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b y  mel t ing point .  
Anal. Calcd for  C 1 0 H ~ N 6 0 4 :  C, 42.55; H, 5.00; N, 29.78. Found: C,  

42.36; H, 5.12; N, 29.72. 
Recrystal l izat ion f rom H2O gave a sample o f  mp 238-240 "C [lit.3 

252-254 "C (hydrate); lit.6 250-252 "C]. Fur ther  recrystallization did 
n o t  increase the mel t ing point .  

Acknowledgment. We thank the Deutsche Forschungs- 
gemeinschaft for financial support. The measurement of the 
NMR spectra by Mr. R. Seeger is gratefully acknowledged. 

Registry No.-1, 26929-65-7; 2, 489-59-8; 3, 51989-21-0; 4a, 
10407-64-4; 4b, 10414-81-0; 5 ,  60966-26-9; N6-octanoyladenine, 
52854-12-3; N2-palmitoylguanine, 21047-87-0. 

References and Notes 
(1) (a) R. A. Sharnia, M. Bobek, and A. Bloch, J. Med. Chem. 17,466 (1974); 

(2) H. Sternbach, M. Sprinzl, J. Hobbs, and F. Cramer, Eur. J. Biochem. 67, 

(3) T. Nakanishi, F. Tomita, and T. Suzuki, Agric. Biol. Chem., 38, 2465 

(b) ibid., 18, 955 (1975). 

215 (1976). 

(1 974). 
(4) J. P. H. Verheyden, D. Wagner, and J. G. Moffatt. J. Org. Chem., 36, 250 

(197 1). 
(5) k. Mengel and H. Wiedner, Chem. Ber., 109, 433 (1976). 
(6) M. Ikehara, T. Maruyama, and H. Miki, TetrahedronLett., 4485 (1976); M. 

ikehara and T. Maruyama, Chem. Pharm. Bull., 26, 240 (1978). 
(7) R. Lohrmann and L. E. Orgel, Nature (London), 261, 342 (1976); R .  Ran- 

ganathan, Tetrahedron Lett., 1291 (1977). 
M. L. Wolfrom and M. W. Winkley, J. Org. Chem., 32, 1823 (1967). 
J. B. Hobbs and F. Eckstein, J. Org. Chem., 42, 714 (1977). 
H. Vorbruggen and K. Krolikiewicz, Angew. Chem., 87, 417 (1975); H. C. 
Marsmann and H.-G. Horn, Z. Naturforsch., 276, 1448 (1972). 
M. lmazawa and F. Eckstein. J. Org. Chem., 43, 3044 (1978). 
T. Azuma and K. Isono, Chem. Pharm. Bull., 25,3347 (1977). 
W. S. Mungall, G. L. Greene, G. A. Heavner, and R. L. Letsinger, J. Org. 
Chem.. 40. 1659 119751. 
(a) M. L. Wolfrom and P.'J. Conigliaro, Carbohydr. Res., 11, 63 (1969); (b) 
M. L. Wolfrom, H. B. Bhat, and P. J. Conigliaro, ibid., 20, 375 (1971); (c) 
M. L. Wolfrom and P. J. Conigliaro, ibid., 20, 391 (1971); (d) M. L. Woifrom, 
S. Inouye, and P. J. Conigliaro, ibid., 42, 317 (1975). 
C. A. Dekker. J. Am. Chem. SOC., 87,4027 (1965). 
Y.  Furukawaand M. Honjo. Chem. Pharm. Bull., 16, 1076 (1968). 
The difficulty of obtaining an analytically pure sample of 5 as reported in 
ref 9 has been overcome by using a Dowex 50 column. 

Communications 
Nitrogen- 15-Carbon-13 
Spin-Spin Coupling Constants of cis- and 
trans- l-Alkyl-2-aryl-3-benzoylaziridines 

Summary: The 15N-13C spin-spin coupling constants are 
reported for cis- and trans-l-cyclohexyl-2-phenyl-3-ben- 
zoylaziridines. 'The one-bond coupling constants are in good 
agreement with the predictions of Wasylishen, based on 
INDO-MO calculations. Here the V-(15N,13C) values are in 
good agreement with the supposition that  endocyclic N-C 
bonds have high p character. 

