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a = 23.903 (3), b = 15.142 (3), and c = 5.846 (1) A; V = 
2115.9 (6 )  A3; 2 = 4, D, = 1.298 g ~ m - ~ .  Intensities were 
measured with w/26  scan mode using raphite-mono- 

dependent reflections with 26 < 130°, 1416 were judged 
observed (IFol 1 3a(F0)). The structure was determined 
by direct methods (MULTAN 78) and successive block-di- 
agonal least-squares and Fourier syntheses. Parameters 
were refined by using anisotropic temperature factors to 
R = 0.079 for the observed reflections.1° A perspective 
drawing of the structure of 2 is given in Figure 2. The 
absolute stereochemistry of 2 was established to be 
2S,lOS,12S,14R on the basis of the isolation of S- 
methyl-L-cysteine from hydrolysis.2 

The structure of FR900452 with absolute stereochem- 
istry was thus established as 1. The oxocyclopentenylidene 
group incorporated as a vinylogous amide in the diketo- 
piperazine skeleton is unique and, as far as we are aware, 
FR900452 is the first example of this structural type. The 
exceptional activity of FR900452 as a PAF inhibitor is of 
special interest." 

Supplementary Material Available: Details of the X-ray 
crystal analysis of 2 including tables of fractional coordinates, 
thermal parameters, interatomic distances, and interatomic angles 
(5 pages). Ordering information is given on any current masthead 
page. 

cromated Cu K a  radiation ( A  = 1.54173 w ). Of 2093 in- 

(10) Details will be reported in a forthcoming full paper. 
(11) Okamoto, M.; Yoshida, K.; Nishikawa, M.; Hayashi, K.; Uchida, 

I.; Kohsaka, M.; Aoki, H. Chem. Pharm. Bull. 1986,34, 3005. 
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1,3-Dipoles Are Not the Only Reactive Species in 
2-Acylaziridine Pyrolyses 

Summary: Pyrolysis of N-tert-butylaziridines 1 in the 
presence of acetylenedicarboxylate gives adducts of 
structure 5, which rearrange to 6, rather than the expected 
ylide adducts 4. 

Sir: The participation of acyl-stabilized azomethine ylides 
in [2 + 31 dipolar cycloadditions can be utilized for the 
construction of five-membered rings containing nitrogen.lS2 
These ylides have been generated by using a variety of 

(1) (a)  1,3-Dipolar Cycloaddition Chemistry; Padwa, A., Ed.; Wiley- 
Interscience; New York, 1984. (b) Herman, H.; Huisgen, R.; Mader, H. 
J. Am. Chem. SOC. 1971,93,1779. (c) Heine, H.; Peavy, R.; Tetrahedron 
Lett. 1965, 3123. (d) Lown, J. W. Rec. Chem. Bog.  1971, 32, 51. 

(2) Selected recent applications: (a) Wenkert, D.; McPhail, A.; Fer- 
guson, S.; Porter, B.; Quarnstrom, A. J .  Org. Chem. 1985,50,4114. (b) 
Porter, A.; Husinec, S.; Roberts, J.; Strachan, C. J .  Chem. Soc., Perkin 
Trans. 1 1984,2517. (c) DeShong, P.; Kell, D. Tetrahedron Lett. 1986, 
27, 3979. (d) Eberbach, W.; Fritz, H.; Heinze, I.; von Laer, P.; Link, P. 
Tetrahedron Lett. 1986,27, 4003. 
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techniques including aziridine therm~lysis,l-~ oxazolium 
salt redudion,4 and a-minoester + aldehyde condensation 
at  elevated  temperature^.^ While investigating the 
thermolysis of several 2-acyl aziridines, we discovered some 
anomalous examples which undergo a novel addition and 
rearrangement reaction rather than the dipolar cyclo- 
addition. 

