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TaBLe 11

SOLUBILITIES 1IN KREBs-RINGER PHospHATE BUrFrER a1 37°

Cornpel Nm sy I € X - Soly, M

XII 216, 276, 384 S22 1 L4 X 107

NX 252,201 I B0 X 107

XXI1 237 1.9 4.2 X 1

XXII 240 1Y 2.4 T

NXIV 210,252, ¢ G.6,5. 1, 1.3, 52X
932 1.6

Within the group of compounds studied, type a effect
i= given by aliphatie or heteroevelie disulfides containing
amina groups. If the basicity of the amino nitrogens
is deereased, as far instance by N-neetvlation of eysta-
mine (ta give XV), ar by introduction of appropriate
ring substituents in heteracyclic bases (to give XIX ar
XXIID), the caompounds acquire type b effect. A
similar change is obtained when the aminoe groups of
eystamine are replaced by enrboxyls (to give XVI).
It i interesting ta note that formation of the N-oxide
(to give XVIID) dees not alter the tyvpe a effect aof
2,2'-dithiodipyridine.

The =olubility of XX and XXIV was very low; a
cancentration comparable ta that of the other disulfides
studied could not be attained. At the maximum pos-
sible econcentration these twa compaunds had na signifi-
cant effect on the properties studied.

The necumulation of Iactate fram glucose, caused by
action of type b campounds ont Ithilich aseites cells in
air, indicates that the formation of pyruvate through
the glycolytic pathway is not prevented by these cow-
pounds. Haowever, the further oxidation of pyruvate
through the Krebs cvele is undoubtedly inhibited.
There appears thus te be a selective inhibition of the
Irebs eycle by type b campounds, while the glycolytic
pathway is relatively undisturbed. Compounds of
type a. on the ather hand, are strang inhibitors of the
glyveolytic pathway.  The study of these compounds nt
the enzyme and wolecular level is being continued.

Skrede, et af.)’ have studied the effect of severnl
disulfides on citrate oxidation by rat hver mitochondria.
It i interesting ta note that compounds which we elas-
sify as tvpe a were inhibitory, whereas compaounds of
type b were nat.  Thus, evstamine at 2 X 107% W/
inhibited respiration to the extent of 709 in the first
hour; an the ather hand. at the same cancentratiolr.
N, N’ -diacetyleystamine caused na inhibition of mita-
chandrinl oxidation of citrate.

Experimental Section

Materials and Methods. Manometry.---Thexe experiments
were cartied out as reported previously,? except that, for the nero-
bie glyeolysis, instead of lactate determination, the CO. evolu-
tion in a atmosphere of 0,-COy (95:5) was determined in
Kreb=-Ringer bicarbonate butfer, pH 7.4. The amount of heparin
added was 50 T.8.P. mmits/ml of axcitic fluid.

Solubility —~-These experimenis were carried out as described
previously? and are reported in Table IT.

Melting points were determined on the Fisher<Johus block.

6,6'-Dithiodinicotinic Acid (XIX).-—G-Mercaptonicotinie acid
wils oxidized with iodine and Kl av pll 7, according to the pro-
cedure described by Fox and Gibas.” The disulfide was purified
by repealed ext(raction with hot 1cetone; mp 265°, qnantitative
vield.

(1) 8. Skrale, J. Uremer, aud L. Lldjurn Biockem. /., 95, 838 (18653,
(1) 1L Fox amd J. 1 Gibas, J. Org. Chen., 23, 64 (1958).
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dnads Calad for ClaHgNO Sy Foual:
Cy 4700 11, 2082,

6,6'-Dithiodinicotinamide (XX).-- 6- Mercaplonicotinamide was
oxidized with iodire and KI in alkaline medium (KO ), aecord-
ing ter the procedure deseribed by Miller, «f al.¥ The disulfide
was reery=tallized from 2-propanol: mp 263--265°, vield 60¢, .