Sir: We wish to report here the nJ(15N-l3C) values (where n. 
5 2 )  for cis- and trans-l-cyclohexyl-2-phenyl-3-benzoyla- 
ziridines (1  and 2 ) .  The lJ(15N,13C) values appear in good 
agreement with recent INDO-FPT calculations on ethylene 
imine itself, which thereby allows the N(s)-C(s) bond order 
to be accurateby approximated.' Our IJ( 15N,13C) values are 
in good agreement with the supposition that endocyclic N-C 
bonds have high p characters. The magnjtude of 2J(15N,13C) 
and 4J(15N,H) values are related to nitrogen lone pair prox- 
imity wherein the syn orientation imparts a positive increment 
to the absolute value of the coupling constant.2 

The stereoelectronic properties of small-ring compounds 
have remained topics of widespread i n t e r e ~ t . ~  Many chemical 
reactions and physical properties of cyclopropanes can be 
explained by the "bent bonds" of the ring, which have a high 
degree of p The exocyclic bonds have a corre- 
spondingly higher degree of s character as revealed by en- 
hancement of C'-H bond acidity6 and the fact that 'J( W , H )  
values increase in magnitude as ring size decreases, indicative 
of higher percents character in the C-H bonds.7 For small ring 
heterocycles, hybridization values of endocyclic bonds are less 
well established6 Even though the first linear relationship 
between s character and V( l5N,I3C) couplings was established 
by Binsch et aL8 and supported by Schulman? latter work has 
seriously questioned its validity.lOJl Hence, the Fermi contact 
mechanism upon which lJ(15N-13C) coupling is based appears 
inadequate in this instance.12 

In other work, Schulman and Newton showed other cou- 
pling mechanisms than the Fermi contact mechanism were 

of importance in small ring compounds.12 Marshall and co- 
workers have presented strong evidence that the observed 
coupling constant represents the sum of coupling through all 
paths.13 This should be particularly important in three-ring 
molecules such as aziridines, where the coupling between ni- 
trogen and adjacent carbon is the sum of one-bond and two- 
bond paths, both of which may be sizable. 

To the best of our knowledge, the only data available for 
small ring nitrogen compounds comes from the work reported 
by Jenningsll on (2) -c i s -  and (E)-~rans-oxaziridines (3 and 
4) (Figure 1). Our data on the N-15 isotopically enriched az- 
iridines 1 and 2 are also presented in Figure l.15,16 Of great 
importance in our work was the assessment of signs for the 
1J(15N,13C) and *J(15N,13C) couplings (Figure l),  which ap- 
pears consistent with contemporary work in this For 
the oxaziridines, the ring oxygen in 3 and 4 increases 
lJ(15N,13C) couplings based on the data in Figure 1,20 relative 
to the aziridines. 

The 1J(1,5N.13C) values for 1 and 2 are in good agreement 

1 2 

1' 3 4 

Figure 1 .  
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with Wasylishen's predictions, based on INDO-MO calcula- 
ti0ns.l These calculations correlate l J (  15N,13C) with P2s(n)- 
s(c), where Ps(n)s(c) is the bond order between the valence- 
shell s orbitals of nitrogen and carbon. These density matrix 
elements may then be related to the hybridization of the ring 
carbon-nitrogen bond.11,21,22 The excellent agreement pro- 
vides a strong indication that the s character of these ring 
bonds is very low (-20%), indicative of -sp4 hybridization. 
The exocyclic N-C bonds showed small coupling constants, 
indicative of a hybridization similar to that of methylamine' 
[1J(15N,13C) = -3.74 Hz], and, hence, indicative of substantial 
p character in the N-C bond. [It is noteworthy from the 
crystallographic data ( I )  that  the C-N-CGH11 bond angle of 
114' (interorbital angle, -112') and the exocyclic C-N bond 
length of 1.47 A are not indicative of high s c h a r a ~ t e r . ~ ~ ]  I t  is 
possible, however, that the lone pair a t  nitrogen maintains 
high s character, thus permitting greater p character in all 
bonding orbitals a t  n i t r ~ g e n . ~ . ~ * * ~ ~  

