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To clarify the steric courses of the asymmetric syntheses of a-amino acids from a-keto acids with optically 
active amines, three kinds of reactions were carried out: (A) hydrogenation of the Schiff bases of a-keto acids 
with (S)- and (R)-a-methylbenzylamine and with (S)- and (E)-a-ethylbenzylamine; (B) (1) hydrogenation of 
oximes of N-(S)- and -(E)-a-methylbenzylbenzoylformamide and of N-(S)- and -(E)-a-ethylbenzylbenzoylform- 
amide; (2) hydrogenation of benzylamine Schiff bases of pyruvyl-(Sbalanine isobutyl ester and of pyruvyl-(S)- 
and -(E)-valine isobutyl ester; (C) hydrogenation of the Schiff bases of 2-menthyl pyruvate with (S)- and (E)-  
a-methylbenzylamine and with (S)- and (E)-a-ethylbenaylamine. In each reaction, possible steric courses are 
discussed. 

Several nonenzymatic asymmetric syntheses of a- 
amino acids from their corresponding a-keto acids have 
been reported.2-6 Among these, relatively high optical 
purities of the resulting products were 
Hiskey and Northrop4 demonstrated the synthesis of 
12-80% optically active amino acids by catalytic hy- 
drogenation and subsequent hydrogenolysis of the 
Schiff bases of a-keto acids with (AS)-(-)- and (R)- 
(+)-a-methylbenzylamine. Harada6 reported the syn- 
theses of optically active amino acids in a way prin- 
cipally similar to  those done by Hiskey but by the use of 
(8)- and (R)-a-phenylglycine in alkaline aqueous solu- 
tion (optical purity 40435%). These reactions are 
interesting because they are essentially a kind of 
asymmetric transamination reaction performed by 
catalytic hydrogenation and hydrogenolysis. Re- 
cently, Kanai and Mitsui' reported phenylglycine 
synthesis by the Hiskey reaction and proposed a steric 
course for the asymmetric synthesis, as illustrated in 
Scheme I. 
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Hiskey and Northrops reported alanylalanine forma- 
tion from the Schiff base of benzylamine and pyruvyl- 
(#)-alanine by catalytic hydrogenation. They ob- 
tained (R)  -alanyl- (8) -alanine and (8) -alanyl- (8) -ala- 

(1) Sterically controlled synthesis of optically active organic compounds 
V. Contribu- 
tion No. 076 of the Institute of Molecular Evolution, Univereity of Miami. 

For part IV, see K. Harada, J .  Org. Chum., 89, 1790 (1967). 

(2) F. Knoop and C. Martius, 2. Phyaiol. Chem., 968, 238 (1939). 
(3) J. B. Herbst and E. A.  Swart, J .  Ore. Chem., 11, 366 (1946). 
(4) R. G. Hiekey and R. C. Northrop, J .  A m .  Chem. SOC.. 88, 4798 (1961). 
(5) K. Matsumoto and K. Harada, J .  Org. Chem., 81, 1956 (1956). 
(6) K. Harada, Nature, 314, 1571 (1966); part 1V.l 
(7) A. Kanai and S. Mitsui, J .  Chum. SOC. Japan, Pure Chem. Sect., 89, 183 

(1966). 
(8) R. G. Hiskey and R. C. Northrop, J .  Am. Chem. SOC., 87, 1753 (1965). 

nine in the ratio 2: 1 which was different from the results 
expected by the application of the Prelog rule.s Kanai 
and Mitsui' proposed the steric course of the reaction 
in which the two carbonyl groups of the pyruvyl-(8)- 
alanine might be in the cisoidal conformation. 

In  order to clarify the steric courses of the Hiskey- 
type ~ y n t h e s e s ~ ~ ~ J  of optically active amino acids, 
three kinds of reactions were carried out: (A) hy- 
drogenation of the Schiff bases of a-keto acids with 
(S)-( -)- and (R)-(+)-a-methylbenzylamine and with 
(E)-( -)- and (R)-(+)-a-ethylbenzylamine; (B) (1) 
hydrogenation of oximes of N-(8)-( -)- and -(R)-(+)- 
a-methylbenzylbenzoylformamide and of N-(8)-( -)- 
and -(R)-( +)-a-ethylbenzylbenzoylformamide and (2) 
hydrogenation of benzylamine Schiff bases of pyruvyl- 
(8)-( +)-alanine isobutyl ester and of pyruvyl-(8)-( +)- 
and -(R)-( -)-valine isobutyl ester; (C) hydrogena- 
tion of the Schiff bases of Ementhyl pyruvate with 
(E)-( -)- and (R)-(+)-a-methylberylamine and with 
(IS)-( -)- and (R)-( +)-a-ethylbenzylamine. 

Results and Discussion 
In reaction A, many Hiskey-type reactions4 were 

carried out in order to check the proposed steric course 
of Kanai and Mitsui.' Two kinds of optically active 
amines with different size alkyl groups, (8)- and (E)- 
a-methylbenzylamine and (8)- and (R)-a-ethylbenzyl- 
amine, were used as asymmetric centers of the syn- 
theses. Optically active alanine (51-67%), a-amino- 
n-butyric acid (33-39%), phenylglycine (24-30y0), 
phenylalanine (10-14%), and glutamic acid (6-12%) 
were obtained. Summarized data of reaction A are 
shown in Table I. 

As is shown in Table I, the optical purities of the 
resulting amino acids in reaction A were dependent on 
the following: (a) as the size of the alkyl group of the 
a-keto acids became larger, the optical purity of the 
a-amino acid decreased in this order: Me > Et > 
9 h  > PhCH2 > CH2CHzCOOH; (b) a-methylbenzyl- 

(9) V. Prelog, Helu. Ch in .  Acta, 86, 308 (1953); V. Prelog, 0. Ceder, and 
M. Wilhelm, kbid., S8, 303 (1955). The Prelog rule might not be applicable 
for the catalytic hydrogenation of the amides described in this work. The 
term "application of the Prelog rule" means that the conformation of the 
substrate is transoidal. 

