Synthesis of Carbapenam Skeletons

Using a Ruthenium-Catalyzed
Cyclization
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Carbapenam is a very important skeleton of #-lactam antibiotics, and it has a highly strained structure. When enynes 9 were treated with
RuH,CO(PPhs); (10 mol %) in toluene upon heating, carbapenams 10 were obtained in good yields.

Carbapenam is a very important skeleton @iactam

Scheme 1. For the construction of carbapenam skeleton 111

antibiotics, and it has a highly strained structure. It is thought using organometallic reagent, we thought a method using
that the development of a novel method for synthesizing reductive elimination from six-membered metalacycle | or
carbapenams would lead to the production of rfelactam I might be effective. Recently, Murai and Trost reported a
antibiotics. There are several reports on the synthesis ofruthenium-catalyzed €C bond formation via €H activa-
carbapenam skeletons using organometallic reagets. tion (eq 1)>2 When compound IV was reacted with olefin
plan for the synthesis of a carbapenam skeleton is shown inin the presence of a ruthenium catalyst, compound VI was
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R.; Rosenblum, MJ. Org. Chem1980,45, 1984. (d) Trost, B. M.; Chen,
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obtained. In this reaction the intermediary ruthenium complex
is V, and insertion of olefin into the ReH bond of V gives
VIl and then reductive elimination from VII affords VIThis
method is very attractive for our purpose, because if
compound VIII is treated in a similar manner, the reaction
would proceed intramolecularly, and six-membered ruthena-
cycle la would be formed. From la, it should be possible to
obtain carbapenam llla by reductive elimination (eq 2).
Initially, we tried to cyclize enyn@ having an electron-
withdrawing group on the alkene using RiEO(PPh)s.*
When a toluene solution of enyi2a and RuHBCO(PPh)s

(3) Trost, B. M.; Imi, K.; Davies, I. M.J. Am. Chem. S0d.995,117,
5371. For other related reports on the addition of-eHbond to a multiple
bond, see Jun etal. (Jun, C.-H.; Hwang, D.-C.; Na, £hkm. Commun.
1998, 1405) for ruthenium-catalyzed addition of a benzyleHCbond to
alkene and see Lim et al. (Lim, Y.-G.; Kang, J.-B.; Kim, Y. Bhem.
Commun1996, 585, and references therein) for rhodium-catalyzed addition
of an aromatic or vinylic &H bond to alkene.

(4) Levinson, J. J.; Rovinson, S. D. Chem. Soc. A970, 2947.



Scheme 1. Our Plan for the Synthesis of Bicycljg-Lactams
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(1, 5 mol %) was refluxed for 18 h, cyclized produga

Table 1. Reaction ofl with 2

R' o 2
R 5mol% H H R
_ RuH,CO(PPhs); (1) R!
| [ 2 3)3 N/ o
toluene, reflux
X X
2 3
run X R? R2 time (h) yield (%)
1 CH; 4-MeOCgHs OEt 2a 18 77
2 CH; Me O(CHy)sPh  2b 18 55
3 NTs Ph OEt 2c 18 83
4 NTs 4-MeCgH4 OEt 2d 18 50
5 NTs Ph Me 2e 8 oa.b
6 NTs Ph NEt; 2f 6 76¢
7 NTs Ph NHEt 29 6 5gad

210 mol % of RUHCO(PPR); was used® 6; 56%.° 3f:4f =
50=1:1.5

4:1.94q:

bond of 2e occurred to gives in 56% vyield. On the other
hand, amide&f or 2g gave the cyclized producg& and 4f
or 4g and5gin good yields (runs 6 and 7).

Subsequently, to synthesize bicyclic heterocycles, when
a toluene solution of pyrrolidine derivativewas refluxed
in the presence of RuEO(PPR); for 7 h, pyrrolizidine

was obtained in 77% yield. The results of an NOE experi- derivative8 was obtained in 53% yield (Scheme 2).
ment showed the stereochemistries of the double bonds in

3ato beE andE. It was thought that isomerization of the
double bond occurred via 1Xaor IXb to avoid steric
hindrance (Figure 1).