Thermolysis of cis or trans aziridine la in the presence 
of dimethyl acetylenedicarboxylate (DMAD) at  120 "C in 
a sealed tube gives a product which had been previously 
assigned as 3-pyrroline 4.6 Further investigation of the 
product by lH and 13C NMR rules out structure 4 and 
proves the actual structure to be pyrroline 6a.7 A par- 
ticularly distinguishing feature in the 13C NMR spectrum 
is the highly polarized nature of the carbons which com- 
prise the vinylogous carbamate ((2-2, 149.5 ppm (d); C-3, 
97.7 ppm (s)). The structure 6 explains the reported re- 
luctance of the adduct to aromatize and readily accounts 
for the 'H NMR and chemical degradation data described 
earlier.6 

Thermolysis of aziridine lb at 80 "C overnight in the 
presence of DMAD yields the analogous pyrroline 6b in 
57% yield as a 2.6:l mixture of diastereomers. However, 
when the reaction is interrupted at  shorter times or run 
at  lower temperatures, an intermediate can be obtained 
which is the bicyclic compound 5b (up to 37% ~ i e l d ) . ~ , ~  

(3) (a) Woller, P. B.; Cromwell, N. H. J. Org. Chem. 1970,35,888. (b) 
Deyrup, J .  A. J. Org. Chem. 1969,34,2724. (c) Lown, J. W. Can. J.  Chem. 
1972,50,2236. (d) see ref lb.  (e) Padwa, A.; Hamilton, L. J.  Heterocycl. 
Chem. 1967, 4, 118. (0 Gelas-Miahle, Y.; Hierle, R.; Vessiere, R. Bull. 
Chim. SOC. Fr. 1974,709. (9) Texier, F.; Carrie, R.; Bull. Chim. SOC. Fr. 
1971, 4119. (h) Texier, F. Can. J .  Chem. 1985,65, 2245. (i) Texier, F.; 
Bastide, J.; Qveng, Y. Bull. Chim. SOC. Fr. 1973, 2871. 

(4) Vedejs, E.; Grissom, J .  W. J.  Am. Chem. SOC. 1986, 108, 6433. 
(5) (a) Joucla, M.; Maher, J.; Hamelin, J. Tetrahedron Lett. 1985,26, 

2775. (b) Armstrong, P.; Grigg, R.; Jordan, J.; Malone, J. Tetrahedron 
1985,3547. (c) Tsuge, 0.; Kanemasa, S.; Ohe, M.; Takenaka, S. Chem. 
Lett. 1986,973. (d) Confalone, P.; Huie, F. J.  Am. Chem. SOC. 1984,106, 
7175. 

(6) Padwa, A.; Oine, T.; Dean, D. J .  Am. Chem. SOC. 1975, 97, 2822. 
(7) 6a: 'H NMR 6 7.76-7.70 (2 H, m), 7.52-7.35 (3 H, m), 7.43 (1 H, 

s), 4.99 (1 H, q, J = 6.7 Hz), 3.61 (3 H, s), 3.49 (3 H, s), 1.38 (9 H, s), 1.06 
(3 H, d, J = 6.7 Hz); 13C NMR 193.3 (s), 172.4 (s), 164.6 (s), 149.5 (d), 
137.5 (s), 132.3 (d), 128.4 (d), 127.6 (d), 97.7 (s), 70.4 (s), 62.1 (d), 55.1 (s), 
52.3 (q), 50.3 (q), 30.1 (q), 18.9 (9) ppm. 

(8) 5 b  lH NMR 6 7.61-7.29 (10 H, m), 5.54 (1 H, s), 4.69 (1 H, s), 3.91 
(3 H, s), 3.67 (3 H, s), 0.92 (9 H, 9); I3C NMR 163.2 (s), 160.7 (s), 145.7 
(s), 139.4 (s), 139.2 (s), 137.3 (s), 129.5 (d), 129.3 (d), 128.3 (d), 128.0 (d), 
127.9 (d), 125.3 (d), 90.7 (d), 85.7 (s), 71.9 (d), 52.2 (q), 52.1 (q), 51.9 (s), 
29.5 (9) ppm. 
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Upon further heating a t  80 "C, this rearranges to the 
previously observed 6b. 

A proposed mechanism to explain the formation of these 
products is outlined in Scheme I. Upon thermolysis, the 
aziridine opens to the ylide 2. The ylide does not undergo 
a [2 + 31 cycloaddition to form pyrrolidine 4 but instead 
closes to the 4-oxazoline 3. As we had observed in a recent 
study of oxazolium salt r ed~c t ion ,~  the 4-oxazoline 3 can 
react with DMAD in a (2 + 21 manner to yield 5 .  Under 
the harsh conditions employed in the thermolysis of la, 
the intermediate 5a rapidly rearranges via ring opening 
and reclosure to the pyrroline 6a. However, in the case 
of aziridine lb, oxazoline formation occurs at  a much lower 
temperature, and adduct 5b can be intercepted. Further 
heating brings about the same isomerization to the pyr- 
roline 6b. 

