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Abstract: The reaction between 2-methylcinnamylideneamines and acid halides or equivalents leads to the
stereospecific formation of cis- g-lactams. A new three steps approach to 4-acetoxyazetidin-2-ones as
building blocks of g-lactam antibiotics is also described.

Although many methods are now available for the synthesis of g-lactams, the acid halide imine method
or equivalent provided the most easy access to the g-lactam ring. However, from this method, it is often
difficult to predict the stereochemistry of the product. For example, phthalimidoacetic acid generally gives
trans- 8 -lactams2 and alkoxyacetic acids often produce mixtures of cis and trans isomers, depending upon
the experimental conditions employed3 . Recently, we42 and others4D have found that the cis stereochemistry
in the B-lactam formation increases when the bulk of the N-substituent is increased. Also, it has been
described’ that cinnamylidene Schiff bases react with acid halides or anhydrides to afford azetidinones,
generally with a high degree of cis stereoselectivity. These results prompted us to report our own, related
observations on the stereochemistry of g-lactam formation.
Our finding is that increasing the bulk of the aldehyde in the

Rl RZ starting Schiff base 2 the cis stereochemistry in the resulting
;\ + R g-lactam 3 predominates. Thus, we observed that methoxy-
o X \R3 3 acetyl chloride and phthalimidoacetyl bromide upon treatment

1 2 3 with Schiff bases derived from cinnamaldehyde and 4-anisidine

2_
R™=H, CH3 or 4-aminophenol yielded mixtures of cis and trans isomers,

while 2-methylcinnamylideneamines, upon treatment with these acid halides yielded only the corresponding
cis isomers. For example, whereas the Schiff base derived from cinnamaldehyde and 4-trimethylsiloxy-
aniline gave an equimolar mixture of the cis and trans 3-phthalimido- B-lactam (entry 3), the same acid
bromide afforded only the cis isomer when the Schiff base derived from 2-methylcinnamaldehyde and
4-trimethylsiloxyaniline was involved in the cycloaddition process (entry 4). Results of some experiments
are given in Table 1 to illustrate the stereospecificity of the reaction, even when the reaction conditions
favoured the trans stereochemistry3b,

Table 1. cis : trans distribution in B-lactams 3

Entry ) P;oductg 3 Configuration 2 m.p.(QC)d
R R R cis:trans P cis: trans ©
1 Phth H 4-CH30CgHy 95 : 5 (45) 90 : 10 178-179
2 Phth CH3 4-CH30CgH, : 100 : 0(64) 105-107
3 Phth H  4-Me3SiOCgHy 50 : 50 ; S
4 Phth CHj3 4-Me3SiOCgHy - 100 : 0 (50) 172-174
5 MeO H  4-CH30CgH4 - 90 : 10 (40) 146-149
6 MeO CHg 4-CH30CgHy 100 : 0(60) 100 : 0 (40) 117-118
7 PhO H  4-CH30CgHy4 100 : 0 (45) 180-182
8 PhO CH3 4-CH30CgHy 100 : 0(70) 157-158
9 c® CH3 4-CH30CgHy 100 : 0(50) 150-151

a) Cofiguration of C-3 and C-4 protons in all these g-lactams was determined by nmr spectroscopy. The
numbers in parentheses indicate isolated yields of the B-lactam. b) The acid halide was added to a solution
of the imine and triethylamine. ¢) Triethylamine was added to a solution of the acid halide and the imine.
d) Melting point of the cis isomer. e) From Dane salt of aminoacetic acid and phenyl dichlorophosphate
reagent, see ref. 10. f) The B-lactam was isolated with the free hydroxyl group.
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Since, it is generally agreed that the acid chloride-imine reaction or equivalent proceeds through
a dipolar intermediate of type 5 and 6, rather than by a concerted[2+2]additiond, a satisfactory expla-
nation of these results could be the following one:
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Abstraction of Cg proton in the transition state 4 would give two zwitterions 5 and 8. These zwitte-
rions upon conrotatory ring closure lead to the corresponding trans and cis g-lactams 7 and 8 respec-
tively. When cinnamaldehyde Schiff bases were involved in the cycloaddition process, intermediates
5 and 6 may be formed, as judged by the results obtained, however, when R2=CHj3, zwitterion 6 is
greatly favoured since the R1/R2 interaction is relieved and therefore the cis- 8 -lactam 8 results as
the exclusive reaction product. Therefore, starting from carboxylic acids carrying heteroatoms with
a pair of free electrons at the a-position and 2-methylcinnamylideneamines, now, seems to be possi-
ble to predict the stereochemistry of the resulting g-lactam®. Furthermore, it is worthy of note that
these g-lactams 8 could serve as precursors of 4-acetoxyazetidin-2-ones 12 since the N-substituent
on these g-lactams 8 can be N-dearylated by means of Kronenthal's method”.

