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Abstract- Various oxacephams are obtained from symmetrically and 

unsymmetrically 2,2,5,5-substituted 1,3-2H-oxazines by the S t aud  i n ge r  

reaction. The annulation reaction proceeds diastereoselectively with both 

synthons, as unequivocally determined by nmr spectroscopical analysis. 

Though already many of p-lactams were prepared chemically or biologically and are in part used as 

antibiotics,' the chemistry of these compounds is still in development. This is undoubtedly due to the 

evolution of resistance effects in pathogenic microorganisms, which demand for new and possibly less 

toxic antibiotic compounds. 

p-Lactams may be synthesized by different methods.' One of the first and probably easiest methods is the 

S t a u  d i n  g e r  reaction which condenses a substituted acetyl chloride and an imine compound in the 
3 presence of a base as depicted in Scheme 1. 

4 Extending our studies on the synthesis and chemistry of heterocyclic imines (1,3-thiazolines, 1.3- 
6 oxazo~ines,~ and 1,3-oxazines ) we were interested in the synthesis of p-lactam derivatives of 1,3-2H- 

oxazines using this method 

Results and discussion 
7 R The structural, experimental, and stereochemical requirements of the S t a u d i n  g e r reaction have been 

described previously. The dehydrohalogenation of acid chlorides with a hydrogens leads in basic media to 

ketene intermediates which then undergo a [2+2] cycloaddition with the Schiff base. Therefore factors that 

favor the formation of ketenes will enhance the annulation reaction . 
We studied reactions of acid chlorides with 1.3-oxnzines under S t a u d i n g e r conditions. The reaction 
of phenyl acetyl chloride with 2,2,5,5-tetramethyloxazine ( l a )  did not lead to the expected P-lactam (I), but 
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1 ~ 2 0 .  

hydrolytic products 
Scheme 2 

afforded the N-acyliminium chloride (11). This is the typical product which arises from the addition of acid 
9 'chlorides to the 1,3-thiazolines and oxazolines5 in the absence of base (Scheme 2). Here, the direct 

amidation of the imine bond by the acid chloride is obviously favored in comparison to the formation of a 

ketene. 

As documented in literature," 2-alkoxy- and 2-aryloxyacetyl chlorides are some appropriate sources for 

generation of ketenes in the course of S tau d in  g e r reaction. Hence, we treated methoxy-, phenoxy- and 

4-chlorophenoxyacetyl chlorides with 1,3-oxazines (la-d) in the cold and in the presence of equimolar 

amounts of hiethylamine (Scheme 3). We thus obtained the corresponding oxacephams (3a-g) in moderate 

to excellent yields (Table 1). 

3 ' 

Et3N + 
- HCI R2 

2a-c 3a-g 

I CH3 H P h 

g terl-CqHg H pCI-CgHq 

Scheme 3 
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With these results we next examined the reaction of phthaloylglycyl chloride (2d) as an acid chloride 

derivatives of N-protected a-amino acids possessing Ha.The addition of a solution of it to the prochiral 

imine ( lb)  afforded the racemic oxacepham (3h) in 55% yield (Scheme 4). Thus, the applied method 
proved to be capable of condensing a wide range of a-amino acids possessing Hain N-protected form as 

ketene synthons with 1,3-2H-oxazines. 

- 
l b  2d 

Scheme 

The here presented S t a u  d i n g e r reactions with racemic imines (Ic,d) as well as with prochiral imines 

(la,b) proceeded with an interesting stereochemistry. According to the literature acyclic prochiral imines 

did not demonstrate diastereoselectivity in the annulation with achiral acid ch~orides.~Diastereoselectivity 

was first observed as asymmetric induction in chiral imines or acid chlorides." Here the cis isomer was 
12 13 . either the unique or the major d~astereomer formed. 

