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Communications

B-Lactams from Esters and Sulfenimines: A New
Route to Monobactams

Summary: Lithium enolates of esters react with none-
nolizable and enolizable S-trityl sulfenimines to give N-
tritylsulfenyl 3-lactams. An application of this reaction
to the synthesis of 4-methylmonobactams (16 and 17) and
manipulations of the N-tritylsulfenyl group are described.

Sir: One objective of our studies of the ester-imine con-
densation route to 5-lactams! has been the identification
of azomethines which provide rapid access to N-unsub-
stituted §-lactams. We have found that N-trimethylsilyl
imines are excellent in this regard as they directly afford
the aforementioned substitution pattern.?® Certain N-aryl
imines are also suitable although oxidative removal of the
aryl group is necessary after §-lactam construction.*®
Recently, oxime ethers have also been used in this ap-
proach to 8-lactam synthesis.” In this report, we show that
sulfenimines can now be added to the list of azomethines
which provide access to 8-lactams upon reaction with ester
enolates. In addition, we describe an application of this
method to the synthesis of 4-methylmonobactams.

We began by examining the reaction shown in eq 1.
Treatment of the lithium enolate of ethyl isobutyrate (1)
with N-(phenylsulfenyl)benzaldimine (2a)® in tetra-
hydrofuran (=78 °C — 25 °C, 20 h) followed by workup
with 3 N aqueous hydrochloric acid gave 8-lactam 3 (356%,
mp 104-105 °C), sulfenylated ester 4 (19%), and diphenyl
disulfide (34%). Thus, although 2a afforded direct access
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to N-unsubstituted B-lactam 3, the ambident electro-
philicity of the sulfenimine appeared to be causing prob-
lems. The generality of this problem was underscored
when the reactions shown in eq 2 were examined. Thus,

(1) Gilman, H.; Speeter, M. J. Am. Chem. Soc. 1943, 65, 2255. Kagan,
H. B,; Basselier, J. J.; Luche, J. L. Tetrahedron Lett. 1964, 941. Dardoize,
F.; Moreau, J.-L.; Gaudemar, M. C. R. Hebd. Seances Acad. Sci., Ser. C
1969, 268, 233. Gluchowski, C.; Cooper, L.; Bergbreiter, D. E.; Newcomb,
M. J. Org. Chem. 1980, 45, 3413.

(2) Hart, D. J.; Kanai, K.; Thomas, D. G; Yang, T.-K. J. Org. Chem.
1983, 48, 289. Hart, D. J.; Ha, D.-C.; Yang, T'.-K. J. Am. Chem. Soc. 1984,
106, 4819. Ha, D.-C.; Hart, D. J. Tetrahedron Lett. 1985, 26, 5493.

(3) For results from other laboratories, see: Chiba, T.; Nagatsuma, M.;
Nakai, T. Chem. Lett. 1984, 1927. Chiba, T.; Nakai, T. Chem. Lett. 1985,
651. Cainelli, G.; Contento, M.; Giacomini, D.; Panunzio, M. Tetrahedron
Lett. 1985, 26, 937. Colvin, E. W.; McGarry, D. G. J. Chem. Soc., Chem.
Commun. 1985, 539.

(4) Kronenthal, D. R.; Han, C. Y.; Taylor, M. K. J. Org. Chem. 1982,
47, 2765.

(5) Georg, G. L; Gill, H. S.; Gerhardt, C. Tetrahedron Lett. 1985, 26,
3903

(6) Burnett, D. A,; Gallucei, J. C.; Hart, D. J. J. Org. Chem. 1985, 50,
5120. Ha, D.-C.; Hart, D. J. Tetrahedron Lett. 1985, 26, 5493.

(7) Tkeda, K.; Yoshinaga, Y.; Achiwa, K.; Sekiya, M. Chem. Lett. 1984,
369.

(8) Davis, F. A.; Slegeir, W. A, R.; Evans, S.; Schwartz, A.; Goff, D. L.;
Palmer, R. J. Org. Chem. 1978, 38, 2809. Davis, F. A.; Mancinelli, P. A.
J. Org. Chem. 1977, 42, 398.

0022-3263/86/1951-1929%01.50/0

- | LDA,THF
2.RCH=NSPh
CO,E!
5 2a R=Ph 6 R=Pn 7 R=H
2b R=Me 9 R=Me 8 R=SPh

ethyl isovalerate (5) and 2a reacted to give 8-lactam 6
(37%), esters 7 (30%) and 8 (2%), and diphenyl disulfide
(43%).° The enolizable sulfenimine 2b® gave only 8% of
B-lactam 9 (mp 54--56 °C) along with 7 (18%) and diphenyl
disulfide (12%).

