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The palladium-promoted cross-coupling of 4-alkenyl-2-azetidinones with aryl and vinylic mercurials
provides 5-aryl-3-alkenamides and 3,6-alkadienamides, respectively. Modest to excellent stereo-
selectivity for formation of the new carbon—carbon double bond is observed. The reaction becomes
catalytic in palladium when cupric chloride and oxygen are introduced. This process constitutes the
first organometallic ring opening of 2-azetidinones to acyclic unsaturated amides.

Introduction

The organometallic ring opening of alkenyl epoxides?
and oxetanes® has become a valuable synthetic route to
allylic and homoallylic alcohols, respectively (eq 1). A
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variety of organometallics, including lithium, boron,
copper, and tin or mercury plus palladium, have been
utilized in these reactions.

Although there are no previous reports of analogous
ring-openings being effected on 4-alkenyl-2-azetidinones,
we anticipated that mechanistically such processes should
be possible using organomercurials and palladium reagents
(eq 2). Indeed, this provides a useful new route to
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3-alkenamides, the full details of which we report here.!

R \/\/\CONHZ (2)

Results and Discussion

4-Alkenyl-2-azetidinones are readily available via chlo-
rosulfonyl isocyanate addition to conjugated or noncon-
jugated dienes (eq 3).4
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We have employed procedures virtually identical to
those established during our earlier work on vinylic
epoxides?d and oxetanes3® to effect the cross-coupling of
aryl- or vinylmercurials and 4-alkenyl-2-azetidinones. One
procedure stoichiometric in palladium (procedure A: 1.0
equiv Li;PdCl, and 20:1 THF/saturated aqueous NH,Cl
at 0 °C for 6-12 h and then 25 °C for 0~24 h)-and one
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catalytic in palladium (procedure B: 10 mol % LisPdCl,,
1 equiv CuCly, 1 atm O, and 20:1 THF/saturated aqueous
NH,Cl at 0 °C for 0-12 h and then 25 °C for 3-48 h) have
been utilized to obtain modest to excellent yields of the
expected 3-alkenamides. The results are summarized in
Table I.

A variety of substituted 2-azetidinones with terminal
or internal carbon-carbon double bonds are available from
1,3-dienes and chlorosuifonyl isocyanate,* and all azeti-
dinones employed reacted with arylmercurials to afford
good to excellent yields of ring-opened amide products.
Asexpected, best results are obtained from 2-azetidinones
bearing terminal double bonds (entries 1-20), but even
reactions with 2-azetidinones containing internal disub-
stituted double bonds afford respectable yields (entries
21-26). The regioselectivity of the organopalladium
addition to these carbon-~carbon double bonds is appar-
ently quite high, since we did not see any products arising
from addition of the aryl group to the carbon next to the
nitrogen moiety.

The stereoselectivity of these reactions is dependent on
the structure of the 4-alkenyl-2-azetidinones employed.
When disubstituted alkene products are formed from
2-azetidinones with terminal double bonds, the E-isomer
is preferred in about a 3:1 ratio (entries 1 and 2).
2-Azetidinones with internal double bonds give almost
exclusively the E-disubstituted product (entries 21-26).
Alkenamides containing trisubstituted double bonds can
be obtained from arylmercurials in excellent yields using
bothstoichiometric and catalytic procedures (entries 4-12),
but there is no stereoselectivity in the formation of these
trisubstituted alkenes. Ontheother hand, vinylmercurials
afford 3,6-alkadienamides bearing new trisubstituted
carbon—-carbon double bonds with stereoselectivities of
2:1t04:1 when the stoichiometric procedure A is employed
(entries 13 and 15). Both the yields and stereoselectivities
drop when the catalytic procedure B is utilized (entries 14
and 16). Tetrasubstituted alkene products can also be
formed from these reactions and reasonable stereoselec-
tivity has been observed using the catalytic procedure,
although the yield is low (entries 19 and 20). The
stereochemical assignment for this tetrasubstituted alkene
have been established by NOESY spectroscopy.

Arylmercurials other than phenylmercuric chloride have
also been examined.: Bothelectron-donating and electron-
withdrawing groups on the aryl ring are readily accom-
modated in these reactions and give comparable yields
and stereoselectivities (entries 6-12).

