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2,2"-Anhydro-1-3-p-arabinofuranosylthymine® (III).- -1
liydrochlaride of 11T was prepared by detritylation of 1I with
othereal 1TCL in the mapner described.®  The free mneleoside TTT
wis obtatned from its hydroehlaride salt Loy a pracedure whiceh is
sttnpler and affords higher vields than the Dowex 1 (nectate:
iethod previeisly described.®®

A suspension of the hydrochloride of 111 (L0 g e 15 ml of
othantol was stirred and 1 equtiv of triethylamine was ndded drop-
wise.  The reaction mixtire was allowed ta stand at roont ten-
perature 1 hr. The solid (I11) was filtered off and washed with
cthanol followed by ether. The prodiet had s mp 225-228°
and was obtaived in 9240 yield.'*  Ultraviolet spectra and cliro-
nuatagraphic data obtained for I1I were the simte ux far an anthen-
tie sample,®

1-8-p-Arabinofuranosylthymine (IV) - Twenty milliliters of
1.V S0, wis added to the 2,2-anhydro hucleoside (IT1, 1.0 g,
4.0 mmoles) and the resction mixurre was refluxed for 45 nin.
Op coaling the reaction mixture, 0.84 g of 1-8-b-urabintasyi-
thyivine (1), mp 245-248°) precipitated. The mother liquor
was nentralized (BaC0)y) and the salts were rentoved by filtration.
On evaporation of the filtrate, an addicional 0.11 g anp 2458-250°,
over-all vield 887¢) wax olitatnted.  Crystallizitiob of the coni-
bined solids front 25¢ 0 etlianal gave 2 93¢ recovery,  Cliromata-
graphie datn, infrared, aod nltraviolet spectia of thix anple were
Identienl with those reported for anthentie IV %

1-(Tri-O-acetyl-g-p-arabinofuranosyl!)thymine (V).~To
stirrad suspenston of 1.3 g (5.2 nunoles) of 1-g-p-nrabinofurana-
svlthymine inn 20 ml of pyridive was added 1.6 vil (17 mmolex}
of neetic auhvdride.  Tlie stispension was lreated at 45° for a few
ipiitates uutil saiddon ocenrred. The reaction mixbare wits
allowed (o stand at room temperatare for 18 hro Lthanol 0.5
) was added to gueneli the reaction and he pyridine evaporated
off.  The syrup wis cvaporated (wice with 500 ethanol aid
then azeotroped with absolwte ethanol.  The eryvstalline residne
wis (ritirated with ether and filtered, 1.9 g (94 mp 13%-140°.
Crystallization from ethonol gave sbort edlarless 1eedles, mp
p 140--142°) [l %D +65° (¢ 0.3, ethatial ).

Anal. Caled for CulHeNaOw G, 50.00: 1, 525 N, 7.29.

Found: C, b0.00; 11, 5,220 N 7.28,

1-(Tri-O-acetyl-g-n-arabinofuranosyl)-4-thiothymine (VI).

To a stirred pyridine (50 1al) solution contaiving 1.9 g (4.9
ntittides) of acetylated mneleoside Vwns added 2.4 g (10,9 ninoles)
of P, The mixtare wis reflaxed aad when solation was coni-
plete ewithin ¢he first 30 i) 082 ml of witer was added and the
renctione mixture was reflaxed for 3 hee  After the reaction miix-
ture had eooled, the pyridine =alation containing the prodine
wis decanted fram a o vellow  hygroseopie precipitate. The
solid wis extracted twice with pyridine, and the contbined pyri-
dine solutions were evaporated 7o earie ta an amber-colored
svrup. The =vrup was treated with 509 cethanol and the
etbanol-witer mixtiure wias concentrated.  This procedire was
repented.  The vellow residue wis taken up i eldoroform and
filtered frow o small residue.  The CHC solution was evapo-
mted Jnoraevo, and ethupol was added (o the vellow glass. Pre-
cipitation af a light velliny <odid accanrred, 2.0 g, bip 124-126°.
Crystallizationcof the =salid from etbaned gave light vellow needles,
p 126-127°, [a]¥p 4 143° (¢ 0.2, acetaite . Spectral proper-
Lies i1 504 ethanol showed braxima at 332 and 2473 1o, minita
at 270 and 222 g spectral ratio in 207, ethanal 332/243 1oy =
RN

Anel. Cated for CpllaNoOSD C) 8000 1, W04 N, 699
B, 7900 Fonnd: C) 47870 1, 48060 N 70808, 7.02.