2

ranatra

Figure 1.

Enyne2b having a methyl group on the alkyne afforded
the desired compour@@b (Table 1, run 2). For the synthesis
of heterocycles, compoundx and 2d were treated in a
similar manner, and the cyclized produ@sand 3d were

Scheme 2. Synthesis of Bicyclic Heterocycles
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Using this procedure, we tried to synthesize bicyclic
pB-lactams. When a toluene solution gflactam 9a was
refluxed in the presence of RuBO(PPh); for 12 h, we
were very pleased to find that bicyclfg-lactam 10a was
obtained in 44% yield along with the isomerization product
1la (Table 2, run 1). The results of an NOE experiment
showed the stereochemistries of the double bonds tB be
andE. Various bicyclics-lactamsl0were synthesized from
the corresponding-lactams9. In the case of a silyloxy-
methyl group on the alkyne, the yield decreased to 22% and
the starting material was recovered in 31% yield (run 4).

Subsequently, compound2aand12b were synthesized
and separated, but the stereochemistry of each isomer could

obtained in good yields (runs 3 and 4). As a substituent on not be determined. Each isomer was treated in a similar
the alkene, a keto-carbonyl group could not be used for this manner, and.3awas obtained in 23% yield along with the
reaction (run 5), and in this case isomerization of the double starting material in 44% yield from the more-polar compound

(5) (a) Blackmore, T.; Bruce, M. I.; Stone, F. G. A.Chem. Soc., Dalton
Trans.1974, 106. (b) Hart, D. W. Schwartz,Jl.Organomet. Cheni975,
87, C11.

3246

12aon TLC (Scheme 3). The results of an NOE experiment
showed that the stereochemistries of the double bonti8an
are E andE and that the ring-junction proton and methyl

Org. Lett., Vol. 2, No. 20, 2000



Table 2. Synthesis of Carbapenah®
RO

10 mol % 1

N._~_CO:Me toluene, reflux

©0

R’ = (tert-Bu)Me,Si-

yield (%) of

run R substrate time (h) 10 11
1 Ph 9a 12 44 17
2 4-MeOCgH4 9b 6 63 10
3 4-MeCgHa4 9c 12 45 18
4 Et;SiOCH; 9d 8 22 102

aRecovered starting material; 31%

group on the five-membered ring ¢$s. However, the other
isomerl2bdid not afford the desired product, and the starting
material was recovered in 75% yield.

have recently been reportedin these cases, various reaction
mechanisms for cyclization were proposed; for example,
hydroruthenation to the alkyne by RuEIO(PPh); followed

by insertion of a double bond into the C—Ru bond gives
Xll via XI and theng-hydride elimination affords the desired
product (Scheme 4).

Scheme 4. Another Possible Reaction Course
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At present, it is not clear whether this reaction proceeds
via C—H activation, hydroruthenation, or another mechanism.

Further investigation of the reaction mechanism is now
in progress.

Supporting Information Available: Experimental pro-
cedures and spectral data for the cyclization of substrates
2cand9a; spectral data for compou2é—g,3a—g,7, 9a—

d, 10a—d,12a,b, andl3a. This material is available free of

Our plan for the construction of a carbapenam skeleton is charge via the Internet at http:/pubs.acs.org.

a method using the formation of six-membered ruthenacycle

and then reductive elimination from it. However, several
methods for cyclization using various ruthenium complexes

Scheme 3
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(7) We have already reported on a novel cyclization using RuCIH(CO)-
(PPhy)s. In this reaction, we proposed this hydroruthenation mechaflism.
Thus, when a toluene solution @b was refluxed in the presence of RuCIH-
(CO)(PPh)3 overnight, no cyclized product was obtained.
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