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S-Benzylthiocarbonyl derivatives of a number of a-amnino acids have been prepared. S-Benzylthiocarbonyl-p- and L-
leucine and S-benzylthiocarbonyl-p- and L-methionine were used as substrates in the papain-catalyzed reaction with phenyl-

hydrazine to form the phenylhydrazides.
from the L-antipodes.
ammonia, aqueous sodium hydroxide or lead acetate.

The D-phenylhydrazides were formed at a slower but not greatly different rate
The S-benzylthiocarbonyl group was cleaved fron: the amino acid derivatives with sodium_in liquid
Lead acetate reacted with S-benzylthiocarbonylglycylglycine ethyl

ester to form ethyl hydantoin-3-acetate and with S-benzylthiocarbonylglycine and S-benzylthiomethionine phenylhydrazides
to form the corresponding 2-plienyl-5-alkyl-3,6-dioxohexahydro-1,2,4-triazine.

Several years ago it was shown that the nature of
the acyl group has a profound effect upon the stereo-
chemical course of the papain-catalyzed reaction
of an acylated a-amino acid with phenvlhvdrazine
to form the corresponding phenylhydrazide. Nie-
mann?? found that for acylated p,L-phenylalanines,
RCONHCH(CHQCJ‘Is) COQH, where R = CHg“
or C¢Hj~, the papain-catalyzed synthesis of the
phenylhydrazide proceeds with almost complete
stereochemical specificity for the L-antipode. How-
ever, when R = CH;0-, CoH;O- or CsH;CH,0—,
this stereochemical specificity is lost and the p-
phenylhydrazide is formed at a comparable rate
with the r-antipode. In our laboratory*® it was
shown that when carboallyloxy-p,L-leucine is used
as a substrate in the above reaction the p-phenyl-
hydrazide is formed along with the L-antipode, but
when benzylsulfonyl-a-amino acids were used as
substrates, only the L-phenylhydrazides were
formed.

Thus when the acyl anide group of the substrate
has structures I, IT or ITI, the enzyme is stereospe-
cific, but when the substrate has structure 1V, the
stereospecificity of the enzyme is reduced. This
raises the question as to whether this difference in
stereospecificity is due to a steric effect or due to an
clectronic effect. A partial answer was sought by
using substrates with structure V, as the stulfur
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atom has the size of a methylene group but an elec-
tronic structure similar to oxygen.

Ehrensvard® suggested phenylthiocarbonyl chlo-
ride as a group-protecting reagent in peptide syn-
thesis. This acid chloride reacted with «-amino
acid esters to form phenylthiocarbonyl-a-amino es-
ters, which were readily converted to phenylthio-
carbonyl-a-amino acids by acidic hydrolysis. These

(1) This Investigation was supported in part by a Grant-in-Aid
from the State College of Washington Research Fund and in part
by a research grant (RG5293) from the U, S. Public Health Service.
Presented In part before the Northwest Regional Meeting of the
American Chemical Society. June 17, 1938,

(2) E. L. Bennett and C. Niemann, THIs JourNaL, 70, 2610 (1948).

(3) E. L. Bennett and C. Niemann, 7hid., 72, 1698 (1950).

(4) H. B. Milne and C. M. Stevens, tbid., 72, 1742 (1950).

(3) H. B. Milne and Chi-Hsieh Peug, ibid., 79, 645 (1957).

latter compounds in the form of their acid chlo-
rides were coupled with other a-amino acid esters
to form phenylthiocarbonyl dipeptide esters.
Ehrensvard reported that short heating with lead
acetate in 709, ethanol removed the phenylthio-
carbonyl blocking group from both the amino acid
and dipeptide derivatives. However, Hofmann,
et al.,5 reported that the latter reaction led to the
formation of hydantoin derivatives and not to di-
peptide esters. Killonitsch, et a/., showed that
the phenylthiocarbonyl group could be removed
from phenylthiocarbonyl dipeptides by oxidation
with perbenzoic acid without forming a hydantoin.
Niemann®!® showed that when phenylthiocarbonyl
chloride reacted with phenylalanine under Schot-
ten-Baumann conditions N,N-carbonyl-bisphenyl-
alanine was formed in good yield and when N-
monosubstituted  S-phenylthiocarbamates were
treated with base, the corresponding substituted
ureas were formed.