1-j3-11-Arabinofuranosyl-5-methylcytosine (VIL),--T'he¢ thio-
niteleoside (V1 1.3 g, 3,25 mivoles) within o glitss conGuiver wis
trested with liquid N1y (20 mdy and beated 1w steel bomb for
20l a( 55--60°. The lignid aminontn wis driven off by stream
af dry nitrogen. The resulting pale vellow syrap was dissolved
in water (30 ml), ventralized witlt 2 A" neetic acid, and applied
(v a Dowex H0 (11 7) 100--200 mesh colamm 1.4 X 14 i), The
column was waslied with water mutil the efflnent was free from
ultraviolet-nbsorbing muaterial apd then elited with 2 A" NH.OH.
The ultraviolet absorbing fractions were evaporated to dryness.
The white residue was dissolved in 509 ethauol, treated with
charcoal, and filtered using o filter aid of diatomaceous earth.
Colorless eubic erystals precipitated, 0.72 g (809 ), which sintered
at ~100°, and effervesced at 160-165°: [a]*%p $+105° (¢ 0.30,
witerr; nlirnviolet absarption properties at pll 7.3 1neatrual

¢19) The tnadrochdornde of 2,2 -audy dro-1 g eaeabinof i oy el wis
also enverted o ies free bhase o 7% viebl Ly this tevitonrent .

Valo 10

species), maxinmtin al 277 b fe SGOOL minduname w205 g
(e 4600): 1 0.1 N HCT (eationde speciesh tmxini ot 287 g
(e 12,700), Windnnum at 244 ni (e 14001

Aed. Caled for CullpNaO - a0 O 43065 1 w22 N,
1o 14, oand s 044,000 H, G260 N, TG
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Syvnthesis of Some Orotic Acid Analogs as

Potential Antinietabolites!

Barn Borobkiy, StapbIlk Jonsson,? GeEonrdcr . Coconas,
axb ltosenr I, McKue

School of Pharmuacy aind Depactient of Chendstey, Universily of

Novth Caroling, Chapel Hill, Nourth Carolinag 27515
Freveival June 17, 1466
The  clucidation and  biosyuthesis of  pyrimidine

nucleotides has extablished orotie acid (2,6-dihydroxy-
4-carboxypyrintidine)  ax an nnportant  metabolite,
The siguificance of inhibition of this metabolic route ix
generally accepted as being reflected mr antiviral, anti-
neoplastic, and antibiotic effcets on the organisni.®
Many isosteres and analogs of orotie acid as well as
other pyrimidine derivatives have been shown to iter-
fere with orotic acid metabolism and subscequently
with nucleic acid formation.* We wish to report on
the synthesis and biologic evaluation of a series of 5-
substituted orotie aeid mralogs designed as potentind
attimetabolites of orotie ueid.  lihibition by pyrimi-
dines at this level of nueleie acid biosynthesis has the
advantage of the nse of molecules which can be more
uily prepared than their corresponding nucleotides
atd also have the opportunity of being wnore specifie in
actionn sinee carlier metabolites (e.g., aspartic acid,
DPN. ete) have more diverse metabolic applications.
In view of the mitimetabohie activity of somte 2,4-di-
aminopyritidinesit on orotic actd a series of 2-amino-,
2-hydroxy-. and 2-thio-G-aunino-4-carboxypyrimidines
substituted at the O position was synthesized.  Al-
though the 5 position of orotic acid ix not mvolved i
the biosynthesis of the pyrimidine nuecleotides, it hus
been mentioned by Stoue and Pottert as the choice posi-
tion for substitntion m the preparation of orotic eid
aufagonists, A hinited munber of S-:ubstituted orotie
aeids herve been synthesized nind <hiowir to possess anti-

tl) {wr Abstregeled from o pawlinn of Toe Thesis saboricred Ty S0 Borodhon
t (re Grindoate Selioad af the Poiversily of Northe Caroling i parlial ful-
fillurent of thie roquiretenes for the degree of Doceor of Mhitlosonty, 1962,
'hl Rupported by o researclt granl frow Smith Kline il Frenelr Lubora-
tories, Mhiladelpliia, Pa.

