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Abstract —— Several 1,3,4-substituted 2-azetidinones (12 ~ 25)
were synthesised by the acid chloride- and phosphate anhydride-

imine methods.

2,3

There are various methods developed for the synthesis of B-lactams. Among them,

the acid chloride-imine method introduced by Bose and co-worke-,rs‘l'\‘B is one of the
most general method for preparation of B-lactams. Recently they further found an
alternative method using phosphorylating agents, in which the phosphate anhydride
intermediate (B} was postulated.9 We have synthesised several g-lactams by both

methods and here wish to report these results.
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{A) Acid chloride-Imine Method

Commercially available carboxylic acids (1 v 4) were firstly converted into the
correspending acid chlorides (A) with thionyl chloride or oxalyl chloride as

usual. Diphenylacetyl chloride was treated with triethylamine according to Bachi's
procedurelO to give the ketenell,which was added to a solution of N-benzyl-
ideneglycinates (7 ~ 9) in dry benzene. The reaction was carried out overnight

at room temperature. In the case of the other acid chleorides from the carboxylic
acids (2 v 4), the acid chlorides were directly added to a mixture of the imines (7 ~ 11)

and triethylamine in dry methylene chloride and the resulting mixture was stirred

for 1 h at room temperature. The results are summarised i1n Tables 1 and 2.

(B) Phosphate Anhydride-Imine Method

After stirring an equimolecular mixture of the carboxylic acids {4 ~ 6) and diethyl-
phosphorochleoridate in dry methylene chleoride at room temperature for 20 min, the
resulting solution was added dropwise tc a stirred mixture of the imines (7,10)

and triethylamine in dry methylene chloride and the resulting mixture was stirred
overnight at the same temperature. The results are shown in Tables 3 and 4, It
was varified from the nmr analysis based on the coupling constant due to the
protons on the azetidinone ring that only trans-iscmers (21 ™~ 25) were obtained

by this methed.
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Table 2

Spectral Data of the B-Lactams (12 ~ 21)

Compound IR(CHCL ) em™ NMR (5)
1760, 1740 {CCl,): 1.20 (30, t, J = 7 Hz, CH,CH,), 3.45 (1H, 4, J = 18 Hz,>C<%), 4.16 (2H, q,
12 J = 7 Hz, CH,CH;), 4.45 (1H, d, J = 18 Hz,>C< g), 5.55 {(1H, &, 4-H), 7.00 ~ 7.66
(15H, m, 3 xPh) -
1760, 1740 (cCl,): 1.20 (3H, t, J = 7 Hz, CH,CHj), 3.36 (1H, d, J = 18 Hz,>C< g), 3.69 (3H,
13 s, OMe}, 4.15 (2H, g, J = 7 Hz, CE2CH3}, 4.40 (143, 4, T = 18 Hz,>C< g), 5.46 (1H,
s, 4-H), 6.60 (2H, d, J = BHx,2 xArH), 6.83 ~ 7.83 (12H, m, 12x ArH)
1760, 1740 (CC1,) s 1.20 (3H, t, J = 7 Hz, CH,CH,), 3.46 (ly, d, J =18 Hz,>c<g), 3.48 (3H,
s, OMe), 3.73 (3H, s, OMe), 4.13 (2H, g, J = 7 Hz, CH,CH;), 4.32 (1H, d, J = 18 Hz,
14 >C<,5.40 (1H, s, 4-B), 6.26 (1H, s, ArH), 6.65 (2H, s,2 xArH), 7.03 7.70 (10H,
m, 2 x Ph)
cis 1770, 1740, (€DCly): 1.33 (3H, t, J = 7 Hz, OCH,CH,), 3.80 (1H, 4, J = 18 Hz,>C<g), 4.26 (2H,
1720 4, J = 7 Hz, OCH,CH,), 4.70 (1§, 4, J = 18 Hz, >C< 1), 5.33 (1K, 4, J = 5 5z, 3 or
4-H), 5.66 (1H, d, J = 5 Hz, 3 or 4-H), 7.26 (5H, s, Ph), 7.63 (4H, s, 4 x ArH)
15
trans (CDCI;): 1.33 (3H, t, J = 7 Hz, OCH,CH)), 3.60 (1H, d, T = 18 Kz, >C< %), 4.03 (2H,
G, J = 7 Hz, OCH,CH,), 4.43 (1H, d, J = 18 Hz, >C< 1), 5.10 (1H, s, 3 or 4-H), 5.20
(1, s, 3 or 4-H), 7.40 (5E, s, Ph), 7.76 (4H, s, 4 x ArH)
cis 1770, 1740, (CDC1,): 1.30 (3H, &, J = 7 Hz, OCH,CH,), 3.66 (3§, s, OMe), 3.73 (1H, d, J = 18 Hz,
1720 >c<, 4.26 (28, q, J = 7 Hz, OCH,CH]), 4.66 (1K, d, J = 18 Hz, >c<), 5.30 (1H, 4,
J =5 Hz, 3 or 4-H), 7.20 {(2H, d, J = 8Hz, 2xArH), 7.63 (4H, s, 4 x ArH)
16
trans 1770, 1730,