Killonitsch, et al.,® also prepared a series of ben-
zylthiocarbonyl derivatives of amino acids and di-
peptides. Because these compounds were shown
to be more stable in weakly basic solutions than the
phenvlthiocarbonyl derivatives and because of
their similarity to the carbobenzoxy derivatives a
series of S-benzylthiocarbonyl-a-amino acids were
prepared and used in this study as substrates in
the papain-catalyzed reaction with phenylhydra-
zine.

Discussion of Results.—The S-benzylthiocar-
bonyl-a-amino acids reacted with phenylhydrazine
i1 the presence of papain to form S-benzylthio-
carbonvl-a-amino acid phenylhydrazides. The re-
actions proceeded as readily as when the corre-
spouding carbobenzoxy derivatives were used as
substrates. Although the solutions were incubated
for as much as 25 days, there was no appreciable
cleavage of the S-benzylthiocarbonyl group. It
was immediately apparent that the stereospecificity
of the papain was lost to a marked degree when S-
benzylthiocarbonyl-a-amino acids were used as
substrates as shown in Table II. When S-benzyl-
thiocarbonyl-pD-amino acids were used as substrates
the p-phenylhydrazides were formed as readily as

(6) G.C. H. Ehrensvard, Nafure, 189, 500 (1947).

(7) A. Lindenmann, N. H. Khan and K. Hofmann, THIS JOURNAL,
T4, 476 (1952).

(8) J. Killonitsch, V. G. Abor, A. Hajor, Nature, 177, 841 (1856);
J. Killonitsch, ef al., Chem. Ber., 89, 2288 (1956).

() W, H. Schuller and C. Niemann, THis JourxalL, 75§, 3423
1953).

‘ (10; D. G. Crosby and C. Niemann, ibid., 76, 4458 (1954).
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TABLE I
CRYSTALLINE BENzZYLTHIOCARBONYL DERIVATIVES®
Yield M.p. Caled. Tound.

% °c.’ Formula ¢% H% N% S$% % H% N% S %
NH, 80 123.5-124.5 CsHyNOS 57.50 5.37 8.4 19.15 57.5 5.37 8.72 18.9
D,L-Leucine 42 96-97 CuH; s NO:S  59.79 6.76 4.98 11.40 59.5 6.65 4.74 11.2
Glycine 5 150.5-151° CpHyNOsS  53.33 4.89 6.22 14.22 53.3 4.85 6.20 14.10
Dp,L-Alanine 45 173-175° CuH;sNOsS  55.23 5.44 5.86 13.40 55.3 5.29 5.73 13.24
L-Tyrosine (mono) 43 147-148 CyH;;NOsS  61.656 5.17 4.23 9.65 61.45 5.12 4.22 9.54
L-Alanine 37.8  123-125° CpHENO:S  55.23 5.47 5.85 13.40 55.28 5.51 5.64 13.9
D,L-Threonine 47.5 95-98 C:H;s:NOS  53.51 5.61 5.20 11.91 53.72 5.19 5.25 11.6
Glycylglycine ethyl ester 35 110-111%° CuHisN,0s8 54.18 5.81 9.03 10.33 51.14 5.64 9.23 10.31

% The amino acid ethyl ester hydroclilorides used in the preparatlon of these derivatives were prepared by Jerry Still, a

senior in chemistry.
try.