Anal. Caled for CulliyNyOSe G 47.04:0 1L, 3200 Faand:
¢, 460540 1L, 507

2,2'-Dithiodipyrimidine (XXI).---2-Mercapropyrimidine was

oxidized with iodine and KI in alkaline medium.®  The produet
wirs recrvstallized from ethyl acetate-petrolewn crher (bp 6l1-
IO mp 1391409, vield 53¢

nals Caled Tor CSHENSec O 40,220 1, 272,
Ba7 1, 200

6,6’-Dimethyl-2,2 -dithiodipyrimidine (XXII).% -2-Mercap(o-G-
methyvipyrimidine was oxidized in the =ame mannmer®  T'le
proditer wax cecrvstallized from acetone-petroleum ether (hp
3D=60° 1 mp HR-1109°, vield Y0¢ (.

nal, Caled for CullpNgSs: O, 47.96; M, 4.02.
AN36:0 L 300,

C, 46.750 1L 202

IFond: )

Found: €,
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The syuthesis of N-acylated cystelnes'=% as mu-
calytic agents wius extended to inelude some new car-
boxamides,** typified by L-2-acetamido-3-mercapto-
propicnamide (2), the amide of N-ncetyl-L-cysteine
(NAC). Ouly two 2-amino-3-mercaptopropionamides
have heen  reported®  previously.  2-Amino-N-g-
naphthyl-3-mercaptoproplonamide’ was prepared it
connection with oxytoein studies, and 2-amino-3-mer-
capto-N-n-octadecyIprapionamide’  was  obtained iu
crude form for use as an emulsifying agent.

Chemistry.- —Des=pite unsuccessful attempts by earlier
investigntars®® ta obtain L-cystine diamide dihydiro-
chloride (19)* by ammotwlysis of L-cystine dimethyl
ester dihydrochlovide,™ we have found that 19 can be
izolated in gaod yield, provided complete conversion ta
the dihydrochlorvide is assured by acidification with

1) T Mardn amd Co WL Waller, U, 8. Vacent 3,184,505 (19653,

¢2) 1. A Mardn, J. R Cormgan, and . W, Waller, J. Org. Chem,, 30,
2839 (1965).

13) 1. AL Martin, D), H. Causey, and J. R, Corrigan, manuseyipl m prepa-
ratiol,

vy o decailed stidy of nuiny of these componnds, and 1lieir precuraors,
as potential amino acil antagonisis will he reported elsewliere.

(3) AL L. Shetiner, 17, 3, Patent 3,252,866 (1966), bas diselosed 1he s nf
tleese ppmpoundsoin hair waving eompositions,

Gy 1t Toppy, 17 Wiesbauer, and 15, Wintersberger, Monuteh., 94, 321
(116:3): A, Limloer, I Sioklaska, and B, Wintersherger, Chene, Abstr.,
61, 17140 (1964).

(7) M. Fieser, L. Pieser, I Toromanoll, Y., Hipata, 11 ey o, M. Telts,
aml &, Bhatlacharya, J. A . Chen. Soe., T8, 2825 (1056).

‘8) J. W. 8wan. Prcredines nf the lnternational Woal Vexiile Resenrel
Confelence, Musiralia, 155, Vol C, p 25,

b 1AWV, Stapleton and J. WO Swaa, Australian S, Cheme, 16, 105 1162,

AW L. Zervas and L Photaki, J. shna. Chem. Soc., 84, 3887 (1h62),
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NHCOCHS NH,-HCI NHCOCH,
20 1 11

~N

/

HSCH,CHCONH,
NHCOCH;

aleoholic hydrogen chloride. Reduction of 19 with
sodium in liquid ammonia gave a desired intermediate,
L-2-amino-3-mercaptopropionamide hydrochloride (1),
in excellent yield. Selective N-acetylation!'=% of 1 gave
2 (Scheme I).

Intermediate 1 was also prepared by sodium-liquid
ammonia debenzylation of 1-2-amino-3-benzylthio-
propionamide (8) and purified through its insoluble
mercuric mercaptide. Earlier workers? had obtained
1 in solution by reduction of 1L-N,N’-bis(benzyloxy-
carbonyl)cystine diamide or L-S-benzyl-N-(benzyloxy-
carbonyl)cysteine amide, but isolated it only in the
form of its oxidation product, L-cystine diamide,

Two other routes to 2 involved acetylation of inter-
mediates 19 and 8, followed by reduction of the resulting
acetylated compounds (20 and 11, respectively).