Cyclization of ketenes with the Schiff bases (I )  generates two chiral centers C-4 and C-7 in the resultant 

azetidinones (3) (Scheme 3). Therefore two diastereomeric products are possible from the reaction of 

prochiral imines (la-b). In the case of the chiral imines (Ic-d) additional stereoisomers can be produced 

due to the presence of a stereogenic centre i n  position 2. We observed diastereoselectivity in both cases. 

Table I: Some selected data of the new oxacephams (3a-hJ. 

[a] in %, based on (la-d). [bl diastereomeric ratio according to I ~ - n m r .  iC1 in 'C, are uncorrected. 
KBr, c m l ,  C=O stretching. IeJ CI, isobutane, me [MH+](100%). dl -N(C=0)2 stretching. 
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The nmr spectra of the reaction products (3) reveal that only one diastereoisomer had been formed. All of 

them show weak vicinal proton coupling constants of J4,7 from 0 to 2.1 Hz between the two newly formed 

chiral centers. This is an indication for a trans orientation of protons H-4 and H-7, when compared to 
literature values for cis14 and transt5 configured b-lactams. However, the values of the dihedral angles 

between H-4 and H-7 in cis and in trans configured products would lead to comparable coupling constants, 

when one considers 8 Karplus-like relationship. The observed differences in coupling constants between cis 

and nans configured products therefore derive from anisotropic effects of the elecmnegative character of the 

substituents. These anisotropic effects depend themself on the stereochemistry of the compound and the 

coupling constants, therefore, do not seem to allow for an unequivocal assignment. Additionally, in the here 

reported products the observed range in the coupling constants of about 2 Hz is nearly as broad as the 

reported differencesl4.15 between cis and mans isomers. An independent and unequivocal assignment of the 

stereochemistry in the new oxacepharns was performed by NOE studies on compound (3a) as a model for 

the products of the prochiral and on compound (30 as a model for the products of the chiral imines. 

Table 2. The intensities of NOE contacts in compound (3a) and (3f)ra] 

diagonal peak cross peak 3a  3 1 diagonal peak cross peak 3 a  31 

Me2p 3.8 - H-4 4.1 3.2 

Me58 7.9 ' 9.7 H-6a 19.6 22.5 
H-7 Me5a 3.2 4.6 H-68 Me2a 7.7 10.5 

HAr 5.1 4.5 Me5P 2.1 5.2 

H-4 2.1 2.5 Me5a 4.9 9.9 

H-4 H-2.2'Ar 6.5 3.4 H-6P 19.6 22.5 

H-2 Me2 - 8.2 H-6a Me2p 4.2 - 
Me5b - 3.6 Me5p 5.5 9.8 

H6P 4.1 3.2 Me5a 4.9 9.0 

H-4 Me2n 3.0 5.6 Me2p Me2a 7.1 - 
Me5a 4.0 6.2 Me58 Mesa 1.9 - 

la] Intensities are given in % relative to the diagonal peak of H-7. 

The two dimensional NOE spectra of (3a) show NOE contacts between numerous protons (Table 2). There 

is a small but observable NOE contact between H-7 and H-4 . Since the distance between these protons is 

approximately 2.4 A i n  a cis isomer and 3.1 A in a trans product, this relatively small NOE can be 

considered to indicate a nans relationship. A conclusive analysis, however, was possible by evaluating the 

NOE enhancements between H-7 and the methyl groups. NOE contacts to both methyl groups at C-5 and to 

one methyl group at C-2 clearly indicate the presence of the trans isomer. These contacts are not probable in 
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a cis isomer, as is revealed by regarding the possible conformations of the product. For the synthesized 

oxacephams two conformational arrangements (fl) and (6)  with rndo and cxo oriented -C-0-C- fragments 
6 are probable (Scheme 5). In conformer (fl) the six membered ring adopts a T o  conformation whereas the 

exo orientation in conformer (B) leads to a O T ~  conformation of this ring. Calculations with the TRIPOS 
force field revealed that (fl) is the energetically favored conformer with -5.0 kcal/mol energy difference to 

conformer (B). All observed NOE enhancements are in agreement with a trans configured product and, 