Vinylmercurials tend to give significantly lower yields
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Table I. Palladium-Promoted Reaction of 4-Alkenyl-2-azetidinones and Organomercuric Chlorides

entry 2-azetidinone RHgCl procedure® reaction conditions product E/Z ratio % isolated yield
1 NH A 0°C,11h;25°C,3h 74:26 60
» PN =0 @‘““" B 0°C,3h; 25°C, 24 h Q\N,\e(m 72:28 57
2
3 NH A 0°C,11h;25°C,3h - 0
7X=° >'\/‘ch1 >’M'\com4.
4 NH A 0°C,11h;25°C,3h 52:48 90
P X =0 O-Hoot B 0°C, 2 h; 25°C, 10 h O\/Ym‘”' 49:51 91
8 NH A 0°C,10h;25°C,6h  CHyO. 47:53 73
7 j)()“ °”=°‘©‘“'°‘ A 0°C,6h | 44:56 7
8 B 0°C,12h; 25°C,3h Ny NCONH,  50:50 74
9 NH NOy A 0°C,8h;25°C,7h NO, 54:46 56
e PX =0 A 0°C,6h 53:47 79
11 HCl B 0°C,2h;25°C,7h 53:47 32
124 B 25°C,8h CONH, 48:52 52
13 NH A 0°C,12h;25°C,3h 81:19 34
14 ‘ >Q'=° 5\9“% B 0°C,2h;25°C,9h >kf\/\‘/\com, 59:41 18
15 NH A 0°C,11h;25°C,5h 68:32 54
16 OQ“ ﬂ\&Lm, B 0°C,2h;25°C, 8h M/ﬁ/\gonn, 51:49 35
17 /><‘)H'=° Moy A 0°C,10h; 25°C, 24 h M"\Wconu, _ 0
18 %){‘)“:o PCHeF e B 25°C, 48 h PCH ANy coNH, - 0
19 wo @—w A 0°C,12h;25°C, 2h 52:48 8
20 B 0°C,3h;25°C,15h o 83:17 41
e
21 A A 0°C,10h;25°C, 8h 90:10 51
22 0 B 0°C,2h;25°C,9h 95:5 32
23¢ B 0°C,1h;25°C,8h CONH, 100:0 38
24 nCH, NH A 0°C,10h; 25°C,8h 95:5 55
25 N =0 B 0°C, 3h; 25°C, 18 h S 100:0 2%
26° B 0°C,1h;25°C,8h CONH, 100:0 42

nCHy

¢ See the text and the Experimental Section for an explanation of the procedures. ® One equivalent of 2-azetidinone was used. ¢ Five percent
H;0 was used instead of aqueous NH,Cl. ¢ No NH,Cl or H,O was added. ¢ Two equivalents of CuCl; were used.

than arylmercurials. Like the corresponding vinylmer-
curial reactions with epoxides?d and oxetanes,? the more
sterically hindered the vinylmercurial, the higher the yield
of amide product (compare entries 3 and 15-17). No
products have even been observed when E-3,3-dimethyl-
1-butenylmercuric chloride (entry 3), E-1-hexenylmercuric
chloride (entry 18) and E-1-octenylmercuric chloride (entry
17) were employed. Ingeneral, lower yields were obtained
when the catalytic procedure was employed with vinylm-
ercurials. The difficulties are presumably due to the easy
dimerization of the less hindered vinylmercurials to 1,3-
dienes.?

A possible mechanism for the palladium(II)-promoted
cross-coupling of 4-alkenyl-2-azetidinones with organo-
mercurials is shown in Scheme I. While no experiments
have been run to attempt to support (or disprove) this
mechanism, analogous mechanisms have been proposed
to explain the reactions of vinylic epoxides?d or oxetanes3®
with organomercurials in the presence of a palladium(II)
salt.

(5) (a) Larock, R. C. J. Org. Chem. 1976, 41, 2241, (b) Larock, R. C.;
Riefling, B. J. Org. Chem. 1978, 43, 1468.

Scheme I

RHgCl  + PAC1 2 — RPACL® 4+ HgCl,

NH H
RPACL? + Wo — R\/Kfo S
1
H#
R\/\"‘"\CONHPUCIJ‘" — H\/\""\CONHz + Pd(ll)
2

The first step of the mechanism involves transmetal-
lation of the organomercurial by the palladium(II) salt.
The organopalladium species then adds to the double bond
of the 4-alkenyl-2-azetidinone to form ¢-alkylpalladium
species 1. The organic ligand adds to the least hindered
end of the carbon—carbon double bond or the carbon more
remote from the nitrogen. This s-alkylpalladium species
then undergoes palladium amide elimination to form
species 2. The water or ammonium chloride in the system
then protonates this species to form the amide product
and regenerates palladium(II).

