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counted using a Coulter counter. A control untreated set of
cultures and Me,SO-treated cultures were included for each
separate dose—response experiment. Duplicate counts were taken
on each well and were usually in agreement with each other
(£x10%).

From the data obtained, a dose—response curve was drawn, and
the Dy, and its confidence limits were calculated as in our previous
studies.?

Substituent Constants. The values for the substituent

constants in Table I were taken from our recent compilation,!4

Collinearity of Variables. The following squared correlation
matrix shows that there is little collinearity among the variables
used to formulate eq 1-8.

s MR,
" 1 0.17 0.00
MR, 1 0.03
Zo 1
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Nine pyrimidine nucleoside analogues, in which the group attached at N-1 is a six-membered ring containing two
heteroatoms, have been synthesized using the Vorbriiggen and Bennua (Vorbriiggen, H.; Bennua, B. Tetrahedron
Lett. 1978, 1339) coupling procedure. These are 1-(1,4-oxathian-3-yl)-5-fluorouracil (8), 1-(4-oxo-1,4-oxathian-3-
yl)-5-fluorouracil (two stereoisomers 9 and 10, resolved by silica gel column chromatography), 1-(1,4-oxathien-3-
yl)-5-fluorouracil (11), 1-(1,4-oxathian-2-yl)-5-fluorouracil (12), 1-(1,4-dithian-2-y1)-5-fluorouracil (15), 1-(1,4-di-
thian-2-yl)uracil (16), 1-(1,4-dithian-2-yl)thymine (17), and 1-(1,4-dioxan-2-yl)-5-fluorouracil (20). All of the analogues
were tested for cell-growth inhibition using mouse and human tumor cell lines. The IDg, values of all of the analogues
are greater than 107 M, except in the case of 11 using the L1210 cell line. The most active analogues found are
compounds 11 and 17, which were found to be 100 and 200 times less active, respectively, than 5-fluorouracil in

the human erythroleukemia cell line, K-562.

The fluorinated pyrimidines were first demonstrated as
potentially useful chemotherapeutics by Heidelberger et
al. in 1957.2 Since that time, many derivatives of the
clinically useful drug 5-fluorouracil (5-FUra) have been
synthesized in the hope of discovering compounds having
lower toxicity and improved antitumor activity than does
5-FUra.? Many of these derivatives have been shown to
slowly release 5-FUra in vivo, and thus they function as
relatively nontoxic reservoirs of 5-FUra.%* In addition to
the reduced toxicity, some of these derivatives, including
Nt-acetyl-N3-o-toluyl-5-fluorouracil,* 1,3-bis(tetrahydro-
2-furanyl)-5-fluorouracil, and 1-(tetrahydro-2-furanyl)-5-
fluorouracil (Ftorafur),*® offer the convenience of oral

(1) Vorbruggen, H.; Bennua, B. Tetrahedron Lett. 1978, 1339.

(2) (a) Heidelberger, C.; Chaudhuri, N. K.; Danneberg, P.; Mooren,
D.; Griesbach, L; Duschinsky, R.; Schnitzer, R. J.; Pleven, E.;
Scheiner, J. Nature (London) 1957, 179, 663. (b) Duschinsky,
R.; Pleven, E.; Heidelberger, C. J. Am. Chem. Soc. 1957, 79,
4559,

(3) (a) Nishitani, T.; Iwasaki, T.; Mushika, Y.; Inoue, L.; Miyoshi,
M. Chem. Pharm. Bull. 1980, 28, 1137, and references therein.
(b) Cook, A. F.; Holman, M. J.; Kramer, M. J. J. Med. Chem,
1980, 23, 852, and references therein. (c) Kametani, T.; Kiga-
sawa, K.; Hiiragi, M.; Wakisaka, K.; Haga, S.; Nagamatsu, Y.;
Sugi, H.; Fukaws, K.; Irino, O.; Yamamoto, T.; Nishimura, N.;
Taguchi, A.; Okada, T.; Nakayama, M. Ibid. 1980, 23, 1324,
and references therein. (d) Phelps, M. E.; Woodman, P. W_;
Danenberg, P. V. Ibid. 1980, 23, 1229. (e) Nomura, H.; Yo-
shioka, Y.; Minami, I. Chem. Pharm. Bull. 1979, 27, 899, and
references therein. (f) Yasumoto, M.; Ueda, S.; Yamashita, J.;
Hashimoto, S. J. Carbohydr., Nucleosides, Nucleotides 1979,
6, 309, and references therein. (g) Lin, A. J.; Benjamin, R. S,;
Rao, P. N,; Loo, T. L. J. Med. Chem. 1979, 22, 1096. (h)
Saneyoshi, M.; Inomata, M.; Fukuoka, F. Chem. Pharm. Bull.
1978, 26, 2990, and references therein. (i) Lin, T. S.; Prusoff,
W. H. J. Med. Chem. 1978, 21, 106. (j) Kaneko, M.; Kimura,
M.; Tanaka, H.; Shimizu, F.; Arakawa, M.; Shimizu, B. Nucleic
Acids Res., Spec. Publ. 1978, No. 3, 835.

