 
PhCH,), 7.10-7.28 (m, 5H, aromatic). MS m/e 175 (M’), 133, 
91. 

~ez~~~.A~lnof~(35.7m~O.2~~ol~inEtOH-THF 
(1: 20.9 ml) containing PtOz (0.5 mg) was stirred under an 
atmosphere of Hz at room temp. The catalyst was filtered off 
and the solvent was removed under reduced pressure to give a 
colorless oil, which was purifted to give 4 (31.1 mg, 86.3%). 

1 - Bentyf - 3 - (I- ~i~~j~~fhy~ - azetidin - 2 - one (5). A 
soln of 3a (91 mg, 0.526 mmol) and piperidine (300 mg, 3.53 
mmol) in t-BuOH (0.5 ml) was stirred at room temp for 48 hr. 
Solvent was removed under reduced pressure and the residual 
oil was purified by preparativeTLC on alumina eluted with n- 
hcxano-Et20 (1: 1) to give a colorless oil of S(63.2 mg, 46.6%). 
IR v(ntat)cm- ’ : 174O(C=O).NMR(CDCl,):6 1.3&1.70(m, 
6H), 225-2.85 (m, 6H, 3 NCH,), 2.90..3_1O(m, lH, H-3), 3.15 
3.50 (m, 2H, H-4), 4.37 (s, 2H, PhCH,), 7.20-7.50 (m, 5H, 
aromatic). MS m/e 258 (M ‘), 98,91,84. Picrate m.p. 149-149.5” 
(yellow plates from EtOH). (Found: C, 54.19; H, 5.14; N, 
14.27. Calc for CZ2HZsNSOB: C, 54.21; H, 5.17; H, 14.27”1,.) 

3 -(N - Acetyl- N - bemykrmimmethyr) - 1 - benzyt- uzetidin - 
2 - one@). To a soln of 3a (3% mg, 2.29 mmol) and bcnzylamine 
(2_45~22.9~ol~int-BuOH(3~)w~add~Na(5m~O.217 
mmol) and a soln was stirred at room temp for 7 days. Water 
was added to the mixture and the soln was extracted with 
ether. The ether layer was dried over MgSO, and the solvent 
was removed under reduced pressure to give a crude oil, which 
was purified by column chromatography on alumina eluted 
with n-hexane-Et#-CH&l, (1: 1: 1). The first fraction was 
the starting material (30,134 mg, 33.8%). The second fraction 
was a colorless oil of 6 (80.6 mg, 12.60/‘,). IR v&at) cm- 1 : 3260 
(NH), 166O(C=O), 1620(C==C).NMR(CDCl,):62.10(~, lH, 
NH),3_~(s,2H,NCH~),3.70(~2H,NCH2Ph~4_45~brs, lH, 

CONCH), 4.55 (br s, 1 H, CONCH), S,45 (br s, 1 H, vinyl), 6.20 
(br s, lH, CONH), 7.10-7.60 (m, lOH, aromatic), 9.25 (br s, 
lH, CONH). MS m/e 189 (M+ -PhCH& 106,91. The last 
fraction was dissolved in pyridinc (0.2 ml) and a soln of AczO 
(0.5 ml) in pyridint (1 ml) was added to the soln and a mixture 
was stirred at room temp for 18 hr. The solvent ~8s removed 
under reduced pressure and the residual oil was purified by 
preparative TLC on alumina elutad with a-hexane-Et,0 
(1: 1) to give a colorless oil of 8 (50.4 mg, 6.8%). IR v (neat) 
cm-‘: 174O(G=O), 164O(C=C).NMR(CCl,): 6 1.95(s, 3H, 
COCH,), 2.80-3.70 (m, SH), 4.26 (br a, 1 H, AcNCH), 4.30 (br s, 
lH, AcNCH), 4.60 (s, 2H, NCH,Ph), 7.10-7.40 (m, lOH, 
aromatic). MS m/e 322 (M+), 279,160,120,106,91. 