The mechanism shown in Scheme I indicates that the
reaction between 4-alkenyl-2-azetidinones and organo-
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mercurials should be catalytic with respect to palladium-
(ID). Our earlier work with vinylic epoxides?d indicated
that such a process might not be very efficient. Apparently,
the palladium(II) can be reduced to palladium(0) during
the course of this type of reaction or in some other way
be removed from the catalytic cycle. This type of process
can, however, be made quite efficient by introducing
copper(II) salts to reoxidize the palladium, and oxygen ta
reoxidize copper(I) to copper(Il) (eq 4). Indeed, this

Pd(O) + 2Cu(lty —— Pd(l) + 2Cu(l) i. 2 Cu(l 4)

approach works quite well for the synthesis of 3-alkena-
mides and nearly as well in most cases as the reaction
stoichiometric in palladium. Little change in the stere-
ochemistry of the alkenamide product is usually observed
in these catalytic reactions.

We have previously taken advantage of the ability of
palladium to migrate down carbon chains and subsequently
ring open epoxides.® We have examined such a possibility
in our azetidinone chemistry. 4-Allyl-4-methyl-2-azeti-
dinone, in which the carbon~carbon double bond and the
2-azetidinone ring are separated by one carbon, has been
allowed toreact with phenylmercuric chloride using either
the stoichiometric or catalytic procedure (eq 5). None of

NH
¢ Yo+ 2 VX =0
NH
Ph\/\/k/CONHg., Ph/\/X}:o . /\)\,conm

3 4 5

Li,PdCI,

5 % sat'd NH,CI
)

the desired 3-alkenamide 3 was observed using either
procedure. In the presence of a stoichiometric amount of
Pd(II) salt (procedure A: 0 °C, 12 h; 25 °C, 3 h), 64 and
57% yields of compounds 4 (E only) and 5 (E/Z = 45:55),
respectively, were obtained. None of the expected prod-
ucts 3-5 were observed when the catalytic procedure was
employed.

A mechanism is shown in Scheme II which explains how
the B-hydride eliminated product 4 and the hydride
product 5 are formed in this reaction (eq 5). Product 4
is formed by a Heck reaction” with the apparent driving
force being benzylic hydride elimination and formation of
the disubstituted, conjugated C-C double bond of inter-
mediate 7 and product 4. Theresulting palladium hydride
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species proceeds to react with the less hindered C-C double
bond of the starting azetidinone present in excess to
produce the expected ring-opened unsaturated amide 5.
In this case, the initial adduct 8 can either reversibly
generate the starting azetidinone and HPdX or migrate
palladium to form an intermediate 9 which proceeds to
ring-opened amide 5. The latter process apparently wins
out due to the irreversible nature of the ring-opening step
and the inability to form prior stabilized conjugated C-C
double bond products. Finally, if the addition of the
palladium hydride species to the double bond of the
starting azetidinone is quantitative, equal amounts of
products 4 and 5 should be obtained, and this is indeed
observed.

Conclusion

The palladium-promoted cross-coupling of 4-alkenyl-
2-azetidinones with arylmercurials provides a high yielding
route to 5-aryl-3-alkenamides. The reaction of vinylm-
ercurials generally affords lower yields of the ring-opened
3,6-alkadienamides than that of arylmercurials. Like the
corresponding oxetane reactions,3 but unlike the reactions
of the corresponding vinylic epoxides,2d these reactions
exhibit only modest stereoselectivity. The 3-alkenamides
are generally isolated as mixtures of E- and Z-isomers,
except when a disubstituted carbon-carbon double bond
bearing large organic substituents is generated. Then the
E-isomer is formed almost exclusively. Catalyticamounts
of palladium can be employed in the reaction if cupric
chloride and oxygen are used to reoxidize the palladium.
These are the first observed examples of 4-alkenyl-2-
azetidinones reacting with organometallic reagents to
afford 3-alkenamides.

Experimental Section

General Procedures. The proton and carbon nuclear mag-
netic resonance spectra were recorded at 300 MHz for hydrogen
nuclei and 75.5 MHz for carbon nuclei. Elemental analyses were
performed by Galbraith Laboratories, Inc.

Reagents. All reagents were used directly as obtained
commercially unless noted otherwise. Palladium chloride was
donated by Johnson Matthey, Inc. and Kawaken Fine Chemicals
Co.,Ltd. Tetrahydrofuran (THF) and ethyl ether were distilled
from CaH, and stored over molecular sieves. Chlorosulfonyl
isocyanate was purchased from Aldrich Chemical Co., Inc. and
used without further purification. 1,3-Butadiene, 2-methyl-1,3-
butadiene, and 2,3-dimethyl-1,3-butadiene were obtained from
Aldrich Chemical Co., Inc. (E)- and (Z)-1,3-Pentadiene, (E)-
and (Z)-1,3-octadiene, and 2-methyl-1,4-pentadiene were pur-
chased from Wiley Organics.

