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ug/mL Neutral red was added 2 days after infection, and the
results were read the following day. Cytosine nucleoside de-
aminase was partially purified from human liver, obtained at
autopsy, and assayed (“after autopsy”) according to the procedures
of Wentworth and Wolfenden.® The analogues and the substrate

(35) D.F. Wentworth and R. Wolfenden, Biochemistry, 14, 5099
(1975).

2’-deoxycytidine were added to the assay mixtures at 10* M
concentrations.
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Y. Fulmer Shealy,* Jerry L. Frye, Nancy F. DuBois, Sue C. Shaddix, and R. Wallace Brockman
Kettering-Meyer Laboratories, Southern Research Institute, Birmingham, Alabama 35255. Received March 23, 1981

The carbocyclic analogues of 5-fluoro-2’-deoxyuridine (5-FdUrd, 1), 5-fluorouridine, and 5-fluoro-3’-deoxyuridine
were prepared by fluorination of the uracil nucleoside analogues with elemental fluorine. The 5-FdUrd analogue
(C-5-F-2’-dUrd, 6) was enzymatically phosphorylated to the analogue of 5-FdUrd 5’-phosphate and inhibited the
incorporation of 2’-deoxyuridine into DNA of murine colon 26 tumor cells and L-1210 cells in culture. Biochemical
studies also indicated that C-5-F-2’-dUrd (6) was a less potent inhibitor of DNA synthesis in tumor cells than was
5-FdUrd (1). C-5-F-2’-dUrd was cytotoxic (EDg, = 2.5 mcg/mL) to L-1210 cells in culture; the other two analogues
were less cytotoxic. C-5-F-2/-dUrd was inactive—or, at best, borderline active—in tests against P-388 leukemia in

vivo,

5-Fluorouracil (5-FUra)! is an important clinical anti-
cancer drug, particularly in the treatment of gastrointes-
tinal and mammary tumors.2® 5-FUra proceeds through
the same anabolic and catabolic steps as does uracil.>” It
may be transformed enzymatically to 5-fluorouridine®®
(5-FUrd), to 5-fluoro-2’-deoxyuridine® (5-FdUrd, 1), or (by
reaction with 5-phosphoribosyl-1-pyrophosphate) to 5-
fluorouridine 5'-phosphate!®! (5-FUMP)!. The nucleo-
sides, 5-FUrd and 5-FdUrd (1), may, in turn, be converted
by kinases to the nucleotides, 5-FUMP™® and 5-fluoro-
2'-deoxyuridine 5’-phosphate® (5-FAUMP, 2), and 5-FUMP
may be phosphorylated further to the di- and tri-
phosphate.” 5-FAUMP (2) is a potent inhibitor of thy-
midylate synthetase,!? and 5-FUra, after metabolism to
5-FUTP, is incorporated into RNA;! however, 5-FUra and
its nucleosides and nucleotides act at several biochemical
loci and produce a multiplicity of biological effects.?
Furthermore, the nucleotides may be converted to nu-

(1) The abbreviations used here for 5-fluorouracil and its nucleo-
sides were recommended by the IUPAC-IUB Commission on
Biochemical Nomenclature, J. Biol. Chem., 245, 5171 (1970).
The nucleotide abbreviations are those commonly used (ref 2).

(2) C.Heidelberger, Handb. Exp. Pharmacol., 38(I), 193 (1975).

(3) C. Heidelberger and F. J. Ansfield, Cancer Res., 23, 1226

(1963).
(4) S. K. Carter, Cancer, 30, 1543 (1972).
C. G. Moertel, Cancer, 36, 675 (1975).
F. Maley in “Cancer: a Comprehensive Treatise”, Vol. 5, F. F.
Becker, Ed., Plenum Press, New York, 1977, pp 327-361.
E. Harbers, N. K. Chaudhuri, ana C. Heidelberger, J. Biol.
Chem., 234, 1255 (1959).
0. Skald, Biochim. Biophys. Acta, 29, 651 (1958).
0. Skald, Ark. Kemi, 17, 59 (1960).
P. Reyes, Biochemistry, 8, 2057 (1969).
P. Reyes and T. C. Hall, Biochem. Pharmacol., 18, 2587 (1969).
K.-U. Hartmann and C. Heidelberger, J. Biol. Chem., 236, 3006
(1961).
N. K. Chaudhuri, B. J. Montag, and C. Heidelberger, Cancer
Res., 18, 318 (1958).
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cleosides by the action of phosphatases, and the nucleo-
sides are subject to the action of phosphorylases, which
cleave them to 5-FUra.”* The result of these biochemical
interconversions among 5-FUra, 5-FUrd, 5-FdUrd, and the
nucleotides is that administration of any one of these
derivatives may affect the sites of action of all of them.
Thus, the anticipated effectiveness of 5-FdUrd (1), an
immediate precursor of the thymidylate synthetase in-

