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Synthesis of B-lactams and a-amino acids by photochemical reactions of
chromium carbene complexes

By L.S. HEcepus
Department of Chemistry, Colorado State University, Fort Collins, Colorado 80523, U.S.A.

Y 4

The photochemical reaction of chromium carbene complexes with imines has been
developed into an efficient process for the synthesis of B-lactams. A new route to
aminocarbene complexes, involving the reaction of Na,Cr(CO), with amides and
trimethylsilyl chloride has been developed. By using this procedure, chiral, optically
active aminocarbene complexes have been prepared, and their photochemical
reactions with imines developed. Chiral, optically active B-lactams have been
prepared with more than 909, diastereoselectivity by this procedure. Chiral,
optically active aminocarbene complexes containing pendent alcohol groups have
also been prepared. Photolysis of these produces aminolactones, which can be cleaved
to natural and unnatural a-amino acids.
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Chromium carbene complexes, 1, have been known for 20 years, since their first intentional
synthesis (Fischer & Aumann 1968) by the reaction of organolithium reagents with chromium
hexacarbonyl, followed by alkylation with trimethyloxonium tetrafluoroborate (scheme 1).

09 Me,O*BF, OMe
CrCO); + R ——— | (CO)sCr—C—-R|Li ————— (CO)sCr=(
R

1
ScHEME 1

These yellow, relatively air-stable crystalline solids have been extensively studied in the

intervening years, but only very recently have they begun to be used for the efficient synthesis
- of complex organic compounds. The bulk of this research has focused on the thermal reactions
; > of alkynes with chromium carbene complexes to produce napthoquinone derivatives (Dotz
O  1984). In contrast, research in our laboratories has centred on the development of
=~ ﬁ synthetically useful transformations involving the photolytic reactions of chromium carbene
U complexes.
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RESULTS AND DISCUSSION

Several years ago it was observed in the laboratories at Colorado State University that
photolysis of chromium carbene complexes at wavelengths corresponding to the metal-to-
ligand charge-transfer band (MLcT, 350-470 nm) in the presence of imines produced B-lactams
in excellent yield, and with a high degree of stereoselectivity (Hegedus et al. 1984). An example
of this process is seen in scheme 2, for which high yields and high enantioselectivities were
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MeQ H

OMe s Mo et

(00)50r=( + € L l I \)<
R N—, CH,CN
cO,Me Co,Me
(R) (86%, single enantiomer)
ScHEME 2

observed. This process proved generally effective for the synthesis of a wide range of B-lactams.
However, it was severely limited for use in the synthesis of biologically active B-lactams,
because these compounds almost invariably have a hydrogen and an acylamido group « to the
B-lactam carbonyl group, whereas typical Fischer carbene complexes, produced from the
reaction of organolithium reagents with Cr(CO),, ultimately place an alkyl group in the o-
position of the PB-lactam. To overcome this problem, a new approach to chromium
aminocarbenes was developed (scheme 3) (Imwinkelried & Hegedus 1988). It involves the

o 1) THF, 78> —= 0° =<Nﬂ'z
Na,Cr(CO); + R—C NR', " (CO)sCr
2) 3 TMSCI, -78' R

3) Neutral Al,O,
-78° ~—» 25°

Cr(CO)s + 2|:“] Na*

R = Me 84% R = JR = Me 96% R = PhCH,0CH,, R' = Me 50%
R = PhCH, 86% \ R = PhCH=CH,R' = Me 20%

R = H,

R = H,

g = :in R=Ph =~1% o R = Mg, R' = [(CH,),LLO 78%
R=

e,R' = Mo 83% = -(CHy)s~ R = Me 9
PhR - Ms 9% R=oCPhR =M  goy - R fs 88%

ScHEME 3

reaction of Na,Cr(CO),, readily produced by the reduction of Cr(CO), with sodium
naphthalenide, with amides in the presence of trimethylsilyl chloride. The process is very
general, and formamides, acetamides and benzamides are converted to the corresponding
aminocarbene complexes in excellent yield. The process is thought to involve reversible
addition of the dianion to the amide, followed by O-silylation and irreversible loss of
TMSO~ (scheme 4).

The most useful carbene complex for B-lactam syntheses is the (dibenzylamino)methylene
complex. This complex proved generally reactive toward a wide variety of imines to give B-
lactams in excellent yield (Borel ¢t al. 1987) (schemes 5-10). Again, with rigid, chiral, cyclic
imines, very high enantioselectivity was observed (scheme 11). Debenzylation by hydro-
genolysis produced the free a-amino B-lactams.

The synthetic approach to aminocarbenes shown in scheme 3 has also been used to
synthesize chiral, optically active carbene complexes efficiently (scheme 12). In preliminary
studies, this chiral carbene complex efficiently induced asymmetry in the B-lactam forming

(4]
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MeOH  94% recovery
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process, and was readily cleaved to give excellent yields of optically active B-lactams in a direct

manner (scheme 13).

Recent mechanistic studies of the B-lactam forming process presented above have implicated
a photolytically driven, reversible CO insertion to produce a metal-bound ketene complex
(scheme 14) (Hegedus et al. 1988). Reaction of this ketene complex with an imine is thought
to produce the B-lactam in a two-step process. Indeed, the stereochemistry observed in the

[6]
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chromium carbene-imine reaction exactly parallels that of the corresponding imine-free
ketene reaction, although yields are considerably higher in the chromium-carbene process. If
metal-bound ketenes are indeed intermediate in this chemistry, they should be capable of being
trapped by nucleophiles other than imines. This is indeed the case (scheme 15). These
observations led to the development of an efficient synthesis of chiral, optically active natural
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and unnatural a-amino acids, utilizing the intramolecular trapping of a photogenerated ketene
complex by a chiral alcohol (scheme 16). In preliminary studies, aminolactones, convertible to
aminoacids by hydrolysis and hydrogenolysis, were synthesized in good yield and with
excellent diastereoselectivity.

Ph
Ph
conc %OMG PhHPh HN
———
(CO)sCr + (CO)50r=( OH
R H,N OH X
R = Mo R=Me 90%

R e—<] Re—] 6%

R H ?

,_ N Ph R., (“\
hv " o
——— (CO),Cr —_—

HN\)’H

l_ off” P Ak
Ph

R = Me, 70%; 90% diastereoselective
R = —4 55%; 86% diastereoselective

PdCl, NH,
+

ScHEME 16
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Discussion

J. E. BaALpwin, F.R.S. (Dyson Perrins Laboratory, University of Oxford, U.K.). Because the reaction
of ketenes with imines is known and assumed to proceed via a dipolar adduct, and because the
stereochemical outcome is very similar to the chromium chemistry, is it not possible that the
photochemical reaction of the chromium carbene complex actually generates a small
concentration of free ketene and that the reaction proceeds via this species?

L. S. Hegepus. The present evidence does not exclude this possibility.
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