Four analogs of 2 were synthesized (Table I). Com-
pounds 4 and 5 were prepared by reduction of the cor-
responding acylated cystine diamides (21 and 23, re-
spectively). 1-2-Formamido-3-mercapto-N-phenylpro-
pionamide (6) was readily prepared by removal® of
the S-diphenylmethyl blocking group from 1-3-di-
phenylmethylthio-2-formamido-N-phenylpropionamide
(17). Compound 17 was obtained in excellent yield
from r-S-diphenylmethyl-N-formylcysteine® and ani-
line by the N ,N’-dicyclohexylcarbodiimide method.
Applying the carbodiimide method to the condensation
of NAC with aniline produced 7. These findings are
similar to the results reported by Sheehan and Hess!!
where N-carbobenzoxyserine was found to react in a
lilke manner.

Mucolytic Data—The activity of three compounds
in reducing the viscosity of a mucoprotein!? solution
is shown in Table II. NAC is included as reference
nmaterial. Substantially greater mucolytic activity is
demonstrated by the 2-acylamino-3-mercaptopropien-
amides (1-5) at each time period. Two less soluble
compounds (6 and 7) do not show good activity.

Oxidative Stability.—In addition to the good muco-
lytic properties exhibited by several of these produets, o
greater resistance to autoxidation was demonstrated.

(11) J. C. Sheehan and G. P, Hess, J. Am. Chem. Soc., T7, 1067 (1955).
(12) A. L. Sheffner, Ann. N. Y. Acai. Sci., 106, 298 (1963).

2

The results in Table ITII show that thiol group oxidation
in 2 is minor in comparison to that in NAC and L-
cysteine.

Acute Toxicities.—The acute intravenous toxicities
for w1-2-acetamido-3-mercaptopropionamide (2) and
NAC were conducted with groups of ten male albino
mice!'® weighing 18-28 g and with groups of ten male
albino rats!* weighing 120-168 g. Solutions of 2 in
distilled water at pH 5 and in N-saline, adjusted to pH
6.8-7, were administered to mice and rats, respectively.
Sodium salt solutions of NAC in distilled water at pH
7 were used in both species. Injections in mice were
made at a rate of 0.3 ml/min with volumes of solution
that ranged from 10 to 30 ml/kg and in rats at 0.1
ml/min with a volume of 10 ml/kg. Toxic side effects
of each compound indicated a generalized depression
of the central nervous system. Deaths occurred within
24 hr after treatment and apparently resulted from
respiratory failure. The median lethal doses (LDsg) "
in mice were determined to be 2820 (2611-3046) and
3800 mg/kg (3420-4220) for 2 and NAC, respectively.
In rats the LD;, doses were 1870 mg/kg (1655-2113)
for 2 and 2550 mg/kg (2473-2625) for NAC.

Experimental Section!¢

Examples of Preparative Methods. A. 1-3,3'-Dithiobis(2-
aminopropionamide) Dihydrochloride or 1-Cystine Diamide
Dihydrochloride (19)—L-Cystinie dimethyl ester dihydrochlo-
ride!® (34.1 g, 0.1 mole) was added with stirring to 300 m! of
liquid NH;. The NH; was allowed to evaporate and the residue
was warmed (50°) in vacro. The residual crude solid (27.5 g) was
slurried with warm MeOH. A trace of insoluble material was
collected (discarded) and the filtrate was acidified with alcoholic
HCI to give 24 g (77 ) of 19.

(13) Swiss Webster strain af miee ubtained from Laboratory Supply Com-
pany, lundianapobs, 1nd.

(14) Wistar strain of rals obtained from larlan Industries, Crimberland,
Ind.

(15) Median lethal doses were calculated according to the method of T. J.
Litchfield and F. Wileoxon, J. Pharmacol. Expll. Therap., 96, 99 (1949).