Organomercurials. Phenylmercuric chloride was used as
purchased from Fluka. The other arylmercurials used were
prepared by simple electrophilic mercuration of the corresponding
arene.! The vinylmercurials used were synthesized using a
hydroboration-mercuration procedure.?

General Procedure for the Preparation of 4-Alkenyl-2-
azetidinones. The 4-alkenyl-2-azetidinones were prepared by
the reaction of the corresponding dienes and chlorosulfonyl
isocyanate according to the literature procedures.! The diene
(10 mmol) was added dropwise to a stirred solution of chloro-
sulfonyl isocyanate (10 mmol) in 6 mL of distilled ether at -10
to 0 °C. After maintaining the reaction temperature at 0 °C for
an additional hour, the solution was added slowly to a stirred

(6) Larock, R. C.; Leung, W.-Y. J. Org. Chem. 1990, 55, 6244.

(7) (a) Heck, R. F. J. Am, Chem. Soc. 1968, 90, 5518. (b) Heck,R. F.
Org. React. 1982, 27, 345. (c) Heck, R. F. In Comprehensive Organic
Synthesis; Trost, B. M., Fleming, L., Eds.; Pergamon Press: Oxford, 1991;
Vol. 4, Chapter 4.3.

(8) Larock, R. C. Organomercury Compounds in Organic Synthesis;
Springer Verlag: Berlin, 1985.

(9) (a) Larock, R. C.; Brown, H. C. J. Organomet. Chem. 1972, 36, 1.
(b) Larock, R. C.; Gupta, S. K.; Brown, H. C. J. Am. Chem. Soc. 1972,
94,4371, (c) Larock, R. C.; Narayanan, K. J. Org. Chem. 1984, 49, 3411.
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mixture of 25 mL of 25% aqueous Na;SO; and 10 mL of ether.
The aqueous phase was kept slightly basic by adding 10% KOH
solution as the reduction proceeded. After 30 min, the layers
were separated and the aqueous layer was successively extracted
with three 20-mL portions of ether. The combined ether extracts
were dried by anhydrous Na,SO,, filtered, and evaporated. The
crude product was purified by flash column chromatography to
give the corresponding 4-alkenyl-2-azetidinone as a colorless oil.

4-Vinyl-2-azetidinone, (E)- and (Z)-4-(1-propenyl)-2-azetid-
inone (38:62 E/Z), 4-methyl-4-vinyl-2-azetidinone and 4-isopro-
penyl-4-methyl-2-azetidinone were prepared by the procedure
of Moriconi and Meyer and exhibited spectroscopic data identical
to that reported earlier.

(E)-4-(1-Hexenyl)-2-azetidinone. Obtainedin25% isolated
yield from the reaction of a mixture of (E)- and (Z)-1,3-hexadiene
and chlorosulfonyl isocyanate: 'H NMR (CDCls) 4 0.86 (t, 3 H,
J = 7.0 Hz, CHj), 1.29 (m, 4 H, CH,CH,CHj3), 1.99 (m, 2 H,
CH,Pr), 2.64 (ddd, 1 H, J = 15.0 Hz, J = 2.3 Hz, J = 1.4 Hz,
CHCO cis to hexenyl), 3.14 (ddd, 1 H, J = 15.0 Hz, J = 5.2 Hz,
J = 2.0 Hz, CHCO trans to hexenyl), 4.08 (m, 1 H, CHN), 5.45
(ddt,1H,J =15.3 Hz, J = 7.6 Hz, J = 1.2 Hz, CH=CHBu), 5.70
(dt,1H,J =15.3 Hz, J = 6.8 Hz, =CHBu), 6.28 (br s, 1 H, NH);
IR (neat) 3261 (NH), 1767 (C=0), 1670 (C=C) cm-.

4-Allyl-4-methyl-2-azetidinone. Obtained in 54% isolated
yield from the reaction of 2-methyl-1,4-pentadiene and chloro-
sulfonyl isocyanate: 'H NMR (CDCl;) § 1.40 (s, 3 H, CHj), 2.39
(m, 2 H, CH,C=), 2.64 (dd, 1 H, J = 14.6 Hz, J = 1.7 Hz, CHCO
trans or cis to methyl), 2.78 (dd, 1 H, J = 14.6 Hz, J = 1.6 Hz,
CHCO cis or trans to methyl), 5.13 (d, 1 H, J = 17.5 Hz, =CH,
cis to methylene), 5.14 (d, 1 H, J = 10.0 Hz, ==CH, trans to
methylene), 5.76 (m, 1 H, CH=CHj,), 6.15 (br 5, 1 H, NH); IR
(neat) 3225 (NH), 1726 (C==0), 1643 (C=C) cm-!; HRMS: calcd
for C;:H;o2NO (M + H) m/z 126.09189, found 126.09177.

