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Abstract — The reaction of the system acid chloride-triethyl-
amine with 1,2-iminoketones ytelds exclusively cis-g-lactams,
which may be isomerized to the cerresponding trans isomers in a

straightforward manner.

Monocyclic B-lactam antibiotics constitute an important group of compounds of
clinical usel. Among these systems, monobactams2 are R-lactams substituted on the
C-3 and C-4 positions. The stereochemistry of the substituents on these pesitions
cis or trans is impertant for their biological activity. Thus, aztreonam3 presents
trans stereochemistry, while other systems such as carumonan4 present cis substitution.
The introduction of an acyl group on the C-4 of the g-lactam ring has allowed for
the preparaticn of a new type cof precursors of potentially interesting systems. In
a previous paper5 we have repcrted a simple route for the preparation of 4-acyl-g-

lactams by the cycloaddition of ketenes or ketene precurscrs to 1,2-imincketones

cerived from benzyl (R%= R®= CeHg) or biacetyl (R%= R= CHy)(Scheme).
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In the case of 1,2-iminoketones derived from phenylglyoxa16 (R2= C6H5, R3= H) the
corresponding cycloaddition process yields acyl-g-lactams with cis stereochemistry
on carbons -3 and C-4 (Scheme). The assignment of a ¢is sterecchemistry to these
compounds is evident by just examining the values of the coupling constant J3’4,
lavger than 5.0 Hz in all cases7. Table 1 shows the yields and spectral and

physical data for the compounds described in this repert.
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Table 1

cis-4-Benzoyl-g-lactams

v B0
R —-;—37?
Ph—C O _suN\ R"
H
IR(em 1€ Ly_NMR (5 ,ppm) 2
Como. R R® Mp(°c)? ¥ield(%)Pve=0 wNC=0  H-3 H-a  I3,4(Hz)
1 CeHs 0-MeOCGH,  185-7 75 1670 1740 4.9 5.7 6.9
2 CH p-MeOCH,  152-4 75 1690 1745 3.8 5.5 6.0
3 CHg p-MeOC.H,  106-8 60 1670 1730 3.5 5.4 6.0
4 TegH, p-MeOC.K,  148-9 65 1680 1730 3.4 5.4 7.2
5 c1 p-MeQCH,  170-2 25 1680 1750 5.3 5.7 6.0
6 0 p-MeOCH, 220-2 75 1690 1760 6.5 6.4 6.6
74 [:::[i;~- p-MeCH, 230-1 55 1690 1760 6.0 5.3 6.6
8 0 Cets 238-9 30 1690 1760 6.3 6.1 5.4
9 0 p-MeOC.H,  214-6 50 1685 1755 6.1 5.9 6.4
10 | N— p-MeC,H, 200-2 40 1680 1755 6.1 5.9 6.3
11 0 Cehic 240-1 40 1680 1755 6.2 5.9 6.4
2% CHg H 184-6 68 1670 1750 4.9 6.4 6.0
132 cHy H 0i T 60 1690 1760 3.8 5.2 6.0

| e

A1l products were crystallized from EtOH.

[L=a

Yields of pure jsclated products with correct elemental analyses.

In KBr pellet.

oy

=9

Spectra registered in CDC]3 or DMSO—d6 soTutions at 60 MHz. The coupling
constants J3 g were determined on appropriately expanded spectra. Only the
most indicative signals are reported.

|

These compounds were prepared from 1 and 2 by reactien with cerium ammonium
nitrate, according to the method of Kronenthal, Han and Tay10r8
uyy 3270-3300 cm!
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In the formation of g-lactams by reaction of the system acid chloride- triethylamine

with Schiff bases, cis or trans isomers are obtained depending upon the structural

or the order of addition of the reagentslo.