(14) G. D. Birnie, H. Kroeger, and C. Heidelberger, Biochemistry,
2, 566 (1963).
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hibitor, is muted by the partial conversion to 5-FUra,
which is rapidly catabolized or incorporated into RNA.
Since carbocyclic analogues of nucleosides lack the gly-
cosidic bond of true nucleosides, they are not subject to
the action of phosphorylases; consequently, carboeyclic
analogues cannot revert in vivo to 5-FUra. Therefore, it
is reasonable to anticipate that the carbocyclic analogues
of 5-FUrd and 5-FdUrd will be more selective in their sites
of action than are the true nucleosides and that the 5-
FdUrd analogue might be more effective than 5-FdUrd.
These considerations led us to synthesize and study the
carbocyclic analogues of 5-FUra nucleosides.
5-Fluoropyrimidines have been synthesized by con-
structing the pyrimidine ring from acyclic precursors!® or
by fluorinating preformed pyrimidines with trifluoro-
methyl hypofluorite!®8 or with elemental fluorine.!71920
We chose the latter method for the preparation of the
carbocyclic analogues (6-8) of 5-FdUrd, 5-fluoro-3'-
deoxyuridine (5-F-3’-dUrd), and 5-FUrd from the carbo-
cyclic analogues?! (3-5) of uracil nucleosides. Thus, the
carbocyclic analogue (6) of 5-FdUrd was obtained by
treating the carbocyclic analogue (3) of 2’-deoxyuridine in
acetic acid with a fluorine-nitrogen mixture (5:95), dehy-
drofluorinating the crude addition product® with aqueous
ammonia, and purifying crude 6 by preparative TLC.
Yields from 3 were 50-60%. The 5-F-3’-dUrd analogue
(7) and the 5-FUrd analogue (8) were prepared similarly.
The ultraviolet maxima of these 5-FUra derivatives (6-8)
showed a small bathochromic shift (4-6 nm) from the
maxima of the 5-FdUrd and 5-FUrd spectra.?? Mass
spectra were consistent with the structures of 6-8, in-
cluding prominent fragment peaks due to the base moiety
(5-FUra) plus C;H, and the base moiety plus one proton
and two protons. These peaks are typical of carbocyclic
analogues of nucleosides. The proton NMR spectra of 6
and the carbocyclic analogue of thymidine® are very sim-
ilar, except for the splitting and the downfield shift of the
pyrimidine CH and, of course, the absence of a methyl
signal in the spectrum of 6. The appearance of the signals
due to the protons at a and ¢ (9) of these two 2’-deoxy-
ribonucleoside analogues are remarkably similar.

Biological and Biochemical Results

The carbocyclic analogue (6) of 5-FdUrd, designated
C-5-F-2’-dUrd, inhibited the proliferation of L-1210 cells
in culture, EDg, = 2.5 mcg/mL. The 5-F-3'-dUrd analogue
(7) was moderately inhibitory, EDy, = 19 mcg/mL, but the
5-FUrd analogue (8) was inhibitory only at higher con-
centrations, EDg, = 100 mcg/mL.

A cell-free enzyme preparation from L-1210 leukemia
cells phosphorylated C-5-F-2'-dUrd and 5-FdUrd to the
corresponding 5-monophosphate derivatives. The con-

(15) R. Duschinsky, E. Pleven, and C. Heidelberger, J. Am. Chem.
Soc., 79, 4559 (1957).

(16) M. J. Robins and S. R. Naik, J. Am. Chem. Soc., 98, 5277
(1971).