General Stoichiometric Procedure for the Palladium-
Promoted Cross-Coupling of 4-Alkenyl-2-Azetidinones with
Organomercurials (Procedure A). The following procedure
used for the preparation of a mixture of (E)- and (Z)-3-methyl-
5-phenyl-3-pentenamide is representative of that used for other
compounds. A solution of PdCl; (88 mg, 0.5 mmol), anhydrous
LiCl (42 mg, 0.5 mmol), and distilled THF (12 mL) was allowed
to stir under N; at room temperature for 4-6 h. To this solution
at 0 °C was added sequentially saturated aqueous NH,Cl (0.6
mL), 2 equiv of 4-methyl-4-vinyl-2-azetidinone (111 mg, 1.0
mmol), and 1 equiv of PhHgCl (157 mg, 0.5 mmol). Thesolution
mixture was allowed to stir under N, at 0 °C for 11 h and then
at room temperature for 3 h. Ether (15 mL) was then added to
thereaction mixture. The etherlayer was washed with saturated
aqueous NH,CI (156 mL X 2), and the combined aqueous layers
were back-extracted with ether (15 mL X 2). The combined
ether fractions were dried over MgSQ,. After removal of the
solvents, the residue was purified by flash column chromatog-
raphy on silica gel using hexane and ethyl acetate as eluants. (E)-
and (Z)-3-Methyl-5-phenyl-3-pentenamide were obtained in90%
yield (52:48 E/Z) as a white solid.

General Catalytic Procedure for the Palladium-Promoted
Cross-Coupling of 4-Alkenyl-2-azetidinones with Organo-
mercurials (Procedure B). The following catalytic procedure
used for the preparation of a mixture of (E)- and (Z)-3-methyl-
5-phenyl-3-pentenamide is representative of that used for other
compounds. A solution of PdCl; (8.8 mg, 0.05 mmol), anhydrous
LiCl (4.2 mg, 0.05 mmol), anhydrous CuCl; (67 mg, 1.0 mmol),
and distilled THF (12 mL) was allowed to stir under N, at room
temperature for 4-6 h. To this solution at 0 °C was added
sequentially saturated aqueous NH,Cl (0.6 mL), 2 equiv of
4-methyl-4-vinyl-2-azetidinone (111 mg, 1.0 mmol), and 1 equiv
of PhHgCl (157 mg, 0.5 mmol). The reaction flask was flushed
with Q,. The solution was allowed to stir at 0 °C for 2 h and then
at room temperature for 10 h. Ether (15 mL) was then added
to the reaction mixture. The ether layer was washed with
saturated aqueous NH,C] (16 mL X 2), and the combined aqueous
layers were back-extracted with ether (15 mL X 2). The combined
ether fractions were dried over MgSO,. After removal of the
solvent, the residue was purified by flash column chromatography
on silica gel using hexane and ethyl acetate as eluants. (E)- and
(2)-3-Methyl-5-phenyl-3-pentenamide were obtained in 91%
yield (49:51 E/Z) as a white solid.
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The stereochemistry of all E/Z mixtures of alkenamides was
determined by integration of the 300 MHz 'H NMR spectral
peaks corresponding to the allylic hydrogens next to the amide
group.

The purity of the alkenamide products have been established
by elemental analysis or 'H and 13C NMR spectroscopy (see the
supplemental material).

(E)- and (Z)-5-Phenyl-3-pentenamide (Table I, entry 1).
E-1somer: 'H NMR (CDCly) §2.97 (d, 2 H,J = 7.1 Hz, CH,CO),
3.38 (d, 2 H, J = 6.6 Hz, CH,Ph), 5.40-6.00 (m, 4 H, CH=CH,
NH,), 7.10-7.40 (m, 5 H, phenyl); *C NMR (CDCl;) é 33.5, 38.9,
123.9, 126.1, 128.4, 128.4, 134.5, 139.8, 173.7.

Z-Isomer: 'H NMR (CDCl;) same as the E-isomer or not
seen, except 6 3.14 (d, 2 H, J = 7.5 Hz, CH,CO); 12C NMR same
as the E-isomer or not seen, except & 34.6, 39.8, 122.6, 128.2,
128.5, 132.8.