(16) We ure grateful to Messrs. Johin G, Schimill, Clarence Kemnedy, anl
Charles M. Combs for the analytical and instrumental data. The infrared
spectra of all described compounds were consistent with tlie assigned strue-
tures. In general, deionized water, as well as an atinosphere of N2 was used
when working with SH compounils,
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+ Nee lixperimental Section for examples of the preparative miethods.
©A = 905 aqueous MeOH, B = 909 aqueous EtOH, ¢ = anhydrons EtOH, ) = EtOA«EtOH, E = LtOl, F =
50% aqueous EtOH, I = 839 aqueous EtOH, J = 2-PrOH, K = K07 agneous lstOMH, 1, = 66¢,
slurried with DMF-EtOH, O = MeOH.

apparatus).
1tOAc-MeOH, (¢ = KtOA¢, H =
aqueous MeOH, M = H,O, N =

TapLe 11

('OMPARISON OF THE RATE aND EXTENT OF REDUCTION OF
VizcasiTY oF MUCOPRQTEIN SOLUTION?

--%% decrease in viscosity--

Comfal 3 min 30 min 60 mn

L-2-Acetamido-3-mercapto-

propionainide (2) 27 33 34
1.-2-Acetamido-3-nercapto-

N-methylpropionamide (5} 20) 27 28
1-2-Propionamidae-3-metcapto-

propionamide (4) 20) 26 20
N-Acetyl-L-¢ysteine (NAC) 0 16 21

+ I ench test the reaction mixtiwe consisted of the mucoprotein
(porcine gastric mnein), 1.o%; NaCl, 0.9 and test compound,
0.05 M, in a total volume of 1 ml. The solutions were adjusted
to pH 8.0 and held at 37° for the period of time specified.

TasLe IIT
CoMPARISON OF OXIDATIVE NTABILITY !

T b oy i ool toner-

Compel 15 i 30 myn 60 in
L-2- Acelamido-3-mercaplo-
proptonainide (2) t T 12
N-AcetylL-cy=reiue
INACH 1S 32 a3
L-Clvstelne 69 100 100

+ Solutions of the thiree compounds having concentratious of
0.4 pmole/ml and containing 10~ mole/ml of CuSO, were pre-
pared in pH 8 0.1 W/ Tris buffer. After O, had bubbled through
similar aliquots of each compowud for specified periods of time,
the residual thiol concentrations were then determined by the p-
chilvromercaribenzonte nethid, deseriberl by P. . Boyer, J. 1.
Chem. Soc., 76, 4331 (1954), and modified by A. L. Shetfner, I
M. Medler, K. R, Bailey, D. G. Gallo, A. J. Mueller, and H. .
Surett, Biochem. Pharmacol., 15, 1523 (1966).

& All melting point= are corrected (Thomas-Hoover capillary

a1y en HaO: (231, MeOTL: 13) 1, 1LO; 4y 1, 1tO1]

B. L-2-Amino-3-benzylthiopropionamide (81 and HC! (9).-
Afrer 133 g (0.51 mole) of S-benzyl-r-cysteine methyl ester
hydrochloride wax added to 2.1 L of MeOH saturnted at 10-15°
with NH;, a slow stream of N11; was passed inio the mixture for
I additional hr. The flask was stoppered =ecurely and sllowed
to xtaud for 3 dayvs. The reaction mixture was concentriated o i
slurry and diluted with 500 ml of dry Et,0. Compound 9 wax
collected, washed with 5,0, and dried: vield 54 g (4370). The
free base 8 was obtained by concentrating the tilirate to a shurrvy,
adding 250 ml of dry E60, and filtering: vield 62 g (58070) of
white solid.