D,L-alanine, 176-178°; vr-alanine, 126-127°;

¢ Killonitsch reported the following melting points for the S-benzylthiocarbonyl derivatives:
glyveyvlglycine ethyl ester, 117-119°,

b The S-benzylthiocarbonylglycylglycine ethyl ester was prepared by Irwin Klundt, a senior in chemis-

glycine, 151-152°;

TAaABLE 11
PAPAIN-CATALYZED SYNTHESIS OF BENZYLTHIOCARBONYL AMINO AcID PHENYLHYDRAZIDES

Phenyl-

Weight hydrazine
S-Benzylthiocarbonyl substrate, hydro- Papain,
derivative of g. chlcride, g. g.
Glycine 1 0.7 0.7
D,L-Alanine 1 0.6 0.6
Dp,L-Leucine 2 1.1 2.0
L-Leucine 0.6 1 0.5
p~Leucine 0.6 1 0.5
L-Methionine 8 4 3
D-Methionine 8 4 3

has been reported for carboallyloxy or carbethoxy-
p-amino acids.?~* Thus it may be inferred that
the observed differences in stereospecificity are
due in part to the electronic character of the acyl
blocking group and not entirely to steric effects.
The amino acids which have been used as sub-
strates in reactions which this lack of stereospeci-
ficity has been reported, have been neutral amino
acids. Smith, ¢t @/.,'! have shown that in the pa-
pain-catalyzed hydrolysis of acylated a-amino acid
amides and acylated a-amino acid ethyl esters, the
nost reactive substrates have been those derived
from basic amino acids; for example, benzoyl-L-ar-
ginine amide and benzoyl L-arginine ethyl ester.
On the assumption that &, = Ky/Km the data indi-
cated that the interaction between enzyme and
substrate involved two titratable groups in the en-
zyme, an ionized carboxyl group and an un-ionized
sulfhydryl group. Smith proposed that the reac-
tive group at the active site of the enzyme involves
a thio ester which is formed and maintained by the
folding energy of the protein. The change in
stereospecificity with changes in structure the «-
acyl amide group suggests that in addition to an
ionized carboxyland an un-ionized sulfhydryl group
there is a group on the enzyme which interacts with
the a-acyl amide group of the substrate,
Cleavage of the S-Benzylthiocarbonyl Group.—
The S-benzylthiocarbonyl group was cleaved by
(11) E. L. Smith, B. J. Finkle and A. Stockell, Disc. Faraday Soc.,
20, 96 (1955); A. Stockell and E. L. Smith, J. Biol. Chem., 227, 1

(1857); E. L. Smith, V. J. Chavre and M. J. Parkes, tbid., 230, 283
(1958); E. L. Smith, ¢bid., 2383, 1392 (1958).

Time of
{ncub,, Yield,
days %% M.p., °C. la]?p
2 100 185-186 -
3 70 157-158 —~85°
4 44 105-107 —~84
7 50 115-136 —~33.4
14 52 140-144 -~ 2.9
25 55 143-144 0
2 91 120-121 —89
4 100 120-121 -89
4 9 120-121 +88
25 40 120-121 +89
1 80 133-134 —49
4 6 133-134 +51
25 35 133-134 +48

reduction with sodium in liquid ammonia, by re-
duction with Raney nickel, by heating with 3 N
sodium hydroxide or by treatment with lead ace-
tate. In each case the glycine was recovered in
satisfactory yield. In the reaction of S-benzylthio-
carbonylglycine with 3 N sodium hydroxide, a 76%
yield of glycine was obtained. Apparently the S-
benzylthiocarbonylamino acids do not form N,N'-
carbonyl-bis-amino acids in the presence of base
under the conditions reported by Niemann? for the
S-phenylthiocarbonyl-g-amino acids.

As it has been reported’ that S-phenylthiocar-
bonylglycylglveine ethyl ester reacted with lead
acetate to form ethyl hydantoin-3-acetate i1 an
829, vield, S-benzylthiocarbonylglycylglycine ethyl
ester was prepared and treated with lead acetate
under similar conditions. Ethyl hydantoin 3-ace-
tate, m.p. 118-120°, was isolated in 369 yield.