The following spectral data were taken from a mixture of the
E-and Z-isomers: mp 76-78°C; IR (neat) 3362 (NH), 1713 (C=0)
cm'; HRMS: caled for Cy;H13NO m/z 175.09972, found 175.09995.

(E)- and (2)-3-Methyl-5-phenyl-3-pentenamide (Table I,
entry 4). E-Isomer: 'H NMR (CDCl,) 6 1.83 (s, 3 H, CHj), 2.97
(s, 2 H, CH,CO), 3.41 (d, 2 H, J = 7.3 Hz, CH,Ph), 5.40-5.68 (br
s, 2 H, NH,), 5.57 (t, 1 H, J = 7.3 Hz, =CH), 7.10-7.30 (m, 5 H,
phenyl); 3C NMR (CDCl) 8 16.2, 34.4, 47.2,125.9, 128.1, 128.4,
128.7, 130.8, 140.6, 173.7.

Z-1somer: 'H NMR (CDCl;) same as the E-isomer or not
seen, except § 3.11 (s, 2 H, CH;CO), 3.39 (d, 2 H, J = 7.0 Hz,
CH.Ph), 5.64 (t, 1 H, J = 7.0 Hz, CH==); 13C NMR same as the
E-isomer or not seen, except & 25.4, 39.3.

The following spectral data were taken from a mixture of the
E- and Z-isomers: mp 87-88 °C; IR (neat) 3375 (NH), 1653 (C=0)
cm!; HRMS: caled for CoH;sNO m/z 189.11537, found 189.11556.

(E)- and (Z)-3-Methyl-5-(4-methoxyphenyl)-3-pentena-
mide (Table I, entry 7). E-Isomer: 'H NMR (CDCl;) 6 1.81
(s, 3 H, CCHy), 2.95 (s, 2 H, CH,CO), 3.34 (d, 2 H, J = 7.2 Hz,
CH.Ar), 3.77 (s, 3 H,OCHa), 5.53 (t, 1 H, J = 7.2 Hz, CH==), 5.72
and 6.15 (2 br s, 2 H, NH,), 6.83 (d, 2 H, J = 8.7 Hz, H’s on C3
and C5 of aryl), 7.07 (d, 2 H, J = 8.7 Hz, H’s on C2 and C6 of
aryl); 3C NMR (CDCl;) 6 16.1, 33.3,47.2,55.1,113.9, 128.4,129.1,
130.4, 132.6, 157.8, 173.9.

Z-1somer: 'H NMR (CDCl;) same as the E-isomer or not
seen, except & 1.83 (s, 3 H, CHj,), 3.08 (s, 2 H, CH,CO), 5.62 (1,
1 H, J = 7.0 Hz, CH==); 13C NMR same as the E-isomer or not
seen, except § 23.9, 39.4, 129.0, 130.1, 132.4, 157.8, 173.1.

The following spectral data were taken from a mixture of the
E- and Z-isomers: mp 111-112 °C; IR (neat) 3362 (NH), 1661
(C==0) cm-!; HRMS: caled for C;3H;:NO; m/z 219.12593, found
219.,12577. Anal. caled for C,3H,:NO,: C,71.21, H, 7.81, N, 6.39.
Found: C, 71.48, H, 7.78, N, 6.43.

(E)- and (Z)-3-Methyl-5-(3-nitropheny!)-3-pentenamide
(Table I, entry 10). E-Isomer: 'H NMR (CDCl;) 6 1.81 (s, 3
H, CH,), 2.98 (s, 2 H, CH,CO), 3.50 (d, 2 H, J = 7.2 Hz, CH:Ar),
5.53 (t, 1 H,J = 7.2 Hz, CH=), 5.65 and 5.85 (2 br s, 2 H, NH,),
743(d,1H,J=75Hz, Hon Cé of aryl), 749 (dd, 1 H,J = 7.8
Hz, J = 7.5 Hz, H on C5 of aryl), 8.01 (s, 1 H, H on C2 of ary)),
8.03 (d, 1 H, J = 7.8 Hz, H on C4 of aryl); 13*C NMR (CDCly) §
16.2,33.8,47.2,121.1,123.1,126.5,129.3,131.9,134.5,142.5,148.4,
172.6.

Z-Isomer: 'H NMR (CDCl;) same as the E-isomer or not
seen, except 6 1.84 (s, 3 H, CHy), 3.07 (s, 2 H, CH.CO), 5.56 (t,
1 H, J = 7.2 Hz, CH=); 13C NMR same as the E-isomer or not
seen, except & 24.1, 34.0, 39.3, 121.1, 123.0, 126.3, 129.3, 132.6,
134.5, 173.3.