R 
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R in Confign of 
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E t  ( + I  
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CzHo 

TABLE I 
~-AYINO ACIDS PREPARED BY REACTION A 

Isolated 
amino acid, 

( e ,  5 N HCOb 
Yield, Confign of [ a ] " D ,  deg 

amino acid % 

78 s ( + I  +9.2 (3.55) 
76 s (+) +7.5  (3.46) 
76 R (-1 - l l . 2 ( 4 . 1 0 )  
72 R (-1 -5 .7 (2.72) 

72 s (+) f 7 . 7  (3.80) 

69 s (+I  +7.4  (3.13) 
70 R ( - )  -7 .9  (3.25) 
68 R (-1 - 8 . 0  (3.81) 

73 s (+) +47.6 (2.51) 

70 s (+) +42.2 (2.68) 
73 R (-1 -48.5 (2.31) 
69 R ( - )  -40.5 (1.98) 

73 s ( - )  -3 .8  (1.78)" 

70 s ( - )  - 1 . 4  (2.10)" 
71 R ( + I  +4.2(1.42)" 
71 R (+I  $1.7 (2.30)" 

74 s (+) +4.2  (3.55) 
75 s (+) $0.5 (5.31) 

Optical 
purityd 

63 
52 
77 
39 

37 

36 
38 
39 

28 

25 
29 
24 

12 

5 
13 
5 

13 
2 

Dinitrophenyl- 
amino acid, 
[ a ] * & D ,  deg 

(c, 1 N N E O H ) ~  

+96.9 (0.33) 
+72.8 (0.57) 
-93.3 (0.33) 
-72.7 (0.55) 

$28.5 (0.34) 
f32 .4  (0.37) 
-36.6 (0.35) 
-35.6 (0.35) 

-36.0 (0.89)' 

-28.8 (0.34)' 
+36.6 (0.77)' 
+30.4 (1.25)' 

+14.3 (0.48)' 

+ l O . O  (0.37)' 
-14.2 (0.38)' 
-11.1 (0.54)' 

- 9 . 6  (0.68)' 
-5 .2  (0.58)f 

Optical 
purity,o 

67 
52 
65 
51 

39 

33 
37 
36 

30 
24 
31 
26 

14 

10 
14 
11 

12 
6 

a Me (-), (S>( - )-a-methylbenzylamine ([aIzSD -42.3', benzene); Me (+), (R>(+ )-a-methylbenzylamine ( [ C Z ] ~ D  +41.5', 
benzene); E t  (-), (S>( -)-a-ethylbenzylamine ([(1lz6D -21.0°, benzene); E t  (+), (R)-(+)-a-ethylbenzylamine ( [ a ] z a ~  +21.7', 
benzene). b Optical rotations of first isolated amino acids were listed. d Defined as 
([LY]D observed/[a]D literature) X 100. (SI-Ala, [aIzaD +14.6" (5 N HC1); (S)-a-NHz-But, [ a ] * ' ~  +20.6" (5 N HCl); (S)-Ph-Gly, 
[a]%D +168' ( 5 N  HC1); (S)-Phe, [a]"D -34.5" (HzO); (SI-Glu, [aIaD +31.8' (5 N HCl): J. P. Greenstein and M. Winitz, "Chemis- 
try of the Amino Acids,'' Vol. 3, John Wiley and Sons, Inc., New York, N. Y., 1961 (alanine, p 1819; a-aminobutyric acid, p 2401; 
phenylglycine, p 2697; phenylalanine, p 2156; glutamic acid, p 1929). e Dinitrophenylamino acids were isolated by column chroma- 
tography. Specific rotations were measured without further purification. ' Optical rotations were measured in glacial acetic acid. 
0 Defined as ( [ a ] ~  observed/[a]~ literature) X 100. DNP-@)-Ala, [ a ] ~  +143.9" (1 N NaOH); DNP-(S)-a-NHrBut, [ a ] ~  +98.8' 
(1 N NaOH); DNP-(SI-Phe, [a]D -103.3" ( A d H ) ;  DNP-(S)-Glu, [a]D -80.8" (AcOH): K. R. Rao and H. A. Sober, J .  Am. Chem. 

Optical rotations were measured in water. 

SOC., 76, 1328 (1954); DNP-(R)-Ph-Gly, [a]=D +119.2' (AcOH). 

amine resulted in higher optical purity in each amino 
acid synthesis than that prepared with a-ethylbenzyl- 
amine. If the conformation proposed by Kanai and 
Mitsui' (Scheme I) is applicable in each synthesis of 
reaction A, then their proposed conformation does not 
agree with the results obtained in the present study. 
If their proposed conformation is correct, increase of 
the bulkiness of the alkyl group of the a-keto acids 
may not affect the optical purity of the resulting 
amino acids. If the proposed conformation is correct, 
a-ethylbenzylamine should result in a higher optical 
purity than that obtained by a-methylbenzylamine, 
which is contrary to the observation in this study. 

The observed results of the present study suggest 
the possible conformations of reaction A to be struc- 
tures I and I1 in Scheme 11. Structure I might be the 
most predominant structure and structure I1 might be 
a minor structure. Structure I1 could be crowded be- 
cause the bulky positively charged a-alkylbenzylamine 
could be located around the charged carboxylate ion. 
Structure I resulted in @')-amino acid when (#)-amine 
was used. On the other hand, structure I1 resulted in 
(R)-amino acid when @)-amine was used. When the 
alkyl group of a-keto acid is methyl (pyruvic acid), 
conformation of the reactant might be composed mainly 
of structure I, therefore resulting in highly optically 
active alanine. However, if the alkyl group is replaced 

SCHEME I1 
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with ethyl, phenyl, or benzyl, the optical purity de- 
creases in that order. The contribution of structure 
I1 might increase owing to the steric hindrance between 
the alkyl group of a-keto acid and the hydrogen atom 
attached to the asymmetric carbon of the amine in 
structure I. However, according to the experimental 
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TABLE I1 
CY-PHENYLGLYCINE PREPARED BY REACTION B1 

Isolated Dinitrophenyl- 
amino acid, Optical phenylglycine, Optical 

Confign of Yield, Confign of [aIZ% der purity,c [u]*'D, deg purity,' 
% ( c ,  A ~ O H ) ~  aminea % amino acid ( c ,  5 N HCl)b % 

Me (S>(-) 56 (RH- 1 - 2 . 3  (2.62) 1 . 5  + 6 . l  (0.82) 5 . 5  

Me ( R ~ I : + )  53 (S>(+ 1 $1.2  (2.87) 0 .8  - 5 . 4  (0.91) 4 . 9  
E t  ( R H + )  48 (RH- 1 - 3 . 3  (2.67) 2 . 1  +11.1 (0.37) 10.0 

E t  @>(-I 52 (St(+) + 2 . 2  (2.61) 1 . 4  -9 .7  (0.35) 8 . 8  

Me (- ), (S)-(-)-a-methylbenzylamine ( [ C Y ] ~ ~ D  -42.3", benzene); Me (+), (R)-(+)-a-methylbenzylamine ( [ a ] z 6 ~  +41.5", 
benzene); E t  ( -  ), (AS)-( - ))-a-ethylbenzylamine ( [ a ] " D  -21.0°, benzene); Et (+), (R)-( + )-a-ethylbenzylamine ([a]%~ +21.7" 
benzene). (8)-Ph- 
Gly, [ a ] Z s ~  + 168" (5 N HCl): J. P. Greenstein and M. Winitz, footnote d, Table I, p 2697. d DNP-amino acids were isolated by column 
chromatography. * Defined as ( [ a ] ~  observed/[a]~ literature) X 
100. DNP-(R)-Ph-Gly, [ a I z 6 ~  f119.2" (AcOH): ref 5. 

