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lecting the evolved nitrogen, it was found that the
volume of N; collected, per unit weight of II used, in-
dicated that only II was present. If the product had
been a mixture of I and II, less nitrogen would have
evolved, and if I were the structure, no N would have
been produced. Thus, it appears that the copolymers
possess the structure exemplified by 11,

The intrinsic viscosity of II in DMSO at 25° was
0.34 and by light-scattering measurements in DMSO,
its average molecular weight was found to be 4700 =
109,. The polymer system (II) appeared to be mono-
disperse since fractions of differing inherent viscosities
could not be obtained by fractional precipitation from
either DMF or DMSO with water or aqueous saline
solutions.

Because we wished to establish a viscosity—molecu-
lar weight relationship for this DDS-formaldehyde
copolymer system, the identical synthetic reaction for
the preparation of II was reemployed utilizing a 0.5
M and 1.0 M excess of formaldehvde, respectively.
The reactions went smoothly to yield products similar
in all respects to II except that the intrinsic viscosities
at 25° in DMSO and the average molecular weights by
light-scattering measurements in DMSO proved to be
0.38 and 7600 = 109 and 0.45 and 10,000 £ 109,
respectively. Having obtained intrinsic viscosity and
molecular weight data for three similar samples, we
were in a position to obtain the Staudinger constants
(see eq 2) which relate viscosity to molecular weight.?
By plotting the logarithm of [n] vs. log 7, the slope of
the curve obtained and the intercept of the curve were
log a and log K. respectively, and, for this system, a =
0.37 and K = 0.0145. Thus, we can now determine
absolute weight-average molecular weights directly
from viscosity measurements, and we are now capable
of determining the relationship of molecular weight
to biological activity in a much more quantitative
fashion than previously.?P

Both DDS and II were screened for antimalarial
activity under identical conditions as reported pre-
viously,?® and the results are shown in Table L.

TapLE 1
ANTIMALARIAL ACTIVITY? OF DDS aAND
Its FormaLpEHYDE CoPOLYMER (IT)

Dose level,
mg/kg of
hody wt DDX act.? I act.b
40) Curative; nontoxic Inactive; nontoxic
160 Curative; nontoxic Active; nontoxic
640 Curative; toxic Curative; nontoxic

« Antimalarial testing done by Dr. Leo Rane at the University
of Miami Medical School. Tests were carried out employing
Plasmodium berghei in young ICR/Ha Swiss mice. ? Active,
when mice in a treated group survive at least 14 days; curative,
when mice in a treated group survive to 30 days; toxic, deaths
oceurring through day 3 after infection are attributed to drug
action. Control animals do not die before day 6.

Experimental Section

Copolymerization of DDS with Formaldehyde.—A mixture of
2.44 g (0.0094 mole) of DDS, 250 ml of water, and 5 ml of 4%
aqueous HCl was heated to reflux, and 0.8 ml (0.0098 mole)
of 379, aqueous formaldehyde solution was added. The mixture
was refluxed for 9 hr, and the precipitated product was removed
by filtration, extracted with boiling water to remove unreacted

(3) F. W, Billmeyer, "Textbook of Polymer Chemistry,'’ Interscience
Publishers, Inc., New York, N. Y., 1957,
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DDS, and dried or, the crude product was dissolved in DMF
and reprecipitated by the addition of water, filtered, and air
dried. The yield of product softening at 235° was 2.52 g. The
intrinsic viscosity of the product in DMSO at 25° was 0.34, and
the molecular weight of the product by light-scattering measure-
ments in DMSO was 4700 £ 10%,; infrared data (cm~%): 3540
w, 3480 w, 3380 s, 3245 W, 3070 w, 2835 w, 1600s, 1535 5, 1470 w,
1435 w, 1375 w, 1330 s, 1300 s, 1285 s, 1210 w, 1160 s, 1120 s,
1090 m, 1060 m, 1040 w, 970 w, 845 m, 825 w, 740 m, 710 s.