As Hofmann” reported that the reaction of phen-
ylthiocarbonylglycine carbobenzoxyhydrazide with
lead acetate led to the formation of 2-carbobenzoxy-
3,6-dioxohexahydro-1,2 4-triazine and did not give
glycine carbobenzoxyhydrazide, it was of interest to
see if the S-benzylthiocarbonyl-a-amino acid phen-
ylhydrazides would undergo the same reaction.
Both S-benzylthiocarbonylglycine phenylhydra-
zide and  S-benzylthiocarbonyl-L-methionine
phenylhydrazide were refluxed in the presence of an
equimolar quantity of lead acetated in ethanol.
In each case a compound which analyzed correctly
for the corresponding 2-phenyl-5-alkyl-3,6-dioxo-
hexahydro-1,2,4-triazine was isolated in about 60%
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yield. The compound formulated as 2-phenyl-3,6-
dioxohexahydro-1,2,4-triazine reacted with acetyl
chloride to form a diacetate of composition C;sH,;-
N304,

The infrared spectrum of the 2-phenyl-3,6-dioxo-
hexahydro-1,2,4-triazine shows a characteristic NH
stretching frequency at 3300 ¢cm.~! and two car-
bonyl bands at 1780 and 1735 cm.~l. The infra-
red spectrum of the diacetate does not show a peak
in the 3300 cm. ! region but it does show carbonyl
frequencies at 1760 and 1710 cm. 2.

It was of interest to see if the phenylhydrazide
group could be removed from S-benzylthiocarbonyl-
a-amino acid phenylhydrazides using the method of
Milne, et al.'? S-Benzylthiocarbonyl glycine was
recovered in 949% vield when S-benzylthiocarbonyl-
glycine phenylhydrazide was refluxed with an ace-
tone-water solution of ferric chloride.

The S-benzylthiocarbonyl group does not have
the general utility of the carbobenzyloxy group be-
cause of the instability of the S-benzylthiocarbonyl
group in basic solutions. However, because the
group may be selectively removed from a peptide it
should be an important addition to the blocking
groups which are available for peptide synthesis.

The infrared spectra were determined for S-ben-
zylthiocarbonyl amide, the S-benzylthiocarbonyl-
a-amino acids and the S-benzylthiocarbonyl-a-
amino acid phenylhydrazides. In each case there
was a characteristic carbony! stretching frequency
at 1640 = 5cm. 7L

Experimental

Papain.—Commercial papain (Nutritional Bioclemical
Corp.) was purified by the procedure of Grossinan?® and
Bergmaun and Fraenkel-Courat'* as miodified by Beunett
and Niemnann.? After four successive treatnients with liy-
drogen sulfide, followed hy precipitation with methanol,
tlie precipitate was Iyoplilized and a white powder was ob-
tained.

Benzylthiocarbonyl Chloride.—The acid chloride was
prepared by a modification of Arudt’s?® method. Aluminum
chloride (0.5 g.) was dispersed in liquid pliosgene (71.2
ml.). Benzyl mercaptan (117.4 ml.) was slowly added to
the mixture. The reaction mixture was stirred meclani-
cally during the additions of the reagent. After the addi-
tion of the beuzyl mercaptail was comnplete, the solution was
allowed to warm to room temperature and allowed to
stand until the evolution of Iivdrogen chloride hiad ccased.
At this time chloroformt (300 1l.) was added aud the
aluininwin cliloride filtered from the solution. The chloro-
forin wus rentoved {z racue at 40° and the material distilled.
Tlhe fraction boiling at 138° (22 nun.) was collected. The
product weighed 101.4 g. (54.47%).

Benzylthiocarbonyl Amide.---Benzylthiocarbonyl chloride
(1 g.) was added to councentrated ammonium hydroxide
(5 ml.). The resulting crystals were recrystallized from
cliloroform; yicld 0.8 g. (90%), n1.p. 123.5-124°,

Anal. Caled. for CsHNOS: C, 57.50; M, 3.37; N,
8.39; S, 19.15. Vound: €, 57.50; H, 5.37; N, 8.72;
S, 18.90.