Optical rotations of first isolated amino acid were listed. Defined as ( [ a ] D  observed/[a]~ literature) X 100. 

Specific rotations were measured without further purification. 

results, structure I seems to be a major conformation 
in each reaction.1° 

The decrease of optical purity by replacing a-methyl- 
benzylamine with a-ethylbenzylamine could also be 
explained by the use of structure I. When a methyl 
group is replaced with an ethyl group, the relative 
ratio of bulkiness to the phenyl group decreases and the 
decrease of relative bulkiness reflects the decrease in 
optical punty of the product. 

Hiskey and Northrop* discussed the mechanism 
of the alanylalanine synthesis from the Schiff base of 
benzylamine and pyruvyl-@)-alanine, which was 
similar to t)he present study. However, they did not 
propose a definite steric course for the synthesis. 
Kanai and Mitsui' suggested that the C=N bond of 
the Schiff base and the C=O bond of the amide might 
be in the same direction (cisoidal conformation) ; 
however, no reasons have been given for the apparently 
unusual cisoidal conformation. 

In reaction B1, optically active phenylglycine (5- 
10%) was obtained by hydrogenation of the oximes 
of N-(8)- and -(R)-a-methylbenzylbenzoylformamide 
and of N-(8)- and -(R)-a-ethylbenzylbenzoyl- 
formamide. When optically active (8)- or @)-a- 
methylbenzylamines were used, the configurations of 
the resulting phenylglycines were (R)  and (S), respec- 
tively, which were antipodes to those expected by ap- 
plication of the Prelog rule.s However, when (8)- and 
(R)-a-ethylbenzylamine were used, the resulting phen- 
ylglycines were (8) and (R)  which agreed with the 
configurations expected by the application of the Pre- 
log rule (Table 11). 

It seems reasonable to assume that both structures 
I11 and IV could take a cisoidal conformation as il- 

(10) Structure I might form a five-membered cyclic structure with the 
Then the structure would be adsorbed catalyst 8 s  is shown in reaction B. 

atructuw I 
a t  the less bulky side of the molecule. The configurations of the resulting 
products with and without considering the cyclic intermediate oomplex are 
the enme. When (&amine was used, (8)-amino acid would be the result. 
On the other hand, structure I1 might not form such a cyclic structure very 
easily because of the steric hindrance. The difference in the ease of formation 
of the cyclic complex between structures I and I1 might be an important 
factor explaining why structure I is a major conformation in the reaction. 
Formation of the cyclic intermediate complex of structure I seems to be 
possible sterically according to the "Dreiding atereomodel." 

)E"' 
N' H \b 

H 

IV 
COOH 

I 

R 

lustrated in Scheme 111. The carbonyl group of the 
amide bond is partially charged, because the amide 
bond would be regarded as a resonance hybrid of the 
lactam [C(=O)NH] and dipolar [C(O-)=N+H] 
structures.ll Therefore the carbonyl group and 
hydroxyimino group might be adsorbed on the catalyst 
surface to form a five-membered, rigid, ring-like struc- 
ture.12 Then the cyclic complex molecule could be 

(11) L. Pauling, "The Nature of the Chemical Bond," 3rd ed, Cornel1 
University Press, IthaCa, N. Y., 1960, p 281. 

(12) Rigid, ring-like structure formation of the substrate on the palladium 
catalyst was discussed by Hartung: Y. Chang and W. H. Hartung, J .  Am. 
Chem. SOC., 76, 89 (1953). The rigid. ring-like structure of the substrate on 
the catalyst surface might be regarded as a kind of organometallic compound 
81 illuatrated. 

Th H 
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adsorbed on the less bulky side of the molecule. Hy- 
drogen would attack the molecule from the front side 
of the paper and the cis addition of hydrogen would 
result in @)-amino acid. However, structure IV 
resulted in (8)-amino acid. This might be explained 
as illustrated in Scheme 111. The ethyl group is 
bulkier than the methyl group and the conformation 
of the optically active amine of IV might not exist as in 
structure 111, and the least bulky hydrogen might be 
situated a t  the closest position to the catalyst because 
of the steric hindrance as is shown in Scheme 111. 
Structure IV might also form a rigid, five-membered, 
ring-like structure with the catalyst, as might structure 
111. Therefore, structure IV will result in (8)-amino 
acid. The results in appearance agree with the results 
expected by employing the Prelog rule;g however, 
structure IV in the steric course of the reaction might 
be cisoidal as illustrated in Scheme 111. To confirm 
the possible steric course of this reaction, benzylamine 
Schiff bases of pyruvyl-(8)-alanine isobutyl ester and 
pyruvyl-(8)- and -@)-valine isobutyl ester were hy- 
drogenated. When (8)-alanine isobutyl ester was 
used as an asymmetric center, the configuration of the 
resulting alanine was (R).  When (8)- and (23)-valine 
isobutyl esters were used, (8)- and (R)-analine were 
obtained (Table 111). These results are the same as ob- 
tained in the previous phenylglycine synthesis. The 
clear difference of the configuration of the product 
by the use of a-methyl- and a-ethylbenzylamine and 
also by the use of alanine isobutyl ester and valine 
isobutyl ester might be due to the strong interaction 
and steric hindrance between the molecule and the 
catalyst. Assumed conformations of structures I11 
and IV in the form of “Dreiding stereomodels” seem 
to be reasonable to explain the configurations of the 
reaction products. In a similar way, alanylalanine 
synthesis* could be explained as illustrated below. 
The results of reaction B are summarized in Tables I1 
and I11 (Scheme IV). 