The absence of [2 + 31 cycloaddition products in this 
reaction is striking. An unfavorable steric interaction 
between the tert-butyl group and adjacent groups probably 
destabilizes planar ylide structures such as 2. This could 
make electrocyclic ring closure to the relatively more 
flexible oxazoline rapid in comparison to the dipolar cy- 
cloaddition which is not observed. A few other examples 
of the aziridine/oxazoline interconversion existlo although 
this is the first case involving an N-alkyl group and no 
substitutent a t  the C-4 oxazoline position. The 5 - 6 
conversion has not been observed previously. This process 
allows access to pyrrolines of a rather unusual substitution 
pattern, but its principal ramification is a cautionary one: 
there is no guarantee that 1:l adducts obtained from re- 
active dipolarophiles and 2-acylaziridines will be derived 
from the [2 + 31 cycloaddition. The 4-oxazoline tautomer 
is thermally accessible as initially pointed out by Baldwin 
et  al.,loa and this isomer reacts with DMAD to give 6 via 
a labile intermediate 5. A preliminary reevaluation of the 
classical work on trapping of dipoles from N-arylaziridines 
with acetylenic dipolarophiles has revealed no anomalies 
in adduct structure; these experiments do indeed give [2 
+ 31 cycloadducts as initially reported.' However, the 
N-alkyl systems are not so simple. Preliminary results 
suggest that only those aziridines having bulky N-alkyl 
groups are likely to follow the alternative pathway de- 
scribed here, but the system is in delicate balance. This 
topic will be discussed further in a full paper. 

Acknowledgment. This work was supported by the 
National Institutes of Health (CA 17918; also, RRO 
2388-01 to support the purchase of the AM-500 NMR 
system). 

(9) The structure of 5b is clear from the 'H and 13C NMR evidence. 
In particular, the absence of long-range coupling between the methine 
protons rules out structure 4 where extensive precedent requires J2,& = 
ca. 5 f 2 Hz regardless of stereochemistry (see, for example, ref 3a-c). 
The strongest evidence for 5b is the excellent match of 13C spectra with 
analogous structures obtained by 2 + 2 addition of DMAD + independ- 
ently generated 4-oxazolines (ref 4). Adduct 5b lacks a bridgehead sub- 
stituent compared to the earlier precedents, and the corresponding 13C 
signal (71.9 ppm) becomes a doublet. 

(10) (a) Baldwin, J.; Pudussery, R. G.; Quereshi, A. K.; Sklarz, B. J.  
Am. Chem. SOC. 1968,90,5325. (b) see ref 3g. (c) Hiyama, T.; Taguchi, 
H.; Nozaki, H. Bull. Chem. SOC. Jpn. 1974, 2909. (d) Carrie, R. Tetra- 
hedron 1976, 32, 1995. (e) Kobayashi, Y.; Kumadaki, I.; Yoshida, T. 
Heterocycles 1977,387. (f) El-Din, M. N.; Mourad, A. E.; Mekamer, R. 
Heterocycles 1985, 23, 1155. 
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Asymmetric Synthesis of the Carbapenem Antibiotic 
( + )-PS-5 
Summary: An asymmetric synthesis of (+)-PS-5 (1) has 
been accomplished by a route utilizing the anti-selective 
boron enolate-imine condensation reaction with extremely 
high asymmetric induction. 

Sir: Recently we have found that 9-BBN enolates derived 
from S-phenyl alkanethioates react with imines smoothly, 
giving anti 6-amino acid derivatives in a stereoselective 
manner.' One characteristic feature of this condensation 
reaction is that amines such as benzylamine and p-meth- 
oxybenzylamine can be utilized as an imine component,2 
suggesting that the use of optically active imines derived 
from a-methylbenzylamine and 1- (1-naphthyl)ethylamine3 
could provide optically active @-amino acid derivatives 
convertible to trans-carbapenem antibiotics. In this paper 
we wish to report a highly efficient asymmetric synthesis 
of (+)-PS-5 (1),4 which is a trans-carbapenem antibiotic 

/. jy.-+s"H*c 
COOH 

active against gram-positive and gram-negative bacteria 
including 6-lactamase producing organisms. Although the 
elegant asymmetric syntheses of (+)-PS-5 (1) have been 
reported very recently: the present synthesis is completely 
different from those already reported. 