Jennings et al. regarded the direction of the lone pair a t  
nitrogen as an important factor affecting the magnitude of 
%J(l"N,H) and sJ(1,5N,13C), as well as other coupling con- 
s t a n t ~ . ~ *  Thus, V(15N,H) was shown to be greater in magni- 
tude where the lone pair was roughly parallel to the C-H bond 
in question. I t  is known from other extensive work2 that the 
cyclohexyl group in 1 and 2 prefers the conformation shown 
in Figure 1. The V(15N,H) coupling constant is only observed 
in 2 but indeed in the situation where C-H was syn to the lone 
pair. In 2 2J(1sN,13CC) was observable (-3.1 Hz) onlywhen the 
C-C bond was syn to the lone pair, but not to COPh, where 
the C-C bond was anti to the lone pair.17s26 

Acknowledgment. Mr. Dave Vietti, of the University of 
Iowa, is thanked for the high temperature determination for 
2. This work was supported in part by Grant CA-02931 from 
the National Csncer Institute of the U.S. Public Health Ser- 
vice. 

References and  Notes 
R. E. Wasylishen, Can. J. Chem., 54, 833 (1976). 
P. Tarburton, C. A. Kingsbury, A. E. Sopchik, and N. H. Cromwell, J. Org. 
Chem., 43, 1350 (1978). 
P. R. Certain, V. S. Watts, and J. H. Goldstein, Theor. Chim. Acta, 2, 324 
(1964). We are aware of the lack of mathematical significance of "hy- 
bridization"; however, the concept is useful in many chemical contexts; 
cf. K. Reudenberg, Rev. Mod. Phys., 34, 326 (1962) for a unifying view- 
point. 

(4) M. L. McBride J. Am. Chem. Soc., 99,6760 (1977) has shown that bent 
bonds are not necessarily weak bonds. Overlap may be improved by utili- 
zation of bent bonds. 

( 5 )  D. J. Cram, "Fundamentals of Carbanion Chemistry", Academic Press, 
New York, 1965, p 48. 

(6) D. H. Aue, H. M. Webb, and M. T. Bowers, J. Am. Chem. SOC., 97, 4137 
(1975) consider the lone pair on aziridine nitrogen to occupy a sp2.3 or- 
bital. 

(7) W. J. IeNoble, "Highlights of Organic Chemistry", Marcell Dekker, New 
York, 1974, p 204. 

(8) (a) G. Binsch, J. B. Lambert, B. W. Roberts, and J. D. Roberts, J. Am. Chem. 
Chem. SOC., 86, 5564 (1964); (b) R. L. Lichter and J. D. Roberts, ibid., 93, 

(9) R. Lichter, P. Srinivasan, A. Smith 111, R .  Dieter, C. Denney, and J. Schulman, 
J. Chem. Soc., Chem. Commun., 366 (1977). 

(10) (a) T. Axenrod, in "Nitrogen NMR", T. Witanowski, and G. A. Webb, Ed., 
Plenum Press, New York, 1973, p 261: (b) E. W. Randall and D. G. Gilles, 
Prog. Nucl. Magn. Reson. Spectrosc., 6, 119 (1970). 

(1 1) G. E. Maciel, J. Mclver, Jr., N. Ostlund, and J. A. Pople. J. Am. Chem. Soc., 
92, 11 (1970); J. A. Pople, D. L. Beveridge, and P. A. Debosh, J. Chem. 
Phys., 47, 2026 (1967). 

(12) J. M. Schulman and M. D. Newton, J. Am. Chem. SOC., 96, 6295 
(1974). 

(13) J. L. Marshall, R. Kattner, and L. G. Faehl. 175th National Meeting of the 
American Chemical Society, Anaheim, Calif.. 1978, Abstr. ORGN-190. 

(14) W. B. Jennings. D. R. Boyd, C. G. Watson, E. D. Becker, R. B. Bradley, and 
D. M. Jerina, J. Am. Chem. SOC., 94, 8501 (1972). 