TABLE 111 
OPTICALLY ACTIVE PALANINE ‘PREPARED BY REACTION B2 

Confign Dinitrophenyl Optical 
Yield , of alanine, [o]*~D, deg purity,d 

Substratea ‘70 alanine ( e ,  1 N NaOH)e % 
Ala (AS>(+) 15 ( R H - )  . . .  64@ 
Val (S)-(+) 11 (S>(+) +45.5 (0.45) 32 
Val (E>( - )  12 (It>(-) -45.4 (0.43) 32 
0 Ala (8)-(+), N-pyruvyl-(8)-(+>alanine isobutyl ester; Val 

(8)-(+), N-pyruvyl-(&-(+)-valine isobutyl ester; Val (E)-(-), 
N-pyruvyl-(It)-( - )-valine isobutyl ester. Yield of dipeptide 
from pyruvic acid. Dinitrophenylvaline was isolated by 
column’chromatography. Defined as ( [ a ] ~  observed/[a]~ litera- 
ture) X 100. DNP-(8)-(+)-Ala, [ a ] ~  $143.9” (1 A’ NaOH): 
K. R. Rao and H. A. Sober, footnote g, Table I .  e Ratio of 
(E)-( -)-alanyl-(8)-if >alanine and (S>(+)-alanyl-(S>(+ )- 
alanine (82: 18). 

In reaction C, catalytic hydrogenation of the Schiff 
bases of I-menthyl pyruvate with (8)- and @)-a- 
methylbenzylamine and with (8)- and (23)-a-ethyl- 
benzylamine was studied to check the steric effect of 
the methyl and ethyl group of a-alkylbenzylamine. 
As was observed in the previous study,lS the (23)-amine 
group and Z-menthyl residue cooperated with each 

(13) Catalytic reduction of the Schiff base of ( E + ( - )  and of ( R ) - ( + ) - o -  
methylbenzylamine has already been studied.& 

-- 

cHs /”\ roo- c, @) + (R)-ala-Q-ala 
Ph-CH2-N 

/ 

other to yield greater optical purity while (#)-amine and 
Z-menthyl residues gave lower optical purity of the 
resulting amino acid. Steric effects due to the dif- 
ferences of methyl and ethyl groups were observed. 
In each, (23)- and (8)-a-methylbenzylamine resulted 
in a higher optical purity of alanine than that produced 
by the use of (23)- and (8)-a-ethylbenzylamine: (R)- 
a-methylbenaylamine (60%), (23)-a-ethylbenzylamine 
(36%), (8)-a-methylbenzylamine (19%) , (S)-a-ethyl- 
benzylamine (15%). Summarized results are shown 
in Table IV. The postulated steric course of reaction 
C is not a definite conclusion yet; however, structures 
V and VI in Scheme V are the most likely, because they 
are the least hindered sterically. In structure V, the 
@)-amine and the menthyl groups cooperate with 
each other to yield a highek optical purity of the 
product; in structure VI, the steric effects of (8)-amine 
and the menthyl groups are reversed to give a lower 
optical purity. By the use of this possible conforma- 
tion, it can be explained why the use of a-ethylbenzyl- 
amine resulted in lower optical purity than that ob- 
tained from a-methylbenaylamine. 

SCHEME V 

VI 

It has been observed that partially optically active 
amino acids are fractionated during the isolation and 
purification proced~res .~~~J*  To avoid the fractiona- 
tion of optically active amino acids and to determine 
accurately the optical purity of the synthesized amino 
acids, a part of the product was directly treated with 
l-fluoro-2,4-dinitrobenzene to yield dinitrophenylamino 

(14) K. Harada and K. Matsumoto, J .  Orp. Chem., 81, 2985 (1966). 
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TABLE IV 
Isolated amino acid, Dinitrophenylalanine 

Confign of Yield, Confign of 1 4 %  der Optical [U]*~D, deg Optical 
aminea % amino acid (c, 5 N HCl)b purityc (e, 1 N Na0H)d purity* 

Me (SF(-) 57 (St(+ 1 $2.3 (3.19) 16 +26.4 (0.70) 19 
Et (&')-I:-) 56 (S>(+) +1.7 (2.40) 12 $20.2 (0.52) 15 
Me ( R H + )  61 ( R H - )  -7.7 (3.41) 56 f82.3 (0.58) 60 
E t  (El-(+) 55 (Et(-  1 -4.9 (2.67) 34 -50.0(0.50) 36 

,, Me (-), (8)-( -)-a-methylbenzylamine ([a]%D -42.3", benzene); Me (+), (E)-(+)-a-methylbenaylamine ( [ a I e s ~  +41.5", 
benzene); Et (- ), (8)-(-)-a-ethylbenzylamine ([Q]=D -21.0', benzene); Et (+), (R)-(+)-a-ethylbenzylamine ([a]"D +21.7', 
benzene). (S)-Ala, 
[ ~ ] Z ' D  +14.6" (5 N HCl): J. P. Greenstein and M. Winitz, footnote d, Table I, p 1819. Dinitrophenylamino acids were isolated by 
column chromatography. Specific rotations were measured without further purification. e Defined as ( [ a ] ~  observed/[a]~ literature) 
x 100. 

* Optical rotations of first isolated amino acid were listed. Defined as ( [ a ] ~  observed/[a]~ literature) X 100. 

DNP-(&-Ala, [ a ] ~  f143.9' (1 N NaOH): K. R. Rao and H. A. Sober, footnote 9, Table I. 

The resulting dinitrophenylamino acids were 
isolated chromatographical1y.l6 By the use of the 
dinitrophenyl method, accurate optical purities of the 
synthesized amino acids could be measured without 
fractionation during the isolation and purification pro- 
cedures. 

Racemization during the alkaline hydrolysis of the 
2-menthyl esters of the amino acids in reaction C has 
already been s t ~ d i e d . ~  Racemization of phenylglycine 
in acid hydrolysis of phenylglycine amide in reaction B 
was also studied, because phenylglycine is one of the 
most easily racemizable amino acids. Under the con- 
ditions used in this study, it was found that 93% of 
optical purity was retained. By refluxing with hydro- 
chloric acid under the same condition as above, (R)- 
(-)-phenylglycine retained 92% optical activity. 
Optical purities listed in Tables I11 and IV were all 
corrected by the use of the values of racemization of 
standard. 