Preparation of S-Benzylthiocarbonyl Derivatives of
Amino Acids.—The ethyl cster hydrochiloride of tlie chosen
amino acid was dissolved in the mninimuin amouut of chloro-
form to give a clear solution. ‘Two equivalents of trietliyl-
amine was added and the reaction cooled in an ice-bath.®
Omne equivalent of benzylthiocarbouy!l chloride was slowly
added while the mixture was stirred mechanically. The

(12) H. B. Milne, J. E. Halver, D. $. Ho and M. S. Mason, T
JourNaL, 79, G37 (1957).

(13) W. Grossman, Biochern. 7., 279, 131 (1933).

(14) M. Bergmann and H. Vraenkel-Conrat, J. Bicl. Chew,, 119,
707 (1937).

(15) F. Arndt, &, Milde and G. ¥ckerl, Ber., T6B, 1976 (1423).
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stirring was continued for 20 miu. after thc addition of the
benzylthiocarbonyl! cliloride was complete.

At this time 200 ml. of dry ether was added and the
triethylamine hydrochloride was filtered. The filtrate was
evaporated under vacuum to give a viscous oil. This oil
was refluxed for 15 min. with 50 ml. of 50:50 glacial acetic
acid—concentrated livdrochloric acid. At the end of this
time 100 ml. of distilled water was added and the solution
cooled overnight in a refrigerator. The crystallinel® benzyl-
thiocarbonyl-e-amino acid was theun filtered and recrystallized
from the appropriate solvent. Tle results are shown iu
Table I.

Enzymatic Synthesis of Phenylhydrazides of S-Benzyl-
thiocarbonyl-a-amino Acids.—These phenyllivdrazides were
prepared accordiug to tlie method of Bergmann and Fraen-
kel-Conrat.1* Souwuc of the results are listed in Table II. The
S-benzylthiocarhonyl-a-amino acids were dissolved in the
minimum amount of a sodium acetate (18 g./100 ml.).
Versene solution (1 g./100 ml.). To this solution was added
1 equivalent of plienylliyvdraziue hydrochloride and an equal
weiglit of cysteine hvdrocliloride dissolved in 50 ml. of dis-
tilled water. The total volume of the solution was from 100-
200 ml. for each grain of S-beuzylthiocarbonyl-e-amino acid.
After the pH of the solution had been adjusted to 4.7, papain
was added, and nitrogen was bubbled through the solutiou
for a few minutes. The flask was stoppered and the solution
was incubated i1 a water-bath at 40°. At appropriate in-
tervals the product was collected by filtration. The results
of the enzymatic reactions are shown on Tables 1T and 111.

Cleavage of S-Benzylthiocarbonylglycine. (a) With
Sodium and Liquid Ammonia.—Oue gram of S-benzylthio-
carbonylglycine was dissolved in 200 wl. of liquid annmonia.
Sodium (0.28 g.) was slowly added iu small pieces to a per-
manent blue. The ammonia was allowed to evaporate and
the glycine couverted to hippuric acid; yield 0.2 g. (25.4%%),
ni.p. 188-189°, mixed melting point with authentic samplc
liippuric acid 188-189°.

(b) With Sodium Hydroxide.—A solution of S-beuzylthio-
carbonylglycine (0.5 g.) dissolved in 10 ml. of 3 N sodium
hvdroxide was heated on a steam-bath for 45 1ininutes.
During this time the solutiou became slightly turbid. The
solution was extracted with two 15-ml. portious of ether,
acidified (congo red) and extracted with two 20-ml. portions
of chloroform. The aqueous solution was thien made hasic to
litmus and the volume reduced to 20 ml. The glycine was
recovered as hippuric acid 0.3 g. (7697), n1.p. 187-188°.

(¢) With Lead Acetate.—The reaction was carried out
according to the metliod Lindenmann, e al.,’ used in the
reaction of lead acetate with plenylthiocarbonylglycine.
S-Benzylthiocarbonylglyeine (4.4 mnioles) was added to a
solution of 0.91 g. (2.4 mmoles) of lead acetate in 70 ml. of
0% ethanol and the mixture was heated for 10 miu. at 75~
S80° on a steam-batli. Tlie solution was cooled to room
temperature and the vellow precipitate of lead benzylnier-
captide was removed by filtration. The filtrate was evapo-
rated to dryness and tlie glycine converted to lippuric acid;
0.3 g. (38%%), mn.p. 187-188°.

