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N<*,N0-Diacylhydrazines have been prepared successfully from hydrazides and acylated amino acids by papain catalysis. 
In every reaction where racemic acylated amino acids were employed, resolution occurred. The optimum pH for the reac­
tion between benzhydrazide and hippuric acid was about 4. Twenty-six new diacylhydrazines were prepared. In the re­
action between DL-mandelic hydrazide and hippuric acid no resolution occurred, but a racemic product resulted. An at­
tempted partial asymmetric synthesis in the reaction between ethylmalonic hydrazide and carbobenzoxyglycine was not 
successful, but this reaction likewise gave a racemic product. 

Since the original work of Bergmann and Fraen-
kel-Conrat3 on papain-catalyzed reactions be­
tween acylated amino acids and either aniline or 
phenylhydrazine, much work has been done in ex­
tending these reactions to other acylated amino 
acids4"8 and even substituted anilines.910 The 
present investigation extends this reaction to 
hydrazides. There were five main objectives in 
this study: (1) to establish the dependence of yield 
on pH for the reaction between benzhydrazide and 
hippuric acid as a model for subsequent reactions; 
(2) to determine the effect of variation and location 
of substituent on substituted benzhydrazides in 
these reactions; (3) to resolve racemic acylated 
amino acids by means of papain in reactions with 
hydrazides; (4) to attempt to resolve DL-mandelic 
hydrazide in its reaction with hippuric acid, a non-
asymmetric acylated amino acid; (5) to attempt 
a partial asymmetric synthesis in the reaction be­
tween ethylmalonic hydrazide and carbobenzoxy­
glycine. 

The dependence of yield on pK for the formation 
of N^-benzoyl-N^-hippurylhydrazine from benz­
hydrazide and hippuric acid is shown in Fig. 1. 
Nearly all of the subsequent reactions were carried 
out at pH approximately 4.0. Other substituted 
benzhydrazides employed were: salicylic hydrazide, 
m- and ^-hydroxybenzhydrazides; o-, m- and p-
toluic hydrazides; and o-, m- and ^-nitrobenz-
hydrazides. With other acylated amino acids, 
such as carbobenzoxy-DL-alanine, carbobenzoxy-
L-alanine, benzoyl-DL-alanine and benzoyl-L-ala­
nine, usually Na,N3-diacylhydrazines were formed. 

XC6H4CONHNH2 + 
papain, L-cysteine 

HOCOCHRNHCOR' >-
40°, pH 4.0 

X C 6 H 4 C O N H N H C O C H R N H C O R ' + H2O 
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X = -OH, -CH3 or -NO2; R = -H or -CH3; R' = -C6H6 
or -OCH2C6H6 

DL-Mandelic hydrazide contains an asymmetric 
carbon. Its reactions with non-asymmetric hip­
puric acid was of particular interest because of the 
possibility of resolution during the formation of 
N^-hippuryl-N^-mandelylhydrazine, under the cat­
alytic action of papain. 
C6HaCHOHCONH XH2 + 

papain, L-cvsteine 
HOCOCH-NHCOCtH6

 : ^ 
40°, pU 4.0 

C 6 H 6 C H O H C O N H N H C O C H 2 X H C O C 6 H 5 + H2O 

Furthermore, if papain could direct the attack of 
carbobenzoxyglycine on ethylmalonic hydrazide 
toward a particular hydrazide group, a partial 
asymmetric synthesis would result, as for example 

CONHNH, + HOCOCH2XHCOOCH2C6H6 

i 
C 2 H 5 - C - H papain, L-cvsteine 

[ _JL1 : >-
CONHNH 2 40°, pU 4.0 

ethylmalonic hydrazide 
(non-asymmetric) 

C O N H N H C O C H 2 N H C O O C H 2 C 6 H 6 

I 
C 2 H s - C - H + H2O 

I 
CONHNH 2 

N0-(benzyloxycarbonylaminoacetyl)-2-ethylrnalonohydra-
zide (asymmetric and optically active) 