Experimental Section17 
Reaction A. (8)-(+)-Alanine from Pyruvic Acid and (8)-(-)- 

a-Methylbenzy1amine.-The ( - )a-rnethylbenzylamine'8.'0 (2.42 
g, 0.02 mole, [ ~ ] S D  -42.3', benzene) in ethanol (30 nd) was 
added to pyruvic acid (0.88 g, 0.01 mole) in cold ethanol (40 ml). 
The mixture was allowed to stand for 30 min at  room temperature. 
To the solution was added 10% palladium on charcoal (1.5 g), 
and then i t  was hydrogenated for 8 hr a t  room temperature. 
After 1 mole of hydrogen was absorbed, the catalyst was re- 
moved by filtration and washed with hot water. The com- 
bined solution was evaporated to 20 ml. To the concentrated 
solution was added 30y0 aqueous ethanol (50 ml) and palladium 
hydroxide on charcoal4 (1.5 g). The hydrogenolysis was carried 
out at room temperature for 12 hr. The catalyst was removed 
by filtration aiid washed with hot water. The filtrate was con- 
centrated to 5 ml in vacuo. Ethanol (30 ml) was added to the 
concentrate and the precipitating mixture was kept in a refrigera- 
tor for 1 day. (&-(+)-Alanine was obtained: 0.70 g (78a/,), 
[ a ] % D  +9.2' (C 3.55, 5 N HC1). 

Dinitrophenyl-(8)-( + )-alanine.-A part of the hydrogenolyzed 
solution (including about 0.15 g of alanine) was treated with 1- 
fluoro-2,4-dinitrobenzene (0.5 g) and sodium hydrogen carbonate 
(0.5 g) by the usual method.I6 Dinitrophenylalanine was sepa- 
rated by celite column chromatography by the same method 
described in a previous report? [a]%~ +96.9" (c  0.33, 1 N 
NaOH), mp 171-173' dec. 

(15) F. Sanger, Biochem. J . ,  59, 507 (1945): F. C. Green and C. M. Kay, 
A n d .  Chem., 34, 726 (1952); K. R. Rao and H. A. Sober, J .  A m .  Chem. Sac., 
76, 1328 (1954). 

(16) J. C. Perrone, Nature, 167, 513 (1951). A. Courts, Bwehem. J . ,  66, 
70 (1954). 

(17) All optical rotation measurements were carried out by the use of the 
Rudolph Model 80 polarimeter with a PEG101 photometer. All elemental 
analyses were carried out by Micro-Tech LabOr8tOrie8, Skokie, Ill. All hy- 
drogenation and hydrogenolysis were carried out by the use of the Parr 3910 
shaker-type hydrogenation apparatus. All melting points were measured by 
the use of the Mel-Temp apparatus. 

(18) W. Theilacker and H. Hinkler, Chem. Bcr., 87, 690 (1954). 
(IO) W. Leithe. Ber., 64,2831 (1931). 

(S)-(+)-Alanine from Pyruvic Acid and (8)-( - )+Ethyl- 
benzylamine.-(8)-( + )-Alanine was prepared from (- )*-ethyl- 
benzylamineW*21 (2.70 g, 0.02 mole, [CY]=D -21.0' benzene) in 
ethanol (30 ml) and pyruvic acid (0.88 g, 0.01 mole) in ethanol 
(40 ml) in the same way as above, 0.68 g (76%), [ c y I z 6 ~  +7.5' 
(c  3.46, 5 N HCl); dinitrophenyl-@)-(+)-alanine had [a] %D 
+72.8' (c 0.57, 1 N NaOH), mp 170-174' dec. 

(8)-(+)-Phenylglycine from Benzoylformic Acid and (8)-( - )- 
a-Methylbenzy1amine.-Benzoylformic acid (I .50 g, 0.01 mole) 
in absolute ethanol (40 ml) was added to (-)a-methylbenzyl- 
amine (2.42 g, 0.02 mole) in absolute ethanol (30 ml). The mix- 
ture was allowed to stand for 4 days22 a t  room temperature. To  
the mixture, 10% palladium on charcoal (1.5 g) was added, and 
then hydrogenation was carried out in the same way as above. 
After removing the catalyst by filtration, it was washed with hot 
water and then with 3 N hydrochloric acid (50 ml). To the 
combined filtrate and washing solutions, 2 N sodium hydroxide 
solution was added to bring the pH to about 4-5. The solution 
was concentrated to 70 ml. Ethanol (50 ml) was added to the 
concentrate. Hydrogenolysis using palladium hydroxide on 
charcoal (1.5 g) was carried out a t  room temperature. The 
catalyst was filtered. The filtrate was evaporated to dryness 
in vacuo. The dried residue was extracted with absolute ethanol 
(50 ml). The alcoholic solution was kept in a freezer overnight 
and the precipitated inorganic salt was removed by filtration. 
Pyridine was added to the filtrate to precipitate phenylglycine. 
After the suspension was kept in a cold room for 1 day, phenyl- 
glycine, 1.10 g (73%), was obtained, [ a I z 6 ~  +47.6' (c 2.51, 5 
N HCI); dinitrophenyl-(8)-(+)-phenylglycine had [cy] UD -36.0" 
( c  0.89, AcOH). 

(S)-(+)-Glutamic Acid from a-Ketoglutaric Acid and (S)-( -)- 
a-Methylbenzy1amine.-a-Ketoglutaric acid (1.46 g, 0.01 mole) 
in ethanol (40 ml) was added to (-)-a-methylbenzylamine (3.63 
g, 0.03 mole) in ethanol (30 ml). The mixture was allowed to 
stand for 1 hr a t  room temperature. Hydrogenation and hydro- 
genolysis were carried out in the same way as described in earlier 
experiments. After hydrogenolysis, the catalyst was filtered and 
washed with water, The combined solution was evaporated to 
20 ml. The concentrate was applied to a Dowex 50 x 2 column 
(hydrogen form, 100-200 mesh, 1.5 X 18 cm). Nonamino acid 
acidic components were eluted with water, then glutamic acid was 
eluted with 1 A' ammonium hydroxide. Fractions of amino acid 
were evaporated to  dryness. The residue was dissolved in a 
small amount of water and acetic acid was added to bring the pH 
to 3-4. Ethanol (30 ml) was added to  the solution. The pre- 
cipitating solution was allowed to stand in a cold room for 1 day. 
(8)-(+)-Glutamic acid (1.09 g, 74%) was obtained, 1011 "D +4.2' 
(c  3.55, 5 N HC1); dinitrophenyl-(8)-(+)-glutamic acid [a] 2 5 ~  

-9.6" (c  0.68, AcOH), mp 159-163" dec. 
Reaction B1. N-( R)-( + )-a-Methylbenzylbenzoylformamide. 