(2) Deceased.

(31 (1. B. Elion and G, 11, Hitehings, Advan, Chemotherupy, 2, 91 (19648,

(41 ta) W. L. Halmes, J. Am. Chem. Sor., T6, 2899 (1954): (b) Z. I3,
lapanastassiou, A. MeMillan, V. J, Czebotar, and T. J. Bardos, tbid., 81,
6056 (1959); (c) P. Pithova and F. Sorm, Collection Czech. Chem. Commun.,
28, 2977 (1963): (d) R. Udake and 3. Vennestand, J. Biol. Chem., 287, 2018
(19621: (e) E. Presuick, Terus Rupt. Biol. Med., 21, 505 (1963); (f) J. L5,
Rtope and V. R Patler, Curneer Res., 16, 10303 11956) 0 4@ R. T Hafsehun-
nuicher, thid., 28, 654 (1063,
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[RBIOE
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Tapre 1
4-PrRrRIMIDINECARBOXYLIC ACIDS

X N. Y
e

Ny R
COOH
e Carbon, Y, Hydrogen, Y Nitroger, % Salfur, % Ultraviolel speecra® X, mpu (e)
No. X Y R vield Mp, °C* Foruula Caled Fouud Caled Found Caled IPound Caled Found Max Min
1 NI, NH, CH; 27 260-261 Cel1sN,O, 42 85 43.03 4.79 4.43 4332 33.11 284 (6000) 257 (3500)
2 NH; NH; C,lls 30 252-253 CHgNLO; - TL,O 41.99 42 .50 6.04 6.16 27 .99 28.10 284 (6000) 258 (3500)
3  NH. NH, =n-C.ll; 24 243-244 CgHNOs- 05110 406.81 46.78 6.38 6.14 27.31 27 .10 284 (5500) 258 (33000)
4 NH, NH, #n-Cil 22 245-246 Cyl1uN4O2-H.O 47.35 47.33 7.06 6.99 24 .55 24 .32 284 (6000) 258 (3500)
b NH, NH, -CyHy 20 238-2349 CoH1N,O, 51.41 51.05 6.71 6.82 26.66 26 .48 285 (5500) 258 (3000)
6 NH, NH, C¢H.CH. w1 248249 CaHi:N4O,- HO 54.95 54.93 5.38 5.44 21.37 21.28 284 (6000) 258 (4000)
7 NH, NH, Cll; 3 238-240 CulyN©O,-0511,0 56.35 56.39 4.52 4.74 23.91 23.82 284 (6500) 268 (5500)
& NIL NH, p-CH;0CsH, 29 248-249 CioI1N,O5- HO 55 .58 55.13 4.65 492 21.53 21.39 None None
9 SH NH, Cli; N 241-243 CeHiN,0.8-H,0 35.46 35.76 4 .46 4.04 20.68 20.60 15.78 15.74 273 (19,000) None
10 Sl NH, C.H; 30 238-239 CHyN;0-8 42 .21 42 .03 4 .55 4.62 21.10 21.40 16.07 16.32 273 (20,000) Noue
11 SH NH, n-C;li; 30 233234 CITN;OS 45 .05 44 95 5.20 5.62 10.77 19.01 15.03 15.06 2733 (20,000) Noue
12 SH NH, =»-C.H. 249 216-217 CyH:N;058 47 .56 47.73 5.76 6.01 18.49 18.41 1411 14.11 273 (21,000) Noute
5 SH NH, -Cily 28 231-232 CoH 3N;0,8 47 .56 47 .67 5.76 6.07 18.49 18.54 1411 14 .26 274 (22,000) None
14 SH NH. CeH:CH. 35 277-279 CHN;08 55.15 54 .98 4.24 4.38 16.09 16.05 12.26 12.26 273 (24,000) None
15 SII NH, Cells 25 279281 CulleN;0.8-11.0 44 82 49 .74 4.17 4.28 15.85 16.05 12.06 12.02 279 (24,000) None
16 SH NH., p-CHLOCIT, 2¢) 283286 CHy N,0:8 - H.0 51.97 51.68 4.00 4.29 15.16 14.93 11.55 11.72 280 (24,000) None
17 SH NH, i-C3H,0CHa 3 [% CoHy3NO38 44 43 44 04 5 .88 5.35 17 .28 17.02 13.11 13.05 245 (13,500), 252 (12,500)
277 (:21,000)
18 SI NH, C,IT.OCH. S d CyI1,N;058 4] .40 42 .01 4.84 4.95 18.33 18.22 13.98 13.89 245 (14,000), 252 (15,000)
276 (21,000)
10 OI1 NH, Cll; 66 258-260 CelaNLO;- 0.5H0 40.45 40.60 4.52 4.61 23.59 23.70 288 (8500) 250 (2000)
20 Ol NH. C.lls 7~ 247-248 C,H Ny 45.90 46 .00 4.95 4.97 22 .94 22.08 289 (8500) 250 (1500)
21 OT1 NI, #n-Cill 2 219-221 CuI T \N;04-0.511,0 46.82 46.75 5.85 5.80 20 .49 20 .81 200 (9000) 251 (2000)
22 OH NH, =n-CiH. 74 217-218 Coll3NOy - HO 47.15 47 .02 6.60 6.5H6 18.35 18.35 200 (8500) 250 (2000)
25 OI NH, -Cidly 72 249-250 Col 3N;0O, 51.41 51.05 6.71 6.82 19.80 19.86 201 (8500) 251 (2000)
24 OH NH, CaC11. S 258-260 C Il N3O, AN.T7 5Y9.29 4.52 4.57 17.14 17.10 289 (8500) 250 (3000)
25 Ol NH, Gl 73 356-350 CullyNaO4- 0510 55.00 5517 4.20  4.31 17.49 17.76 288 (7500) 260 (4000)
20 (G181 NUH, p-CILOCH, a7 356—-357 CreHuN.0y 55.16 H5.19 4.24 408 16.09 15.90 284 (8000) 265 (7000)
27 OH NI,  +CI;OCH. B d CylT13N30, 47.57 47 47 5.76 568 18,50 15.46 283 (7500) 248 (2500)
28 OH NH, CyH,OCIH. 7~ d Cel1i N3O, 45.07 45 .46 5.20 5.H4 19.71 19.41 283 (7500) 248 (2500)