Such an attack has long been known to be a very 
reasonable possibility.11'12 

Experimental 
Preparation of Hydrazides.—For the preparation of the 

hydrazides an excess of 9 5 % hydrazine was refluxed for 
several hours with either the methyl or the ethyl ester of the 
corresponding acid in a ratio of about 1.5 moles of hydrazine 
to 1 mole of ester. Recrystallization from water or ethyl 
alcohol usually gave a product that was sufficiently pure 
for use in subsequent experiments. With o-nitrobenzhy-
drazide, equal molar quantities of methyl o-nitrobenzoate 
and 9 5 % hydrazine were warmed for about 2 hours on a 
water-bath. Cooling yielded the solid hydrazide, which 
was recrystallized from ethanol. Water was avoided be­
cause of the high solubility of this hydrazide in water. 
Ethylmalonic hydrazide was prepared by warming ethyl 
ethylmalonate with a slight excess of 9 5 % hydrazine on a 
water-bath for about 4 hours. Cooling produced the solid 
hydrazide, which was removed by nitration and recrystal­
lized from ethanol. 

Synthesis of Carbobenzoxy-DL-alanine, Carbobenzoxy-i,-
alanine and Carbobenzoxyglycine.—These three acylated 

(11) A. G. Ogston, Nature, 162, 963 (1948). 
(12) H. Hirschmann, in S. Graff, "Essays in Biochemistry," John 

Wiley and Sons, Inc.. New York, N. Y., 1956, p. 156. 



Aug. 5, 1959 PAPAIN-CATALYZED SYNTHESES OF NT-N^-DIACYLHYDRAZINES 3945 

amino acids were prepared according to the method de­
scribed in reference 13 from benzyl chloroformate and one 
of the amino acids: DL-alanine, L-alanine or glycine. 

Activation of Papain.14—The method of activation of 
papain was essentially that given by Abernethy, Naka-
mura and Collins.10 One important modification was used. 
When filtration proved to be difficult, just after dissolving 
the commercial, unactivated papain and particularly right 
after passing hydrogen sulfide into soluble papain, the filtra­
tion was preceded by centrifuging for 20 minutes at 2000 
r.p.m., twice if necessary. The solution was then de­
canted onto a suction filter and filtration took place more 
rapidly. 

Dependence of Yield on pR for the Reaction between 
Hippuric Acid and Benzhydrazide to Form N<*-Benzoyl-
Ntf-hippurylhydrazine.—To each of eight flasks was added 
0.5000 g. of L-cysteine hydrochloride, 1.7917 g. of hippuric 
acid and 1.3614 g. of benzhydrazide. The appropriate 
buffer was added in sufficient quantity to dissolve these 
solid reagents when hot. The solutions were filtered. 
Then 2.500 g. of activated Wallerstein papain was dis­
solved in about 5 ml. of cold buffer. This amount of dis­
solved papain was rinsed into each of the filtered solutions 
with several portions of the filtered solutions, after they had 
been cooled to a temperature below 40°. Each resultant 
solution was made up to a total of about 120 ml. with the 
addition of more buffer. The pH of each solution was ad­
justed to the exact p~H desired, with the aid of a pH meter. 
Finally, sufficient more buffer was added to make the total 
volume exactly 125 ml. The solutions were incubated at 
40 °. Precipitates of NQ - benzoyl - N/3 - hippurylhydrazine 
were collected at the end of 12, 24 and 36 hr., dried and 
weighed. The data are given graphically in Fig. 1. 

Since the optimum pH for these experimental conditions 
of this reaction proved to be about 4.0, this pH was used in 
nearly all experiments. 