(17) D. H. R. Barton, R. H. Hesse, H. T. Toh, and M. M. Pechet,
-J. Org. Chem., 37, 329 (1972).

(18) R. A. Earl and L. B. Townsend, J. Heterocycl. Chem., 9, 1141
(1972).

(19) D. Cech, H. Meinert, G. Etzold, and P. Langen, J. Prakt.
Chem., 815, 149 (1978).

(20) D. Cech and A. Holg, Collect. Czech. Chem. Commun., 41,
3335 (1976).

(21) Y.F. Shealy and C. A. O’Dell, J. Heterocycl. Chem., 18, 1015
(1976).

(22) M. J. Robins, M. MacCoss, S. R. Naik, and G. Ramani, J. Am.
Chem. Soc., 98, 7381 (1978).

(23) Y. F. Shealy, C. A. O’Dell, and M. C. Thorpe, J. Heterocycl.
Chem., 18, 383 (1981).

Notes

version of nucleoside to nucleotide was followed by an-
ion-exchange HPLC analysis of enzyme reaction mixtures.
Comparative rates of phosphorylation were 6 pmol/min
for 6 and 35 pmol/min for 5-FdUrd (1). Enzymatic
phosphorylation of [6-*H]dUrd* (0.08 mM) was decreased
50% by 6 at a concentration of 0.6 mM. As anticipated,
phosphorolysis of 6 to 5-FUra by enzyme preparations
from L-1210 cells was not observed under conditions that
readily converted 5-FdUrd to FUra; 6 did not inhibit
phosphorolysis of 5-FdUrd.

As expected, C-5-F-2’-dUrd did not inhibit the incor-
poration of [methyl-*H,lthymidine? into DNA of L-1210
cells in culture at a concentration of 10 mcg/mL, whereas
the incorporation of [6-*H]dUrd into DNA was inhibited
to 25% of control values in the same experiment. In
murine colon tumor 26 cells in culture, 6 (1.0 mcg/mL)
produced 50% inhibition of incorporation of [6-*H}dUrd
into DNA; higher concentrations (10 meg/mL) had no
effect on the incorporation of [methyl-’Hylthymidine into
DNA. FdUrd inhibited the incorporation of [6-*H]ldUrd
into DNA of L-1210 cells and colon tumor cells in culture
at much lower concentrations (0.001 mcg/mL). When
L-1210 cells in culture were exposed to 6 for 15 min and
were then grown in medium that did not contain 6, in-
corporation of [6-*H]dUrd into DNA was not inhibited.
This result suggests that 6 is a reversible inhibitor of DNA
gynthesis. In a similar experiment with 5-FdUrd, inhib-
ition of [6-*H]dUrd incorporation into DNA was sustained
even after removal of inhibitor from the growth medium.
The results of these incorporation studies indicate that 6
inhibits DNA synthesis in tumor cells in culture but that
it is a much less potent inhibitor than is 5-FdUrd.

The 5-FdUrd analogue (6) did not increase the life span
of mice bearing P-388 or L-1210 leukemia (Table I) at
doses at which 5-FdUrd produces significant increases.®
At a dose of 400 (mg/kg)/day, there was evidence (% T/C
and death pattern) of a slight increase in survival time of
mice with P-388 leukemia, but a higher dose did not
produce a significant increase in life span. The weight-
change differences did not indicate toxicity in any of these
tests. Compounds 6-8 were not active in vitro against
herpes virus type 1 (strain 377) in rabbit kidney cells, and
6 and 8 showed no activity against influenza virus, type
Ao/PR/8/34, in Madin-Darby canine kidney cells.

Experimental Section

General Methods. Melting temperatures were determined
in capillary tubes heated in a Mel-Temp apparatus. Ultraviolet
spectra (UV) were recorded with a Cary Model 17 spectropho-
tometer, and maxima are reported in nanometers. Solutions for
ultraviolet determinations were prepared by diluting an aliquot
of an ethanol solution with 0.1 N hydrochloric acid, phosphate
buffer (pH 7), or 0.1 N sodium hydroxide; absorption maxima
of these solutions are reported as being determined in 0.1 N HC],

(24) [6-3H]dUrd is 2’-deoxyuridine labeled with tritium at position
6 of the pyrimidine ring. [methy!-*Hg]Thymidine is thymidine
with a completely tritiated methyl group at position 5 of the
pyrimidine ring.