+ All 4-pyrimidinecarboxylic acids wielled with effervescebce.  ® Determined on 1 Beckman Model DU spectrophotometer using 1074 maolar aquieons =olittions and scanued from 220-400 ntg.
Tlie molar extinetian coeffeionts were rannded ta tearest 500 mmits. ¢ Slow decompositian above 220°. ¢ Slow decampasition above 200°.
1 I
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tumor netivity,*»47  Tlie effeet of substitution on this
position seented proniising for structure-activity reln-
tionship studies.  The series of 5-substituted 2,6-di-
amino-t-carboxypyvimidines  (IT) wax prepared by
treatiny 3-substituted cothyl cyanopyruvates (I) with
guanidine (Scheme 1), Attempts to prepare the -

SCHEME ]

CN
C‘HR (NH,),C=NH, KOH HzN(N |NH"
——————— -
Co N R
COOC,H, COOH
1 11
lleN LUS, KOH
Nenr N
ol .
HSPGNH, e HOP ) NH,
Nao R _ Na R
COOH COOH
11 v

unsubstituted compound® (11, B = H) by this mcethod
fatled as did attempts to make compounds in which the
5 substituent had electron-withdrawing characteristics
(K = p-nitrophenyl, 3,4-dichlorophenyl. and tsopro-
poxyimcthyl).  The 3-substituted ethyl cyanopyru-
vates (I) were readily available by condensing ethyl
oxalate with the appropriate nitrile.®

When the eyanopyruvates (I) were treated with
thiourea, o series of 3-substituted 6-amino-4-carboxy-
2-thiopyrimidines (ITI) was obtained.  Although the
reaction was more facile than the corresponding 2,0-
dimminopyrimidine synthesis, the formation of pyrini-
dines with electron-withdrawing character on the 5 posi-
tion was still not considered successful, even though
sttt amownts were obtained.