If"-Benzoyl-N/3-hippurylhydrazine from a More Concen­
trated Solution of Reactants.—A buffered solution, pK ^ 
4.3-4.5, was made up to a total volume of 250 ml. and con­
tained 0.0500 mole of benzhydrazide, 0.0500 mole of hip­
puric acid, 1.000 g. of L-cysteine hydrochloride and 0.5000 
g. of activated Schwarz papain. The solution was filtered 
and then incubated at 40° with these yields of product after 
the designated periods of incubation: 0-18 hr., 13.1000 g.; 
18-42 hr., 0.0096 g.; 42-66 hr., 0.0013 g.; 66-90 hr., 
0.0003 g.; 90-114 hr., 0.0005 g.; 114-138 hr., 0.0008 g.; 
138-162 hr., 0.0006 g.; 162-330 hr., 0.1074 g. A yield of 
92% was given in the first 18 hr. Recrystallization from 
ethanol yielded a product melting at 219-220.5° (Mr. Cal­
vin Johnson performed this experiment.) 

The Attempted Resolution of DL-Mandelic Hydrazide by 
its Papain-catalyzed Reaction with Hippuric Acid to Form 
N " -Hippuryl - N(3 - mandelylhydrazine.—DL - Mandelic hy­
drazide, 0.0200 mole, and 0.0200 mole of hippuric acid were 
dissolved in 220 ml. of buffer, pH S 4.0 and 1.000 g. of L-
cysteine hydrochloride was then added. The mixture was 
warmed to dissolve the substances and then cooled to 40°. 
The pH was adjusted to 4.0. Papain, 0.500 g., was ground 
in a mortar with 15 ml. of new buffer solution and then 
added to these reactants. Two 7-ml. portions of new buffer 
solution were used to rinse the mortar and pestle and the 
washings were added to the reaction flask. The resultant 
solution was filtered, stoppered and incubated at 40°. At 
the end of 12, 24, 36 and 168 hr. the solid reaction product 
was removed bv filtration: 0-12 hr., 1.3518 g.; 12-24 hr., 
0.8316 g.; 24-36 hr., 0.0585 g.; 36-168 hr., 0.1382 g. 
After recrystallization from ethanol the melting point was 
consistently 211-212° and the rotation in pyridine was 
0.000° in each case. 

Anal. Calcd. for C 6 H 6 C O N H C H 2 C O N H N H C O C H O H -
C6H6: N, 12.84. Found: N, 12.95. 

The Attempted Partial Asymmetric Synthesis of an Op­
tically Active N/S-(Benzyloxycarbonylaminoacetyl)-2-ethyl-
malonohydrazide from the Papain-catalyzed Reaction be­
tween Ethylmalonic Hydrazide and Carbobenzoxyglycine.— 
A mixture of 5.200 g. of carbobenzoxyglycine, 4.000 g. 

(13) H. E. Carter, R. L. Frank and H. W. Johnson in E. C. Horning, 
"Organic Syntheses," Coll. Vol. I l l , John Wiley and Sons, Inc., New 
York, N. Y., 1955, p. 168. 

(14) The papain was gensrously supplied by the Wallerstein Labora­
tories, New York City, and the Schwarz Laboratories, Mount Vernon, 
N. Y. 

pH. 

Fig. 1.—Dependence of yield on pK for the papain-
catalyzed synthesis of Na-benzoyl-N^-hippurylhydrazine 
from benzhydrazide and hippuric acid at 40°.* 

* Total volume of buffered solution was 125 ml. and con­
tained: 0.0100 mole of benzhydrazide, 0.0100 mole of hip­
puric acid, 0.5000 g. of L-cysteine hydrochloride and 0.2500 
g. of activated Wallerstein papain. 

of ethylmalonic hydrazide, 0.5000 g. of L-cysteine hydro­
chloride and 1.0000 g. of activated Wallerstein papain was 
made up to a total volume of 150 ml. and the pH was ad­
justed to 4.0 and the solution was filtered. Incubation was 
carried out at 40° and these quantities of N0-(benzyloxy-
carbonylaminoacetyl)-2-ethylmalonohydrazide were ob­
tained: 0-12 hr., 6.8063 g.; 12-24 hr., trace; 24-36 hr., 
0.0000 g.; 36-168 hr., 0.0247 g. The melting point of the 
product from the 0-12-hr. period of incubation, after re­
crystallization from ethanol, was 210-211° and its rotation 
in pyridine was 0.000°. 