(25) In tests of 5-FdUrd against leukemias P-388 and L-1210, re-
ported values of T /C were as follows: P-388, T/C = 176% at
a dose of 75 mg/kg, 3 times/week; L-1210, T/C = 148% at a
dose of 75 mg/kg daily.?® In addition, when 5-FdUrd was
administered q.d. 1-9 at doses of 50-75 mg/kg vs. P-388 leu-
kemia, T/C ratios in several tests were 148-190%,%” and in
several tests of 5-FdUrd vs. L-1210 leukemia, q.d. 1-9 at 72
mg/kg, the T/C ratios were 131-158%.%

(26) J. H. Burchenal, E. A. D. Holmberg, J. J. Fox, S. C. Hemphill,
and J. A. Reppert, Cancer Res., 19, 494 (1959).

(27) F. M. Schabel, Jr., Southern Research Institute, private com-
munication.
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Table I. Tests of Carbocyclic Analogues of 5-Fluorouracil Nucleosides vs. P-388 Leukemia in Vivo®

wt median life life span
deaths on  change:® span, days: ratio:
compd ip dose, (mg/kg)/day days 1-5 T-C,¢g T/C T/C, %
C-5-F-2-dUrd (6) 50, q.d. 1-9 0/5 +1.0 10.5/10.9 96
100, q.d. 1-9 0/6 +0.6 11.4/11.3 100
200, q.d. 1-5 0/6 +0.8 12.0/11.9 100
400, q.d. 1-5 0/6 -0.3 14.3/11.9 120
600, q.d. 1-5 0/6 -0.7 13.1/12.0 109
L-1210: 100, q.d. 1-9°¢ 0/6 -0.5 8.3/8.2 101
C-5-FUrd (8) 50, q.d. 1-9 0/6 +0.9 11.1/10.9 101

% Mice were implanted intraperitoneally with 10¢ P-388 cells on day 0. Treatment was begun by intraperitoneal inocula-

tion on day 1 and continued through day 9 or day 5, T = treated mice; C = control mice.

The weight change is the aver-

age change in weight of treated mice on day 5 minus the average change in weight of control mice on the same day. ¢ L-
1210 leukemia in mice; 10% cells implanted intraperitoneally on day 0.

at pH 7, or in 0.1 N NaOH, respectively. Mass spectral data (MS)
were taken from low-resolution spectra determined at 70 eV with
a Varian MAT Model 311A spectrometer equipped with a com-
bination electron-impact, field-ionization, and field-desorption
ion source. The peaks listed are those due to the molecular ion
(M), those attributable to the loss of certain fragments from the
molecular ion (M — fragment), and some other prominent peaks.
Nuclear magnetic resonance spectra were determined with a
Varian Model XL-100-15 spectrometer operating at 100.1 MHz
for proton (H NMR) and at 25.2 MHz for carbon-13 (1*C NMR)
spectra. The internal standard was (CHj)Si; s = singlet, d =
doublet, m = multiplet. Thin-layer chromatography (TLC) was
performed on plates of silica gel,”® and developed plates were
examined by UV light (254 nm). Other pertinent information
(amount applied, developing solvent) are given parenthetically
at the appropriate places in the experimental procedures.
(£)-5-Fluoro-1-[(1a,38,4a)-3-hydroxy-4-(hydroxymethyl)-
cyclopentyl]-2,4(1 H,3 H)-pyrimidinedione (6). A fluorine-
nitrogen mixture® containing 5% fluorine was bubbled into a
solution of 224 mg of 3 and 150 mL of acetic acid for about 10
min. (A drop of the reaction solution placed on a TLC plate of
silica gel and examined with a UV lamp emitting principally at
254 nm showed that little, or none, of 3 remained.) The reaction
solution was concentrated to dryness in vacuo, and a solution of
the residue in 15 N aqueous ammonia (60 mL) was boiled under
reflux for 0.5 h and concentrated in vacuo to dryness. A solution
of the brown residue in methanol was applied to a layer of silica
gel on a preparative TLC plate.”® The chromatogram was de-
veloped twice in CHCl;~CH4OH (4:1), the major band was divided
into upper (faster) and lower regions, and the two portions of the
major band were extracted separately with hot methanol. The
extract of the lower region was concentrated to dryness, the residue
was extracted with ethanol, the mixture was filtered, and the
ethanol filtrate was concentrated to dryness in vacuo. The residue
was dried further in vacuo at 64 °C for 2 h: yield, 122 mg (50%);
TLC, 1 spot with tailing (20 mcg, 4:1 CHCl;-CH;0H); HPLC,
99.9% (reverse phase, 97:3 HyO—acetonitrile, isocratic, monitored
at 254 nm); UV max 274 nm (e 8900) in 0.1 N HC], 275 (¢ 8500)
at pH 7, 272 (¢ 7000) in 0.1 N NaOH; MS¥® (direct-probe tem-
perature, 20 °C), m/e 245 (M + 1), 244 (M), 227 (M - OH), 226
M - H,0), 214, 207 (M - OH - HF), 200, 195 (M - H,0 -
CH,0H), 187, 185, 157 (P + C,H,), 152, 149, 131 (P + 2H), 130
(P + H), 114; 'TH NMR® (Me,SO-d;, 6 mg/0.16 mL in a microcell)
6 1-1.6 and 1.6-2.3 (multiplets, CH; at b and e and CH at d), 3.46
(m, CH,0H), 3.98 (m, CH at ¢), 4.96 (m, CH at a), ~6 (broad,
OH, NH, H,0), 8.03 (d, pyrimidine CH); 1*C NMR3! (Me,SO-ds,