(4) (a) Yasumoto, M.; Yamawaki, I.; Marunaka, T.; Hashimoto, S.
J. Med. Chem. 1978, 21, 738, and references therein. (b)
Benvenuto, J. A,; Lu, K.; Hall, S. W.; Benjamin, R. S.; Loo, T.
L. Cancer Res. 1978, 38, 3867, and references therein.

administration; also, their relatively long half-lives within
the animal body allow the achievement of long lasting and
much higher blood and tissue concentrations of 5-FUra
than is possible with 5-FUra itself, which is administered
by continuous intravenous infusion.® Improved tumor
affinity appears to have been achieved with 1,3-bis(tetra-
hydro-2-furanyl)-5-fluorouracil which, compared to Fto-
rafur, gives not only much higher tissue concentration of
5-FUra but also a relatively higher concentration of 5-FUra
in tumor tissue than in normal tissue.** More recently,
5’-deoxy-5-fluorouridine, a new orally active antitumor
agent, was reported®S to offer significant advantages in
terms of activity and toxicity over 5-FUra, Ftorafur, and
5-FdUrd.

In contrast to the large number of derivatives of 5-FUra,
in which the group attached to N-1 contains a five-mem-
bered ring,3® there have been relatively few derivatives,
synthesized and screened for activity, in which this group
contains a six-membered ring.¥ The observation that
various purines substituted at N-9 with 1,4-dithiane, 1,4-
dioxane, or 1,4-oxathiane possessed significant antitumor
activity’ prompted the preparation of 5-FUra derivatives
containing these heterocyclic rings. A recent communi-
cation has described? the preparation of compounds 12 and
20 by the lewis-acid-catalyzed condensation of tri-
methylsilyloxyalkanal dialkyl acetals with 2,4-bis(tri-
methylsilyl)-5-fluorouracil, although no data were reported
on their biological activities. The present article describes
the synthesis of various such compounds and their effects
on the growth of a variety of tumor cells in tissue culture.

(5) Loo, T. L.; Benjamin, R. S.; Lu, K.; Benvenuto, J. A.; Hall, S.
W.; McKelvey, E. M. Drug Metab. Rev. 1978, 8, 137.

(6) (a) Kramer, M. J.; Trown, P. W.; Cleeland, R.; Cook, A. F;
Grunberg, E. Proc. Am. Assoc. Cancer Res. 1979, 20, 20. (b)
Cook, A. F.; Holman, M. J.; Kramer, M. J.; Trown, P. W, J.
Med. Chem. 1979, 22, 1330.

(7) Szarek, W. A.; Pinto, B. M. umpublished results.

(8) Iwasaki, T.; Nishitani, T.; Horikawa, H.; Inoue, I. Tetrahedron
Lett. 1981, 22, 1029.
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Chemistry. The two regioisomeric nucleoside deriva-
tives of 1,4-oxathiane, namely, compounds 8 and 12, were
prepared by coupling the respective acetoxy derivatives
of 1,4-oxathiane (3 and 5) with 2,4-bis(trimethylsilyl)-5-
fluorouracil (7) (see Scheme I) using the procedure of
Vorbriiggen and Bennua.! This coupling proceeds
smoothly at ice-bath temperature, giving a single product
in each case. 3-Acetoxy-1,4-oxathiane was prepared as
described previously;? however, for the preparation of
2-acetoxy-1,4-oxathiane, the Pummerer reaction conditions
were modified by increasing the reaction temperature to
that of refluxing toluene. Under these conditions the
3-acetoxy derivative 3 is formed first, which then elimi-
nates acetic acid to produce the olefin 4, followed by the
appearance of the 2-acetoxy derivative 5. The two sulf-
oxide isomers (9 and 10) were produced by oxidation, using
sodium metaperiodate, of compound 8 at room tempera-
ture. Treatment of either of these sulfoxides with hot
acetic anhydride (115 °C) gave the unsaturated analogue
11, which is presumed to be formed by way of the inter-

(9) Szarek, W. A.; Vyas, D. M.; Achmatowicz, B. J. Heterocycl.
Chem. 1975, 12, 123.