Anal. Calcd. for N H 2 N H C O C H ( C 2 H 6 ) C O N H N H C O -
CH2NHCOOCH2C6H6: N, 19.93. Found: N, 19.70. 

A Comparison of Papain-catalyzed Reactions between 
Benzhydrazide and Substituted Benzhydrazides with 
Acylated Amino Acids.—Each of the hydrazides, benzhy­
drazide, salicylic hydrazide, m- and p-hydroxybenzhydra-
zides, o-, m- and ^-nitrobenzhydrazides, o-, m- and p-toluic 
hydrazides was treated with hippuric acid, carbobenzoxy-
DL-alanine, carbobenzoxy-L-alanine, benzoyl-DL-alanine and 
benzoyl-L-alanine. 

The general procedure was to employ 0.0100 mole of the hy­
drazide and 0.0100 mole of one of the acylated amino acids 
if it was hippuric acid or an L-isomer, and 0.0200 mole of 
the acylated amino acid if it was racemic. Then 0.500 g. 
of L-cysteine hydrochloride and 0.250 g. of activated Waller­
stein papain were employed. The solution was made up 
nearly to 150 ml. with buffer of pK 4.0, and the pH adjusted 
exactly to 4.0 and enough more buffer added to make the 
total volume exactly 150 ml. Care was taken never to heat 
the papain above 40°. 

Certain variations were necessary. When carbobenzoxy-
DL-alanine was employed with the hydroxy benzhydrazides, 
the total volume of solution was always 250 ml. For all re­
actions of ^-hydroxybenzhydrazide the total volume of 
solution was 250 ml. due to the insolubility of this com­
pound, and there was considerable insoluble substrate in 
each case, which was removed by filtration before incuba­
tion was begun. With w-toluic hydrazide and carbobenz-
oxy-DL-alanine, a small amount of insoluble substrate had 
to be removed before incubation was started. When m-
nitrobenzhydrazide was employed with hippuric acid, a 
certain amount of insoluble substrate was removed before 
incubation was started. £>-Nitrobenzhydrazide was not 
as soluble as the other two nitro derivatives, so that 250-ml. 
total solution was used. In each case a certain amount of 
insoluble substrate was removed before incubation was 
started. 

At the end of 12, 24, 36 and 168 hr., insoluble diacylhy-
drazines were removed by filtration, dried and weighed. 
pH adjustment to 4.0 was made after each filtration before 
incubation was continued. The diacylhydrazines were re-
crystallized by dissolving in hot methanol or hot ethanol, 
treating with carbon, filtering three times, pouring into cold 
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TABLE I 

Xa,XT,3-DlACYLHYDRAZINES FROM HYDRAZIDES AND AcYLATED AMINO A d D S AT pH 4.0 
.Reactants: hydrazides with 

acylated amino acidsa 

Benzhydrazide with 
H.V 
C-L-A" 

C-DL-A" 

B-DL-A" 

Salicylic hydrazide with 

HA 

C-L-A 

C-DL-A 
B-DL-A 

w-Hydroxybenzhydrazide w 

HA 
C-L-A 

C-DL-A 

B-DL-A 

/)-Hydroxybenzhydrazide 

o-Toluic hydrazide with 
HA 
C-L-A 

C-DL-A 

B-DL-A 

/H-Toluic hydrazide with 

HA 

C-L-A 

C-DL-A 

B-DL-A 

/;-Toluic hydrazide with 
HA 
C-L-A 
C-DL-A 

B-DL-A 

o-Xitrobenzhydrazide with 

HA 

C-L-A 
C-DL-A 
B-DL-A 

»/-Xitrobenzhydrazide with 

HA 

C-L-A 

C-DL-A 
B-DL-A 

/>-X"itrobenzhydrazide with 
HA 
C-L-A 
C-DL-A 

B-DL-A 

" Hippuric acid = HA; 
nine = B-DL-A. 