(28) Analytical TLC was performed with plates of silica gel GF.
[Precoated thin-layer chromatography plates (fluorescent),
250-um in thickness, were pur from Analtech Inc., Blue
Hen Industrial Park, Newark, DE 19711,] Preparative TLC
was performed with precoated plates of silica gel (Whatman
PLKS5F, 20 X 20 cm, 1 mm in thickness, Whatman Inc., Clif-
ton, NJ 07014).

(29) 5% Fluorine-95% nitrogen; purchased from Matheson Divi-
sion, East Rutherford, NJ 07073.

(30) P = 5-fluorouracilyl mofety (C,H,FN,0,).

(31) Positions a—f are shown in structure 9.

6 mg/0.16 mL in a microcell) 6 32.24 (e), 48.93 (b or d), 54.10 (a),
62.78 (), 71.44 (c), 126.48 (pyrimidine C86, 2Jcp = 33.0 Hz), 140.03
(pyrimidine C5, 1Jop = 280.1 Hz), 150.14 (pyrimidine C2), 157.46
(pyrimidine C4, 2Jcp = 25.6 Hz). Either the peaks due to carbon
atoms b and d are coincident or one of them is obscured by the
solvent peaks. Anal. (C;oH;3FN,0,%/5sH,0) C, H, N.

The upper region of the major band on the preparative TLC
plate was extracted in the same way as was the lower region and
furnished additional 6 (23 mg). This fraction contained a slight
amount of an impurity that moved faster than 6 on an analytical
TLC plate. The average yield from three other experiments was
58%. During each of these experiments, the major band from
a preparative TLC plate was extracted in a Soxhlet extractor with
methanol, and the residue from the methanol extract was ex-
tracted batchwise with ethanol.

(%)-5-Fluoro-1-[(1a,28,4a)-2-hydroxy-4-(hydroxymethyl)-
cyclopentyl]-2,4(1H,3 H)-pyrimidinedione (7). Compound 7
was prepared by the procedure described for 6 and was dried at
64 °C for 2 h: yields 40-50%; mp 180-182 °C; TLC, 1 spot with
tailing (5:1 CHCl;-CH;3;0H); HPLC, 98-99.5% (reverse phase, 97:3
H,0-acetonitrile, isocratic, monitored at 254 nm); UV max 273
nm in 0.1 N HC], 275 at pH 7, 272 in 0.1 N NaOH; MS* (di-
rect-probe temperature, 20 °C), m/e 245 (M + 1), 244 (M), 226
(M - H,0), 216 M - CO), 198, 195 (M - H,0 - CH,0H), 157 (P
+ C2H4), 131 (P + 2H), 114. Anal. (CIOHISFN204'1'25HZO) C,
H N

