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with 300 ml of water, and then with 200 ml of acetone. The
product was collected and recrystallized by dissolving in 500 ml
of 19 NaOH solution, heating to boiling, and acidifying slightly
with HCl while hot. A small portion was recrystallized from
a large volume of water for analysis. Even though the com-
puund was dried in a vacuum oven at 100° the analysis indi-
cuted that water of crystallization was present. All water of
crystallization was eliminated by heating 24 hr at 160° in a
vacuum oven.'!

5-Substituted 6-Amino-4-carboxy-2-thiopyrimidine (III).—To
a solation of 16 g (0.24 mole based on 85% purity) of KOH in
600 ml of 959 ethy! alcohol, 60 g (0.72 mole) of thiourea was
added with stirring, followed by 0.24 mole of the potassium
ethyl cyanopyruvate® (I) and the reaction mixture was stiired
at room temperature for 24 hr. The alcohol was evaporated
nnder reduced pressure and then 500 ml of water was added.
The resulting solution was made strongly acidic with concen-
trated HCl. After several hours the yellowish crystals were
=epavated und purified as described above. When the melting
point was determined by the capillary tube method, melting
did not occur until that of the decarboxylated derivative. The
eryvstals however did give a characteristic decomposition point
on a Fisher-Johns melting point apparatus. After dryving the
proditct 8 hr in a vacuum oven at 100°, the analysis of some
pyrimidines in this series showed that water of crystallization
was still retained.

5-Substituted 6-Amino-4-carboxy-2-hydroxypyrimidine (IV).—
Ten grams of the corresponding 6-amino-4-carboxy-2-thiopyrimi-
dine (IIT) was mixed with 120 ml of a 1097 H;0; solution and 120
ml of a 59 NaOH solution was added with stirring. The
resulting solution effervesced and a sharp rise in temperature
occurred.  After the effervescence had subsided, the solution
was boiled for several minutes and then allowed to cool. It was
made strongly acidic with concentrated HCL. Precipitation
occurred slowly.,  After 3 days enongh NaOH solution was
added to make the mixture just slightly acidic. The product
was separated by filtration, washed with water and acetone,
and dried. The product was purified in the same manner as
deseribed above. Some members of this series retained water
of crvatallization after being dried.

Biological Testing. In Vitro Antiviral Tests.—Ten-day
embryvonated eggs were inoculated with four twofold dilutions of
the test compound starting with the maximum tolerated dose.
Immediately afterwards, the eggs were inoculated with 100EID;
of virus. For the influenza virus (PR-8) system, the allantoic
fluid was harvested at 24 hr, pooled, and titered for hemagglutin-
ating virus. The HA reduction factor was calculated dividing
the titer of the controls by that of the treated groups. An HA
rednetion factor of 10 or greater was considered significant. For
the herpes simplex virus system, the eggs were candled each day
for 10 days and survivors were recorded. A survival rate of 50%
or greater over the control is considered significant.

Antimicrobial Screen.—The test compounds were dissolved
ov snspended in a nutrient agar at a final concentration of 7.5,
12,5, 50, and 200 mu/ml. A Steers replicator apparatus simul-
taneonsly introdnced the microorganisms (Staphylococcus aureus
(vesistant strain), Klebsiella pneumonia, Trichomona foetus,
Candida albicans, and Trichophyton mentagrophytes) onto the
=urface of the agar. After appropriate incubation, the plates
were nbserved for inhibition of growth.

Antimalarial Screen.—Mice were infected with a lethal dose of
Plasmodium berghes 3 days prior to administration of the chemical.
Administration of the chemical in oil was made subcutaneously
at concentrations of 4, 16, and 64 mg/kg of body weight. The
mearnt snrvival time of the mice was 6.3 £ 0.5 days. An ex-
tenzion in survival time of chemically treated mice was inter-
preted as evideuce of antimalarial activity.