L-2-Amino-3-mercaptopropionamide Hydrochloride (1). (.
Compound 19 (15.5 g, 0.05 molel in 300 ml of liquid N1 was
treated with Na, in small pieces, until the blue colot persisted
for a few minutes. After the N1l had evaporated, the residual
white solid was dried under redueced pressnre, slurried with 85
ml of 80 MeOll, and acidified with MeOIT-11CL  The NaCl
was removed by filtration and the filtrate wis concentrated to a
shurry. Dilution with MeOH and cooling mave 13,2 g (84€0) of
product in twa crops,

D.--A slight excess of Na wax added, during 20 min, 1o 38 g
11,18 mole) of 8 11 530 ntl of liquid N Bvaporation of N1l lefi
1 residual solid which was dissolved i 200 ml of MHu().  The
solation was acidified with 130 ml ol ¢ A" HCL exiracted with
1wo 250-ml portions ol Et.0 and concentrated slightly to remove
dissolved Et20). A =olution of 68 g (10.25 mole) of HgClL in 160 ml
of 2.25 N HCI was added and the resulting suspension was stirred
for 3 hr. The solid was collected on a filter, washed with H.0.
and suspended i1 600 ml of 3 NV HCL “The mixture was stirred
for 3 hr while a <low =treim of 1T was introdineed.  After the
ntixtire was allowed 1o <tand overnighl, it wis filtered to yemove
HgS8. The clear filtrate wis cottcentrated under reduced pressnne
at 40-50° to give the erude product. Recrystallization from 90¢,
MeOH gave 1 as a white solid in 53¢ yield (15 g).

1,-2-Acetamido-3-benzylthiopropionamide (11). E.--Reven
grams (LU6RS 1oale ot AeO was added 1o 0 s1ired =uspension of
1.5 g (0.05 mole) of 8 ated 100 ml of EtOAe. T'he exothermie
reaction raised the temperature to 40° and nearly all of the si=-
pended solid was brought into solution.  After waruing at 65°
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Cated. % l'ound, 7 la]%p, deg
Formunila C H N S(SH) C H N S(SH) (solventd)

CyHNL08 - 111 23.00 5.79 17.89 (21.1) 23.23 5.65 17.53 (20.6) +14.51(1)
C;H )N, 0,8 37.02 6.21 17.27 (20.3) 37.32 6.44 17.06 (20.4) —12.28(1)
C;HoN.0,3 17.27 (20.3) 17.09 (20.8) 0.0 (1)
CeH 12N 208 40.89 6.86 15.90 18.20 41.10 6.96 15.78 18.29 —14.65(2)
CsH1:N,0.8 40.89 6.86 15.90 (18.76) 40.79 6.70 15.88 (18.0) —28.23(3)
CioH 12 N0,8 53.95 5.40 12.49 53.50 .46 12.38 +17.11(4)
CioHsN,08 a7.11 6.71 13.32 15.25 57.03 6.70 13.32 14 .85

CupH;N,08-HCI 11.36 12.99 11.30 12.73 +24.3 (5)
CiH s N0,8 55,44 5.92 11.75 13.45 55.34 5.84 11.67 13.55 +1.15(2)
C12H6N20,8 57.12 6.39 11.10 12.71 57.03 6.46 10.78 12,82 0.0 (2)
CrrHisN 0,8 64.94 5.78 8.91 10.20 64 .89 5.8H 8.70 10,21 —73.4 (2)
CulsN20,8 58.62 6.81 10.52 58.66 6.97 10,37 — 19,69 (6)
Ci4HpN2058 H6.72 6.80 9.45 10.82 56.99 6.90 9.16 10.98 —1.2 (4)
CislT1sN,08 67.10 6.33 9.78 66 .92 6.37 9.69 0.0 (4)
CyHp N8 70.74 3.68 7.18 70.72 5.73 7.13 +16.89(4)
C:H2N,O3S8 41.16 5.92 13.72 41.10 6.22 3.60 —21.8 (3)
CeH 1N 40,53, - 211CL 23.15 5.18 18.01 23.43 5.14 17.74 —196.95(7)
CiplsN4O,S, 37.25 3.65 17.38 37.55 5.90 17.68 —124.49 (3)
CiHu N OS, 41.12 6.34 15.99 18.30 40,87 6.29 15.71 18.01 —107.29(4)
CupllnN4OS; 533.80 4.96 12.54 14.36 H3.84 4.87 12.34 14.10 —243.3 (8)
Ci1eHgoeN 048, 41.12 6.33 41.14 6.40 —76.75(3)

(5) 0.5, H,O; (6)2, EtOH; (7)1,1 N HCl; (8)1, DMF. ¢Racemicform. /1N HCI wasemployed as the reaction solvent. ¢ Ben-

zoyl chloride was used as the acylating agent.

product.

for 10 min and then cooling, the white product was collected,
washed with EtOAc, and dried; yield 10.5 g (83%).