The following spectral data were taken from a mixture of the
E- and Z-isomers: mp 97.5-98.5 °C; IR (neat) 3379 (NH), 1632
(C=0) cm-; HRMS: calcd for C;3H14N2O3 m/z 234.10045, found
234.10056.

(E,E)- and (Z,E)-3,8,8-Trimethyl-3,6-nonadienamide (Ta-
ble1, entry 13). E,E-Isomer: 'H NMR (CDCl;) 6 0.99 (s, 9 H,
(CH3)30), 1.69 (s, 3 H, CH:C=), 2.73 (t, 2 H, J = 6.6 Hz, CH,-
CH=), 2.93 (s, 2 H, CH,CO), 5.25 (dt, 1 H,J = 15.6 Hz, J = 6.6
Hz, CH=CH-t-Bu), 5.34 (t, 1 H, J = 6.6 Hz, CH=CCH,), 5.45
(d, 1 H,J = 15.6 Hz, =CH-t-Bu), 5.68 (br s, 2 H, NH,); 1*C NMR
(CDCly) 6 16.2, 29.7, 31.4, 32.9, 47.4, 122.1, 128.9, 130.4, 142.4,
173.9.
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Z,E-1somer: 'H NMR (CDCl;) same as the E,E-isomer or not
seen, except § 1.79 (s, 3 H, CH;C=), 2.99 (s, 2 H, CH,CO); 13C
NMR same as the E,E-isomer or not seen.

The following spectral data were taken from a mixture of the
E.E- and Z,E-isomers: mp 112-114 °C; IR (neat) 3371 (NH),
1728 (C=0) cm-!; HRMS: caled for C;sH;NO m/z 195.16232,
found 195.16251.

(E,E)- and (Z,E)-3,6,8,8-Tetramethyl-3,6-nonadienamide
(Table 1, entry 15). E,E-Isomer: 'H NMR (CDCl;) 4 1.08 (s,
9 H, (CH;);C), 1.68 and 1.70 (2 s, 6 H, 2 CH3;C=), 2.66 (d, 2 H,
J =17.2 Hz, CH,CH=), 2.94 (s, 2 H, CH,CO), 5.17 (s, 1 H,=CH-
t-Bu), 5.35 (t, 1 H, J = 7.2 Hz, =CHCHy,), 5.53 and 5.67 (2 br
s,2 H, NH,); *C NMR (CDCl,) § 16.2,17.3, 31.1, 32.1, 40.3, 47.6,
125.6, 129.1, 132.3, 135.9, 173.6.

Z,E-Isomer: 'H NMR (CDCl;) same as the E,E-isomer or not
seen, except 6 1.80 (s, 3 H, CH3CCH,CO), 2.64 (d,2 H,J = 7.2
Hz, CH,CH=), 3.00 (s, 2 H, CH,CO), 5.45 (t, 1 H, J = 7.2 Hz,
=CHCHj,); 13C NMR same as the E,E-isomer or not seen, except
8 17.4, 24.0, 31.1, 40.2, 173.1.

The following spectral data were taken from a mixture of the
E,E- and Z,E-isomers: mp 80 °C dec; IR (neat) 3377 (NH), 1744
(C=0) ecm-!; HRMS: calcd for C,3sH2:NO m/z 209.17797, found
209,17815.

(E)-and (Z)-3,4-Dimethyl-5-phenyl-3-pentenamide (Table
1, entry 19). E-Isomer: 'H NMR (CDCly) 6 1.67 (s, 3 H, CHs-
CCCO0), 1.90 (s, 3 H, CH3;CCPh), 3.09 (s, 2 H, CH,CO), 3.48 (s,
2 H, CH,Ph), 5.70 (br s, 2 H, NH,), 7.10~7.35 (m, 5 H, phenyl);
BCNMR (CDCl;) 5 18.6,19.5,40.2,42.2,124.5,126.0,128.2,123.4,
132.5, 140.0, 173.6.

Z-1somer: 'H NMR (CDCl;) same as the E-isomer or not
seen, except § 1.71 (s, 3 H, CH;CCPh), 1.82 (s, 3 H, CH;CCCO),
3.14 (s, 2 H, CH,CO), 3.44 (s, 2 H, CH,Ph); *C NMR same as
the E-isomer or not seen.