Anal. Caled for Ci3sHpN.SO.: C, 59.99; H, 4.62; N, 10.75;
S, 12.30. Found: C, 59.81; H, 4.92; N, 10.20; S, 12.13.

By carrying out the experiment above employing 1.2 ml of
37% aqueous formaldehyde solution (0.5 M excess) instead of
0.8 ml, 2.50 g of product softening at 245° was obtained. This
material had an intrinsic viscosity of 0.38 in DMSO at 25° and a
molecular weight (determined by light scattering measurements
in DMSO) of 7600 %+ 10%,; infrared data (em~1): 3545 w, 3480
w, 3370 m, 3250 w, 3065 w, 2860 w, 1600 s, 1520 s, 1475 m, 1420
w, 1330 m, 1300 s, 1275 s, 1210 w, 1165 5, 1120 s, 1090 m, 1055 w,
1020 w, 970 w, 845 m, 825 m, 740 m, 710 m.

Anal. Ca]cd fOI‘ ClaHlQNQSOQ: C, 5999, H, 462, N, 1075,
8,12.30. Found: C, 59.76; H, 4.62; N, 10.53; S, 12.05.

Again, by repeating the experiment for the preparation of II
employing 1.6 ml of 379 aqueous CH:O solution (1.0 M excess)
in place of 0.8 ml, 2.53 g of product softening at 253° was ob-
tained. This material had an intrinsic viscosity of 0.45 in DMSO
at 23° and a molecular weight (determined by light-scattering
measurements in DMSO) of 10,000 = 109;; infrared data (cm —1):
3590 w, 3490 w, 3375 m, 3205 w, 3025 w, 2850 w, 1600 s, 1515 m,
1470 w, 1420 w, 1330 m, 1300 s, 1275 s, 1205 w, 1160 s, 1120 s,
1085 m, 1050 w, 1020 w, 960 w, 840 m, 820 w, 740 w, 710 m.

Anal. Caled for C;3HNS0:: C, 59.99; H, 4.62; N, 10.75:
S,12.30. Found: C, 59.73; H, 4.83; N, 10.536; S, 12.38.

Reaction of II with Nitrous Acid.—A known weight of II was
dissolved in enough concentrated HCI to dissolve the copolymer
at 25° and enough ice was added to the solution to initiate
precipitation. Sufficient concentrated HCl was added to re-
digsolve the precipitate which appeared, and a cold saturated
aqueous solution of NaNQ; was added until the copolymer solu-
tion gave a positive test for HNO, with starch-iodide paper. The
solution was carefully warmed, and N. was rapidly evolved and
collected over Ni-saturated water in a closed system. When N,
evolution ceased, the reaction flask was cooled to 0°, and the
volume of collected N; was measured. After corrections for tem-
perature and pressure were made, it was found that 0.95 mole of
N: was evolved per mole of IT employed.
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The biological activity and tumor inhibition noted
in folate and pyrimidine analogs have been widely
explored. All available evidence suggests that the
action of the fluoropyrimidines is exerted by inhibition
of thymidylate synthetase, the enzyme catalyzing the
conversion of deoxyuridine 5’~monophosphate (dUMP)
to thymidine 3’-monophosphate (TMP).2 Recently,

(1) (a) This work was generously supported by Grant CA-7522 of the
National Cancer Institute, National Institutes of Health, U. 8. Public
Health Service, Bethesda, Md. (b) National S:ience Foundation Under~

graduate Research Participant.
(2) C. Heidelberger, Progr. Nucleic Acid Res. Mol. Biol., 4, 1 (1965).
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interest has been focused on the possibility of inhibiting
this enzyme with analogs of N?%N!%methylenetetra-
hydrofolic acid (CH,-THFA).# This stems from studies
on the enzyme that demonstrate a sequential order i
binding; the initial complex formed between the en-
zvite and the cofactor CH,-THFA is followed by fornmu-
tion of a ternary commplex with dUMP. Stepwise dis-
soclation leads to the products TMP and 7.8-dihyvdro-
folic ucid (DHFA).* The =ource of the methyl group
is firmly established s coming from formaldehyde
ria the cofactor. Reduction of the carbon transferred
to dUMP is accomplished by oxidation of tetrahydro-
folic acid to 7.8-dihydrofolic acid.  Although there is
a question of the position of label (tritium at Cyor Cs) on
the isotopic reduction of DHEFA to THI'A by enzymatie
and chemical methods, it has been established that the
hydrogen (tritium) introduced in reduction of DHI'A is
rrinsferred to the imethyl group of TMP.