moreover, indicate that most of the products adopt the minor energy conformer (A). This was concluded 
from the NOE contacts that involve the H-6 protons. In conformer (fl) H-6a bisects the angle to both Me-5 

groups and should thus qualitatively lead to comparable effects in both Me-5 groups and an NOE effect to 
only the upper Me-2P group. This is observed i n  the experiment. On the other hand, some of the NOE 

enhancements of H-6p and a too strong NOE effect H-7/Me-5a are not as unequivocally indicating the 

existence of a single conformation. We are aware that NOE contacts to freely rotating methyl groups may 

not be as easily transformed into unequivocal distance information, due to possible differences between 

movements of the whole molecule and fragments. But we think that these effects can be taken as  a 

qualitative indication of the existence of mainly one confo~mer (A) and a minor proportion of conformer 

(B). 

Conformer fl Conformer B 

Scheme 5: The endo(fl1 and exo(B) conformers of (3a), 

The annulation products of the chiral imines (3e-g) exhibit the same stereochemistry in the oxacepham ring 

as the product from prochiral imines, which is evident from the nmr shift and coupling pattern. The results 

of the NOE measurements of the former products (3a) facilitated also the stereochemical assignment in the 

chiral position 4 of 3e-g. Through the NOESY spectra of 3a as well as of 3f an unequivocal 
assignment of methyl groups situated at the upper (P) and lower site ( a )  and the methylene protons in 
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position 6 was possible. As might be expected from the differences in chemical shifts induced by the 
carbonyl group in the oxacepham ring the p-site methyl groups and protons are shifted downfield as 

compared to the a-site groups. This effect is very profound i n  position 2, where the difference in chemical 

shift is nearly I ppm. The differences in Me-5's are smaller (about 0.4 ppm). 

From the absence of the downfield resonances for the methyl and ten-butyl groups in the spectra of 3a-d 
we conclud that the isomer with this group in the a- position and therefore a trans relationship of protons 

H-4 and H-2 has been formed. This assignment was ascertained by the NOESY spectra of 3f, which 

gave nearly identical results to 3a. Also the conformational analysis performed by calculation and 

evaluation of the NOE's led to the same results as in 3a ; i.e. that conformer comparable to (A) is favored 

over a (6)-like conformer. 

The diastereoselective formation of a rrans configuration of H-2 and H-4 in the unsymmehically substitued 
7 oxacephams (3e-0 is in agreement with results published by U g i  l6  and M a r t e n s  . U gi  interpreted his 

results by assuming that a nucleophilic attack proceeds anti t o  the bulky group in position 2 of the oxazine. 

This results in only one diastereoisomer, because the unsymmerric 1,3-2H-oxazines like l c  preferentially 

adopt a half-chair conformation with the C2-alkyl group in an equatorial position. 

EXPERIMENTAL 

Melting points were determined in an open capillary tube on a Dr. Linstrom instrument and were 

uncorrected. The elemental analyses were carried out on a Carlo Erba (MOD 1104). The ir spectra were 

recorded on a Beckman spectrophotometer (IR 4220). The nmr spectra were recorded either on a Bruker 

AM300 or a ARXS(X) spectrometer at 300 and 500 MHz lor 'H and 121 MHz and 75 MHz, respectively, 

for I3c. NOE measurements were performed at the ARX500 instrument in benzene-dg as 2D NOESY 

spectroscopy applying standard Bruker software. Mixing times of 200, 400, and 800 ms were used, the 

data given in table 2 correspond to a mixing time of 800 ms. Molecular Modeling was performed on Iris 

Indigo Silicon Graphics computers with the programme package SYBYL. Several energy minimisations 

were performed from different starting geometries and let to two distinct conformers (fl and 6 ) with 

energy differences of -5.0 kcaUmol for 3a and -5.5 kcnl Imol for 3f. Mass SpeChOSCOpy was peformed on a 

Finnigan MAT 212 (data system SS 300) apparatus. The 1,3-0xazines~"~ ~ - ~ h t h a l o ~ l g l ~ c i n e ' ~  and its acid 
19 chloride were prepared according to the literature. 