Hydrazine product 
R'CONHNHCOR' 

X^Beuzoyl-X^-hippuryl-
X^-Benzoyl-X^-carbobenzoxy-L-alanyi-
Xa-Benzoyl-X"/3-carbobenzoxyalanyl-
X"a-Benzoyl-N^-benzovlalanvl-

Xa-Hippuryl-X3-salicyl-
X^-Carbobenzoxy-L-alanyl-X^-salicyl-
Xa-Carbobenzoxyalanyl-X'3-salicyl-
X"-Benzoylalanyl-X3-salicyl-

ith 

X'^-Hippuryl-X^-m-hydroxybenzoyl-
Xa-Carbobenzoxy-L-alanyl-XT/3-TO-hydrox\'benzoyl-
Xa-Carbobenzoylalanyl-N'3->«-hydroxybenzoyl-
Xa-Benzoylalanyl-X^-m-hydroxybenzoyl-

X'o reaction with HA, C-L-x\, 

Xo reaction 
XTa-Carbobenzoxy-L-alanyl-X'3-o-toluyl-
X^-Carbobenzoxyalanyl-X^-o-toluyl-
Xya-Benzoylalanyl-X3-o-toluyl-

X^-Hippuryl-X^-m-toluyl-
Na-Carbobenzoxy-L-alanyl-X"'3-»?-toluyl-
X:a-Carbobenzoxyalanyl-X*^-m-toluyl-
Xa-Beuzoylalanyl-X'3-w-toluyl-

Xa-Hippuryl-X3-^-toluyl-
XTa-Carbobenzoxy-L-alanyl-X'3-/)-toluyl-
Xa-Carbobenzoxyalanyl-Xv5-£-toluyl-
XQ-Benzoylalanyl-X,3-/j-toluyl-

Xo reaction 
Xa-Carbobenzoxy-L-alanyl-N^-o-nitrobenzoyl-
Xa-Carbobenzoxyalanyl-XT^-o-nitrobenzoyl-
X^-Benzovlalanvl-X^-o-nitrobenzovl-

X^-Hippuryl-X'^-w-nitrcbenzoyl-
Xa-Carbobenzoxy-L-alanyl-X^-w-nitrobenzoyl-
Xa-Carbobenzoxyalanyl-X''s-m-nitrobenzoyl-
Xa-Benzoylalanyl-N^-OT-nitrobenzoyl-

X^-Hippuryl-X^-nitrobenzoyl-
Xa-Carbobenzoxy-L-alanyl-X^-j6-nitrobenzoyl-
Xa-Carbobenzoxyalanyl-X'3-/>-nitrobenzoyl-
XT"-Benzoylalanyl-X*''-/>-nitrobenzoyl-

carbobenzoxy-L-alanine = C-L-A; carbobenzoxy-DL-: 

Nitroge 
Calcd. 

14.14 
12.40 

13.50 

13,41 
11.76 

12.84 

:n, % 
Found 

14.05 
12.29 

13.35 

13.67 
11.87 

12. 55 

M.p., 
0C. 