Journal of Medicinal Chemistry, 1982, Vol. 25, No. 5 523

Scheme II
S 3]/082
(J—C
Q
OSI(CH3)5 X
v HN l
14 — 0 N H
(CH3)3S /K /S]/
313810 k
15a, X=F S
16a, X=H =
) 15, X=F
173, X = CI‘I3 16’ X = H
17, X=CH,
Scheme III
o]
F

HN

N YT L A
LT ey

mediacy of 1-(3-acetoxy-1,4-oxathian-3-yl)-5-fluorouracil
(11a).

The dithiane analogues 15-17 (Scheme II) were prepared
by coupling 2-(benzoyloxy)-1,4-dithiane (14) with their
respective 2,4-bis(trimethylsilyl)pyrimidines 15a—-17a. The
coupling method for the dithiane analogues was the same
as that for the oxathiane analogues, except that it was
necessary to raise the coupling temperature to room tem-
perature. 2-(Benzoyloxy)-1,4-dithiane (14) was prepared
by heating at reflux temperature benzoyl peroxide and an
excess of 1,4-dithiane (13) in benzene using CuCl as cat-
alyst.10

The coupling procedure for the dioxane analogue (20),
which was prepared from 2-(benzoyloxy)-1,4-dioxane (19)
and 7 (Scheme III), was identical with that used for the
oxathiane analogues. 2-(Benzoyloxy)-1,4-dioxane (19) was
prepared from 1,4-dioxane (18) as described previously.'?

The 'H NMR spectra of the analogues in acetone-dg
show some interesting conformational preferences.!':'*
The vicinal coupling constants for the protons at positions
2’ and 3’ indicate that the two oxathiane regioisomers
(compound 8 and 12) show the same conformational
preferences as was observed for the corresponding purine
derivatives.*'? The regioisomer 12 has the 5-fluorouracil
group predominantly in the equatorial orientation. The
coupling constants observed for the OCH,CH,S fragment
are virtually identical with those observed in the case of
trans-2,3-dichloro-1,4-oxathiane (see ref 11b), which is a
conformationally fixed compound having the chlorines
diaxial. In the case of the regioisomer 8, the vicinal cou-
pling constants of the H-3’ proton indicate that the 5-
fluorouracil group exists preferentially in the axial orien-
tation. The coupling constants observed for the OQCH,C-

(10) Sosnovsky, G.; Yang, N. C. J. Org. Chem. 1960, 25, 899.

(11) (a) Zefirov, N. S,; Blagoveshchensky, V. S.; Kazimirchik, I. V;
Surova, N. 8. Tetrahedron, 1971, 27, 3111. (b) de Wolf, N,;
Henniger, P. W.; Havinga, E. Recl. Trav. Chim. Pays-Bas 1967,
86, 1227.

(12) (a) Szarek, W. A,; Vyas, D. M.; Achmatowicz, B. Tetrahedron
Lett. 1975, 19,1553, (b) Vyas, D. M.; Szarek, W. A. Carbohydr.
Res. 1973, 30, 225.
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Table I. Effect of Various Nucleoside Analogues
on Tumor Cell Growth @

ID,,, ® mmol/L

MDAY-

compd K-562¢ L1210d D2e

Ftorafur? 0.0084

5-FUra 0.0046; 0.0010; 0.00023; 0.00020
(6) 0.0023 0.00018

8 >1.05;>1.06 >1.06 4.6

9 >0.99

10 >1.01

11 0.38 0.020

12 >1.00; 0.46 >1.01 1.4

15 >1.02 0.65; 0.23 0.50

16 >1.05 0.24

17 0.67 0.23; 0.21

20 >1.09;>0.97 >0.97 >1.00

a Reference 18.  Dose which inhibits cell-number
increase to 50% of the control. ¢ Human erythroleuke-
mia. ¢ Mouse myeloid leukemia. ¢ Reference 19.

f Ftorafur (99%) was purchased from Aldrich Chemical
Co., Inc.