N-Benzyf-sS’dibromoro~~~~ (9). A soln of /I$‘- 
dibromoisobutyric acid (4.73 g, 18.2 mmol) in SOCl, (7 ml, 
96.2 mmol) was rctfuxed for 5 hr. After evaporation of SOCl,, 
the residue was dissolved in benzene (20 ml). To this soln was 
added benzylamint (4.09 g, 38.4 mmol) in benzene (5 ml) under 
ice-cooling_ Benzene was added to its soln and the organic 
layer was washed with lO’% HCl soln and water, dried over 
MgSO, and evaporated. The residual solids were re- 
crystallized from n-hexane-EtOAc to give colorless needles of 
9 (2.70 g, 42”/,), m-p. 104-107”. IR v (Nujol) cm’ 1 : 3280 (NH), 
1640(C=0).NMR(CDCl,):S2_90(m, lH,CHCO),3.40-3.80 
(m, QH, BrCH,), 4.47 (br s, lH, PhCH), 4.52 (br s, lH, PhCH)1 
6.10 (br s, iH, NH), 7.147SO(m, 5H, aromatic). MS m/e 337, 
335,333 (M +), 256,254 (M + -Br), 160,109,91_ (Found: 6, 
39.27;H,3.94;N,4.10;Br,47.96.CalcforC,,H,,Br2NO:C, 
39.43; H, 3.91; N, 4.18; Br, 47.700/,.) 

Synthesis oQa&m 9. A soln of 9 (499 mg, 1.49 mmol) in 40% 
NaOH aq (895 mg, 8.94 mmol) and CHzCl, (15 ml) containing 
~lt~e~yl~onium chloride (34 mg, 0.149 mmol) was 
vigorously stirred at room temp for 41 hr. Water was added to 
the mixture and the organic layer was separated. The aqueous 
layer was extracted with CH2C12 and the combined organic 
layer was washed with water and dried over MgSO& Solvent 
was removed and the residue was purified by column 
chromatography on silica gel eluted with n-hexane-Et,0 
(1: 1) to give colorless crystals of 3a (6 1 mg, 23.6x), a colorless 
oil of 10 (133 m& 35.2%) and colorless crystals of ll(88 mg, 
23.2%). Compound IO. IR v (neat) cm-r: 1745 (C=O). NMR 
(CDCl,):62.99(m,lH,H-4),3.18(m, lH,H_4),3_52(m,3H,H- 
3 and BrCH2), 4.27 (br s, lH, PhCH), 4.30 (br s, lH, PhCH), 
7.10..7_52(m,aromatic). MSm/e255,253(M*), 174(M+ -Br), 
133,132,91. Compound 11. IR v (CHCl,) cm- * : 3430 (NHX, 
1665 (C---O), 1620 (C==. NMR (CDCl,): 6 4.17 (s, 2H, 
BrCH&4.44& s, lH, PhCH), 4.5O(br s, lH, PhCH), 5.62 (s, 
lH, vinyl), 5.76(s, lH, vinyl), 6.6Ofbr s, lH, NH). MS m/e 255, 
253 (M+), 174 (M’ -Br), 129,91. 

General procedure for the syntbis of Mkyl-2-bromp2- 
propenyl acetate 16 

Dihalocyclopropanc I!5 was prepared by phase transfer 
methods and the ring opening of this cyclopropane to ally1 
acetate I6 was carried out by Sanderlcre’s method.g 

2-Bromo-3-phenyl-2-propenyl acetote (Mia)’ a& 2-browao-l- 
p~~y~-2-F~~ny~ ucetute (WI). A soln of 15a (1,136 g 4.10 
mmol) in AcOH (30 ml) containing AgOAc (1 .O g, 6.02 mmol) 
was refluxed for 24 hr. After evaporation of AcOH under 
reduced pressure, ether was added and the undissolved 
material was filtered off. The ether layer was washed with sat 
NaHC03 aq and dried over MgSO,. Solvent was removed 

under reduced pressure and the residue was purifkd by 
column chromatography on silica gel eluted with n-hexane- 
Et,0 (4 : 1). The first fraction was a colorless oil of 16h (340.1 
mg, 32.5y0). IR v (neat) cm- ’ : 174O(C=O), 164O(C==C), 1600 
(C==C), 1 m (C==O). NMR (Ccl,) : 6 2.05 (s, 3H, OCOCHs), 
5.65 (s, 1 H), 5.91 (s, lH), 6.28 (s, lH), 7.30(s, 5H, aromatic)_ The 
second fraction was a colorless oil of li(k(525.4 mg 50_20/. IR 
v(neat)cm-l : 174O(C=O), 1625(C==O), 122O(C==O). NMR 
(CC&) : S 2.07 (s, 3H, 0COCH5),4.75 (s, 2H, CH,OAc), 6.92 (s, 
1 H, vinyl), 7.1-7.8 (m, 5H, aromatic)_ 

