I, CH, should have an angle larger than 160°. Extrap-
olating from fyy to 61 to fcm, a linear geometry for
CH; is indicated. Although all the derivatives which
have been observed by e.s.r. are bent, nonconjugated
alkylmethylenes may be linear as phenylmethylmeth-
ylene has an E/ D ratio®* close to that of phenylmethylene,

A white chemiluminescence is observed after irradia-
tion of a solution of bis(trifluoromethyl)diazomethane
in perfluorodimethylhexane. At 77°K. the light is
emitted for more than 'an hour after irradiation ceases
and appears only if the sample contains oxygen or is
exposed to oxygen after irradiation. On warming,
the emission is sufficiently bright to be observed under
ordinary room illumination. The spectrum is identical
with the phosphorescence of hexafluoroacetone meas-
ured at 77°K. Presumably IV reacts with oxygen and
eventually yields the lowest triplet state of hexafluoro-
acetone.!?

Acknowledgment. We wish to thank Mr. R. M. R.
Cramer for his assistance in obtaining the e.s.r. spectra.
the values for phenyltriffuoromethylmethylene and those of I were said
to lead to DcH: = 0.74 cm,~!. This conclusion involved a correction of
+0.02 cm.”! on going from a bent to a linear configuration with I,
following the dependence of D on angle predicted in ref. 10. However,
such an angular dependence of D, if it is correct, is overshadowed in 1
and IV by the effect of the CF; groups. With I and IV a decrease in
angle accompanies an increase in D. In any case, 0.74 cm.”! may be
viewed as an upper limit to our extrapolated values, but should be given
less weight than the lower values mentioned.

(11) D = 0.4957 cm.”!, E = 0.0265 cm.”! (R. W. Murray, to be
published).

(12) The phosphorescence of benzophenone has been observed from
the reaction of oxygen with diphenylmethylene [A, M. Trozzolo, R. W,
Murray, and E. Wasserman, J. Am. Chem. Soc., 84, 4490 (1962)).

E. Wasserman, L. Barash, W. A. Yager

Bell Telephone Laboratories, Incorporated
Murray Hill, New Jersey
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Correlation of cis- and zrans-3-Methylproline with
(Allo) Isoleucine
Sir:

The biosynthesis of actinomycin from Streptomyces
antibioticus is strongly inhibited by 3-methylproline.!
As little as 0.1 ug./ml. of the mixture of racemic cis-
and trans-3-methylprolines causes a 509, inhibition.
In order to extend and detail these observations the
diastereoisomers were separated and their configuration
elucidated as follows.

The racemates of cis- and trans-3-methylproline have
recently been synthesized.? One isomer, m.p. 218-
219°, had a n.m.r. coupling constant Jo; = 4.6 c.p.s.
while the other, m.p. 210-211°, had J;; = 7.2 c.p.s.
Although the question of relative configuration was
left open, it seemed probable, by analogy with 3-
hydroxyproline,®4 that the isomer having the larger
coupling constant J;; would be ¢is (II; R = R’ = H:
L forms are shown throughout to represent racemates).

The cis and trans isomers were originally separated by
fractional crystallization. For small-scale separations

(1) T. Yoshida, A. B. Mauger, B. Witkop, and E. Katz, 148th
National Meeting of the American Chemical Society, Chicago, Ill.,
Sept. 1964, Abstracts, p. 40C. Also in press.

(2) D. A. Cox, A. W. Johnson, and A. B. Mauger, J. Chem. Soc.,
5024 (1964).

(3) F. Irreverre, K. Morita, A. V. Robertson, and B. Witkop, J. Am.

Chem. Soc., 86, 8293 (1964).
[ORE Blake, C. D. Willson, and H. Rapoport, ibid., 86, 5293 (1964).
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we have found ion-exchange chromatography (Amber-
lite IR-120) more convenient. For large-scale prepara-
tions the method of choice is preferential saponifica-
tion. A study of the relative rates of saponification
(4.5-fold excess of 0.24 N methanolic sodium hydroxide
at 32°) of a mixture of I and Il (R = Me, R’ = Tos)
by gas-liquid partition chromatography showed that
one of the isomers was saponified to the extent of 96 %
after 55 min. Only 59 of the other ester had hy-
drolyzed during this time as shown by g.l.p.c. of the
acid fraction after re-esterification. The more resistant
ester must be the sterically hindered cis form II (R =
Me); the saponified acid is therefore the trans form I
(R = H). This confirms the initial assignments based
onn.m.r. data.

Final proof was obtained by correlation of I (R =
Et, R’ = Ac) with DL-isoleucine vig III, IV, and V.