P-Lactams (3a-h); General Procedure: A solution of imines (la-d) (10 mmol) and triethylarnine(20 

mmol) in dry dichloromethane(20 ml) was cooled to O'C and then a dry dichloromethane solution(l0 ml) of 

acid chlorides (2a-d) (10 mmol) was added dropwise to it. The reaction mixture was kept under stining 

overnight at room temperature and then an aqueous saturated solution of ammonium chloride(20 ml) was 
added. The organic phase was seperated and the water phase was extracted with dichloromethane(3~20 

mi). The recombined organic phases were dried with MgS04 and the solvent was evaporated underreduced 

pressure. Addition of ether followed by standing in refrigarator gave the fine colorless crystals of (3a-h) 

which were filtered off and washed with little ice cooled ether and dried in vacua 
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rac-2,2,5,5-Terramethyl-7-phenoxy-3-oxa-1 -azabicycIo[4.2.0]ocran-8-one (3a): 'H-Nmr (CDC13/S): 

0.95(s, 3H. CH3-5a); 1.15(s, 3H. CH3-50); 1.46(s, 3H, CH3-2a); 1.79(s, 3H, CH3-2P); 3.31(d, 

J6a .6~12.1  Hz. H-6a); 3.56(d. J 6 a , 6 ~ 1 2 . I  Hz, H-6b); 3.47(~,  IH, H-4); 5.07(~, IH, H-7); 7.00-7.08, 
7.27-7.34(m, 5H, Ar-H) ppm. I3C-Nmr (CDCI3/6): 18.83(CH3-5a); 21.88(CH3-5P); 22.74(CH3-2a); 

26.31(CH3-26); 31.23(C-5); 61.91(C-4); 70.41(C-6); 82.5Y(C-7); 82.95(C-2); 115.80, 122.28, 129.53, 

157.35(Ar-C); 161.36 ppm. Anal. Calcd for C16H2~N03: C, 69.78; H, 7.69; N, 5.09. Found: C, 
69.41; H, 7.92; N, 4.94. 

Racemic oxacepham 3b:  'H-Nmr (CDC13/8): 0.94(s, 3H, CH3-5a); 1.15(s, 3H, CH3-5P); 1.37-1.51, 

1.58-1.70, 1.82-2.04, 2.34-2.40, 3.05-3.10(m, IOH, cyclohexyl-CH2); 3.28(d, J6a,6p12.0 Hz, H-6a); 

3.54(d, J6a.6~'12.0 Hz, H-6P); 3.46(~, IH, H-4); 5.04(~,  IH, H-7); 6.99-7.08, 7.27-7.32(m, 5H, Ar- 
CH) ppm. 13C-Nmr (CDCI316): 19.04(CHj-5a); 22.78CH3-5P); 21.50, 21.68, 25.05, 29.93, 
34.88(cyclohexyl-CHz): 45.77K-5); 6137(C-4): 69.69(C-6); 82.36(C-7); 84.51(C-2); 115.81, 122.23, 

129.52, 157.39(Ar-C); 161.52 (C=O) ppm. Anal. Cdcd for CiyH2.jN03: C, 72.34; H, 7.99; N, 4.44. 

Found: C, 72.10; H, 8.19; N,  4.80. 

Racemic oxacepham 3c: IH-Nmr (CDC1316): 0.92(s, 3H, CH3-5a); 1.05(s, 3H, CH3-5P); 1.44-1.48, 

1.72-1.83, 1.98-2.05, 2.30 - 2.38(m, IOH, cyclohexyl-CH2); 3.22(d, J4,7=1.1 Hz, H-4), 3.25(d, 
J6a,6!j=12.0 HZ. H-60.1; 3.49(d, J6a,6~=12.0 Hz, H-6P); 3.46(s, 3H, CH3O); 4.31(d, J4,7=1.1 HZ, H-7) 
ppm. I3C-Nmr (CDC13/6): 18.89(CH3-5a); 22.65(CH3-5P); 21.47, 21.67, 25.05, 29.94, 31.19 (cyclo- 

hexyl-CHz); 34.82(C-5) ; 57.71K-4); 60.66(CH30); 69.73(C-6); 84.22(C-2); 85.40(C-7); 175.70(C=O) 
ppm. Anal. Calcd for C14Hz3N03: C, 66.36; H, 9.16; N, 5.53. Found: C, 65.98; H, 9.23; N, 5.44. 