Acknowledgment.—The authors wish to thank Dr.
John E. Hoover and the staff of the Microbiological
Section at Smith Kline and French Laboratories,
Philadelphia, Pa., for carrying out the antiviral and
antimicrobial evaluation tests, The authors also wish
to acknowledge the Walter Reed Army Institute of
Rescarch for carrying out the antimalarial tests,

(11) On several occasions attempts to remove all water of crystallization
resulted in decarboxylation to the corresponding 5-substituted 2,4-diamino-
pyrimidine.
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The nonapeptide glycyl-L-aspartyl-L-serylglycylgly-
cyl-L-prolyl-v-leucyl-L-valyl-S-benzyl-L-cysteine, a se-
quence from chymotrypsin which contains the enzy-
mically active serine residue, has been synthesized by
the Merrifield solid phase method.? The modifications
described by Stewart and Woolley* were used. All
amino acids were introduced as their t-butyloxycarbonyl
(Boc) derivatives. The synthesis of a related octa-
peptide by classical methods has been described.?
The purified synthetic peptide was found, as expected,
not to catalyze the hydrolysis of acetylphenylalanine
ethyl ester. The histidine residue which is also neces-
sary for catalytic activity resides in a different peptide
chain of the chymotrypsin molecule. The plan of the
present project was to synthesize separate peptides
containing the essential serine and histidine and to
link these peptides by means of a disulfide bridge.

Experimental Section

Synthesis of the Peptide on the Resin Support.—Boc-S-Benzyl-
L-cysteine (2.54 g), 0.83 g of triethylamine, and 6.0 g of chloro-
methylated copolystyrene-divinylbenzene (2 cross-linked) (Bio-
beads, Bio-Rad Co., Richmond, Calif., 1.36 mequiv of Cl/g)
were stirred and refluxed in 30 ml of absolute ethanol for 4% hr.
The Boc-S-benzyleysteinyl resin was collected by filtration,
washed thoroughly with ethanol, and dried, 6.8 g. The amount
of Boc-S-benzylcysteine esterified to the resin was determined by
hydrolysis of an aliquot of the product by refluxing for 24 hr with
1:1 dioxane-concentrated HCI. The liberated amine acids
were measured with the Spinco amino acid analyzer; the sum
of half-cystine and S-benzylcysteine was found to be 0.385
mmole/g of resin.

The coupling of the remaining eight amino acids to the S-
benzyleysteinyl resin was carried out in the wvessel previously
described.®®* The batch of resin (3.0 g, 1.16 mmoles of cysteine)
was rocked with dioxane to swell the resin and was then rocked
for 30 min with 4.0 M anhydrous HCI in dioxane to remove the
Boc protecting group.® The resin was washed well (three times
each) with dioxane and chloroform, and the hycrochloride of the
cysteine was converted to the free base by rocking the resin for
10 min with 109, triethylamine in CHCl;. After thorough
washing with CHCl; and CH.Cls, the resin was treated with a
solution of 755 mg (3.48 mmoles) of Boc-L-valine in 10 ml of
CH,Cl; and rocked for 5 min to allow the amino acid to penetrate
the resin. A solution of 720 mg (3.50 mmoles) of dicyclohexyl-
carbodiimide (Aldrich Chemical Co.) in CH.Cl; (509, w/v, 1.44
ml) was then added and the vessel was rocked for 2 hr to allow
the coupling reaction to go to completion. The resin was then
washed thoroughly with CH:Cl; and dioxane. 1n the same mau-
ner, the peptide resin was then acylated successively with the
Boc derivatives? of leucine, proline, glycine, glycine, O-benzyl-
serine, aspartic acid 8-benzyl ester, and glycine. Following the

(1) Supported in part by Grant A1260 from the U. S. Public Healtl Ser-
vice.

(2) Deceased July 1966.
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(3) (a) R. B. Merrifield, J. 4m. Chem. Soc.. 85, 2149 (1963): (b) R. B.
Merrifield, Sctence, 180, 178 (1963).

(4) J. M. Stewart and D. W. Woolley, Nature, 206, 614 (1965).

(5) H.T. Cheung, T. 8. Murthy, and E. R. Blout, J. Am. Chem. Soc., 86,
4200 (1964).

(6) All dioxane was freed of peroxide before use by passing it tlirough a
short column of alumina (Merck No. T1707).

(7) Boc-r-amino acids were obtained froin Cyclo Cliemical Corp., Los
Angeles, Calif.
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Lt coupling reaction, the resin was washoed tharoaghly with
CIECls, tranzterred to a Bitchner fannel with ethanal, aned dried
tharavghly in vacuw.