H,S fragment, although quite different from those for
compound 12, are virtually identical with those found for
2,3,3-trichloro-1,4-oxathiane (see ref 11b), a conforma-
tionally fixed compound which probably has a substan-
tially deformed chair conformation.!*t!3

In the three dithiane derivatives (15-17) and in the
dioxane derivative (20) the pyrimidine group exists pref-
erentially in the equatorial orientation, as indicated by the
observed4large axial-axial coupling constants of the protons
at C-2.!

The conformations of the two sulfoxide stereoisomers
(9 and 10) are influenced by the preference of the sulfinyl
oxygen for the axial orientation.!® The large axial-axial
coupling constant of the 3’ proton in compound 9 indicates
a high preference of the 5-fluorouracil group for the
equatorial orientation (in both acetone-dg and Me,SO-dg),
in contrast to the sulfide (8) in which this group is pref-
erentially oriented axially. The available data do not
permit an assignment of a preferred conformation in the
other sulfoxide diastereoisomer (10). It is likely, however,
that this diastereoisomer exists as an equilibrium mixture
of conformations. The 'H NMR spectrum of the unsatu-
rated analogue 11 gives an AA’XX’ pattern for the OC-
H,CH,S fragment, indicating a rapid interconversion of
equivalent conformations. The N and L parameters of 9
and 4.4 Hz, respectively, are virtually identical with those
found in the case of oxathiene,!'? which are 9 and 4.6 Hz.

The UV spectra of all of the pyrimidines analogues re-
ported here are consistent with substitution at the N-1
position. ¢

Biological Evaluation. The effects of the various
pyrimidine derivatives synthesized in the present study
on in vitro tumor-cell growth are summarized in Table L.
In addition, Table I shows the in vitro biological activity
of 5-FUra, which was measured in every experiment with
each cell line, and of Ftorafur using the L1210 cell line.
All of the present derivatives are at least 100-fold less

(13) Lambert, J. B. J. Am. Chem. Soc. 1967, 89, 1836.

(14) The proportion of the axial conformer was estimated as de-
scribed in ref 11a and 12a.

(15) (a) Frieze, D. M.; Evans, S. A. J. Org. Chem. 1975, 40, 2690. (b)
Szarek, W. A,; Vyas, D. M.; Sepulchre, A.-M.; Gero, S. D;
Lukacs, G. Can. J. Chem. 1974, 52, 2041. (c) For a discussion
of conformational preferences in nonaromatic, six-membered
heterocyclic rings, see Zefirov, N. S. Tetrahedron 1977, 33,
3193.

(16) Sano, M. Chem. Pharm. Bull. 1962, 10, 320.
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active than 5-FUra. Highest activities were observed for
analogues 11 and 17 with the human erythroleukemia cell
line (K-562); the compounds are approximately 100 and
200 times less active, respectively, than 5-FUra. Inter-
estingly, all of the 1,4-dithiane analogues (15-17) show
slight activity with the L1210 cell line, although this ac-
tivity is approximately 1000-fold less than that for 5-FUra.
Slight activity was also observed for analogue 15 with the
MDAY-D2 cell line; the compound was approximately
2500-fold less active than 5-FUra.

Previous in vitro studies by Horwitz et al.!” showed that
the clinically useful drug Ftorafur was 30-fold less active
than 5-FUra in inhibiting the growth of human fibroblasts.
Since many of the 5-FUra analogues appear to function
as relatively nontoxic and slowly releasing reservoirs of
5-FUra,*&* the in vitro biological activities are much lower
than the activities of the in vivo transformed com-
pounds.?®7 In the case of Ftorafur, this transformation
probably occurs in the liver microsomes.®® Studies are
currently in progress to evaluate possible metabolic acti-
vation of the present analogues to more active compounds.

Experimental Section

Melting points were determined using a Thomas-Hoover ca-
pillary melting point apparatus and are uncorrected. The 'H
NMR spectra were determined with either a Bruker CXP-200
or a Varian EM-360 spectrometer. The proton chemical shifts
are given relative to Me,Si (6 0). The F NMR spectra were
determined with a Bruker CXP-200 spectrometer. The fluorine
chemical shifts are given relative to external CFCl; (5 0). The
IR spectra were recorded with a Perkin-Elmer 598 infrared
spectrophotometer and the UV spectra with a Perkin-Elmer 552
spectrophotometer. TLC was performed using silica gel 60 F-254
purchased from BDH Chemicals. The developed plates were
sprayed with 1% ceric sulfate and 1.5% molybdic acid in 10%
aqueous sulfuric acid and heated at about 150 °C.