Racemic oxacephnm 3d:  IH-Nmr (CDCl3/8): 0.94(s, 3H, CH3-5a); 1.13(s, 3H, CH3-5P); 1.38-1.68, 

1.80-2.03, 2.31-2.39, 3.06-3.13(m, IOH, cyclohexyl-CH2); 3.28(d, J6a,6p=12.1 Hz, H-6a); 3.54(d, 

J6a,6p=12.1 Hz, H-6P); 3.46(s, IH, H-4); 4.97(s, IH, H-7); 6.99-7.02, 7.24-7.27(2m, 4H, Ar-CH) 
ppm. ' 3 ~ - ~ m r  (CDCIjIG): 19.06(CH3-5a); 22.76(CHySP); 21.49. 21.68, 25.04, 29.94, 34.88(cyclo- 

hexyl-CHz); 45.78(C-5): 61.25(C-4); 60.64(C-6); 82.56(C-7); 117.23, 118.42, 129.40, 130.01(Ar-C); 
179.3(C=0) ppm. Anal. Ci~lcd for C I Y H ~ ~ N O C I .  C, 65.30; H, 6.93; N, 4.01. Found: C, 65.12; H, 7.12; 

N, 4.38. 

rac-7-(4-Chloropheno*)')-2.5.5-trimethyl-3-oxa-l-aznhicyclo[4.2.Oloctand-one (3e): 1H-Nmr (CDC13/8): 
0.99(s, 3H. CH3-5a); 1.14(s, 3H, CH3-5P); 1.41(d, 3J=6.2 Hz, 3H, CH3-2); 3.26(d, J6a,68-lZ.0 Hz, 

H-6a); 3.58(d, Jga,6p=l2.I Hz, H-6P); 3.53(d, Jga,6p=l.2 Hz, H-4); 5.03(d, Jga,6pl .2 HZ, IH, H-7); 
5.46(q, 3J=6.2 Hz, IH, H-2); 6.98-7.04, 7.23-7.27 (2m, 4H, Ar-CH) ppm. 1 3 C - ~ m r  (CDCI3/6): 

17.08(CH3-5a); 19.40, 23.56(CH3-5P. CH3-2); 3 1 .58(C-5); 61.03(C4-); 69.43(C-6); 73.76(C-7); 83.48 

(C-2); 116.60, 117.99, 127.33, 128.96. 129.45, 155.90(Ar-C); 162.12 (C=O) ppm. Anal. Calcd for 

C I S H I ~ N O ~ C I :  C, 61.00; H, 6.15; N ,  4.75. Found' C, 60.86; H, 6.23; N,  4.65. 
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ruc-2.5,5-Trimrthyl-7-pho1~~xy-.i-oxu-l-uzuhii:y~:lo/4.2.0/ octan-8-one (30: 1H-Nmr (CDCI@): 1.01(s, 

3H, CH3-5a); 1.16(s, 3H, CH3-5P); 1.44(d, 3J=6.0 Hz, 3H, CH3-2); 3.28(d, J6,@=12.0 Hz, H-6a); 

3.59(d, J ~ , . ~ P = I ~ . O  Hz, H-6P); 3.55(s, IH, H-4): 5.1 I(s, IH, H-7); 5.49(q, 3k6.1  Hz, lH, H-2); 7.01- 
7.09, 7.28-7.35(m, 5H, Ar-CH) ppm. 13C-Nmr (CDC13/6): 17.14(CH3-5a); 19.43, 23.66(CH3-58, 