Reaction of S-Benzylthiocarbonyl-1,L-Leucine with
Sodium Hydroxide.—In a large test-tube was placed 0.5 g.
(0.0018 1nole) of benzylthiocarbouyl-p,L-lcucine with 10 wml.
of 3 N soditn hydroxide solution. The solution was allowed
to stand for 48 hr. (white solid formed). The mixture was
extracted several times with ether. The aqueous solution
was thien brought to the isoelectric point and lencine was
isolated. The crude vield was 0.2 g. (84.45;), and the yield
of purified product was 0.15 g. (63.6% ;.

Reaction of S-Benzylthiocarbonylglyeylglycine Ethyl Ester
with Lead Acetate ——This reaction was carried out according
to a method similar to that described by Lindemmnann, et af.,?
in the reaction of lead acctate with phienylthiocarbonyl-
glyeylglveine ethyl ester. To a warmed solution of 0.61 g.
(N.0016 mole) of lead acetate in 50 ml. of 705 cthanol was
added 0.93 g. (0.003 1n:ole) of S-benzylthiocarbonylglyeyl-
glyveine ethyl ester, and the mixture was hcated at 75 -80° on
a hot water-bath for 101min.  After cooling tin roowm tenipera-
wre, the lead benzyvhiercaptan was filtered and the filtrate

(153) In lhe cuses swiere the beuzylthiocarbomyl e amino acid wasnot
crystalline av this paine, 1lte sohition was exiracted with 1we 25 ml
portions of 59 sodinm bicurbonate solmion. The combined hicar
honate extracts were acidified with hiydrochloric acid and cooled in «
refrigerator. The ecrystalline benzylthiocarbonyl-a-amino acid then
was filtered.
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TaBLe 111
ANALYSES OF S-BENZYLTHIOCARBONYL AMINO AcCID PHENYLHYDRAZIDES
S-Benzylthiocarbonyl Caled., 9% Found, %—————— —
phenylhydrazides of Formula C H N S (o} N S
Glycine CysH17N;;O5S 61.00 5.40 13.32 10.15 60.80 5.25 13.10 9.95
L-Alanine C17H9N30:8 62.00 5.78 12.75 9.75 62.0 5.83 12.70 9.71
L-Leucine CooH3sN30.8 64.70 6.75 11.3 8.63 64.5 6.62 11.5 8.53

was saturated with hydrogen sulfide. The resulting lead
sulfide was filtered and filtrate was evaporated to drvness
in vacuo. The residue was dried in a vacuum desiccator
overnight. The solid residue was recrystallized three times
from chloroform—petroleum ether (80-60°). The yield of
colorless needles {(in.p. 118-120°) was 0.2 g. (35.99%,) (re-
ported!?* 118-120°), assumed to be ethyl hydantoin-3-ace-
tate.

Anal. Caled. for C;HppN:O4: C, 45.16; H, 5.41; N,
15.05. Found: C, 45.30; H, 5.55; X, 15.10.

Reaction of S-Benzylthiocarbonylglycine Phenylhydra-
zide with Lead Acetate.—Lead acetate (10.0 g.) was dis-
solved in 1 1. of warm 959 ethanol. To this solution was
added 15.2 g. of S-benzylthiocarbonylglycine phenylly-
drazide. The temperature of the mixture was maintained
at 75-80° until the suspension of lead benzyl-mercaptide
settled (ca. 40 min.). The solution was then filtered and the
filtrate was saturated with hvdrogen sulfide. The resulting
lead sulfide was removed by filtering through a mat of Filter-
Cel. The filtrate was evaporated to dryness and the solid
residue was recrystallized first from 959, ethanol then from
chloroform to yvield 6.05 g. (59.29,) of 2-phenyl-3,6-dioxo-
hexahydro-1,2,4-triazine, m.p. 165.0-166.5°.