219-220 
204-205 
203-204 
219-220 

255-256 
197-198. 
190-191. 
204-205 

5 
5 
5 

[a]MD in 
pyridine 

- 3 8 . 3 1 
- 3 5 . 7 8 
- 4 5 . 0 5 

- 5 5 . 9 0 
— 55.87 
- 5 7 . 9 8 

13.41 13.19 259-261 
11.76 11.55 178-179.5 - 3 6 . 7 7 

198-201 - 4.69 
Xo reaction 

C-DL-A or B-DL-A 

11.83 12.00 207-209 - 5 1 . 0 1 
202-203 - 4 2 . 0 0 

12.92 13.08 182-185 -42.80 

13.50 13.35 212-214 
11.83 11.93 180-182 -51.30 

202-204 -51.20 
12.92 12.69 175-177 -53.87 

13.50 13.71 226-228 
11.83 11.69 189-191 -51.52 

188-189 -49.56 
12.92 13.09 214-216 -28.16 

14.50 14.63 238-239 -61.2 
233-234 -48.7 

15 72 15.47 252-254 - 1 6 . 2 

16.37 16.48 199-200 
14.50 14.77 252-254 - 4 3 . 8 

224-225 - 3 8 . 1 
15.72 15.47 238-240 - 5 3 . 3 

16.37 16.61 242-243 
14.50 14.62 230-231 - 4 6 . 3 

224-225 - 4 5 . 0 
15.72 16.01 254-255 - 5 0 . 0 

lanine = C-DL-A; and benzoyl-DL-ala-

water. washing the precipitate with hot water and drying 
over phosphorus pentoxide. In a few instances the alcohol 
solution was allowed to evaporate, rather than being poured 
into cold water. Rotations were all taken in pyridine at a 
concentration of about 2%. The results are given in tabu­
lar form. Abbreviations used for the acylated amino acids 
are: hippuric acid (HA); benzoyl-DL-alanine ( B - D L - A ; ) 
carbobenzoxy-DL-alanine ( C-DL-A ); carbobenzoxy-L-ala-
nine (C-L-A). For the hydrazides, these abbreviations are 
employed: benzhydrazide (BH); salicylic hydrazide (SH); 
hydroxybenzhydrazide (HBH); toluic hydrazide (TH); 
nitrobenzhydrazide (XBH). 

For the majority of reactions, they were complete, or es­
sentially so, at the end of the first 12 hours of incubation. 
Yields in these cases for this period were as listed. BH 
with C-L-A, 2.0398 g.; SH with: C - L - A , 0.6815 g., C-
DL-A, 1.2891 g.; wHBH with C-L-A-, 0.2833 g.; oTH with: 
C - L - A , 1.6777 g.; C-DL-A, 1.6640 g.; m-TH with: B - D L - A , 
1.6244 g.; C - L - A , 2.7904 g.; C - D L - A , 2.5462 g.; ^)TH with: 
B - D L - A , 1.9024 g.; C - L - A , 2.1086 g.; C-DL-A, 1.9024 g.; 
»XBH with: B - D L - A , 1.9595 g.; C - L - A , 2.9200 g.; C-DL-
A, 2.7421 g.; mXBH with: B - D L - A , 1.8596 g.; C-L-A, 
2.2405 g.; C-DL-A, 2.2555 g.; pXBH with: C - L - A , 0.9934 
g.; C -DL-A, 1.2187 g. 
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Several reactions gave a considerable quantity of product 
at the end of the first 12 hours and continued to give sub­
stantial amounts after this time. Yields for the first 12 
hours were: BH with: HA, 0.2651 g.; C - D L - A , 1.3178 g.; 
SH with: HA, 0.9802 g.; B - D L - A , 1.5629 g.; OTTH with 
HA, 0.4650 g.; pTH. with HA. 1.2736 g.; mNBH with HA, 
1.2965 g.; ^NBH with: HA, 0.4899 g.; B - D L - A , 0.5846 g. 

Three reactions gave little or no product during the first 
12 hours but gave substantial amounts after this. OTHBH 
with HA: 0-12 hr., 0.0000 g.; 12-24 hr., 0.3064 g.; 24-36 
hr., 0.4373 g.; BH with B - D L - A : 0-12 hr., 0.0357 g.; 12-
24 hr., 1.1956 g.; 24-36 hr., 0.0000 g.; oTH with B - D L - A : 
0-12 hr., 0.0189 g.; 12-24 hr., 1.2501 g.; 24-36 hr., 
0.0000 g. 

None of the hydrazides gave a reaction with benzoyl-L-
alanine when this antipode was not in a racemic mixture but 
was by itself. Other combinations not listed did not under­
go reactions. 

Discussion of Results 
Although the usual pK employed for papain-

catalyzed reactions between acylated amino acids 
and aniline, substituted anilines and phenylhydra-
zine is between 4.5 and 5.0, it was found that a pH. 
close to 4.0 appears to be best for the reaction be­
tween hippuric acid and benzhydrazide. This is 
presumably in accord with the difference in basicity 
of the hydrazide amino group, -NH2, as compared 
with the amino groups in these other compounds. 
In general the reaction proceeds much more rapidly 
with the hydrazides and acylated amino acids than 
it does with the other amino-containing compounds 
investigated. Frequently the reaction is essen­
tially finished at the end of the first 12 hours of 
incubation. When relatively high concentrations 
of hippuric acid and benzhydrazide were employed, 
the yield of product was over 90% at the end of 
this 12-hour period. 