-(+)-a-Methylbenzylamine (10 g, [a] 2 6 ~  +41.5', benzene) in 
benzene (30 ml) was added to a solution of benzoylformyl chloride 
(5.0 g) and benzene (TO ml) under violent stirring at  a temperature 
below 10". The evolving hydrogen chloride gas was removed 
under moderately reduced pressure. The mixture was stirred 
for 2 hr a t  room temperature. The precipitated crystals were 
removed by filtration. The benzene solution was washed with 

(20) A. J. Little, J. McLean, and F. J. Wilson. J .  Chem. Sac., 337 (1940). 
(21) H. Wold, E. Bunnenberg, and C. Djerassi, Ber., 91, 533 (1964). 

(22) Longer standing of the mixture at room temperature was found to be 
Short standing (30 min) 

M. E. Warren, Jr., and H. E. Smith, J .  Am.  Chem. Soc., 87, 1757 (1965). 

necessary t o  obtain a higher yield of smino acid. 
did not give good results. 
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1 N hydrochloric acid and then water and dried with sodium 
sulfate. The benzene was evaporated and the amide was crys- 
tallized. After recrystallization from ethanol, 6.2 g (81.7%) 
pure (+)-amide was obtained: mp 112-113", [&]%D +107.6' (c 
0.67, absolute EtOH). 

Anal. Calcd for Cl&~NO~:  N,  5.53. Found: N,  5.52. 
N-(8)-( - )a-Methylbenzylbenzoylformamide waa obtained in 

84.2% yield: mp 112-113', [ ( Y ] ~ D  -108.1' (c 0.72, absolute 
EtOH); lit.** mp 110-111', [(Y]"JD -109.8' (absolute EtOH). 

N-( R)-( + )a-Ethylbenzy1benzoylformamide.-The compound 
was prepared in the same way as described above by the use of 
(+)-(~-ethylbenzylamine:~~~~ ( [~ ]UD + 21.7', benzene) in 50% 
yield: 

Anal. Calcd for C ~ ~ H I ~ N O Z :  C,  76.38; H, 6.41; N, 5.24. 
Found: C, 76.55; H, 6.48; N, 5.27. 

N-(8)-( - )e-Ethylbenzylbenzoylformamide was obtained in 
54% yield: mp 88-89', [ a ] * ~  -108.7' (c 0.91, absolute EtOH). 

(E)-(  - )-Phenylglycine from Oxime of N-(8)-( - )--Methyl- 
benzy1benzoylformamide.-The oxime of the (- )-amide was 
prepared as follows. A mixture of the (-)-amide (3.0 g), hy- 
droxylamine hydrochloride (3.0 g), pyridine (25 ml), and ab- 
solute ethanol (25 ml) was refluxed for 3 hr in a water bath. 
Pyridine and ethanol were removed under reduced pressure. 
Water (20 ml) was added to the residue and the mixture waa 
extracted with ethyl acetate. The ethyl acetate solution was 
dried and evaporated to dryness in vacuo. The residue (2.8 g) 
was used for the following experiment without purification. 
The (-)-amide oxime (2.68 g) was dissolved in ethanol (40 ml). 
The solution was hydrogenated with palladium hydroxide on 
charcoal (1.0 g) a t  room temperature. After the catalyst was 
removed by filtration, the ethanol was evaporated under reduced 
pressure. Hydrochloric acid (3 N ,  60 ml) was added to the resi- 
due. The mixture was refluxed for 8 hr in an oil bath. After 
cooling, the mixture was extracted with ethyl acetate to remove 
any nonamino acid. The hydrochloric acid solution was treated 
in the same manner described earlier, 0.84 g (56%), [ I .Y]~D 
-2.3' (c 2.62, 5 N HC1); dinitrophenyl-( R)-(  -)-phenylglycine 
had [ c Y ] ~ ~ D  +S.l' (c 0.82, AcOH). 

Reaction B2. Amino Acid Isobutyl Ester p-Toluenesulfonates. 
-Isobutyl ester p-toluenesulfonates of optically active alanine 
and valine were prepared by the azeotropic method.*' (R)-( -)- 
Alanine isobutyl ester p-toluenesulfonate was obtained in 84% 
yield: mp 118-120°, [ a ] 2 5 ~  +1.2" (c 4.18, absolute EtOH). 

Anal. Calcd for C14H2sNOd4: C, 52.98; H ,  7.30. Found: C, 

mp 88-90', [ a I z 6 ~  + 109.9' (c 0.95, absolute EtOH). 

53.17; H, 7.37. + )-Alanine isobutvl ester wtoluenesulfonate was obtained . , \ . ,  
in 78% yield: mp 1181120', f c y ] * ~  -1.1' (c 5.07, absolute 
EtOH). 

Anal. Found: C, 52.97; H, 7.30. 
(R)-( - )-Valine isobutyl ester p-toluenesulfonate was obtained 

in 81% yield: mp 144-146', [CZ]*~D -100' (c 4.82, absolute 
EtOH). 

Anal. Calcd for ClJ&NOsS: C, 55.63; H, 7.88. Found: 
C, 55.84; H ,  7.95. 

(8)-( +)-Valine isobutyl ester p-toluenesulfonate was obtained 
in 70y0 yield: mp 143-145', [LY]*D $102' (c 5.36, absolute 
EtOH). 

N-Pyruvyl-(8)-( +)-alanine Isobutyl Ester.-According to the 
method of Hiskey and Northrop,g N-pyruvyl-(8)-( +)-alanine 
isobutyl ester was prepared from (8)-( +)-alanine isobutyl ester 
p-toluenesulfonate (9.51 g, 0.03 mole), pyruvic acid (2.64 g, 
0.03 mole), phosphorus oxychloride (2.75 ml, 0.03 mole), and 
pyridine (7.5 ml, 0.09 mole). The crude product waa used for 
further experiment without purification. 

(R)-( - )-Alanyl-@)-( +)-alanine Isobutyl Ester.-To the above 
crude N-pyruvyl-(#-( + )-alanine isobutyl ester, benzylamine 
(3.21 g, 0.03 mole) and benzene (60 ml) were added. The mixture 
was refluxed for 20 min with a Dean-Stark separator. The ben- 
zene and excess benzylamine were removed in uacuo. The residue 
was diluted with methanol (30 ml) and methanolic hydrochloric 
acid was poured into the solution to  bring the pH to 7-8. Hy- 
drogenation and hydrogenolysis using 10% palladium on charcoal 
(2.5 g) were carried out for 2 days at  room temperature. The 
catalyst waa removed and the methanol was evaporated under 
reduced pressure. The residue was dissolved with ethyl acetate 
(30 ml) and then the ethyl acetate solution waa washed with 1 N 

(23) T. Kamaishi and 8. Mitsui, J .  Chem. Soe. Japan, Pure Chem. Sec , 

(24) M. Winitz, L. Bloch-Frankenthal, N. Izumiya, 8. M. Birnbaum, 
66, 623 (1965). 