Cleavage and Purification of the Nonapeptide. - A Jtl-g pon-
tion of the pratected nonapeptide resin was suspended 0 13wl
al trifluoraaeetie acid, and anhvdrons TEBr was habbled <lowly
{lvaagh the su=pension for 90 min. - The resin wis filteesd anal
wazhied three umes with trithioenaeetie aeid. The ecaubined
filirnies were evaporated ander vedueed pressure helow 50°
ated trdhcoweetie aetd was again sebded and evapurited several
Hmes fo remove excess [TBr. The peadinet was then dissalved
weetic neid nud lyaphilized teo yield TH5 g of crnde pepitide.
Hydrolysis and nming aeid wealvsis of the eeade nonapeptide
wave approxinarely the expecred aming qeid rades.

The emide nonapeptide (0 mg) wis parified b s 0-teansfer
connterenrrent  distriation in bnntanad-watee formie aeid
05001 by valn The priveipal component th o= 1227 was
E=alated by cambiusivn apd evaporation of the corcents i tnhes
H0-T0 aned was sabjeeted ta a fioether Dd-tibe disteibation in the
~vatent hotaed- pyridiae weetiv aead w1150 2: 0.0 130 Dy
valh The preineipal ceampaneal ok UEE G wits wolated Ty
combinatioe and evaporation af dhie contents af tubes 3520
A agquents satetion of the prodect was Ivophilized to vield 539
mg af @ white =alid.

The glyveylaspartiyvlzeryiglveviglvevipraly lenevvaly ==-henzy -
evsteine was shown (o be lnanogeucns Iy paper chraanaography
and paper eleciraphoresi=c The peptide liad feg U534 e 2-pro-
panal water (2: 1 by valoy, £2; US4t Ligudd pheval-waeer 501,
amd 2 0,55 a0 E-butanol-avetie aeid—warer 4: 1350 In paper
vlectrapliwesix (0.6 3 pyridine-acetie weid, pll 6,51 the peptide
moved wxome anicn with /e, 02250 Hyvdrealvsis nnd saning aeid
analvels gave the ratias Gly Gd, Ser 100 Val 100 Tea LAl Len
L1 Asp L1, Cyvs 4 S-Bzal Cyx 004 'The nonapeptide ex-
liibited no eataly e setvity fur the hydratysisaf aeetyvl-e-phenyl-
alanine ethyvl ester when tested by the methel of Waalley> i
.15 mg/ml at any pll hetween X35 ol 5.0,
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The Synthesis of the 2a-Mcethylthio Derivatives
of Cortisone, Hydrocortisone, and Progesterone.
The Reaction of Methancesulfenyl Chloride

with Alkoxalvlated Steroid Ketones

Thenty ML Wassaray, Reasine 1 Seveve s, asa Moaveeey J0 Wigess
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I contiuation of our prograun i the steroitl horone
analog field we wish to report the prepuration of the
2e-methylthio derivatives of cortisone, hydrocortisole,
and  progesterone.!  Iutroduction of the methylthio
group was accomplished by the reaction of appropriate
alkoxalylated steroids with methanesulfenyl chloride”
and this reaction represents a turther demonstration of

o 2- Aky Nlae,®
Hereranee derivatives uve Lewig repaeied,
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the synthetie versatility of these steronl derivatives.
The utility o alkoxalylated =ternid ketones andor
the related hydroxyimethylene ketones Tor the e
Jdietion of alkyl oyl eyano, benzovioxy ond hydroxy-
imino® groups a~ well s for the halogens, ieehiding
fluorine, has been demonstrated.
Zee-Methylthineartisone  was prepared by the ses
quence T — IV (3cheme Ty Renetion o the zadinn
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salt (D' ol the bismethylenedioxy  derivative™ ol
2-methoxalyleortisone  with methanesulfenyl chloride
gave  the  Z-methylthio-2-methoxalyl  derivative 11
in 75¢. vrude yield.  Acctate-induced demethoxanlyla-
tion afforded 37% of the 2e-methyl thio-At-3-ketone
ITT, and BAD hydrolysis with formic aceid™ finrnizhed
the desired 2a-methylithiocortisone (IV).
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