Finally, a series of S-substituted G-amino-2-hydroxy-
pyrimidines (IV) was prepared from the correspond-
g 2-thiols (II).  Attempts to obtain the G-amino-4-
carboxy-2-hydroxypyrimidines (IV) directly by treat-
ing the evanopyruvates (I) with urea were unfruitful.
Urea, unlike guanidine and thiourea, iz apparently too
weik a nucleophile to give the desired pyrimidine,

An examination for antiviral effects wis carried ot
against influenza virus (PR-8) and  herpes shaplex
virus ot compounds 1-3, 6-11, 14-16, 19, 20, and 23-25
as histed i Table I, Activity agamst mfluenza virus
(PR-8) was observed with 9 at o concentration of 32
myegg. Aetivity against herpes simplex virus was ob-
served with 15 at conteentrations of 8, 16, and 32 mg,/ epg
ard for 20 at 32 mg/ecge. The toxie level for the three
active drugs was 64 mg/ege. Al other compounds did
not exhibit activity.  The data are summarized in
Table I1.

Lic eiro evaluation for amtimalarial activity against
DPlasicodivm bergher in rodents on compounds 2, 4-14,

70 AL L Eidinod, A0 Y0 Kooll, 33, Aarano, anl DL Klein, Cancer
s, 21, 1AT7 (ubly,

%) G, Dy Duves, T Baadoechd, Ry KL Robins, amd €L €
Chrin., 22, 2755 (14UG1Y

oo W Wislivenns el W Silberstetn, e, 43, 1825 (Tulors L) L
Toelemsneyer, (T, 271, 172 (1sh2),

Chiens, J. Ueg.

Val. 1o

Tantan 1
ANTIVIESL AND ANTIMALARIVL NepkbNiNG Dusrbes

Phpsopindion Incrghio s

M
Aix nuntoxie dose, e L® ~trevivad
Ileryies Drosr, NEITTEN
AR I'R-%-1ia stplex g, kv iy =
1 -4 -4 ..
2 (i (4 16 !
o a2 o2 . .
4 16 i.2
5 A i b =N
(i (id 4 (14 e
7 11 I8 (14 T2
N I 16 16 7.4
] (i w2 (i1 ~2
Active, 52
10 -4 (4 64 7.2
11 2 b2 (>4 7.2
12 o -4 TN
15 ) . 654 b4
14 i il -4 G.N
15 a2 (14
Active, 8,16, 32
16 52 o2 64 (.=
] 154 (181 .
20 (-] 04 121 [N
Aetive, 52
24 B2 42
25 04 i . .
26 64 6N

“ Number eorresponds (o conpounds i1 Table I % Aetive
cliernieals designated with dosage levels.  # Mean sirvival time
of controls was 6.2 days. < Specific dosage levels nised 1ot avail-
able,

16, 20, andd 26 showed that 9 a1t 64 g/ kg of body weight
caused att inerease in survival times of 1.9 days. The
results are sunnmarized in Table 1.

In wityo antimicrobial testing against Staplyplococes
aureus (resistant strain), Klebstella pnewnioniae, 1'ri-
chramonas foelus, Candida albicans, aud T'richophyton
inentagrophyles of all the chemicals listed in Table 1
showed that 15 was active, causing S. awrcus to fail to
grow at 100-200 pg/mt and €. albicans at 5-14 pg/ml
but was inactive mntice,  Compound 10 was also active
against S, auwreus but had no in rivo netivity.

Experimental Section®

5-Substituted 2,6-Diamino-4-carboxypyrimidine (111, Thiny
two grants (0.48 mole based on 85 purity) of KOIT pellers wax
pliced iv a beaker nnd covered with 15 1l of water.,  When al-
most all of the KOH had dissolyved, 285 nil of absolute erlimal
wins added.  To this was added 34.4 g {0.56 mole) of guanidine
livdrochloride, and the vesilting solution came ta o boil while
stirring.  After boiling for a1 few mitnttes the IKCL was filtered
from the gnanidine solittion while hot.  The solintian was cooled
to roott temperatitre after which 0.12 mole of (he corresponding
cthiyl evavopyravate potassinn salt (1), prepared by the ntethod
of Wislicenus aud Silberstein,® wus added with stirring.  The
mixtitre was allowed to react for 24 hr at room temperature
with stirring,  The alecobol was then rentoved nbder reditced
pressire and 300 ml of water was added to the residie. The
restulting solution was mmde slightly acidie with concentrated
CL After =everal hianrs the precipitate was filtered, washed

(1) The welting points were tuken an o Nel-Temnp appavintus toless
mberwise stuCed nud are coarecteld. Dlemupnlal amdy=es weee varrietd one by
Drr. Weiter aml Stranss, Oxford, Enalinel, ool AMeod Beraluoedo, Mallienm

Gerpuriny.
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with 300 ml of water, and then with 200 ml of acetone. The
prodiet was collected and recrystallized by dissolving in 500 ml
of 19 NaOH solution, heating to boiling, and acidifying slightly
with HHCl while hot. A small portion was recrystallized from
a large volume of water for analysis. Even though the com-
pouitd 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
vaeuum oven. !