CH3-2); 31.67(C-5); 61.22(C-4); 69.56(C-6); 73.77 (C-7);82.95(C-2); 115.71, 122.35, 129.62, 

157.36(Ar-C); 162.48 (C=O) ppm. Anal. Calcd for C15H19N03: C, 68.93; H, 7.33; N, 5.36. Found: C, 
69.10; H, 7.19; N, 5.27. 

rac-7-f4-Chloropheno~J-5,5-dimethyl-2-tert-hu~l-3-ox~~-I-azahicyclo/4.2.0/0ctan-8-one (3g): 1H-Nmr ( 
CDC1316): 0.99[s, 9H, C(CH3)31; 1.05(s, 3H, CH3-5a); 1.22(s, 3H, CH3-5P); 3.18(d, J6a ,6pl l .6  Hz, 

H-6a); 3.46(d, Jrja,6p=1 1.6 Hz, H-6P); 3.57(d, J6a ,6~=] .5  Hz, H-4); 5.OO(d, J6a,6p1.5 Hz, H-7); 

4.65(s, lH, H-2); 7.08(d, 3J= 8.8 Hz, 2H, Ar-H); 7.26 (d, 3J=8.8 Hz, 2H, Ar-H) ppm. 1 3 ~ - ~ r n r  
(CDC1316): 21.52(CH3-5a); 27.3XCH3-5P); 24.92[C(CH3)3]; 33.25, 37.20[C-5, C(CH3)3]; 64.35(C- 

4); 73.55(C-6); 82.19(C-7); 89.01(C-2); 117.46, 127.39, 129.44, 155.92(Ar); 165.79(C=O) ppm. Anal. 

Calcd for C I S H ~ ~ N O ~ C I :  C, 64.07; H, 7.17; N,  4.15. Found: C, 64.29; H, 7.00; N, 4.19. 

Racemic oxa~ephum(3h):~H-Nmr (CDC1316): 0.91(s, 3H, CH3-5a); 1.34(s, 3H, CH3-5P); 1.04-1.70, 

1.82-1.97, 2.16-2.40(m, IOH, cyclohexyl-CH2); 3.32(d, Jrja,6p=12.0 Hz, H-6a); 3.57(d, J,5a,6plZ.0 

Hz, H-6P); 3.64(d, Jga,6~=2.1 Hz, H-4); 5.14(d, J6,,rjp=2.1 Hz, IH, H-7); 7.72-7.77, 7.83-7.88(2rn, 

4H, Ar-CH) ppm. I 3 C - ~ m r  (CDC1316): 18.52, 22.39 (2xCH3); 21.60, 21.67, 25.14, 29.96, 

31.79(cyclohexyl-CH2); 34.93(C-5); 56.08(C-4); 59.31(C-7); 84.96(C-6); 123.61, 124.07, 131.77, 
134.30, 134.39(Ar-C); 159.63, 160.21, 167.00(3xC=O) ppm. Anal. Calcd for C21H24NZ04: C, 68.45; 

H, 6.57; N, 7.61. Found: C, 68.23; H, 6.72; N,  7.49. 

A C K N O W L E D G E M E N T  

This research was supported, in pan, by the Fonds der Chemischen Industrie, Deursche Forschungsgerneins- 
chafr, De~ursa  AG and Hans-Bockler-Stiflung. 

REFERENCES 

1.  M. Narisada, Pure and Appl. Chem., 1987, 59, 459; W. Diirckheimer, J. Blumbach, R. Lattrell, 
and K. H. Scheunemann, Angew. Chem., 1985,97, 183, Angew. Chem., Int. Ed. Engl., 1985, 
24, 180; R. B. Morin and M. Gorman. 'Chemistry and Biology of p-lactam Antibiotics' , 
Academic Press. Inc.. New York. 1982. 