F.—After treating 200 g (0.765 mole) of S-benzyl-L-cysteine
methyl ester hydrochloride with 2.1 1. of MeOH saturated with
NH;, the mixture was concentrated to dryness and treated with
500 ml of Hx0, 42 g (0.51 mole) of anhydrous NaOAc, aud 86.5
g (0.846 mole) of Ac,O. The reaction temperature rose to 50°
and the product precipitated. After stirring the mixture with
400 ml of additional H:O, the crude solid was collected, washed
with H.0, and dried; yield 170 g (879;). The pL form (12) was
obtailled as the first crop by solution of the crude solid in 1.2 1.
of warm EtOH, followed by dilution with 150 m! of H,O; yield
R g (4%). Compouud 11 was obtained on cooling the filtrate;
vield 105 g (549¢).

G. 1-3,3’-Dithiobis(2-acetamidopropionamide) (20) was pre-
pared in 70% yield from 6 g (0.018 mole) of 19 by using acylation
conditions similar to those of method F.

2-Acetamido-3-mercaptopropionamide (2). H. Selective N-
Acetylation of 1.—To a stirred mixture of 11 g (0.07 mole) of 1
and 97 ml of 8297 aqueous tetrahydrofuran (THF) was added
10.9 g (0.08 mole) of NaOAc-3H,O. The temperature of the
reaction mixture dropped to 15° and stirring was continued until
the temperature rose to 20°. The mixture was then kept at 0-5°
while 6.7 ml (7.24 g, 0.071 mole) of Ac,O was added over a period
of 20 min. After stirring overnight at room temperature, 3 ml of
6 N HCI and 200 ml of THF were added. The NaCl was col-
lected and the filtrate was concentrated to give a white solid
which was recrystallized from EtOH; yield 7 g (61%).

I. Zine Reduction of 20.—Concentrated H,S0; (15 g, 0.153
male) was added slowly to n stirred mixture of 49 g (0.152 mole)
of 20, 12 g of Zn dust, aud 100 ml of 2 N HOAc¢. The exothermic
reaction raised the temperature to 55°. After warming for 1 hr
at 45-50°, the reaction mixture was concentrated. The residue
was dissolved in 150 ml of warm EtOH. Crystallization afforded
43.5 g (8897) of crude 2 in forr evops.

J. Sodium-Liquid Ammonia Reduction of 20.—Sodiunt was
added in small pieces (until the blue color persisted for 1-2 min)
to a mixture of 32.2 g (0.1 mole) of 20 and 400 ml of liquid NHs.
Thesolvent was removed. The white residual powder was slurried

* Carried out at atmospheric pressure.
(MeOH-NH;) had evaporated, was suspended in MeOH and treated with an equivalent of anhydrous NaOAc.

i The residual mass, remaining after the solvent
7 The autoxidation

at 10-15° with 150 ml of 909 EtOH, and EtOH-HCI (80 ml,
4 N) was added slowly to bring the mixture to pH 7. After
separating the iuorganic salt by filtration, the filtrate was con-
centrated and cooled to give 19.5 g (579) of crude 2.

K. Debenzylation of 11.—To 500 ml of liquid NH; wa= added
simultaneously (in portions) 25.2 g (0.1 mole) of 11 and Na,
The NH; was allowed to evaporate under a stream of Ny and the
solid was dried in vacuo. The residual powder was stirred with
40 ml of ice-H,O and the pH of the mixture was adjusted to
4-5 with concentrated HCl. The product 2 was collected and
dried; yield 8.1 g (509%).

L. »pL-2-Acetamido-3-mercaptopropionamide (3).—The
mother liquors from a larger (0.85 mole) run of the preceding
example (K) were cooled to give 8.5 g (69;) of 3.

M. 1-2-Acetamido-3-acetylthiopropionamide (18).——After
debenzylating 29 g (0.127 mole) of 8 in approximately 50 yield
according to method D, the product without isolation was treated
with about 2 equiv (15.1 g, 0.148 mole) of Ac,O according to
method H to give 6.5 g (27%,) of the N,S-diacetyl derivative (18).