It-&mm-2-IwptenyI-l-acetate (MC). A mixture of l-hexene 
(15.0 g, 0.18 mol) and CHBr, (40.4 g, 0.16 mol) in xp/, 
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NaOH aq (SO ml) containing ~~1t~e~yI~o~~ 
chloride (600 rng) was warmed at 40” overnight. Water was 
added to the mixture and the aqueous layer was extracted with 
n-hcxane. The organic layer was dried over MgSO,, and 
concentrated. The residue was distilled under reduced 
pressure to give a colorless liquid of I!k f 5.35 g, 13.1x), b.p. I 5 
89-95”. NMR (CC&) : S 0.79 (bt t, 3H, CHJ). A soln of ISe(S.35 
~20.9~ol)~dA~Ac(S.24~31.4~ol~~A~H(l~~) 
was refluxed overnight. The undissolved material was filtered 
off and the solvent was removed under reduced pressure. The 
residue was dissolved in ether and the organic layer was 
washed with sat NaHCOS aq, dried over MgSO, and 
evaporated. The residual oil was purified by column 
chromatography on silica gel eluted with n-hexane-Et,0 
(4: 1)togivcacolorlessliquid ofldc(2.93g 64.0%), b.p.,, 105- 
112”. IR v (neat) cm-‘: 1740 (CZ==O), 1625 (C==C), 1230 
(C=O). NMR (CC&) : 6 0.92 (6 3H, CH& 2.00 (s, OCOCH,), 
2.05 (s, OCOCH,), 4.66 (s, 2H, CH,OAcf, 6.02 (t, vinyl), 6.31 (s, 
vinyl), 6.44 (s vinyl). 

3 - Acetoxy - 2 - bromu - 1 - cycloheptene (l&Q9 - General 
procedurefor the synthesis of 3 - alkyl - 2 - bromo - 2 - propen - I - 
0117 

A soln of 16 in 5% KOH-MtOH (2oOA aq MeOH) was 
allowed to stand at room temp overnight MeOH was 
removed under reduced pressure and benzene was added to 
the residue. The organic layer was washed with water, dried 
over MgSO, and concentrated. The residue was purified by 
column chromatography on silica gel to afford 17. 

2-2-Bromo-3-phrenyi-2-~~~n-l-of (17a). The crude pro- 
duct which was prepared from t6a (258 mg, 1.014mmol) in 5% 
KOH-MeOH (6 ml) was purifkd by column chromatography 
on silica gel eiuted with benzene-ether (4: 1) to give a colorless 
oil of 17a(207.5mg,96.70/,). IR v(neat)cm-’ : 335O(OH), 1620 
(~~,l~~~;NMR(~~~):~3.~3,S(brs,lH,OH~, 
4.33 (br s, 2H, CH& 7.02 (d, lH, =CH), 7.2-7.7 (m, SH, 
aromatic). MS m/e 214,212 (MI’), 133 (M+ -Br), 105,103, 

2-Bromo-1 -p)renyl-2-propen- l-01 (17b). The crude product 
which was prepared from t6h (1.495 g, 5.89 mmol) in 5% 
KOH-MeOH (30 ml) was purifki by column chromatog- 
raphy on silica gel etuted with benzene-Et,0 (4: 1) to give a 
colorless oil of 17b (1.186 g, 9S.W~). IR v (neat) cm’ 1 : 3350 
(OH), 164O(C====. NMR(CIX13):Ij2.7S(d, lH,OH), 5,2O(d, 
lH,CHOH),S.6O(m, lH,vinyl),5.97@, lH,vinyl),7.33(~,5H, 
aromatic). MS m/e 214,212 (M+), 133 (M+ -Br), 107,79. 