C. G. Baker, and J. P. Greenstein, J .  A m .  Chem. SOC., I S ,  2423 (1956). 

hydrochloric acid. To the aqueous solution, sodium hydrogen 
carbonate solution (5%) waa added to bring the pH to 8. The 
solution waa extracted with ethyl acetate. The solvent was 
evaporated under reduced pressure. The product waa used for 
further experiments. The residue was diluted with methanol 
(80 ml). 

(R)-( - )-Alanyl-(8)-( +)-alanine.-A part of the methanolic 
solution (20 ml) of the (R)-(  - )-alanyl-@)-(+)-alanine isobutyl 
ester was mixed with 2 N sodium hydroxide (2.5 ml) and allowed 
to stand for 24 hr a t  room temperature. Water (10 ml) was 
added and the methanol was evaporated under reduced pressure. 
The concentrate was applied to a Dowex 50 X 2 column (hydro- 
gen form, 100-200 mesh, 1.5 X 1.8 cm). Nonamino acid acidic 
compounds were eluted with water; then (R)-( - )-alanyl-@)- 
(+)-alanine was eluted with 1 N ammonium hydroxide. Frac- 
tions of alanylalanine were evaporated to dryness in vacuo, 
yielding 0.18 g (15% from pyruvic acid). The product was 
diluted with pure water (20 ml). The aqueous solution (1 ml) 
waa diluted with pH 2.2 citrate buffer to 20 ml. The solution 
was used for the automatic amino acid analyzer (Phoenix K 5000) 
to determine the composition of two diastereomers of alanyl- 
alanine in the same way as previously reported.8,Zs The ratio 
of (R)-alanyl-(8)-alanine and (S)-alanyl-(S)-alanine was 82 : 18. 

(8)-( +)-Alanyl-@)-( +)-valine Isobutyl Ester.-Benzylamine 
(3.21 g, 0.03 mole) and benzene (60 ml) were added to the crude 
N-pyruvyl-(8)-( + )-valine isobutyl ester which was prepared from 
(8)-( +)-valine isobutyl ester p-toluenesulfonate (10.36 g, 
0.03 mole) and pyruvic acid (2.64 g, 0.03 mole) by the same 
procedure described above. The mixture was refluxed for 20 
min with a Dean-Stark separator. The reaction mixture was 
treated in the same way described for alanyl-@)-( + )-alanine 
isobutyl ester. After hydrogenation and hydrogenolysis were 
carried out, the catalyst was filtered and the solvent was evapo- 
rated under reduced pressure. To the residue, 6 N hydrochloric 
acid (50 ml) was added and then the mixture was refluxed for 6 
hr. The reaction mixture was evaporated to dryness under 
reduced pressure. The residue was treated with Dowex 50 X 2 
column (hydrogen form, 100-200 mesh, 1.5 X 1.8 cm). A 
mixture of valine and alanine was obtained (0.65 g, llyG from 
pyruvic acid). After treatment with l-fluoro-2,4-dinitrobenzene, 
the resulting dinitrophenylalanine and dinitrophenylvaline were 
separated by column chromatography? 

Dinitrophenyl-(8)-(+)-alanine had   cy]*^ $45.5" ( c  0.39, 1 N 
NaOH) (32% optically pure). 

Dinitrophenyl-(8)-(+)-valine had [Q]=D $105.6' (c  0.45, 1 N 
NaOH) (97% optically pure); dinitrophenyl-(S)-( + )-valine had 
lit.z6 [ a ] ~  $109.2' (1 N NaOH). 

Reaction C. (8)-(+)-Alanine from the Schiff Base of 2- 
Menthyl Pyruvate with (8)-( - )-a-Ethylbenzy1amine.-(8)-( + )- 
Alanine waa prepared by hydrogenation of the Schiff base which 
was prepared from menthyl pyruvate (2.26 g, 0.01 mole) and 
(- )a-ethylbenzylamine (1.35 g, 0.01 mole) in the same way as 
mentioned earlier: yielding 0.45 g (56%), [cy]*D +1.7' (c 2.40, 
5 N HCl); dinitrophenyl-(8)-( + )-alanine had [cy] =D +20.2' 
(c 0.52, 1 N NaOH), mp 171-174' dec. 

Racemization of Phenylglycine.-A mixture of (R)-( - )-N- 
formyl phenylglycine (8)-( - )a-methylbenzylamiden (2.0 g, 
0.007 mole), and 3 N hydrochloric acid (60 ml) was refluxed for 
8 hr in an oil bath. The reaction mixture was treated as de- 
scribed earlier, [cy] *D - 155.4' (c l .30, 5 N HCl); dinitrophenyl- 
(R)-( -)-phenylglycine had [cy] SD $110.4' ( c  0.96, AcOH) (93% 
optically pure). 

(R)-(-)-Phenylglycine ( [ ~ ] U D  -168', 5 N HC1) was heated 
in 3 N HC1 under refluxing in an oil bath in the same condition 
as above, [ a ] " ~  -152.3' (c 2.00, 5 N HC1); dinitrophenyl-(R)- 
(-!-phenylglycine had [CY]%D +110.0" ( c  0.80, AcOH) (92% 
optically pure). 