(15) N-15 enriched 1 and 2 were prepared from N-15 enriched cyclohexylamine 
by the procedure of P. Tarburton, A. Chung, and N. H. Cromwell, J. Heter- 
ocycl. Chem., 13, 295 (1976). In turn, the enriched cyclohexylamine was 
prepared from cyclohexanone and N-15 enriched ammonium chloride 
(Stohler) following the procedure in Org. Synth., 52, 124 (1972). 

(16) The N-15 enrichment of these aziridines, 1 and 2 was assessed to be 33.3% 
as revealed by high-resolution mass spectrometry. 

(17) (a) J. M. Schulman and T. Venanzi, J. Am. Chem. Soc., 98,4701 (1976); 
(b) ibid., 98, 6739 (1976). 

5218 (1971). 

(18) R. E. Wasylishen in "Annual Reports on NMR Spectroscopy", Vol. 7, G. 
A. Webb, Ed., Academic Press, New York, 1977, p 245. 

(19) T. Khin and G. A. Webb, Org. Magn. Reson., 11, 487 (1978). 
(20) According to ref 1, Figure 2, as 15N to 13C coupling increases, the 

1415N,13C) value becomes increasingly negative; Le., this value becomes 
more positive as the coupling decreases. 

(21) R. L. Lichter, D. E. Dorman, and R. E. Wasylishen, J. Am. Chem. SOC., 96, 
930 (1974). 

(22) S. Berger and J. D. Roberts, J. Am. Chem. SOC., 96, 6757 (1974). 
(23) The crystallographic data will be published separately. 
(24) E. Lippert and H. Prigge, Justus Liebigs Ann. Chem., 659, 81 (1962) have 

shown that aziridine and other three-ring heterocycles are not hydrogen 
bond acceptors, presumably due to high s character of the lone pair. 

(25) The ring carbon-hydrogen bonds of 1 and 2 do have "cyclopropane like" 
high s character as revealed by their large l4l3C,H) values (cf. ref 2). 

(26) For general information. see: (a) M. Witanowski, Pure Appl. Chem., 37, 
225 (1974); (b) B. Coxon and L. F. Johnson, Carbohydr. Res., 20, 105 
(1971); (c) D. F. Wiemer, D. I. C. Scopes, and N. J. Leonard, J. Org. Chem., 
41, 3051 (1976). 

Philip Tarbur ton ,  J ames  P. Edasery 
Charles A. Kingsbury,* Alan E. Sopchik 

Norman H. Gromwell* 
Department of Chemistry, University of Nebraska 

Lincoln, Nebraska 68588 
Received January 9,1979 

An Unusually Facile Ring Opening of 
5-Alkoxyoxazoles. Application to  the  Synthesis of 
Dimethoxy-a-methyldopa 

Summary:  In the presence of n-BuLi, 5-alkoxyoxazoles un- 
dergo an unusually facile ring-opening reaction leading di- 
rectly to lithiated isocyanoacetic acid derivatives, which in 
turn are versatile intermediates for the preparation of a va- 
riety of heterocyclic systems and amino acid derivatives. 

Sir: As a part of our continuing efforts to exploit the latent 
functionality of heterocyclic systems, we have recently in- 
vestigated the preparation of a number of highly substituted 
oxazoles such as 3 shown in Scheme 1.' Within this context, 
it initially appeared that a convenient route to these materials 
would involve the lithiation and subsequent alkylation of the 
parent alkoxyoxazoles 1,2 and we were further encouraged by 
the fact that a variety of closely related species have been 
successfully lithiated and trapped with electrophilic agents3 
Unexpectedly, however, the lithiation of oxazoles 1 took an 
entirely different course. Thus, for example, oxazole la 
reacted rapidly with n-BuLi (1.05 equiv, THF, -78 'C, 5 min), 
but after quenching with DzO the only detectable product was 
ethyl a-deuterio-a-isocyanopropionate (5b).* Similarly, re- 
action with a variety of alkyl iodides and bromides gave the 
corresponding alkylated derivatives 5c to 5 j  (Table I),5 and 
in analogous fashion, alkoxyoxazole l b  gave the lithio deriv- 
ative 4 (cf. Scheme I, R = H). 

Scheme I 

l a  R = MI - 
l b  R = H  - 

4 - 
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