Since it was clear that attack of the enolate on sulfur
was a major problem, sulfenimines with a bulkier sub-
stituent on sulfur were examined. Thus, treatment of 1
with lithium diisopropylamide followed by sulfenimine 10°
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in tetrahydrofuran (-78 °C — 25 °C, 20 h) gave 8-lactam
11 (mp 166~167.5 °C) in 87% yield. No products resulting
from sulfenylation of the enolate were observed and the
N-tritylsulfenyl group survived the 3 N aqueous hydro-
chloric acid workup. Ester 5 reacted with 10 in a similar
fashion to give a 4.5:1 mixture of 12a (mp 139-143 °C) and
12b, respectively, in 70% yield. Finally, ethy! isovalerate
and the enolizable sulfenimine 13!! gave cis 8-lactam 14a
(69%, mp 151-156 °C) and trans S-lactam 14b (2%, mp
113~114.5 °C) after chromatographic separation over silica
gel.
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Several aspects of this chemistry are notable. First,
sulfenimines appear to be more flexible than oxime ethers
with regard to toleration of ester substitution patterns. For
example, it has been reported that only lithiated «,a-di-
alkyl esters react with oxime ethers to give 8-lactams under
the conditions used here.”!?> Second, the reaction between
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(11) Compound 13 (mp 129-135 °C) was prepared in 73% yield by
using a slight modification of Branchaud’s procedure for the preparation
of other tritylsulfenimines.!® Details appear in supplementary material.
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5 and 13 is one of the few examples of 3-lactam formation
in a reaction involving lithium enolates and an enolizable
azomethine.’®'® Finally, the reactions show stereoselec-
tivities which parallel results obtained with simple lithium
enolates and N-trimethylsilyl or N-arylaldimines.?

The potential of this route to 8-lactams is underscored
by the example shown in eq 3. Thus, treatment of glycine
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derivative 15 with sulfenimine 13 (-20 °C, 4 h) gave a 5:1
mixture of 16 (mp 146-147.5 °C) and 17, respectively, in
a 78% yield after chromatography over silica gel. The
relationship of this reaction to monobactam synthesis is
obvious.!"18
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In keeping with the objective of developing procedures
for the preparation of N-unsubstituted 8-lactams, several
methods for reductive removal of the N-tritylsulfenyl
group were examined. It was found that this task could
be accomplished by using several reagents. For example,
treatment of 3-lactam 11 with tri-n-butylphosphine (10
equiv, EEOH-THF, 115 °C, 48 h) gave 3 (75%). Treatment

(12) Our own studies have shown that the lithium enolate of 5 in THF
gives no 8-lactam with oxime ethers i and ii. Only the product of ap-
parent Claisen condensation of 5 is obtained (50%). The enolate derived
from sequential treatment of 5 (1 equiv) with LDA (1 equiv) and ZnCl,
(1 equiv) in THF gives only trace amounts of 8-lactams upon treatment
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vi and a 45% yield of vii upon treatment with oxime ethers i and v,
respectively. Treatment of ethyl 2-bromoisovalerate with Zn in THF and
i also gives vi (21%).
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of 11 with trimethylsilyl iodide (CH,Cl,, 25 °C, 7 h) also
gave 3 (81%).1° Although 4-alkylated 3-lactam 14a could
be converted to 9 by using freshly prepared W-2 Raney
nickel? (40%) or lithium in ammonia (85%), these con-
ditions resulted in the conversion of 4-arylated §-lactam
11 to amide 18 in 45% and 79% yields, respectively.?!-22
Finally, when 11 was warmed with anhydrous CuCl, (2
equiv) in tetrahydrofuran—ethanol (75 °C, 5 h), only S-C
bond cleavage was observed.?? Thus, disulfide 19 was
obtained in 69% yield as a mixture of diastereomers. This
reaction may be particularly useful in monobactam syn-
thesis.

In summary, the condensation of lithium ester enolates
with sulfenimines represents a promising new entry to
B-lactams. Additional studies including applications to
monobactam and carbapenem total synthesis as well as
ketene—sulfenimine cycloadditions are underway.?
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The ((3-Phenylethyl)oxy)carbonyl
(“Homobenzyloxycarbonyl”, hZ) Amino-Protecting
Group

Summary: The ((8-phenylethyl)oxy)carbonyl group
(“homobenzyloxycarbonyl”, hZ) is shown to be generally
deblocked by catalytic hydrogenolysis, especially via the
catalytic transfer technique using freshly precipitated
palladium—carbon in the presence of ammonium formate.
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