Papain proved to be an effective resolving agent 
in most instances where carbobenzoxy-DL-alanine 
and benzoyl-DL-alanine were utilized with various 
hydrazides. This is usually regarded15 to be a con­
sequence of a three-point contact of the substrate 
with the enzyme at X, Y and Z (Fig. 2). The 
acylated L-amino acid usually gives a more satis­
factory contact between the activated carboxyl and 
position Z of the enzyme, than does the D-isomer. 
Hence Z provides activation of the carbonyl group, 
while simultaneously X more satisfactorily meets 
the needs of the acylated amino radical and Y ac­
commodates the methyl radical better. The ex­
tent of resolution of carbobenzoxy-DL-alanine 
could be judged by comparing the rotation of the 
resultant optically active Na,N0-diacylhydrazine 
with the one resulting from carbobenzoxy-L-
alanine. Benzoyl-L-alanine, free from its anti­
pode, did not give a diacylhydrazine with any of 
the hydrazides employed. 

It was not possible to bring about a resolution of 
DL-mandelic hydrazide by its papain-catalyzed re­
action with carbobenzoxyglycine. This might be 
expected because the mechanism of activation no 
doubt involves an interaction of papain with the 
carbonyl group of the carboxyl of an acylated 
amino acid. It has been established by Smith16 

that the active site of papain for the hydrolysis of 
amide linkages is at a sulfur atom in the form of a 
thiolactone (or thioester) produced and maintained 

Acylated L-amino acid Acylated D-amino acid 
on the enzyme surface on the enzyme surface 

Fig. 2.—Three-point contact of acylated amino acid with 
the enzyme. 

with a high energy bond by a favorable, folded con­
figuration of the enzyme. It is, therefore, kineti-
cally very reactive. The mechanism for the for­
mation of diacylhydrazines would involve this 
same thiolactone structure of papain. 

papain 

S C=O 
; + — 

O=C-OH 
RCONH^-C^H 

CH3 

papain 
! I 
S C=O 

R C O N H ^ C ^ H 

CHr + 
:N-NHC0R' 

H 
enzyme-substrate 

intermediate 

concerted action 

(15) M. Bertjmauu mid J. S F r n t o u . AJrancri i 
(1941). 

(IB) K L Suiitti, ./ Bi„l Lhem., 233, U S 2 '.1DoS) 

i Enzymol . I 1 63 

papain 
! I 
S C=O 

+ 
O=CNHNHCOR' 

RCONH ^ C - * H + H2O 

CH3 Preference is usually shown, with a certain spatially 
fixed arrangement of the enzyme, for the acylated 
L-amino acid, with the acylated amino group to the 
left. When hippuric acid is employed with DL-
mandelic hydrazide, R becomes C6H6 and CH3 be­
comes H, while R' contains the asymmetric cen­
ter -CHOH-C6H6. The less intimate contact of 
a hydrazide with the enzyme than with an acylated 
amino acid and the enzyme could account for the 
failure of papain to resolve DL-mandelic hydrazide. 

Papain does not always display preference for 
the L-isomer of a racemic acylated amino acid, but 
may form a racemic product8 instead of a prepon­
derance of the L-isomer. The charge distribution 
around the active center of the enzyme is, of course, 
also involved. This distribution might not depend 
so much on the configurations of amino acids of the 
polypeptide chains of the enzyme as on the align­
ment of the chains, perhaps accounting for essen­
tially equal activation of antipodes of acylated 
amino acids in certain cases. It would be ex­
pected that papain would activate carbobenzoxy­
glycine in its reaction with ethylmalonic hydrazide 
to form Ns-(benzyloxycarbonylaminoacetyl)-2-
ethylmalonohydrazide. The reason for failure to 
give a partial asymmetric synthesis would be 
similar to the failure to resolve DL-mandelic hydra­
zide. 