Pummerer Reaction with 1,4-Oxathiane 4-Oxide (2). A
solution of 1,4-oxathiane 4-oxide® (2; 6.6 g, 55 mmol) in toluene
(80 mL) containing acetic anhydride (7.4 mL) and p-toluene-
sulfonic acid monohydrate (~10 mg) was heated at reflux tem-
perature for 3 h. The solution was washed with aqueous NaHCO,
(4 X 30 mL) and water (30 mL) and then dried over MgSO,. The
solvent volume was reduced to 10 mL, and the three components
which in TLC [2:5 (v/v) ethyl acetate—petroleum ether (bp 3560
°C)] had R,0.77, 0.54, and 0.43 were separated by silica gel column
chromatography. The fastest-moving component (0.84 g, 15%)
was identified by 'H NMRM" as 1,4-oxathiene (4). The component
(0.50 g, 5.6%) having Ry 0.54 was identified by '"H NMR as 2-
acetoxy-1,4-oxathiane (5): 'H NMR (CDCl;) 6 2.13 (3 H, s, OAc),
2.4-3.1 (4 H, H,CSCH,), 3.7-4.5 (2 H, OCH,), 5.8-6.0 (1 H, m,
H-2). The slowest-moving component (0.40 g, 4.4%) was identified
by 'H NMR as 3-acetoxy-1,4-oxathiane (3): 'H NMR (CDCly)
62.17 (3 H, s, 0Ac), 2.3 (1 H, br d, H-5¢), 3.3 (1 H, t of d, H-5a),
3.6-4.3 (4 H, H,COCH,), 5.5 (1 H, br s, H-3).

1-(1,4-Oxathian-3-yl)-5-fluorouracil (8). A mixture con-
taining 0.701 g (4.32 mmol) of 3-acetoxy-1,4-oxathiane (3) and
0.562 g (4.32 mmol) of 5-fluorouracil in 50 mL of absolute ace-
tonitrile was cooled to ice-bath temperature. To this mixture were
added 0.8 equiv of TCS and 0.8 equiv of HMDS.! To this stirred
mixture was added 1.2 equiv of SnCly in 10 mL of absolute
acetonitrile over a period of 10 min. The reaction solution was

(17) Horwitz, J. P.; McCormick, J. J.; Philips, K. D.; Maher, V. M,;
Otto, J. R.; Kessel, D.; Zemli¢ka, J. Cancer Res. 1975, 35, 1301.

(18) The cell cultures used in this study were kindly provided by
Dr. R. S. Kerbel, Cancer Research Division, Department of
Pathology, Queen’s University, Kingston, Ontario, K7L 3N6,
Canada.

(19) (a) Kerbel, R. S.; Twiddy, R. R.; Robertson, D. M. Int. J.
Cancer, 1978, 22, 583. (b) Kerbel, R. S.; Florian, M.; Man, M.
S.; Dennis, J.; McKenzie, F. C. J. Natl. Cancer Inst. 1980, 64,
1221.

(20) Leonard, N. J.; Johnson, C. R. J. Org. Chem. 1962, 27, 283.
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stirred for an additional 30 min at ice-bath temperature. The
reaction solution was then diluted with CH,Cl, (150 mL), extracted
with aqueous NaHCO; (30 mL), followed by H,O (15 mL), and
then dried over Na,SO,. Evaporation of solvent gave a pale-yellow
solid (1.12 g), which was dissolved in hot ethyl acetate (50 mL);
crystallization was induced by the addition of petroleum ether
(bp 35-60 °C) to give 0.825 g (82%) of a white solid (8), which
was revealed by TLC [1:1 (v/v) petroleum ether-ethyl acetate]
to consist of a single component having R; 0.23; mp 185-186 °C;
UV Apax (CoH5OH) 211 nm (e 8460), 274 (9350); Apay (0.01 N HCI
in C,H;OH) 211 nm (e 8500), 274 (9320); Apay (0.01 N NaOH in
C,H;OH) 218 nm (¢ 8590), 273 (7480); 'H NMR (acetone-dg, 300
K, 200 MHz)# 6 2.62 (1 H, d of m, Jj, = 14.1 Hz, 3J,, = 3.8 Hz,
8J.e = 2.6 Hz, *J, = 0.7 He, H-5'), 3.24 (1 H, m, J,,, = 14.1 Hz,
3J,, = 10.1 Hz, 3J,, = 3.4 Hz, H-5a), 3.88 (1 H, m, J,o, = 11.9
Hz, 3J,, = 10.1 Hz, %J,, = 2.6 Hz, H-6'a), 4.20 (1 H, d of d, Jen,
= 13.2 Hz, 3J,, = 3.3 Hz, H-2'a), 421 (1 H, m, J., = 11.9 Hz,
3J,, = 8.8 Hz, °J,, = 3.4 Hz, H-6'¢), 4.35 (1 H,d of d, Jp, = 13.2
Hz, 3J,, = 3.3 Hz, H-2%¢), 5.34 (1 H, m, %J,, = 3.3 Hz, °J,, = 3.3
Hz, *J,, = 0.7 Hz, H-3%¢), 8.36 (1 H, d, J = 7.0 Hz, CH=CF), 10.5
(br s, CONHCO); ¥F NMR 6 -102 (d, J = 7.3 Hz, CH=CF). Anal.
(CsHyN,O,SF) C, H, N, S, F.