1720

(CoC1,): 1.30 (3H, t, J = 7 Bz, OCH,CH,), 3.53 (1H, d, J = 18 Hz, >C<}), 4.26 (2H, 4,
J = 7 Hz, OCH,CH,), 4.66 (1H, 4, J = 18 Hz, >c<g), 5.26 (lH, S, 3 or 4-H), 5.33 (1H,
s, 3 or 4-H), 6.96 (2H, J = 8Hz, 2 x ArH), 7.33 (2H, 4, J = 8 Hz, 2x ArH), 7.56 ~ 8.00
(4H, m, 4 x ArH)
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cis 1775, 1740, (CCI,): 1.35 (3H, €, J = 7 Hz, OCH,CH,), 3.78 (3H, s, OMe), 3.83 (38, 5, OMey, 4.36
1730 (2H, q, J = 7 Hz, OCH,CH,), 4.70 (1H, a, J = 18 Hz, >C<l), 5.33 (1, 4, J = & Hz,
3 or 4-H), 5.69 (1H, 4, J = 6 Hz, 3 or 4-H), 6.B6 ({3H,br s;3 xArH), 7.70 (4H,s, 4 x ArH),
17
trans 1775, 1730, (CDC1.)}: 1.30 (3H, t, J = 7 Hz, OCH,CH,), 3.86 (3H, s, OMe), 3.90 (3H, s, OMe), 4.36
1720 3 27=3 H
(2, @, J = 7 Hz, OCH,CH,}, 4.66 (1H, d, J = 18 Hz, >C<h), 5.26 (1, s, 3 or 4-H),
5.33 (1H, S, 3 or 4-H), 6.73 % 7.06 (3, m, 3x ArH), 7.56 ~ 7.99 (4H, m, 4 x ArH)
1790, 1740 (CCl): 1.25 (3H, t, J = 7 Hz, OCH,CH.}, 3.52 (1H, d, J = 18 Hz, >c<%), 4,18 (21,
18 q J = 7 Hz, OCH,CH), 4.43 (1, 4, I = 18 He, >C<h), 5.33 (1N, s, 4-W), 7.23 v 7.60
(SH, m, 5 x ArH} =
1790, 1745 (cCl,): 1.30 (3H, t, J = 7 Hz, OCH,CH,), 3.67 (14, 4, J = 18 Hz, >c<%), 4.20 {2H, q,
19 J = Hz, OCH,CH,), 4.22 (1H, 4, J = 18 Hz, >C<h), 4.82 (1H, @, J = 8 Hz, 4-H), 6.11
(1, 4d, J = 8 and 16 Hz,>=<5,), 6.83 (1H, d, J = 16 Hz, =<4 ), 7.07 » 7.63 (SH,
m, 5 X ArH) -
1795, 1750 (ccl,): 3.72 (1M, 4, J = 18 Hz, >C<f), 4.28 (1H, 4, J = 18 Hz, >C<i), 4.73 (1H, 4,
20 J =9 Hz, 4-H), 5.20 (2H, s, CH,Ph}, 6.07 (1§, dd, J = 9 and 16 Hz, H>=<§h), 6.75 (1H,
H =
d, J =16 Hz, H>=<§h)' 7.35 {10H, br s, 1N xArH)
1765, 1750 (ccl,); 3.73 (14, d, J = 18 Hz, >c<~g—), 4.12 (1H, d, J = 18 Hz, >c<:), 4.37 (1H, 4ad,
21 J = 2.2 and 9 Hz, 4-H), 5.07 (2, s CH,Ph), 6.22 (lH, dd, J = § and 16 Hz, >=<b),
trans 6.68 {1H, 4, J = 16 Hz, =<4 ), 7.07 * 7.63 (15H, m, 15 x ArH) =