(£)-1-[(1e,28,38,4a)-2,3-Dihydroxy-4-(hydroxymethyl)-
cyclopentyl]-5-fluoro-2,4(1H,3H)-pyrimidinedione (8).
Compound 8 was prepared by a procedure similar to that de-
scribed for the preparation of 6, except that the reaction-mixture
residue obtained after fluorination of 5 was treated with tri-
ethylamine. The crude product was purified by preparative TLC
in 3:1 CHCl;-CH;OH. The pure product, which is very hygro-
scopic, was dried at 110 °C for 2 h: TLC, 1 spot (60 mcg, 3:1
CHCl;-CH3;0H); HPLC, 99.6% (reverse phase, 97:3, H,0-
acetonitrile, isocratic, monitored at 254 nm); UV max 274 nm (e
8400) in 0.1 N HCI, 275 (e 8200) at pH 7, 273 (¢ 6700) in 0.1 N
NaOH; MS¥® (direct-probe temperature, 150 °C), m/e 261 (M +
1), 260 (M), 243 (M - OH), 242 (M - H,0), 213, 211 M - H,0
- CH,0H), 185, 183, 173, 172, 157 (P + C,H,), 131 (P + 2H), 130
(P + H), 114, 113, Special precautions were required to prevent
absorption of moisture during the weighing of specimens for UV
and microanalytical determinations. Anal. (C;oH,sFN;0O;) C, H,
N.

Biochemical Methods. Examination of the effects of 5FdUrd
and of C-5-F-2’-dUrd on proliferation of L-1210 leukemia cells
in suspension culture and on DNA synthesis in L-1210 cells and
in murine colon tumor 26 cells in culture were conducted according
to published procedures.®?®® Enzymatic conversion of 5-FAUR
and of C-5-F-2/-dUrd to the corresponding monophosphates was
accomplished by a dialyzed, soluble, supernatant enzyme prep-
aration from L-1210 cells using the reaction conditions described
by Ives et al.* Nucleosides and nucleotides were separated by

(32) G.P.Wheeler, V. H. Bono, B. J. Bowdon, D. J. Adamson, and
R. W, Brockman, Cancer Treat. Rep., 60, 1141 (1972).

(33) R. W. Brockman, S. C. Shaddix, M. Williams, and R. F.
Struck, Cancer Treat. Rep., 60, 1317 (1976).
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means of anion-exchange HPLC as described in published work
from this laboratory.®® Nucleosides were not retained on a
Whatman Partisil-10 SAX HPLC column, whereas the 5'-
monophosphates of 5-FdUrd and C-5-F-2’-dUrd were retained
for 7 min on a linear gradient (40 min) of NH,H,PO, (5 mM, pH
2.8, to 750 mM, pH 3.7) at a flow rate of 2 mL/min. The dUMP
analogues were separated from other UV-absorbing components
of the enzyme reaction mixture, primarily adenine nucleotides,
so that quantitation of nucleotide formation was possible.
Enzymatic phosphorylation of [6-*H]dUrd by enzyme prepa-
rations from L-1210 cells was examined by the kinase assay
method used above,* and effects of the deoxyuridine analogues
on such phosphorylation was determined. Enzymatic phospho-
rolysis of deoxyuridine, 5-FdUrd, and C-5-F-2’-dUrd in 0.05 M
sodium phosphate buffer, pH 7.2, was examined by means of
reverse-phase HPLC on a Waters C,3 uBondapak column using
5 mM NHH,PO,, pH 2.5, as an isocratic eluant (0.4 mL/min).

(34) D. H. Ives, J. P, Durham, and V. S. Tucker, Anal. Biochem.,
28, 192 (1969).

(35) R. W. Brockman, S. C. Shaddix, and L. M. Rose, Cancer, 40,
2681 (1977).