1-(4-Oxo-1,4-0oxathian-3-yl)-5-fluorouracil (9 and 10). To
0.88 g (3.8 mmol) of compound 8 suspended in HyO (50 mL) at
ice-bath temperature was added 0.82 g (3.8 mmol) of NalOy in
H,0 (50 mL), and the suspension was stirred for 10 h at room
temperature. The volume was then reduced to 15 mL on a rotary
evaporator, the mixture was cooled to ice-bath temperature, and
the white solid was collected by filtration and washed once with
cold H,0 and twice with cold CH;0H to give 0.71 g (76 %) of white
crystals, which were revealed by TLC [3:1 (v/v) ethyl acetate—
2-butanone] to consist of two components having R; 0.37 (9) and
0.27 (10). The components were separated by silica gel column
chromatography and recrystallized from water. Compound 9 (R;
0.37) had mp 275276 °C dec; UV Ap,, (C,;H;O0H) 207 nm (e 9440),
272 (9440); Apay (0.01 N HC1 in C,H;OH) 210 nm (e 9310), 272
(9720); Ayex (0.01 N NaOH in C,H;OH) 231 nm (e 9600), 271
(7790); *H NMR (Me,SO-dg, 300 K, 200 MHz) 6 3.02 (1 H, br d,
Jgem = 14.5 Hz, 3J,, = 2.4 Hz, 3J,, = 1.7 Hz, H-5'¢), 3.31 (1 H, m,
Jgem = 14.5 Hz, %J,, = 11.8 Hz, %J,, = 4.1 Hz, H-5'a), 3.89 (1 H,
m, Jyo = 12,5 Hz, 3%J,, = 4.1 Hz, %J,, = 2.4 Hz, H-6¢), 3.91 (1
H, d of d, Jpe = 12.0 Hz, 3J,, = 4.1 Hz, H-2%¢), 4.05 (1 H, t of
d, Jgom = 12.5 Hz, 3J,, = 11.8 Hz, J,, = 1.7 Hz, H-6'a), 4.42 (1 H,
d of d, Jyen = 12.0 Hz, 3J,, = 10.7 Hz, H-2'a), 5.45 (1 H, m, %J,,
= 10.7 Hz, 3%J,, = 4.1 Hz, J = 1.1 Hz, H-3'a), 7.84 (1 H, d, J =
7.0 Hz, CH=CF), 12.07 (1 H, br s, CONHCO); *F NMR ¢ -167
(d, J = 7.3 Hz, CH=CF). Anal. (CgHyN,O,SF)C, H, N, S, F.
Compound 10 (B, 0.27) had mp 292-293 °C dec; UV Ay, (Co-
H;OH) 207 nm (e 8650), 272 (8690); Ay (0.01 N HCI in C;H;OH)
210 nm (e 8770), 272 (9050); Amge (0.01 N NaOH in C,H;OH) 220
nm (e 7550), 234 (8360), 271 (7210); 'H NMR (Me,S0O-d, 300 K,
200 MHz) 6 2.93 (1 H, m, Jge, = 13.6 Hz, 3J,, = 8.3 Hz, 3J,, =
2.9 Hz, H-5a), 3.47 (1 H, m, J,o, = 13.6 Hz, 3J,, = 6.6 Hz, 3J,,
= 2.6 Hz, H-5%¢), 3.71 (1 H, m, J,, = 12.9 Hz, %J,, = 8.3 Hz, 3/,
= 2.6 Hz, H-6'a), 4.08 (1 H, d of d, J,, = 13.2 Hz, %J,, = 7.0 Hz,
H-2a), 413 (1 H, m, J,, = 12.9 Hz, %J,, = 6.6 Hz, °J., = 2.9 Hz,
H-6%), 4.32 (1 H, d of d, Jy, = 13.2 Hz, 3J,, = 3.7 Hz, H-2%),
4.93 (1 H, d of 4, ®J,, = 7.0 Hz, 3J,, = 3.7 Hz, H-3"), 8.24 (1 H,
d, J = 7.0 Hz, CH=CF), 12.07 (1 H, br s, CONHCO); 1°F NMR
6 -166 (d, J = 7.3 Hz, CH=CF). Anal. (CgHyN,0,SF) C, H, N,
S, F.