2-Promo-2-hepten-l-o2 (17~). The crude product which was 
prepared from 16c (2.93 g, 0.12 mmol) in 5% NaOH-MeOH 
(40 ml) was purified by column chromato~aphy on silica gel 
eluted with n-hexane-Et,0 (1: 1) to give a colorless oil of 17~ 
(2.033 g, 84.5%). IR v (neat) cm- ’ : 3350 (OH), 1650 (C=C), 
162O(~~.NMR(C~~~~~O.95(~3H,CH~), Ll-1.8(m,4H), 
1.9-2.5 (m, 2H, =CCH,), 29-3.4 jbr s, lH, OH), 4.17 (s, 2H, 
CH,0),6.00(t, lH,~nyl~.MS~/el~, 192(M’), 138,136,137, 
l35,113(M+ - Br), 95. High resolution mass spectrum talc for 
C,H,,OBr m/e 192.0151, 194.0130, found m/e 192.0177, 
194.0150. 

2-~r~~2-cyc~o~pte~-l~~{~7d). Thecrude product which 
was prepared from 166 (3.105 g, 7.50 mmol) in 5% NaOH- 
McOH (30 ml) was purified by column chromatography on 
silica gel eluted with n-hexane-Et,0 (4 : 1) to give a colorless 
oil of 17d (2.3 g, quant). IR v (neat) cm-’ : 3450 (OH), 1635 
(C----L). NMR (CC&) : 6 U-2.4 (m, 8H), 4.40 (m, lH, CHOX 
6.26(t, lH,vinyl).MSm/e 192,19O(M+), l74,172(M+ -H,O), 
111 (M+ -Br), 93 (M+ -H,O-Br). 

General promiure for the synzkesiis of 3-atkyi-1,2-dibromo-2- 
propene (18) 

To a soln of 17 (1 cq.) and CBr, (1.5 eq.) in CH,CN was 
added PPhS (1.5 eq.) a little at a time under ice-cooling. The 
white ppts were filtered off and washed with CH,CN. The 
solvent was removed and the residue was purikd by coiumn 
chromatography on silica gel elutcd with an appropriate 
solvent to give f8. 

2-~3-Dibrumo- 1-phcenyl- 1-propene (l&). The crude pro- 

duct which was prepared from 17a (484 mg, 228 mmol), CBr, 
(1.182~3.56~o1~~dPPh~(877m~3.35~01}~CH~~ 
(5 ml) was puriki by column chromatography on silica gel 
eluted with n-hexane to give a colorless oil of l& (539 mg, 
85.6%). IR v (neat} cm’ ’ : 1620 (C==C), 1600 (C==C). NMR 
(Ccl,) : 6 4.31 (s, 2H, CH,Br), 7.00 (s, lH, vinyl), 7.1-7.7 
(m, SH, aromatic). MS m/e 278, 276, 274 (M+), 197, 195 
(M+-Br), 116(M+-2Br), 115. 

E-~3-D~bto~l-phenyltl-propene (Wb). The crude pro- 
duct which was prepared from 1’7b(l.185 g, 5.59 mmol), CBr, 
(3.66 g, 11.20 mmol) and PPh, (2.9 1 g 11.02 mmol) in CH,CN 
(20 ml) was purified by column chromatography on silica gel 
eluted with n-hexane. The first fraction was a colorless oil of 
lgb (246.1 mg, 16%). IR v (neat) cm-‘: 1620 (C==C), 1600 
(C+C). NMR (Ccl.,) : 6 4.30(s, 2H, CH2Br), 7.05 (s, lH, vinyl), 
7.32(s,SH,~omatic).MS~/~278,276,274(M+~ l97,195(M+ 
- Br), 116(M+ - 2Br), 115. The second fraction was 18r (729.7 
nr& 47.5%). 

1,2-Dibromu-24epte (I&). The crude product which was 
prepared from I7c (1.97 g, 10.2 mmol), CBr,, (5.07 g, 15.27 
mrnoi) and PPh, (4.01 g,, 15.30 mmoi) in CH&N (40 ml) was 
purified by column chromatography on silica gel eluted with 
Et,0 to give a colorless oil of 1& (2927 g), which was used 
without mrther purification for the condensation with 
benxylamine. IR v (neat) cm- ’ : 1640 (C==C), NMR ((Xl,): S 
0.95 (br t, 3H, CH,), 4.20 (s, 2H, CH,Br), 6.11 (t, J = 7 Hz, 1 H, 
vinyl). 