Registry No.-@)-( +)-alanine, 10333-82-1 ; DNP- 
(8)-( +)-alanine, 10333-81-0; (E)-(  -)-alanine, 10353- 
30-7; DNP-(R)-( -)-alanine, 10580-45-7; (E)-( +)-2- 
aminobutyric acid, 10385-46-3 ; DNP-(8)-( +)-2- 

(25) K. Harada and 9. W. Fox, Arch. Bioehem. Biophya., 109, 49 (1965). 
(26) K. R. Rao and H. A. Sober, J .  Am.  Chem. Soc., 76,  1328 (1954). 
(27) (R)- (  - )-N-Formylphenylglycine (S)-( -)-a-methylbenzylamide was 

prepared from ( R ) - (  -)-N-formylphenylglycine ([a]% -256O, EtOH) and 
(S)-( - )-a-methylbenzylamine by the uae of dicyclohexyloarbodiimide in 
dioxane, mp 181-183". Anal. Calcd for CnHsNxOx: N,  9.92. Found: N, 
10.27. 
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aminobutyric acid, 10549-02-7; (E)-( -)-2-amino- 
butyric acid, 10333-83-2; DNP-(R)-( -)-2-amino- 
butyric acid, 10549-04-9; (8) -( +) - a-phenylglycine, 
2935-35-5 ; DNP-(8) -( +) -a-phenylgly cine, 10549-06-1 ; 
(R)-( -)-a-phenylglycine, 875-74-1 ; DNP-(R)-( -)-a- 
phenylglycine, 6367-35-7 ; @)-( -)-phenylalanine, 
10549-09-4; DNP- (8) - ( - )-phenylalanine, 10549-10-7 ; 
(R)-(+)-phenylalanine, 10549-11-8; DNP-(R)-( +)- 
phenylalanine, 10549-12-9; (8)-( +)-glutamic acid, 
10549-13-0; DNP-(8)-( +)-glutamic acid, 10549-14-1 ; 
N-( R)-( +)-a-methylbenzylbenzoylformamide, 10549- 
15-2; N-(8)-( -)-a-methylbenzylbenzoylformamide, 
10549-163; N-( R)-( +)-a-ethylbenzylbenzoylform- 
amide, 10549-1 7-4 ; N-(8) - ( - ) -a-ethylbenzylbenzoyl- 

formamide, 10549-18-5; (E)-( -)-alanine isobutyl ester 
ptoluenesulfonate, 10549-19-6; (S)-( +)-alanine iso- 
butyl ester ptoluenesulfonate, 10549-20-9; (23)-( -)- 
valine isobutyl ester p-toluenesulfonate, 13018-44-5; 
(8) - ( +)-valine isobutyl ester p-toluenesulfonate, 1301 8- 
45-6; DNP-(8)-( +)-valine, 10549-21-0. 

Acknowledgments.-This work was supported by 
Grant No. NsG-689 of the National Aeronautics and 
Space Administration. The authors wish to express 
their thanks to Dr. Howard B. Powell for his valuable 
discussion. Thanks are extended to Dr. Yuzo Inoue 
for measurements of optical rotatory dispersion curves, 
and to Mr. Charles R. Windsor for amino acid analyses, 

The Reaction of Nitrous Acid with Some Glyoxylic Acids’ 
LOWELL D. HATFIELD AND WILLIAM D. HUNTS MAN^ 
Department of Chemistry, Ohio University, Athens, Ohio 46701 

Received November 21, 1966 

The product from the nitrosation of camphor-3-glyoxylic acid is shown to be 1,8,8-trimethyl-3-hydroxy-3- 
szabicyclo[3.2.1]octan-2-one-ezo-4-carboxylic acid. 0-Santenone-%glyoxylic acid, but not the a isomer, under- 
goes an analogous rearrangement. The scope of the reaction is investigated, and a possible mechanism is de- 
scribed. 

In the course of a study of the reactions of nitrous 
acid with various compounds, Chorley and Lapworth 
investigated the nitrosation of camphor-3-glyoxylic acid 
(l).3 By analogy with the behavior of similar com- 
pounds, they anticipated the formation of either a- 
oximinocamphor (2) or the oximino acid 3. A small 
amount of 2 was formed, but the major product was a 
water-soluble, crystalline acid, Cl1HI,NO4. Evolution 
of carbon dioxide was observed during the reaction, and 
the formation of the product was summarized by the 
equation, C12H1804 + “ 0 2  --c C11H17N04 + C02. 

1 2 3 

The new acid was monobasic, melted at 160’ with 
loss of carbon dioxide, gave a red-violet color with ferric 
chloride, and showed remarkable resistance to hy- 
drolysis by strong acids or bases. It exhibited no 
properties characteristic of aldehydes and ketones, and 
on oxidation gave camphoric acid (5). When the acid 
was refluxed with 50% aqueous potassium hydroxide, 
an isomeric acid was formed which had properties so 
similar to those of the parent acid that the acids were 
believed to be stereoisomers. Reduction of the parent 
acid with alkaline ferrous hydroxide gave an acid, 
C~lHl,NOa, which had an indefinite melting point. 
This compound failed to give a ferric chloride test, and 
thermal decomposition of its silver salt gave a-camphi- 
done (8). On this basis, the reduced acid was formu- 
lated as a-camphidonecarboxylic acid (7). 

Methylation of the parent acid with dimethyl sulfate 
and alkali gave both a monomethyl and a dimethyl 

(1) Taken from the Ph.D. Dissertation of L. D. Hatfield, Aug 1966. 
(2) To whom inquiries should be addressed. 
(3) P. Chorley and A. Lapworth, J .  Cham. Soc., 117, 728 (1920). 

derivative. Neither of these derivatives gave a color 
with ferric chloride, and, whereas the monomethyl 
derivative expelled carbon dioxide from sodium bi- 
carbonate, the dimethyl derivative was devoid of acidic 
properties. Treatment of the latter compound with 
alkali gave only ammonia and no methylamine, and it 
was concluded that both methyl groups were attached 
to oxygen. 

Chorley and Lapworth, “after very long considera- 
tion” were forced to adopt 11 as the structure of the 

I 
H 

11 

acid. One of the premises from which they argued 
was that the molecule must contain an enolic grouping, 
>C==C<OH or ,N=C<OH to account for the posi- 
tive test with ferric chloride, and apparently they did not 
consider the possibility of a cyclic hydroxamic acid. 
Failure to consider this possibility has been noted 
previ~usly,~ and in fact the tentative structure sug- 
gested is the one which we conclude to be correct on 
the basis of our studies. 

The product obtained by nitrosation of camphor-3- 
glyoxylic acid exhibited properties in agreement with 
those reported. Spectroscopic properties permit sev- 
eral conclusions about the structure. Infrared absorp- 
tidn bands are present a t  3.12 (OH), 3.8 and 5.76 
(carboxylic acid), and 6.20 p (amide I). The nmr spec- 
trum in dimethyl sulfoxide-& shows methyl signals at 
r 8.98, 9.03, and 9.13, and a two-proton hydroxyl peak 
at  2.33. A one-prototl singlet (half-width = 4.0 cps) 

(4) Beilstein’s “Handbuoh der Organiseben Chemie.” Vol. 27,11, Springer- 
Verlag, Berlin, 1966, 397. 