N. r-2-Formamido-3-mercapto-N-phenylpropionamide (6).—
A mixture of 5.85 g (0.015 mole) of 17, 2 g of phenol, and 50 ml
of CF;COOH was heated under reflux for 20 min. The resulting
solution was concentrated to a semisolid which was slurried with
a mixture of Et.0 and HyO to give 6; vield 2.3 g (699).

0. L-2-Acetamido-3-mercapto-N-phenylpropionamide (7).—
N,N’-Dicyclohexylcarbodiimide (10.3 g, 0.05 mole) was added
at 10° to a stirred solution of 8.1 g (0.05 mole) of NAC, 4.65 g
(0.05 mole) of aniline, and 90 ml of THF. The reaction tempera-
ture increased exothermically to 25°. After stirring the mixture
overnight at room teniperature, 10.5 g of 1,3-di(¢yclohexyljurea
was collected. The filtrate was concentrated to a semisolid which
was crystallized from EtOAc-Skellysolve B to give 1.3 g (119) of
7 as white solid in two crops.

P. pL-2-Acetamido-3-benzylthio-N-(2-hydroxyethy!)propion-
amide (15).---A mixture of 7.5 g (0.02 mole) of 4-nitropheny!
N-acetyl-Sbenzylpr-cysteinate, ™ 1.2 g (0.02 mole) of 2-amino-

(I7) W. D. Cash, J. Org. Chem., 87, 3329 (1962).
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ethauol, and 100 ml of THF was stived overnight st room
temperature and filtered. The filtrate was concentrated to 2
brown gum which was dissolved in 40 ml of 1:1 EtOH-Et.(.
The solution was decolorized with Nuchar, concenrated to a
small volume, diluted with EtOAc-heptane, and stored at 0°.
The separated solid was collected and triturated with deetone
giving 3.3 g (359;) of 15,

In a later preparation the gununy reuction product was tri-

turated with acetone to give comparable product i1 7375 vield.

Q. 1-3,3'-Dithiobis(2-benzamidopropionamide) (22),--
Benzoy! chloride (15.6 g, 0.11 mole) was added slowly at 5-10°
to a mixture of 15.6 g (0.05 mole) of 19, 16.4 g (0.2 mole) of
anhydrous NaOAc¢, 150 ml of HyO, and 10 ml of toluene. After
the mixture was stirred for 3 days at roon1 temperature, it was
filtered to separate 22; vield 17 g (76%7).

R. 1-3-(Benzylthio)-2-formamidopropionamide (10).- -A solu-
tian of 20.5 g (0.098 mole) of 8 in 200 ml of 97-100¢;. HCO,I1
was treated dropwise at 5-10° with 70 ml (0.74 mole) of Ac0.
After being warmed slowly to room temperature, the mixture
was diluted with 1 1. of EtOA¢, and filtered. Tle filtrate wax
coneentrated at reduced pressure to 4 small volume and diluted
with 600 ml of HO. The white solid which separated was col-
lected, washed with H,O, and dried; yield 11.5 g of crude nia-
terial. Reerystallization from 30¢ IStOH gave 2 g (8¢7) of 10.

Acknowledgment.--The authors thank Messis. L.
W. Jacobs and E. M. Aedler, who performed the
mucolytic and oxidative studies, and Messrs, H. C.
Hawkins and C. W. Stott, wha performed the acute
toxicities.

Synthesis and Reactions of
Some Pyrimidylethy! Isocyanates

C. 1. Morrear,t J, H. Havn, axp K. lXsrins®

Department of Chemistry, Sowthern [llinois Unwversily,
Carbondale, Iilinois

Received April 21, 1967
Revised Manuscript Recetved August 2, 1967

The =ynthesis of the p-aminobenzoyl-r-glutamic
neld  derivatives of pyrinmidylethyl isocyanates was
prampted by earlier work on nonelassical antinetaba-
lites by Balker which demonstrated that dvastic altera-
tions in the tetrahydrofolic acid maolecule brought
farth related eompounds with antimetabalite activity.?