5-Substituted 6-Amino-4-carboxy-2-thiopyrimidine (II1I1).—To
a solution of 16 g (0.24 mole based on 85%, purity) of KOH in
600 ml of 955 ethyl alcohol, 60 g (0.72 mole) of thiourea was
added with stirring, followed by 0.24 mole of the potassium
ethyl eyanopyruvate® (I) and the reaction mixture was stirred
at room temperature for 24 hr. The alcohol was evaporated
virder reduced pressire 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
separated and purified as described above. When the melting
point was determined by the capillary tube method, melting
did vot occur pntil that of the decarboxylated derivative. The
erystals however did give a characteristic decomposition point
on a Fisher-Johns melting point apparatus. After dryving the
prodiet 8 hr in a vacuum oven at 100°, the analysis of some
pyrimidiizes i this series showed that water of crystallization
was still retained.

5-Substituted 6-Amino-4-carboxy-2-hydroxypyrimidine (IV).—
Teb grants 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 5% NaOH solution was added with stirring. The
resatlting solntion effervesced and a sharp rise in temperature
occirred.  After the effervescence had subsided, the solution
was botled for several minutes and then allowed to cool. It was
made strougly acidic with concentrated HCl. Precipitation
oceitrred 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,
anpd dried. The product was purified in the same manner as
described above. Some members of this series retained water
of crvstallization after being dried.

Biological Testing. In Vitro Antiviral Tests.—Ten-day
entbryonated eggs were inoculated with four twofold dilutions of
the test compound starting with the maximum tolerated dose.
Immediately afterwards, the eggs were inoculated with 100EIDs,
of virus. For the influenza virus (PR-8) system, the allantoic
finid was liarvested at 24 hr, pooled, and titered for hemagglutin-
ativg virns. The HA reduction factor was calculated dividing
the titer of the controls by that of the treated groups. An HA
reditetion factor of 10 or greater was considered significant. For
the lierpes simplex virus system, the eggs were candled each day
for 10 days and sirvivors were recorded. A survival rate of 509
or greater over the control is considered significant.

Antimicrobial Screen.—The test compounds were dissolved
or sispended in a nutrient agar at a final concentration of 7.5,
12.5, 50, and 200 mu/ml. A Steers replicator apparatus simul-
taneonsly introduced the microorganisms (Staphylococcus aureus
(resistant strain), Klebstella pneumonia, Trichomona foetus,
Candida albicans, and Trichophylon mentagrophytes) onuto the
sitface of the agar. After appropriate incubation, the plates
were observed for inhibition of growth.

Antimalarial Screen,—Mice were infected with a lethal dose of
Plasmodium berghes 3 days prior to administration of the chemical.
Admintistration of the chemical in oil was made subcutaneously
at concentrations of 4, 16, and 64 mg/kg of body weight. The
mean survival time of the mice was 6.3 £ 0.5 days. An ex-
tension in sirvival 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=
pyrittidine.
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Synthesis of a Nonapeptide Sequence
of Chymotrypsin!

T. Mizoguent axp D, W, WooLLry?
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Received December 2, 1966

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 {-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-3-Benayl-
L-cysteine (2.54 g), 0.83 g of triethylamine, and 6.0 g of chloro-
methylated copolystyrene-divinylbenzene (29 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-beuzyleysteinyl 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 HCL The liberated amino acids
were measured with the Spinco amiio 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 vessel previously
described.’* The batch of resint (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 dioxaae 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-valinte in 10 ml of
CH,Cl; and rocked for 5 min to allow the amino acid to petetrate
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 nian-
ner, the peptide resin was then acylated siceessively with the
Boc derivatives™ of leucine, proliune, glycine, glycite, O-benzyl-
serine, aspartic acid 8-benzyl ester, and glycine. Following the
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