2$DibromcFl -cycloheptene( Md). The crude product which 
was prepared from 176 (2.3 g, 13.2 mmol), CBr, (5.89 g, 17.74 
mmot), PPhs (4.67 g, 17.83 mmol) in CH,CN (40 ml) was 
purifkl by column chromatography on silica gel &ted with 
n-hexane to give a colorless oil of l&I (3.189 g, 95.6%). IR v 
(neat) cm” : 1630 (C==C). NMR (CC&): 6 4.95 (br s, lH, 
CHBr),63O(t,J = 6Hz,lH,vinyl).MSm/e2S6,254,252(M+), 
173,175(M + - Br), 93. High resolution mass spectrum talc for 
C,HioBrz m/e 251.9149, 253.9130, 255.9111, found m/e 
251.9149,253.9125,255.9126. 

General procedure for the sy&esis of 3-alkyl-2-bromu-2- 
pro~y~~~ 19 

The compound 19 was prepared in the same manner as the 
synthesis of the compound 2 from 2,3dibromopropene. 

Z-N-Benzyl-2-trromo-3-phenyf-2-propenylamine(t~~. 
The crude product which was prepared from I& (763 mg, 2.76 
~ol)~~~l~e(869m~8.28~ol)~dK~CO~(3~m~ 
8.28 mmoi) in CH$l, (40 ml) was purified by column 
chromatography on silica gel eluted with n-hexane-ether 
(4: l~to~vea~lorl~o~ofl~(69l.4m~83.~~);IRv(n~t) 
cm-l : 33OO(NH), 1630(C==Q 1600(C=C);NMR(CDCl,): 
S 1.79 (s, lH, NH), 3.53 (s, 2H), 3.71 (s, 2H), 6.81 (s, lH, vinylX 
7.0-7.7 (m, lOH, aromatic). MS m/e 303,301 (M+), 222 (M+ 
-Br), 212, 210 (M+ -PhCH2), 120, 115, 105, 91. High 
resolution mass spectrum, talc for C16H16NBr m/e 303.0447, 
301.0465, found n/e 303.0452,301.0480. 

E-N-Benzyl-2-brow~-3-phenyl-2-propenyl~ne(19b). 
The crude product which was prepared from 18b (86.1 mg 0.3 
mmol), benzyiamine(94.5 mg, 0.9 mmol) and K&O3 (41.7 mg 
0.6 mmol) in CH,Clz (10 ml) was purified by column 
chromatography on silica gel eluted with n-hcxanc-Et,0 
(4 : 1) to give a colorless oil of 19b (73.0 mg, 77.7%). IR v (neat) 
cm-’ : -(NH), 162O(C=C), 16OO(C=C). NMR(CDCl,): 
6 1.94 (s, lH, NH), 3.67 (s, 2H), 3.69 (s, 2H), 7.25 (s, 1 lH, 
aromatic and vinyl). MS m/e 303,301 (M+), 222 (M’ - Br), 
212, 210 (M+ -PhCH,), 120, 115, 105, 91. High resolution 
mass spe&rum, talc for C,6H,6NBr m/e 303.0447,301.0467, 
found 303.0452,301.0480. 

N-Benzyl-2-bromtt-2-~~teny~~~ ( 1 SC). The crude pro- 
duct which was prepared from I& (2.9 g, 11.3 mmoi), 
benzylamine (3.56 g, 3.9 mmol) K&O3 (4.71 g, 33.9 mmol) in 
CH2Cll (100 ml) was purified by column chromatography on 
silica gel eluted with n-hexane-Et,0 (4: 1) to give a colorless 
o~ofI~(l.49~5l.~~froml7c).IRv(n~t~~-’:~H), 1650 
(C=(Z), 1600 (C-C). NMR (CIXl,): S 0.94 (br t, 3H, CH,), 
l.l-1_7(m,4H), 2.0-2.35 (m, 2H,=CCH,), 3.40(s, 2H), 3.66(s, 
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2H), 5.79 (t, J = 7 Hz, iH, vinyl). MS m/e 281,283 (M +), 202 
(M* -Br). 190, 192 (M’ -PhCH,), 120, 105, 91. High 
resolution mass spectn& talc for C,yH,,NBr, m/e 283.07&, 
281.0781. found 283.0780.281.0794. 