2. H. L. Maanenn, H. Kleijn, J. T. B. G. Jasterzebski, and G. van Koten. R e d .  Trav. Chim. Pays- 
Bas , 1994, 567; M. J. Brown, Heterocycles, 1989, 29, 225; C. Palomo. F. P. Cossio, J. M. 
Odiozola, M. Oiarbide, and J. M. Ontoria J .  Org. Chem., 1991, 56, 4418; T. Nagahara and T. 
Kametani, Heterocycles, 1987, 25,729; A. K. Mukerjee and R. C. Srivastava, Synthesis, 1973, 

373. 

3. G. I. George, 'The Organic Chemistry of P-Lactams', Verlag Chemie, New York, 1993, pp. 295- 

381. 



HETEROCYCLES, VoI. 43. No. 3,1996 683 

M. Haram, and J. Martens, Synth. Comm., 1995, 2 5 ,  2553; M. Hatam, D. Tehranfar, and J. 

Martens, Synth. Comm., 1995, 25, 1677; M. Hatam, D. Tehranfar, and J. Martens, Synthesis, 

1994, 6, 619. 

M. Weber, J. Jakob, and J. Martens, Liebigs Ann. Chem., 1992, 1. 

H. Groger, M. Hatam, and J. Martens, Tetraherdron, 1995,51,7173. 

H. Staudinger, Liebigs Ann. Chem., 1'907,356, 51; H. Staudinger, 'Die Ketene,' F. Enke Verlag, 

Stuttgart, 1912; H. Staudinger and H. Schneider, Helv. Chim. Acta, 1923,6,304. 

R. D. G. Cooper, B. W. Daugherty, and D. B. Boyd, Pure and Appl. Chem., 1987,59,485; Ch. 

Hubscherwerlen, Synthesis . 1986, 962; Y. Kobayashi. Y.  Takemoto, Y. Ito, and S. Terashima, 

Tetrahedron Lett..  1990, 31, 3031: 1. Ojirn:r, 1'. Komata, and X.  Qiu, J. Am. Chem. Soc., 1990, 

112, 770; R. C. Thomas, Tetrahedron Lett., 1989,30, 5239. 

J .  Martens, K. Lindner, and J .  Kintscher, Sulfur Letr., 1992, 14, 1. 

T. Burgermeister. G.  Dannhardt, and M. Mach-Bindl, Arch. Pharm.(Weinheim), 1988,321, 521; 

S. D. Sharma and J. P. S. Khurana, Indian J. Chem., 1988, 28B, 97; G. I. Georg and Z. Wu, 

Tetrahedron Lett., 1994, 35, 381. 

1. Aszodi, A. Bonnet, and G. Teutsch, Tetrahedron, 1990, 46, 1579. 

T. W. Doyle, B. Belleau, B. Luh, T. T. Conway, M. Menard, J. L. Douglas, D. T. Chu, G .  Lim, 

L. R.  Moms, P. Rivest, and M. Cdsey, Can. J. Chem., 1977, 55, 484. 

A. Knierzinger and A. Vasella, J. Chem. Soc., Chem. Comm., 1984.9. 
Ca and Cp protons display a Jap value of 4-5 Hz, characteristic of their cis depositions: A. K .  

Bose, B. Ram, S. G .  Amin. L. Mukkavill. J. E. Vincent, and S. M. Manhas, Synthesis, 1979, 

543; G. Bemath, G. Stajer. A. E. Szabo, Z. Szako-Molnar, P. Sohar, A. Argay, and A. Kalman, 

Tetrahedron, 1987, 43, 192 1 

A. K. Bose, G. Spiegelman, and M. S. Manhas, J. Chem. Soc., Chem. Comm., 1968, 321. 

K. Kehagia, A. Domling, and I. K. Ugi, Terrahedron, 1995.51, 139. 

A. Domling and I. K. Ugi. Terrahedron, 1993. 49. 9495. 

J. C. Sheehan, D. W .  Chapman, and R. W. Roth, J. Am. Chem. Soc., 1952,74, 3822. 

1. C. Sheehan and V. S. Frank, . J .  Am. Chem. Soc., 1949, 71, 1856. 

Received, 2 7 t h  November, 1995 