Several folate analogs have been <tudied a~ thymidyl-
ate svnthetase inhibitors and found to be effective
agents.  [sliuk  examined the relative inhibitory
effect of reduced aminopterins on both dihyvdrofolate
reductase  and thymidylate synthetase.*!  Reduced
homofolate derivatives also have been <hown to inhibit
thymidylate synthetase.#

The nature of the imtermediate in the transter of the
carbon unit from the enzvmatically bound cofactor
to the bound substrate necessitates the proper spatial
positioning of these units on the enzyie. Although
an intermediate hax been proposed for the methyl
transfer.*d several questions have arisen regarding the
finkage from N; of the cofactor to the substrate and
the position of logs of the hvdrogen fron the cofuctor
1Cs o1 Cy) to the producet.”

In an effort to examine the possibility of combining
the binding sites for both cofuctor and substrate i one
iuhibitor a series of analogs of the intermedinte were
svinthesized and tested (n ripro®  Although these
compoiinds were mnore effective inhibitors of thyimidyl-

()
H_\'/j—('H_.NHR
1))\.\'
H
1. R= CH,COOH
2. R=p»-C . H,COOC.H.

i3) {a) R. L. Kishuk, Nature, 188, 384 (1960): «Iy) M. Frielkin. 1. J.
(rawford, and ID. Misra, Feder«tion Froe., 31, 176 (1962); <e) A, J. Wahlw
and M. Friedkin, J. Biol. Chem., 236, PC11 (1961); (d) R. L. Kisliuk ansl
M. 1). Levine, ibid., 289, 1901 {1964); ie) K. Slavik and V. S8lavikova, Pro-
ceedings of the 5th International Congress uf Biochemistry, Muypscow, \ng
10-16, 1961, Vol, 9, The Macmillan Ciu., New York, N. Y., 1963, p 139:
+f) L. Goodman, 1. I. DeGraw, R. L. Kisliuk, M. Friedkin, 1I. J. Pastore, I
J. Crawford. L. T, Plante, A. Al-Nahas, J. F. Morningstar, Jr.. G. Kwok, I..
Wilson, E. IV, Donovan, and .J. Ratzan, J. Am. Chem. Soc., 86, 308 (1964);
g) p. I DeGraw, J. P, Marsh, E. M. Action, O. P. Crews, . W, Mosher,
A.N. Fujiwara, and L. Goodman. .J. Qrg. Chem., 30, 3404 (1965): (h) G. L.
Tong, W, W. Lee, and L. Goodman, J. Am. Chem. Soc., 86, 3664 (1161):
i) B. R. Baker, B.-T. Ho. and T. Neilson, .J. Heterocychir Chem.. 1, 70
11964 1)) B. R, Baker, 3.-1. Ho. and G. R. Clheda, bid.. 1, 88 (1964):
k) 1. A. R. Mead, A. Goldin, R. L. Kisliuk, M. Friedkin, I.. Plante, E. I
Crawford, and G. Kwok, Cunrer Aes., 26, 2374 (1966): /1) M. P. Merres and
N. R. Patel, J. Med. Chem., 9, 868 (1066,