N-Befizyl-2-bronso-2~~~la~ptenylornine (19d). The crude 
product which was prepared from l8d (1.1 g, 4.33 mmolh 
&.zylamine (926 m& 8&i mmol) and K,C.& (1.8 g_ 12.99 
mmol) in CH,CN flm ml) was purified by c&mm 
chromatography on alumina eluted with n-hexaneEt,O 
(1: 2) to give a colorless oil of lw(l.027 g,, 84.P/,). IR Y (neat) 
cn-‘:33OO(NH),1630fC=C),16OO((=C).NMR(CDCl,): 
63.6O@rs, ~H,CH~~.?~~S,~H,NCH~~~,~.~S(~J = 7Hq 
vinyi), 7-l-7.4@? s, SH, aromatic). MSm/e 281,279&S ‘1,252, 
250,2OQ(M+ -HBr),9t. High resohttion mass spectrumcalc 
for C,,H,,NBr m/e 281.0602,279.0624, found m/e 281.0576. 
279.0642. 

Carbonylation of I9 was carried out using the same 
pracedureasforthcsynthesisof3uaderanatmospbenofCO 
and for the catalyst ~d(aa+ was used instead oi‘Pd(OAc)~ 

Z-l-Benzvl-Ibwuv~ne-ozetidin-2-on~12QIl.Amixtureof 

(30 mg, 0.i 15 mmol) and n-Bus& (750 mg, 3.84 m&01) in 
HMPA(3~~w~wa~~under~atmos~~eofCOatI~ 
for 10 hi. biter usual work up, the residbe was puritied by 
column chromatography on s&a gel eluted with-n-hexan& 
benzene-Et,0 (2: 2: 11 to aive colorless misms of 2&a 1362.7 
mg, 75.9%). &-pI 67-6?.6” (gem n-hexan&Et,O). IR v [Nujol) 
cm-‘: 1730 (C==G), 1680 @=C), 1600 {C==Q NMR 
(CDCIJ: 6 3.55 (br s, 2H, H-4}, 4.44 (s, W, NCH$h), 6.19 
(s,1H,viny1),7.15-7.4S@rs, lOH,aromatic). MSm/e249(M’), 
2M. 130,116,91.(Found:C,81.92;H,5.97;N,5.67.Calcfor 
C,,H,~NO:C,81.9O;H,6.07;N,5.620/) 

E-l-Benzyl-3-benziazet~ia-2sne (Xtb). A mixture of 
19b (121.5 mg, 0.402 mmol). Pd(aca& (2 rni 0.006 mmol), 
PPh, (7 mpLO.027 mmoBand n-Bu,N (1 l2m~O.~S~oll~n 
HMPk (03 ml) was wa’&d und& & atmoyphere of Cd at 
loo” for 10 hr. After usual work up, the residue was purified by 
column chromatography on silica gel cluted with Et20 to give 
oolorlessneedlesof2Ob(89.6mg,89.5%),m.p. 140.5-14l”(from 
Et,O). IR Y (Nujol) cm-’ : 1730 (C=G), 1690 (C=C), 1600 
fC=Q. NMR (CDCl,): 6 3.99 (s, IH, H-4),4.01 (s, IH. H-4), 
4.59@,2H. PhCH,N), 6.99(br t, lH,vinyl), 7.33,7.35@, lOH, 
aromatic). MS m/e 249 (M+), 116 (M+ - PhN=C=O), 91. 
(Found: C, 81.75; H, 6.09; N, 5.62. Calc for C,,H,,NO: C, 
81.90; H, 6.07; N, 5.62”/,1 