H
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Tablse 3 Synthesis of g-Lactams (22~ 23) by Phospate Anhydride-Imine Method
1 3
1 CLPO(QEL) 5, EtN R, R
R cneo,n 23 — R
2 4
(.
~~CO,R {22725)
(46) 7,10y °
Compound ! R’ gt vield (%}|mp (°C) Formula m/eMS(M+) (?giié) Caled.
c H N
Ph Ph Et 48.9 6l ~ 62° c. H. ND 264 73.76  6.19  4.53
22 trans 19719773l t_gsy  |(74.11) (6.25) (4.50)
23 trans | Ph ~#~ph Et 69.2 oil C.,H,.NO 335
— 217213
24 trans | C1 Ph Et 3.8 oil C)4H 4NO,CL| 267, 269
25 trans | SER ~_# Ph Et 4.5 oil C, Hy N0 S 367
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EXPERIMENTAL
Melting points were determined on a Yanagimoto hotstage apparatus. Ir and nmr
gpectra were measured with a Hitachi 215 spectrophotomer and a JNM-PMX-6 spectro-

meter (tetramethylsilance as an internal standard), respectively.

4-Substituted l1-Ethoxvcarbonvlmethyl-3,3-diphenyl-2-azetidinones (12 ~ 14).

— To a solution of ethyl N-benzylideneglycinates {7 ~ 9) (3.16 mmol} in dry
benzene (50 ml) was added diphenyl ketene, which was prepared by stirring diphenyl~
acetyl chloride (4.34 mmol} during 1 h under nitrogen atmosphere at room temperature
and the mixture was further stirred overnight under the same conditions. After
evaporation of the solvent,the residue was recrystallised from ethanol to give 12 -

14.

4-Substituted l-Ethoxycarbonylmethyl-3-phthaloylimino-2-azetidinones (15 ~

17). — To a mixture of the N-benzylideneglycinates {7 ~ 9) (2 mmol) and triethyl-
amine (6 mmol) in dry methylene chloride (150 ml) was added a solution of N-phtaloyl-
glyeyl chloride (2.4 mmeol) in dry methylene chloride (50 ml) under stirring and
nitrogen atmosphere at 0°c and the resulting mixture was stirred for 20 h at room
temperature, then washed with water and dried (Na2804). After evaporation ¢of the
solvent, the residue was crystallised from ethanol to give the cis-isomers of 15 ~
17 as crystals. The mother liquid was concentrated and subjected to chromatography

on silica gel eluting with n-hexane-ethyl acetate (1 : 1 v/v) to afford the trans-

isomers of 15 v 17 as a pale yellowish oil.

3,3-Dichloro-l-ethoxycarbonylmethyl-4-phenyl-2-azetidinone (18). —— To a mixture

of ethyl N-benzylideneglycinate (7} (298 mg, 1.56 mmol} and triethylamine (189 mg,
1.87 mmol) in dry methylene chloride (20 ml) was added a solution of dichlorocacetyl
chloride {276 mg, 1.87 mmecl) in dry methylene chloride (10 ml) under ice-cooling
and stirring. The mixture was further stirred for 1 h, then washed with a brine
and dried (Nazsoq). Evaporation of the solvent gave a brownish oil, which was
purified by chromatography on silica gel eluting with n-hexane-ethyl acetate to

give 18 {105 mg, 26.8 %) as an oil.

3-Substituted l-Alkoxycarbonylmethyl=-4-styryl-2-azetidinones (19 ~ 21). — A
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mixture of the esters of glycinates (2.03 mmol) and cinnamic aldehyde (2.03 mmol)
in dry carbon tetrachloride (20 ml) was stirred for 1 h at room temperature. After
drying (Mgso4), the resulting solution of imines (10 ~ 11) was diluted with dry
methylene chloride to 250 ml. After addition of triethylamine {(2.84 mmol), a
soluticen of the acid chlorides (2.44 mmol) 1n dry methylene chloride (50 ml) was
added to the above mixture within 3 h under ice-coecling and the resulting mixture

was stirred for 30 min, washed with a brine and dried (Na 304). Evaporation of the

2
solvent, followed by purification with silica gel cclumn chromatography gave 19

21.

General method using Diethylphosphorochloridate. -—~— After stirring a mixture of the

carboxylic acids (4 ~ 6) (8 mmol) and diethylphosphorochloridate (8 mmol) in dry
methylene chloride (40 ml) fer 20 min at rcom temperature, a sol;tion of the imines
(7, 10) {8 mmol) and triethylamine (1.6 mmol) in methylene chloride was added
dropwise to the above mixture during 2 h at the same temperature under stirring.

The mixture was further stirred for 15 ~ 20 h, washed with water and dried (Na2504).
Evaporation of the solvent, followed by purification with silica gel column chro-

matography eluting with n-hexane-ethyl acetate (20 : 1 v/v) gave 22 ~ 25.
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