11

characteristics of the starting imine®

In our cases and under the experimental conditions utilized ", cis isomers were
formed exclusively. However, in the presence of bases, it is possible to effect
their isomerization to the corresponding trans isomerslz, except for 3-alkyl
derivatives, when n-Buli was used as basic reagent. The differences with 3-phenyl
substituted compounds might be due to the increase of acidity of the Tatter. Work
is now in progress in order to determine the relative acidity of the 3- and 4-

hydrogens. Table 2 shows the experimental conditions for the isomerization and

Table 3 shows the physical and spectroscopic data for the corresponding trang-
g-lactams.
Table 2
Isomerization of cis-g-lactams
Rl
1 *j 0 : /0
R “"4( Base H—
—
Ph—{ 0 —teem N PhCO—+—N
©NCH,OMe-p i CgH OMerp
g 6 4 A H
. fquilibrium distribution?
Entry _R™ Base So1ventE t{min) T(°C) cis trans
1 Ceke Byl THF 120 -5 14 86
2 CeHe NBut i THF 30 25 i} 100
3 CeHe NaOH CH4CN/H,0 15 25 63 37
4 Cehe NaOH CH4CN/H,0 1320 25 0 100
5E CHy "BuLi THF 30 25 100 0
6 CH, NaQH CH3CN /H,0 15 25 68 32
7 CH, NaQH CH3CN/H,0 1320 25 42 58
;3 CH,y NaOH CH4CN/H,0 4320 25 28 72
9 Ty NaOH CH4CN/H,0 60 Refiux 40 60
10& CoH, "BuLi THF 30 25 100 0
11 C,Hg NaOH CH3CN/H,0 15 25 55 45
12 CoHe NaOH CH3CN/H,0 1320 25 27 73
13 .C2H5 NaOH CH3CN/H,0 4320 25 17 83
1 n .
14 83H7 Buli THF 30 25 100 &
o i
15 .C3H7 NaOH CH5CN/H,0 15 25 42 58
1
16 C4H, NaOH CH5CN/H,0 1320 25 0 100

— 1581 —




Table 2 (cont.)

a Determined bylH-NMR from the signals corresponding to protons attached to
carbons C-3 and C-4(see Tables 1 and 3) on sufficiently expanded spectra of
the mixtures. The yield of the isomerization was quantitative except in
those cases expressly- indicated.

L=2

Conditions "Buli/THF: 0.64 mmol of "BuLi and 0.32 nmol of cis-g-lactam in
20 m1 of anhydrous THF.

Conditions NaOH/CH3CN-H20: MoTar ratio, NaQOH:g-lactam= 2:1; the g-Tlactam

is dissolved in the minimun amount of acetonitrile and then NaQH, dissolved
in the minimun amount of water, is added.

{0

The yield in these cases was 80-85%. No other product could be characterized.

Table 3

Physical and spectroscopic data for trans—s—TactamsE

H —’—-(/

co——N
PhCOT "t h 0 Mep
H —_
IR(en )2 TH-NMR (5, ppm) S
Entry R Mp(°C)  wC=0  vNC=0 R-3 H-4 J3,4(Hz)
! CeHs 166-8 1680 1750 4.25  5.33 3.9
2 CHy 3.30 5.15 3.0
3 CyHy 3.50 5.00 2.4
4 Te,H, 118-9 1685 1725 3.00  5.10 2.9

a BR-Lactams corresponding to entries 1 and 4 were jsolated as pure products.
For entries 2 and 3 the 1H-NMR data were obtained from the spectra of
mixtures enriched in the trans isomer (see Table 2).

b In KBr pellet.

& In CDCT4 solution.

In conclusion, the method developed in this report allows for the straighforward
preparation of ¢is- or trans-4-benzoyl-g-lactams. The functionalization of the
carbonyl group for the synthesis of g-lactam systems of potential interest as
well as synthetic applications of the isomerization process are currently under
active investigation.
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The following experimental procedure was used: Two solutions of the iminoketone
and the acid chleride in henzene were combined at the appropriate temperature.
The molYar ratio was acid chloride/iminoketone = 2/1. Then, a third sclution of
triethylamine in benzene, eguimolar with the acid chloride, was added. The
mixture was stirred at the same temperature of addition, until the starting
imine was consumed (TLC}. Generally, this took from 2 ta 5 h. When the reaction
was complete, the amine hydrochloride was removed by filtration and the
resulting solution was concentrated in vacuo, and the crude product triturated
with diethyl ether. A solid product was cbtained which was then recrystallized
from ethanol. g-Lactams 1-5 and 12-13 were prepared at room temperature,
g-lactams 6-11 were prepared at G°C.

The typical values of J3 4 for trans isomers are between 1.5 and 2.5 Hz.
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