N-B~yl-3-~y~i~~atetidin-2are @k and 2&k’). The 
crude product which was prepared from 19c(282 mg, f mmol), 
Pd(aeac), (6 mg, 0.02 mmol), PPhs (21 mg, 0.1 mmot) and n- 
Bu,N (278 mg, 1.85 mmol) in HMPA (1 ml) under an 
atmosphere of CO at 100” for 8 hr was purified by column 
chromatography on silica gel eluted with n-hexane-Et,0 
j4: l~.~e~~tfm~ionw~~lorl~oilof~(~.5m~35.~~~. 
IRv{neat)cm-‘: 174OfC.==O), 14SO(C=c). NMR(CDCI,f:& 
0.92@rs,3H,CH,), 1.1-1.6(~4H~2.2-2.7(m,2H,~CH~~ 
3.47(s,2H, H-4),4.39@,2H, NCH,Ph), 5.49(t, J = 8 H&vinyl), 
7.23 (s, SH, aromatic). MS m/e 229 (M’), 200, 186,91. High 
resolution mass spectrum talc for C,,H,,NO m/e 187.0996, 
found 187.0983. The seumd fraction was a colorless oit of 2Qe’ 
(29.4mg. 12_~~~.IRvtneat~~-~: 1740(M), lSSO(C=C). 
NMR~C~l~~:~O.%~r~ 3H,CH,), t.i-1.6fm.4H). 1.8-23 
(m, 2H, =CCH,), 3.55 (s. 2H. H-4). 4.40 (s. 2H, NCH,Ph), 
6.03 (1, J = 7 Hz, vinyl), 7.24 (s, SH, aromatic). MS m/e 229 
(M’), 200,186,91. 

8 - Bentyl - 8 - uza- bicy~f~ - f&2,0] - 1. nonen - 9 - one@&I). 
The crude product which was prepared from 19d(558 mg, I.99 
mmol), Pd(acac), (12 mg, 0.036 mmol), PW, (52 mg, 0.160 
mmol} and n-I&N (488 mg, 2.4 mmoi) in HMPA 12 ml) under 
an atmosphere of CO at 100” for 7 hr was purified by column 
chromatography on alumina eluted with n-hexanc-EtOAc 

(4: I) to give colorless needles of 2&l (387 mg, (IS.P/,x m.p. 
67.5-68.5” (&om n-hexan*EtzO). IR Y fNujo1) cm-’ : 1740 
(C=O), 1705 (0, 1600 (C=Q. NMR (CDCls): d 1.0-2.4 
(m, 8H), 3.ti.O (m, IH, =CCH), 4.26 (d, J = 15 Hz, lH, 
NCHPh), 4.68 (d, J = 15 Hz, lH, NCHPbt, 6.4O(t, J = 6 Hz, 
IN, vinyl], 7.31 (s, SH, aromatic). MS m/e 227 {M”), 136 (M + 
-CHIPh& 91. [Found: C, 79.39; H, 7.55; N, 6.10. Calc for 
CIsH,,NO:C,79.26;H,7.54;N,6.16%.) 

N - Benzyf - 3 - penfyl- ozetidin - 2 - one(ZIe). A soln of 2ik 
(13.1 mg) in EtOH (2 ml) containing a catalytic amount of 
PtOt was stirred at room temp undo an atmosphere of H2 
overnight. After the catalyst was filtered off, the solvent was 
evaporated and the residue was pur&ed by preparative TLC 
on silica gel eluted with n-hexancEt,O fl:l) to give a 
colorless oit of 21~ (5.0 mg, 380/$. IR v (neat) cm- ’ : 1740 
(C=O), 1600 (C=C). NMR (CDCl,): 6 0.90 @r t, 3H, CH,), 
4.27@,2H,NCH,Ph),7.24@, 5H,aromatic).MSm/e231(M ‘), 
132,105,91.Hydrogenationof2&‘(29.4mg)wascarriedoutin 
the same manner to give a colorhss oil of 21efl7 mg, S7.8%). 

8-3enIyf-8-Pza-bicyclo-[S~O]-l-nonen-9-one(Zid).A 
soln of 2@d (112 mg, 0.49 mmol) in EtOH (6 ml) containing a 
catalytic amount of PtO, was stirred at room temp overnight. 
After the catalyst was filtered off, the solvent was removed 
under reduced pressure. The residue was purified by column 
~romato~aphy on alumina eluted with n-hexaue-EtOAc 
ft : l)to~vea~lorl~oilof2ld(l~S.5m~94.~~).IR v&teat) 
cm-l: 1740(m), 16OO(C==C).NMR(CD&+l,):6 1.1-1.9 
(m,lOH),2.+3.7@,2H),3.93(d,J = 16Hz,lH,NCHPh),4.55 
(d, J = 16 Hz, NCHPh), 7.25 (s, SH, aromatic). MS m/e 229 
(&I’), 96, 91. High resolution mass spectrum talc for 
CIJHIVNO mje 229.1466, found rnie 229.1451. 
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