The imine 4 (1.2 equiv) derived from 3-(trimethyl- 
silyl)-2-propynal and (S)-Lu-methylbenzylamine6 was added 
a t  -40 "C to the boron enolate 3 prepared from S-phenyl 
butanethioate (2), g-BBNOTf, and diisopropylethylamine 
(0 "C, 1 h) (Scheme I). The reaction mixture was grad- 
ually warmed to 25 "C and stirred for 20 h. After the 
reaction was quenched with pH 7.0 phosphate buffer and 
workup and short-path, silica gel chromatography, the B-N 
bond of the condensation products was cleaved with con- 
centrated HC1 in ether-methanol (2:1, 25 "C, 5 h) to give 
the @-amino acid derivative in 69% yield. These products 
consisted of the anti adduct 5 and the syn adducts 6 and 
6' in a ratio of 5.2:l. Exposure of the mixture 5 ,  6 ,  and 6' 
to tert-butylmagnesium chloride (2 equiv) in ether at 0 "C 
for 3 h7 furnished the trans-@-lactam 7 in 68% yield, to- 
gether with the cis-@-lactams 8 and 8' in 3% ~ i e l d . ~ , ~  The 

(1) (a) Iimori, T.; Shibasaki, M. Tetrahedron Lett. 1985,26,1523; (b) 
1986, 27, 2149. (c) Iimori, T.; Ishida, Y.; Shibasaki, M. Ibid.  1986, 27, 
2153. 

(2) In the case of lithium enolates such imines cannot be used. See: 
Ha, D.-C.; Hart, D. J.; Yang, T.-K. J .  Am. chem. Soc. 1984, 106, 4819. 

(3) For asymmetric synthesis of p-lactams using such amines, see: (a) 
Ojima, I.; Inaba, S. Tetrahedron Lett. 1980,21, 2077, (b) 2081. (c) Melillo, 
D. G.; Cvetovich, R. J.; Ryan, K. M.; Sletzinger, M. J .  Org. Chem. 1986, 
61, 1498. (d) Gennari, C.; Venturini, I.; Gislon, G.; Schimperna, G. 
Tetrahedron Lett .  1987,28, 227. 

(4) Yamamoto, K.; Yoshioka, T.; Kato, Y.; Shibamoto, N.; Okamura, 
K.; Shimauchi, Y.; Ishikura, T. J.  Antibiot. 1980, 33, 796. 

(5) For total synthesis of (+=)-PS-5, see: (a) Bateson, J. H.; Hickling, 
R. I.; Roberts, P. M.; Smale, T. C.; Southgate, R. J. Chem. SOC., Chem. 
Commun. 1980,1084. (b) Kametani, T.; Honda, T.; Nakayama, A.; Sa- 
saki, y.; Mochizuki, T.; Fukumoto, K. J .  Chem. SOC., Perkin Trans. l 
1981, 2228. (c) Hatanaka, M.; Nitta, H.; Ishimaru, T. Tetrahedron Lett. 
1984, 25, 2387. For total synthesis of (+)-PS-5, see: (d) Favara, D.; 
Omodei-Sale, A.; Consonni, P.; Depaoli, A. Ibid. 1982, 23, 3105. (e) 
Okano, K.; Izawa, T.; Ohno, M. Ibid. 1983,,24, 217. (f) Hsiao, C.-N.; 
Ashburn, S. P.; Miller, M. J. Ibid. 1985, 26, 4855. (9 )  Evans, D. A.; 
Sjogren, E. B. Ibid. 1986,27, 3119. (h) Hart, D. J.; Lee, C.-S.; Pirkle, W. 
H.; Hyon, M. H.; Tsipouras, A. J .  Am.  Chem. Soc. 1986, 108, 6054. 

(6) The boron enolate condensed with the imine derived from 1-(1- 
naphthy1)ethylamine only in a low yield. 

(7) Birkofer, L.; Schramm, J. Liebigs Ann. Chem. 1975, 2195. 
(8) The anti p-amino acid derivative was converted to the trans P- 

lactam in 83% yield, while the syn derivative was transformed into the 
cis @-lactams only in 23% yield. 

(9) R,  values of the p-lactams are 0.7 for 7 and 0.5 and 0.4 for the cis 
P-lactams (silica gel; ether-hexane, 1:l). 
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