The following spectral data were taken from a mixture of the
E-and Z-isomers: mp 98-99 °C; IR (neat) 3369 (NH), 1661 (C=0)
cm'; HRMS: caled for Ci3HisNO m/z 203.13102, found 203.13126.

(E)- and (2)-5-Phenyl-3-hexenamide (Table I, entry 21).
E-Isomer: 'H NMR (CDCl,) § 1.37 (d, 3 H, J = 7.2 Hz, CHj,),
2.96 (d,2H,J =6.9 Hz, CH,CO), 3.49 (p, 1 H,J = 6.9 Hz, CHPh),
5.58 (ddt, 1 H,J = 15.5 Hz, J = 6.9 Hz, J = 1.2 Hz, CHCH,CO),
5.81(ddt,1 H,J = 15.5 Hz, J = 6.9 Hz, J = 1.2 Hz, CHCHPb),
5.67 and 6.17 (2 br s, 2 H, NH>), 7.15-7.32 (m, 5 H, phenyl); 13C
NMR (CDCl,) 6 21.0, 39.8, 42.2, 121.9, 126.2, 127.0, 128.4, 140.5,
145.2, 174.0.

Z-1somer: 'H NMR (CDCl;) same as the E-isomer or not
seen, except 6 3.17 (d, 2 H, J = 7.5 Hz, CH,CO); 13C NMR same
as the E-isomer or not seen, except ¢ 23.1, 35.6, 119.2.
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The following spectral data were taken from a mixture of the
E-and Z-isomers: mp 59-61°C; IR (neat) 3356 (NH), 1664 (C=0)
cem-'; HRMS: caled for CoH sNO m/z 189.11537, found 189.11503,

(E)-5-Phenyl-3-nonenamide (Table I, entry 26). 'H NMR
(CDCly) 6 0.86 (t, 3 H, J = 7.0 Hz, CHj), 1.20-1.35 (m, 4 H,
CH,CH,CHj), 1.71 (q, 2 H, J = 7.8 Hz, CH,Pr), 296 (d, 2 H, J
= 6.9 Hz, CH;CO), 3.25 (q, 1 H, J = 7.8 Hz, CHPh), 5.56 (ddt,
1H,J = 15.6 Hz, J = 6.9 Hz, J = 0.9 Hz, CHCH,CO), 5.78 (dd,
J = 15.6 Hz, J = 7.8 Hz, CHCHPh), 5.51-5.82 (2 br 5, 2 H, NH)),
7.13-7.34 (m, 5 H, phenyl); 1*C NMR (CDCly) é 14.0, 22.6, 29.8,
35.4, 39.9, 48.8, 122.1, 126.2, 127.4, 128.5, 140.2, 144.4, 173.7; IR
(neat) 3333 (NH), 1744 (C=0) cm-!; HRMS: calcd for C;sHy;-
NO m/z 231.16232, found 231.16258.

(E)-4-Methyl-4-(3-phenyl-2-propenyl)-2-azetidinone (4)
and (E)- and (Z)-3-Methyl-3-hexenamide (5) (eq5). Theratio
of the inseparable mixture of compounds 4 and 5 and the E- to
Z-isomer ratio of compound 5 were determined by integration
of the 300-MHz 'H NMR spectral peaks corresponding to the
allylic hydrogens next to the amide group.

Compound 4: 'H NMR (CDCl) 6 1.49 (s, 3 H, CH;), 2.56 (d,
2H,J=178Hz CH,C=),2.70 and 2.84 (2d, 2 H, J = 15.0 Hz,
CH,CO), 6.13-6.23 (br s, 1 H, NH), 6.18 (dt, 1 H, J = 15.6 Hz,
J = 7.8 Hz, CH=CHPh), 6.49 (d, 1 H, J = 15.6 Hz, =CHPh),
7.15-7.35 (m, 5 H, phenyl).

E-1somer of compound 5: 'H NMR (CDCl3) § 0.97 (t, 3 H,
J = 7.5 Hz, CH;CH,), 1.68 (s, 3 H, CH;C=), 2.06 (p, 2 H, J =
7.5 Hz, CH,CH3), 2.91 (s, 2 H, CH,CO), 5.36 (t, 1 H,J = 7.5 Hz,
CH=), 5.55 and 5.85 (br s, 2 H, NH,).

Z-Isomer of compound 5: 'H NMR (CDCl;) same as the
E-isomer of compound C or not seen except 4 1.77 (8,3 H, CH:.C=),
2.03 (p, 2H, J = 7.5 Hz, CH,CHj,), 2.99 (s, 2 H, CH,CO), 5.41 (t,
1H, J = 7.5 Hz, CH=).
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