The reactions outlined in Chart I illustrate the
synthetic scheme followed for the aequisition of the
intermediate isocyanates,  Rearrangement of the azides
was accompanied by a shift i infraved absorption fram
2130-2140 (azide) ta 2280 em~! (isocyanate)

Acetylation of the 2-amina group of T ta give ethyl
3-(2-ncetamido-4-hydroxy-6-methyl-3-pyrimidy1)-
prapianate (VII) was undertakert to protect this
active group in subsequent reactions. In spite of the
fact that the acetyl group was last on reaction of VII
with hydrazine, giving the 2-amino hydrazide VIII,
reaction of VIIT with nitrous acid appeared ta give
3-(2-nmino-4-hydroxy-6-methyl-5-pyrimidyl) propionyl
azide which showed an infrared peak at 2160 em~1,

(1) Roswell Park Memorial lnstitnte, Buffalo, N. Y., to whoem inquiries
regarding this article shonld De sent,

(2) T'aken from the thesis of K. Eslkins, winech was submicted as partial
fulfillment of the requirements for the Ph.D. degree.

131 (a) B, R, Baker and C. L. Morreal, J. JPhamn, S0, B2, X4Q 019l by
14, R, Baker, C. 15 Morreal, and 15, 1) Hoo J. e, Chem., 6, 658 (1063
ey 140 RL Baker antl 11, 8, Shapiro, 1600, 6, 664 {10631,

1y 1. J. Dellamy, “1'he lnfrared Spectra of Complex Molecoles, .
Wiley and Sons, lile., New York, N. Y., 1458, p 263,
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NTL EtO. CH.CH.CO.Et N CH.CH,CO.Et
SJ\ - I - J\Q
NH. 07 ~CH, R” N7 "CH,
1Ta, R =0H
Ve b, R=SH
d
S/ /
OH : OH

NS CHICH,COE

)@

N )Q\/[CH.lCH.;CONHI\'H_,
RJ\N CH,

HN" N7 CH,
i I1Ja, R=0H
b, R=8H
OH OH
\ CH.CH,CO,Et N CH.CH,CON,
) 1
AcHN N~ CH. R™ "N~ CH,
Vi 1Va, R=0OH
b, R=SH
OH OH

N CH.CH,CONHNH,

N CH,CH,NCO
BO§

H.N" N7 CH, N""CH,
Vil Va, R=O0H
b, R=SH

However, rearrangement to the corresponding isocya-
nate wns unsuccessful.

The presence of the isocyanate group in Vo was
demonstrated by its conversion ta the isohutylearba-
mate VIn.  Alzo prepared were the p-anminahenzoic
acid and p-nminobenzoyl-L-glutmnic acid derivatives
af Va and Vb, whieh are illustrated ne Chart I1.

Coanr 1T

OH OH
. CH,CH,NCO . CH,CH,NHCOR
N N
’ —
R™ONCH, R™ONCH,
Va, o= Ol VIg, R = O R = (CH)CHCILO
b, R = R=IT b, B = OH: R' = p-HO,CCeHNH
o = OH: R = HOL(CTLLCL-
(COADNHCOCH,NH
4 Ro= SH R = p-HOLCCeH NI
e, 1= R R = HORC(CHCT-

LCOLJIDNITCOCH NI

Compounds VIb and VId were nat inhibitory to the
growth of Streptococcus faecalis (ATCC 8043) when
tested at cancentrations ranging from 1073 to 103 3/
Compeunds VIh, VIe, VId, and Vle also showed no
inhibition when 10~% 17 solutions were tested on the
enzyme folic reduetase.®”

vt =LY, Zukrsew sk ael Ol Niebot, . Biol. Chem., 208, 361 (19563,

Y61 Wearn findebled (o Dr. €0 AL Niehot amed Ure W, C. Werklieiser, Lodh
of Roswell Park Memorial lusuiinte, for thie Streptococcur fueculis and folie
resliletase assays, respeetively,

(71 W. C. Werklieiser, /. Biol, Chro, 236, 388 (10613,