The retention times (min) for uracil (9), 5-FUra (9.4), dUrd (15),
5-FdUrd (16.6), and C-5-F-2’-dUrd (18) were such that the en-
zymatic conversion of nucleoside to base could be followed by
means of a UV detector (2564 nm). Deoxyuridine and 5-FdUrd
were readily phosphorylyzed to Ura and to 5-FUra, respectively,
but conversion of C-5-F-2/-dUrd to 5-FUra was not detectable.
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Synthesis of 5,11-Methenyltetrahydrohomofolate and Its Antifolate Activity in

Vitro
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The synthesis of 5,11-methenyltetrahydrohomofolate was accomplished by treatment of tetrahydrohomofolate
(H,homofolate) with triethyl orthoformate in glacial acetic acid. This compound is a homofolate analogue of
5,10-methenyltetrahydrofolate which serves as one precursor to the 10-formyl one-carbon donor for the first
transformylation in de novo purine biosynthesis, namely, the conversion of glycinamide ribonucleotide (GAR) to
N-formylglycinamide ribonucleotide (FGAR), catalyzed by the enzyme glycinamide ribonucleotide transformylase
(EC 2.1.2.2). The analogue proved to retard the rate of formation of formylglycinamide ribonucleotide apparently
by inhibiting the rate of synthesis of 10-formyltetrahydrofolate, the actual cofactor for the transformylase enzyme,
from 5,10-methenyltetrahydrofolate. Its inhibition of the enzyme, 5,10-methenyltetrahydrofolate cyclohydrolase
(EC 3.5.4.9), was competitive against (+)-L-5,10-methenyltetrahydrofolate, with a K; = 41 uM. This derivative of
homofolate may be responsible for its inhibition of purine biosynthesis in Sarcoma 180 cells.

Homofolate has been found to be a potent inhibitor of
N-formylglycinamide ribonucleotide (FGAR) biosynthesis
in Sarcoma 180 cells.! However, maximal expression of
inhibition required prior incubation of the cells with ho-
mofolate for 24 h. Under these conditions, it was found
that 20-40 uM homofolate inhibited the incorporation of
[2-4C]glycine into FGAR by 20-90%. Coadministration
of 5-formyl-H folate (0.01 and 0.1 mM) and homofolate
(1-200 uM) resulted in competitive protection against in-
hibition for FGAR biosynthesis, while administration of
5-formyl-Hfolate (0.1-10 mM) subsequent to a 24-h in-
cubation with homofolate (10 uM) resulted in only a slight
reversal of inhibition of FGAR biosynthesis.! These results
suggested that a metabolite of homofolate was the actual
inhibitor and that the enzyme GAR transformylase was
the target of inhibition in this cell line. Reduced homo-
folates, such as Hshomofolate and Hhomofolate, appeared
not to be solely responsible for the observed inhibition,
since a cell subline containing 300 times more dihydrofolate
reductase responded similarly.!

A conceivable metabolite of homofolate capable of in-
hibiting GAR transformylase would be the homofolate

(1) A. Y. Divekar and M. T. Hakala, Mol. Pharmacol., 11, 319
(1975).

analogue of (+)L-5,10-methenyl-H,folate that might block
the synthesis of 10-formyltetrahydrofolate through inhib-
ition of the cyclohydrolase activity of the trifunctional
enzyme. The latter is one of four enzymes, along with the
two tetrahydrofolate-requiring transformylases and serine
transhydroxymethylase, that comprise a possible complex
of enzymes involved in de novo purine biosynthesis.2 We
recently have shown that the 10-formyl rather than the
5,10-methenyl species is the actual cofactor for the GAR
transformylase from the chicken liver enzyme.® This
report describes the synthesis of 5,10-methenyl-H;homo-
folate and its effect on FGAR synthesis utilizing 5,10-
methenyl-H,folate as the assay substrate for the enzyme
complex in vitro.

Chemistry. The synthesis of 5,11-methenyl-Hhomo-
folate was accomplished, in moderate yield, through re-
action of Hshomofolate with triethyl orthoformate in
glacial acetic acid. H,homofolate was obtained from ho-
mofolate in two steps by reduction with dithionite to
H;homofolate,* followed by dihydrofolate reductase cata-

(2) C. A. Caperelli, P. A. Benkovic, G. Chettur, and S. J. Benkovic,
J. Biol. Chem. 255, 1885 (1980).

(3) G K. Smith, P. A. Benkovic, and S. J. Benkovic, Biochemistry,
in press.
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