These papain-catalyzed reactions demonstrate 
a novel synthesis of Na,N'3-diacylhydrazines. 
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Usual chemical procedures17 employ acylation of 
hydrazides, diacylation of hydrazine, thermal de­
composition of hydrazides and oxidation of hydra­
zides with iodine. Among the uses of diacylhydra-
zines have been investigations of dipole moments1 8 

and apparent energies of N - N bonds.1 9 Still 
another interesting usage of an acylated hydrazine 
has been the oxidation of Na ,Na-diphenyl-N'3-
picrylhydrazine, which forms N a ,N a -diphenyl-
N^-picrylhydrazyl free radicals ra ther than the 
anticipated N«,N a ,N a ,Nd- tetraphenyl-N^,N^-di-
picryltetrazane. This purple sold free radical is 
employed as a s tandard of measurement for mag­
netic moments.2 0 '2 1 Acylation of N a ,N a -diphen-
ylhydrazine with picryl chloride yields the start­
ing material for the synthesis of this free radical. 

Acknowledgments.—Appreciation is expressed 
for grants-in-aid from the Society of the Sigma Xi 
and RESA, which took care of costs of some of the 
analyses and impor tant chemicals. T h e Rudolph 
high-precision polarimeter was purchased through 
a grant-in-aid from the Research Corporation. 
Generous grants from the Fresno County Hear t 
Association and the California Hear t Association 
provided for an undergraduate research fellowship 
for Mr. Marvin Kientz, the purchase of equipment 
and chemicals, the assistance of Messrs. Ronald 
and Rodney Johnson in synthesizing a few im­
por tan t intermediates and the expense of many of 

(17)(a) T. W. J. Taylor and W. Baker, "Sidgwick's Organic Chemistry 
of Nitrogen," Oxford University Press, London, 1937, p. 398; (b) C. D. 
Hurd, in H. Gilman, "Organic Chemistry, An Advanced Treatise," 
Vol. 1, first edition, John Wiley and Sons, Inc., Xew York, 1938, 
p. 682. 

(18) P. R. Frey and E. C. Gilbert, THIS JOURNAL, 59, 134.5 (1937), 
(19) C. M. Anderson and E. C. Gilbert, ibid., 64, 2369 

(1942). 
(20) E. Muller, L. Muller-Rodloff and W. Bunge. Ann., 520, 23.3 

(1935). 
(21) F. L. Allen and S. Sugden, J. Chem. Sac, 440 (1936). 

In 1925,2 Gulland and Robinson suggested tha t 
the morphine skeleton is formed in the plant by the 
cyclization of norlaudanosine ( I I I ) . The nor-
laudanosine is produced by a Mannich reaction, 
in which decarboxylation takes place between 
3,4-dihydroxyphenylalanine (I) and 3,4-dihydroxy-
phenylacetaldehyde (II) which arises by the oxi­
dative decarboxylation of a second molecule of I. 
Rotat ion of ring A of I I I through 180° gives rise to 
the equivalent structure IV. I t is then im-
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mediately apparent t ha t two cyclizations and re­
duction and dehydration of ring A will give rise to 
the morphine skeleton. This final conversion of 
IV to morphine (V) has been the subject of con­
siderable discussion.3 However, it seemed de­
sirable to check the basic biogenetic scheme before 
becoming too excited about intimate details of this 
hypothesis. If this scheme is correct, the feeding 
of 3,4-dihydroxyphenylalanine-2-Cu (I) to opium 
poppies should result in the labeling of morphine on 
C-9 and C-16 as indicated in Fig. 1. 
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Radioactive morphine was obtained when DL-phenylalanine-2-C14 or DL-tyrosine-2-C1-! was fed to Papaver somniferum 
plants. Systematic degradation of the morphine derived from the tyrosine yielded compounds whose activities were com­
patible with the hypothesis that morphine is formed from two molecules of tyrosine via norlaudanosine. 