N-Acetyl-3-methyl-4,5-dehydro-DL-proline ethyl ester,
the synthesis of which will be described elsewhere,
was separated into cis and zrans isomers by preferen-
tial saponification. The trans ester III, m.p. 49-51°,5
was hydrogenated to N-acetyl-3-methyl-DL-proline ethyl
ester, identified by g.1.p.c. (Table I) with the correspond-
ing derivative of (R = R’ = H).

Reaction of III with ethyl mercaptan and hydrogen
chloride in dioxane at room temperature gave the mer-
captal IV. Desulfurization of IV with Raney nickel
in boiling ethanol afforded N-acetyl-DL-isoleucine ethyl
ester (V), which was compared and identified with the
corresponding derivative of L-isoleucine by g.l.p.c. and
n.m.r. (the a-proton in N-acetyl-L- and -D-alloisoleucine
ethyl ester appeared as multiplets at § 4.68 and 4.78
p.p.m., respectively). The other diastereoisomer of III
was similarly converted both into N-acetyl-pL-alloiso-
leucine ethyl ester and into II (R = Et, R’ = Ac).

These interconversions establish unambiguously the
stereochemistry of the isomeric 3-methylprolines.
Additional interest is provided by the recent claim that
cis-3-methyl-L-proline occurs in the peptide antibiotic

(5) Most of the 3-methylproline derivatives described were low melt-
ing solids or liquids. They all gave satisfactory analytical results for

C, H, and N and were characterized by n.m.r., infrared, and g.l.p.c.
techniques.
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Table 1. Characterization of N-Acetyl Esters of the Diastereoiso-
meric Pairs of 3-Methylprolines and Isoleucines by G.Lp.c.

Reten-

Col- Temp., tion,

Compound umn®  °C. min.

N-Acetyl-trans-3-methyl-pL-proline A 138 5.9

ethylester (I, R’ = Ac,R = Et) B 189 7.1

N-Acetyl-cis-3-methyl-pDL-proline A 138 6.8

ethyl ester (II, R’ = Ac, R = Et) B 189 8.1

N-Acetyl-L- (and -DL-) isoleucine B 158 11.7
ethyl ester (V)

N-Acetyl-D- (and -pL-) alloisoleucine B 158 11.0

ethyl ester

s A: 3% SES2 on 6-ft. Gaschrom A; B: 3% neopentyl glycol
succinate on 6-ft. Gaschrom Z.

bottromycin A.® This is the first reported instance of
the occurrence of this amino acid in a natural product,
although trans-4-methyl-L-proline occurs in apples’
and cis-4-methyl-L-proline was isolated from hy-
drolysates of antibiotic I.C.I. 13,959 from a strain of
Paecilomyces.?

The optical resolution of the cis- and frans-3-methyl-
pL-prolines and their inhibitory effects on the bio-
synthesis of actinomycin are under study.

(6) S. Nakamura, T. Chikaike, K. Karasawa, H. Yonehara, and H.
Umezawa, J. Antibiot. (Tokyo), A18, 47 (1965); S. Nakamura, T.
Chikaike, and H. Umezawa, ibid., A18, 60 (1965); S. Nakamura, T.
Chikaike, H. Yonehara, and H. Umezawa, Chem. Pharm. Bull. Japan,
13, 599 (1965).

() A. C. Hulme and W. Arthington, Nature, 170, 659 (1952); 173,
588 (1954).

(8) G. W. Kenner and R, C, Sheppard, ibid., 181, 48 (1958).

A. B. Mauger, F. Irreverre, B. Witkop

National Institute of Arthritis and Metabolic Diseases
National Institutes of Health, Bethesda, Maryland

Received September 3, 1965

Aminomalononitrile and 4-Amino-5-cyanoimidazole
in Hydrogen Cyanide Polymerization and

Adenine Synthesis!

Sir:

The formation of adenine spontaneously in ammonia-
cal cyanide solutions®™& or during the irradiation
of dilute aqueous solutions of hydrogen cyanide?®®%
has led to much speculation concerning the role of
these reactions in the prebiological synthesis of adenine. ?
Several reaction pathways have been considered, but
for the most part the evidence remains fragmentary
(see particularly ref. 2j, which claims the isolation of
aminomalononitrile but gives no details).

We wish to report the preparation of two new ‘“‘poly-
mers” of hydrogen cyanide, aminomalononitrile (I)
and 4-amino-5-cyanoimidazole (II), and to demon-

(1) This work was supported by Grant GB-3152 from the National
Science Foundation.