i4) (a) A, J. Wahha and M. Friedkin, ./. B¢ol. Chem., 387, 3794 :1962);
;) R. L. Blakley, ibii/., 288, 2113 (1963): (c) . Reves and (. Heidellserger.
Mol. Pharmacol., 1, 14 (1965): Ay M. Friedkin, Federution Froc., 18, 230
“1959); M. Friedkin in “*The Kinetics of Cellalar Proliferation,” £. Stvhi-
wan, Ed., Grune and Stratton, New York, N. Y., 1959, p 94; te) R. L.
Blakley, 3. V. Ramasastri, and B. M. McDongall, J. Biol. Chem., 288, 3075
1463).
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ate synthetase than dihydrofolate reductase, the an-
ticipated “bridging of the binding sites’ was not real-
ized. Two additional compounds in this series werc
svithesized and tested: N-thyvinidylglveine (13 and
ethyl p-(N-thymidyhaminobenzoate (2},

Chine and co-workers® reported the detection of n
product giving o positive muhydrin test by treating 5-
hydroxymethyhuncil with glveine.  Examples of nim-
cil undergoing the Mannich reaction at C-5 have been
reported.’ Under these couditions the condensation
of 3-hydroxymethyluracil with glyeine gave 1 and with
othvl p-aminohenzoate gave 2.

The in vitvo testing was carried out according to re-
ported procedures on thymidylate svnthetase and di-
hyvdrofolate reductase.®  Compounds 1 and 2 failed
to inhibit the former enzyme in a concentration ratio
of (inhibitor) - (deoxyuridine 5'-monophosphate) of 30.

\gainst dihydrofolate reductise in an (inhibitor)
(dihydrofohe acid) ratio of 10 compound 1 showed 20€,
inhibition and 2 was less than 1097 inhibitory.

Experimental Section

Melting ponits were obtained on a calibraved Thoas-Hoove)
Unimelt and are corrected. 1ltraviolet specira were recorded
on a Cary 14 spectrophotometer.  Microanalyses were carried
by Drs. (3. Weiler and F. B. Stravss, Oxtord, England. and »wing
w1 F and M Model 185 CHN chroniatograpb.

N-Thymidylglycine (1).--A-Hydroxymethyluracilé 2.1 g,
0.015 mole) and 3.1 g of glyeine bydeochloride 0.03 mouler in
25 1l of water were heated at 90° for 24 hr.  After cooling.
precipitate wax collected whicli was purified by repeated precipi-
mtion from base by titmtion to pH 6.8-7.1 und recrvstallized
irom water Lo give 0.2 g (79) of product that did not melt below
5400, AO2MHECI 2689 iy 1e 12,000, X% 0 286 mu (e 9200).

Anal. Caled for C:HoNLZO,: € 4221 H, 455 N 21.10.
Found: C, 42.4%: H, 4.39: N, 21.19.

Ethyl p-(N-thymidyl)aminobenzoate (2 wus prepared by 1he
procedure used for 1 from 2.8 g (0.02 mole) of 3-hydroxymethyi-
weacil and 4.0 g (0.2 )Hmole) of ethyl p-aminobenzoate in a solutio
of 162 HCHin 85 ml of 309, aqueous ethwiol.  After refluxing for
19 by the hot suspenxion was filtered und the =olid was recry=tal-
hzed several tunes front ethavol to give 2.1 g (36C7) of produel
melting a( 261-262° A ™YY 267 mu e ID00MY. 303 i

€ T2000; A 28T M e 20,0000,

Anal. Caled for CsHENGOp: C, 380120 H 53230 N 1400
Found: C, 57880 H, 5,140 N, 14.20.

The attthors are indebned to N, William Riggs for the enzyvine
mhibition =tndiex.

6) R. k. Cline, R. M, Finkawd K. Fink, J. e, Coenosoe o 810 20210
19592,

ey 0 M Borkieatesr, RO Reiwalbd ol B O Searbaora et voe 82, it
+ 160y,
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The 3-acetoxyvinethyl side chain of the cephalosporin
nueleus has been subjected to modification in the search

.1y Paper 1X: I. L. Spencer, F. Y. 8iu, B. G. Jackson, H. M Higeens,
and W. H. Flynn, .J. Org. Clem., 82, 500 (1967).