1-(1,4-Oxathien-3-yl)-5-fluorouracil (11). A solution of 10
(0.299 g, 1.20 mmol) in acetic anhydride (60 mL) was stirred under
N, at 115 °C for 10.5 h. The acetic anhydride was removed by
distillation at reduced pressure to give a white solid, which was
shown by TLC [6:1 (v/v) ethyl acetate—toluene] to consist of five
components having R;0.75, 0.59, 0.30, 0.18, and 0.11. Fractionation
on a silica gel column afforded the three components having R;
0.59, 0.18, and 0.11. The component having R, 0.11, a value
corresponding to that of the starting material (10), was obtained
in a yield of 15 mg after recrystallization from water. The com-

(21) The coupling constants given here are the observed coupling
constants which are the time-averaged coupling constants of
different conformers (see ref 13).
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ponent having R; 0.18 was obtained in a yield of 29 mg from the
column and recrystallized from water to afford 15 mg of compound
9. The component (100 mg) having R; 0.59 was recrystallized from
methanol-petroleum ether (bp 35-60 °C) to give compound 11:
yield 67 mg (24%); mp 275-278 °C dec; UV Ay, (C;H;OH) 210
nm (e 10300), 265 (8910); Ay, (0.01 N HClin C;H;OH) 211 nm
(e 10300), 266 (9070); Apqe (0.01 N NaOH in C,H;O0H) 231 nm
(e 12 300), 265 (7050); 'H NMR (acetone-dg, 300 K, 200 MHz) §
3.19 (2 H, XX’ part of an AA’XX’ pattern, Ady, = 2.1 Hz, N =
9.0 Hz, L = 4.4 Hz, CH,S), 4.34 (2 H, AA’ part of AA’XX’ pattern,
CH,0), 7.09 (1 H, 5, H-2), 7.73 (1 H, d, J = 6.2 Hz, CH=CF),
10.4 (br s, CONHCO); F NMR 6 -100 (d, J = 6.1 Hz, CH=CF).
Anal. (CgH;N,O,S8F) C,H, N, S, F.
1-(1,4-Oxathian-2-yl)-5-fluorouracil (12). The procedure
employed for coupling 2-acetoxy-1,4-oxathiane (4; 0.513 g, 3.16
mmol) with 5-fluorouracil (0.411 g, 3.16 mmol) was identical with
that used for preparing 8. Evaporation of the solvent gave 0.866
g of a white solid, which was recrystallized from H,0 to give 0.476
g (65%) of 12: TLC R;0.32 [1:1 (v/v) petroleum ether (bp 35-60
°C)—ethyl acetate]; mp 216 °C; UV A, (C,H;OH) 205 nm (¢ 9810),
268 (9390); Apae (0.01 N HCI in C,H;OH) 206 nm (e 9800), 268
(9400); Apax (0.01 N NaOH in C,H,OH) 217 nm (e 8000), 267
(7100); 'H NMR (acetone-dg, 300 K, 200 MHz) 6 2.38 (1 H, d of
Q, Jgem = 13.8 Hz, %, = 2.1 Hz, ®J, = 2.1 H, %J3, = 2.1 Hz, H-5'),
2.64 (1 H, d of m, J,,y = 13.2 Hz, 3J,, = 2.1 Hz, *J;, = 2.1 Hz,
8Jg, = 0.7 Hz, H-3'¢), 2.91 (1 H, m, J,,,, = 13.8 Hz, °J,, = 11.7
Hz, 3J,, = 3.4 Hz, H-5a), 3.08 (1 H, d of d, Jep, = 13.2 Hz, 3J,,
= 10.3 Hz, H-8a), 4.02 (1 H, m, J ., = 12.0 Hz, %J,, = 11.7 Hz,
%, = 2.1 Hz, H-6'a), 4.44 (1 H, d of m, Jyey, = 12.0 Hz, 2J,,, =
3.4,3%J,, = 2.1 Hz, 5J3, = 0.7 Hz, H-6’¢), 5.73 (1 H, d of t, %J,, =
10.3 Hz, 3J,, = 2.1 Hz, J = 1.8 Hz, H-2’a), 7.85 (1 H,d, J = 7.0
Hz, CH=CF), 10.5 (br s, CONHCO); '*F NMR 6 -102 (br d, J