Anal. Caled. for CyHyN3;O0,: C, 56.54;
21.98. Found: C, 56.84; H, 4.63; N, 22.00.

The above triazine (0.5 g.) was heated with 20 g. of acetyl
chloride. The mixture was evaporated on a steam-bath to

H, 4.75; X,

(17) R, Locquin and V, Cerchez, Bull. soc. chim., 49, 309 (1939).

form a brown oil which crystallized from benzene—petroleumn
ether vielding 0.22 g. of white crystals, ni.p. 157-158°.

Anal. Caled. for CisHisN;04: C, 56.72; H, 4.76; N,
15.26. Found: C, 56.64; H, 4.82; N, 15.30.

Reaction of S-Benzylthiocarbonylmethionine Phenylhy-
drazide with Lead Acetate.—Tlis reaction was carried out
in the same manner as the above using 0.78 g. (0.002 mole)
of S-beuzylthiocarbonylmethionine phenyllhivdrazide, 0.42
g. (0.0011 mole) of lead acetate and 40 ml. of 709, ethanol.
The reaction mixture was heated on a hot water-bath for 8
min. The crude product was recrystallized three times from
ethanol-water. The yield of triazine (11.p. 122-123.5°)
was 0.4 g. (75.59%,).

Anal. Caled. for CeHi3N30.8: C, 54.32; H, 5.69; X
15.84; S, 12.08. Found: C, 54.48; H, 5.84; N, 15.61;
S, 12.20.

Reaction of S-Benzylthiocarbenylglycine Phenylhydrazide
with Ferric Chloride.—A solution of 16 g. of ferric cliloride
hexahydrate dissolved in 25 ml. of distilled water was added
to a solution of 8 g. of S-benzylthiocarbonylglycine phenyl-
hydrazide dissolved in 30 ml. of acetone. After the addition
was complete, the solution was refluxed for 3 Iir. The solu-
tion was distilled until 25 ml. of the acetone had been re-
moved. The solution was then cooled overnight in a refrig-
erator. The resulting crystals were filtered and recrystal-
lized from chloroform; yield 5.1 g. (949%), m.p. 151-152°,
mixed nielting point with an authentic sample of S-benzyl-
thiocarbonylglycine 151-152°.

[CONTRIBUTION FROM THE DEPARTMENT OF BIOLOGICAL SCIENCES, STANFORD RESEARCH INSTITUTE]

Potential Anticancer Agents.! XXXVI.

Alkylating Agents Derived from 5-Aminouracil

By ALLEN BENITEZ, LEONARD O, Ross, Leox GoopMaN AnND B. R. BAKER
RECEIVED MARCH 3, 1960

Two monofunctional alkvlating agents, 5-(2-chloroethylamino)-uracil (V') and 5- [2-cliloroethyl)-ethylamino]-uracil (VIII),

were synthesized for comparison of effectiveness as antitumor compounds with difunctional alkylating agents.

An un-

known material, obtained wia the hydroxyethylation of 5-(etliylamino)-uracil (III), was identified as 3-(2-chloroethyl)-5-
[(2-chloroethyl)-ethylamino |-uracil (XIIa) by comparison of its ultraviolet spectra with those of the previously unknown
compounds, 5- [bis-(2-chloroethyl)-amino]-3-methyluracil (X VIII)and 5- [bis-(2-cliloroethyl)-amino ]-1-methyluracil (XX VTI).

Recently the hypothesis was put forward that
alkylating agents consist of a carrier and the
alkylating group and that differences in effects and
side effects on tumors might be related to the
differences in the carrier group.? More recently
this hypothesis was expanded into a rationale for
the design of specific irreversible enzyme inhibi-
tors.® This rationale proposed that substrates,
properly substituted by an alkylating group, could
fit the specific enzyme site for the substrate, then
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replace a nearby active hydrogen by alkylation,
thus resulting in specific irreversible inactivation of
the enzyme.

Recent synthetic work in the nitrogen mustard
field has resulted in several promising anticancer
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