(2) (a) 1. Oro and A. P. Kimball, Arch. Biochem. Biophys., 94, 217,
(1961); (b) ibid., 96, 293 (1962); (c) Nature, 191, 1193 (1961); (d) ibid.,
197, 802 (1963); (e) ibid., 197, 971 (1963); (f) J. Oro and J. S. Kamat,
ibid., 190, 442 (1961); (g) C. U. Lowe, M. W. Rees, and R. Markham,
ibid., 199, 219 (1963); (h) C. Ponnamperuma, R. M. Lemmon, R.
Mariner, and M. Calvin, Proc. Natl. Acad. Sci. U. S., 49, 737 (1963);
(i) R. M. Kliss and C. N. Matthews, ibid., 48, 1300 (1962); (j) M. Calvin,
“Chemical Evolution,” University of Oregon Press, Eugene, Ore., 1961,
p. 24; (k) C. Palm and M. Calvin, J. 4m. Chem. Soc., 84, 2115 (1962);
(1) for recent reviews, see “The Origins of Prebiological Systems,”

S. W. Fox, Ed., Academic Press Inc., New York, N. Y., 1965, pp. 137~
172, 221-242.

4976

strate their use in the synthesis of heterocyclic com-
pounds?® and in the study of the mechanism of HCN
polymerization* and adenine synthesis.?

Reduction of oximinomalononitrile® with aluminum
amalgam in ether-tetrahydrofuran gave a 45-50%; yield
of I isolated as the p-toluenesulfonate, m,p. 180-181°,
Anal.  Caled. for CcHuN;O,8: C, 47.41; H, 4.38;
N, 16.59. Found: C,47.20; H, 4.39; N 16.52.¢

Treatment of I with acid anhydrides yielded the cor-
responding oxazoles. Thus acetic anhydride in formic
acid yielded III (R = H), m.p. 184-186°. Anal.
Caled for C4H:N;O: C, 44.04; H, 2.77; N, 38.52.
Found: C, 43.99; H, 2.93; N, 38.58. Acetic an-
hydride gave III (R = CH,), m.p. 153-155°. Anal.
Caled. for C;H;N;0: C, 48.78; H, 4.09; N, 34.13.
Found: C, 48.77; H, 4.35; N, 33.91. Propionic
anhydride gave III (R = C,H;), m.p. 148-149°,  Anal.
Caled. for CsH:N;O: C, 52.55; H, 5.14; N, 30.64.
Found: C, 52.32; H, 5.29; N, 30.55. Benzoic
anhydride gave III (R = CgH;), m.p. 241-243°, The
oxazole structure was proved by direct comparison of
III (R = CeH;) with a sample prepared by a published
procedure.”

NC NC H,NOC_ N
> X XY
HN g HN" O H.N g
I I v
NH,
‘e IS
k\N N HN~ “CN
v VI

The imidazole ring system could be formed by the
condensation of I with formamidine acetate in ethanol
to give a 359 yield of II as the p-toluenesulfonate,
m.p. 168-169° (Anal. Caled. for C11H12N403S: C,
47.13; H, 4.31; N, 20.00. Found: C, 4690; H,
4.54; N, 19.62), which was also obtained in 15% yield
by dehydration of 4-aminoimidazole-5-carboxamide
(IV): with thionyl chloride in pyridine. Treatment of
II with formamidine acetate in boiling methoxyethanol®
yielded adenine (V) (68 %), m.p. 357-360°.

A brown polymer and diaminomaleonitrile (VI), m.p.
183-185°, result from the treatment of I with aqueous
potassium cyanide at pH 9-10. Compound VI is the

(3) The potential utility of these compounds in heterocyclic synthesis
and some attempted preparations are described by A. H. Cook, I
Heilbron, and E. Smith, J. Chem, Soc., 1440 (1949); M. A. Stevens
and G. B. Brown, J. Am. Chem. Soc., 80, 2759 (1958); and W, Ruske
and E. Ruske, Ber., 41, 2505 (1958).

(4 T. Volker, Angew. Chem., 72, 379 (1960); J. Vaughan, J. New
Zealand Inst. Chem., 22, 149 (1958); W. Ruske and E. Ruske, Ber., 91,
2496 (1958); W. Ruske, N. Becker, and H. J. Jahn, Z. Chem., 271
(1961); L. E. Hinkel, G. O. Richards, and O. Thomas, J. Chem. Soc.,
1432 (1937); H. Bredereck, G. Schmotzer, and H. Becher, 4nn., 600,
87 (1956).

(5) G. Ponzio, Gazz. chim. ital., 61, 561 (1931).

(6) All new compounds prepared in this work had infrared, ultra-
violet, and nuclear magnetic resonance spectra in agreement with the
proposed structures. The spectra of known compounds were identical
with spectra of authentic samples or with literature spectra.

(7) H.T. Clarke, J. R. Johnson, and R. Robinson, ‘“The Chemistry of
Penicillin,” Princeton University Press, Princeton, N. J., 1949, p. 729.

(8) E. Shaw and D. W. Woolley, J. Biol. Chem., 181, 89 (1949).

(9) This approach to the synthesis of purines was developed by E. C.
Taylor; e.g., see E. C. Taylor and R. W. Hendess, J. Am. Chem. Soc.,
87, 1995 (1965), and references therein.
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