These 4-acetoxyazetidin-2-ones 12 are known as useful building blocks of penem and carbapenem
derivatives because they are easily convertible into various kinds of intermediates8, Recently, seve~
ral research groups? have described methodologies for obtaining 4-unsubstituted-1-alkoxycarbonylme-
thylazetidin-2-ones 10 as the last synthetic target for making 9.

j;l/ == o];__rx = ;__N_:: ﬁnoj;r_:m

coon 10 COOR 1 12

S SCH (o]
_n i3 _a_ i
X = -COPh , —S—C-CHNO2 ’ —CH2 R, —CHZ—C—R
We have found that g-lactams of type 10 (X=0OAc) can be prepared, stereospecifically, from

g-lactams 15, by a double oxidation sequence as shown in scheme 1. Thus, when the Schiff base 14,
derived from 2-methylcinnamaldehyde and methyl glycinate, was allowed to react with phthalimido-
acetic acid 13a, phenyl dichlorophosphate reagent and triethylamine, the cis- 8 -lactam 15a was obtai-
ned in 66% yield as single isomer, as expected by the above observations. Oxidation of 15a was achie-
ved by means of potassium permanganate in the presence of NaH9PO4 in aqueous acetone-dioxane at
room temperature to give 16a in 80% yield. Using the same procedure, but starting from 15b as crude
product, the yield of 16b decreased to 34%; however, ozonolysis of the crude compound 15b in dichlo-
romethane as solvent at -702C afforded the desired B-lactam 16b in 55% overall yield. We also have
found that the corresponding trans isomers can be obtained by isomerization of these 4-acyl-g -lactams
with 1,8-diazabicyclo (5.4.0) undec-7-ene (DBU) as catalyst. Thus, 16b upon treatment with DBU for
60 min at room temperature yielded a mixture of cis and trans isomers in a molar ratio 65:35; when the
reaction was allowed to stand at room temperature overnight an equimolar mixture of 16b and 18b was
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Scheme 1. (i) PhOPOCly, CH9Clg, NEt3, r.t. 20-24h; (ii) KMnO4, NaH9PO4, HoO-MeyCO, r.t. or
03, CH5Cly, -702C, then MeyS or Pyr; (iii) MCPBA, Bz, 802C.
obtained. Interesting, 16a upon treatment with DBU for 24h yielded a mixture of cis and trans isomers

in a molar ratio 10/90 . Under these conditions no isomerization was observed when 15a was subjected
to treatment with DBU.

Table. Isomerization of 16

16 time  Product distribution® (%) DBU
CH,Cl,
a 24h 10 90 272
b 1h 65 35
24h 50 50 Finally, Baeyer-Villiger oxidation on these g-lactams 16

was carried out in refluxing benzene for 4-6hr by means
of m~chloroperbenzoic acid (MCPBA) to give, after work-
-up, the expected 4-acetoxy-g-lactams 17.

Next, we extended our study to the synthesis of N-unsubstituted 4-acetoxyazetidin-2-ones 12. For
this purpose, we selected as starting materials the g-lactams 20 prepared by reaction between the corres-
ponding acetic acid and the Schiff base 19 promoted by phenyl dichlorophosphate reagent. As was expected,
these g-lactams also showed cis stereochemistry at C3-Cy4 protons. These g-lactams 20 upon treatmentl!
with triphenylphosphine dibromide, followed by dehydrobromination by means of DBU in benzene yielded
the corresponding N-styryl- g-lactams 21.

a) Determined by nmr spectroscopy

Ph 0o
_~Ph Rl 1 1
(iXit (iii),(iv. vi vii
[ OSiMe3 ) N\/(-l)\H 1( ) N\ ( ) N-H ( l) 12
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Scheme 2. (i) RCHyCOOH, NEt3, PhPPOCIy, r.t. 20-24h; (ii) 1N HCI, Me5CO; (iii) PhgPBrg, CHyClg;
(iv) DBU, Bz, reflux, 15min ; (v) O3, CH9Cly, ~702C; (vi) MeOH, NEtg ; (vii) MCPBA, CH3Cly, r.t.

Simultaneous ozonolysis of the two double bonds on these B-lactams afforded the expected 4-acetyl-
-N-formylazetidin-2-ones 22, (22a in 98% yield and 22b in 80% yield). N-Deformylation was carried out
under mild conditions by a simple modification of the known methodl2. Thus treatment of 22a in methanol
with a catalytic amount of triethylamine yielded 23a in 85% yield; using sodium methoxide in place of
triethylamine only a 50% yield of 23a was obtained. Isomerization of 23a by means of DBU in dichloro-
methane as solvent for 24h at room temperature, gave the trans isomer in a molar ratio 10:90 (cis : trans).
When 22b was subjected to N-deformylation with methanol and triethylamine as catalyst, compound 24
m.p: 118-120¢C was isolated: 1H-NMR (CDClg) 6 ppm: 10.25 (m,1H,NH), 8.35(d,J=4Hz,1H,0CHO), 7.5-6.8
(m,5H,arom.}, 5.3(sp,2H,CH,CH), 3.65(s,3H,0CH3), 2.25(s,3H,CH3); IR(nujol) vem™l: 3250 (NH), 1750,

1720 (C=0), along with the corresponding B-lactam 23b, m.p. 149-149.52C, 1H-NMR (CDCl3)8ppm:7.4-7.0
{m,5H,arom.), 6.6(sp,1H,NH), 5.5(d,d, J=5Hz, J'=2Hz, 1H,CH), 4.55(d, J=5Hz, 1H, CH), 1.9(s,3H,CHjy).
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Since g-lactams 23 can be easily converted into the corresponding 4-acetoxy-

atractive easy route to intermediates of 8-lactam antibiotics. It is worthy of
note that from this approach optically active compounds could be obtained
from optically active Schiff bases of type 19.

COCH
3 o o .
PhO j/K derivatives under Baeyer-Villiger conditions39:€ our procedure constitutes an
NH
(5/\0)%\ OCH,
24 B

In conclusion, we have found easy alternatives for the synthesis of a wide variety of building blocks

of bi
poun
- 6_1
REF
1.~

cyclic B-lactam compounds. Total synthesis of 8-lactam antibiotics starting from these com-
dsl4 would be presented in the near future, as well as the scope of our method for producing cis-
actams starting from Schiff bases derived from 2-methylcinnamaldehyde and related aldehydes.
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