= 6.1 Hz, CH=CF). Anal. (CgHyN,0,SF) C,H, N, S, F.
2-(Benzoyloxy)-1,4-dithiane (14). Benzoyl peroxide (12.3 g,
50.7 mmol) in benzene (60 mL) was added over a period of 80
min to a refluxing solution containing 14.6 g (121 mmol) of 1,4-
dithiane (13) and 0.1 g (1 mmol) of CuCl in benzene (30 mL). The
reaction mixture was kept in the cold room overnight (4 °C); it
was diluted then with diethyl ether (200 mL) and extracted with
aqueous Na,CO; (4 X 30 mL) and H,0 (2 X 30 mL). The volume
of the organic layer was reduced to ~100 mL on a rotary evap-
orator; an equal volume of ethanol was added, and the volume
of this solution was reduced to ~100 mL. The 1,4-dithiane that
precipitated was removed by filtration, the filtrate was evaporated,
and the residue was recrystallized from ethanol; an additonal
quantity of 1,4-dithiane was removed by sublimation. another
recrystallization from ethanol afforded 3.18 g of product, which
was revealed by TLC still to contain traces of impurities: 'H NMR
(CDCly) 6 2.5-3.7 (6 H, SCHy), 5.9-6.1 (1 H, m, W, ,; = 10 Hz,
H-2'), 7.2-8.3 (5 H, Ar).
1-(1,4-Dithian-2-y1)-5-fluorouracil (15). The procedure for
coupling 2-(benzoyloxy)-1,4-dithiane (14; 1.105 g, 4.60 mmol) with
5-fluorouracil (0.598 g, 4.60 mmol) was identical with that used
for preparing 8, except that after the catalyst had been added,
the ice-bath was removed and the reaction mixture was stirred
for 2 h at room temperature. Evaporation of solvent gave 1.37
g of a white solid, which was recrystallized from methanol to give
15: yield 0.931 g (82%): TLC R; 0.39 [1:1 (v/v) petroleum ether
(bp 35-60 °C)-ethyl acetate]; mp 231-233 °C dec; UV Ay,
(C,H;OH) 210 nm (e 9350), 273 (9980); Ape (0.01 N HCI in
C,H;OH) 210 nm (¢ 9530), 273 (9990); Apax (0.01 N NaOH in
C,H;O0H) 217 nm (¢ 9460), 272 (7790); 'H NMR (acetone-dg, 300
K, 200 MHz) ¢ 2.8-3.0 (2 H, H-5¢, H-5a), 3.08 (1 H, d of d, Jep,
= 13.6 Hz, %J,, = 2.8 Hz, H-3’¢), 3.18-3.39 (2 H,H-6'a, H-6'¢), 3.42
(1H,d of d, Jgem, = 13.6 Hz, 3J,, = 9.8 Hz, H-8'a), 5.80 (1 H, m,
3J,, = 9.8 Hz, °J,, = 2.8 Hz, J = 1.5 Hz, H-273), 7.99 (1 H, d, J
= 7.0 Hz, CH=CF), 10.48 (br s, CONHCO); *F NMR 4§ -98 (br
d, J = 6.1 Hz, CH=CF). Anal. (CgHgN,0,S,F) C,H, N, §, F.
1-(1,4-Dithian-2-yl)uracil (16). The procedure for coupling
2-(benzoyloxy)-1,4-dithiane (14; 0.417 g, 1.74 mmol) with uracil
(0.195 g, 1.74 mmol) was identical with that used for preparing
15. Evaporation of the solvent gave a white solid (0.58 g), which
was recrystallized from CH30H to give 16: yield 0.24 g (59%);
TLC R; 0.18 [1:1 (v/v) petroleum ether (bp 35-60 °C)-ethyl
acetate]; mp 223-226 °C dec; UV Ay (CoH;OH) 209 nm (e 9540),
265 (11 100); Amgx (0.01 N HCI in C,H;OH) 209 nm (e 9730), 265
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(11000); Apee (0.01 N NaOH in C,H,OH) 217 nm (¢ 9230), 265
(8530); 'H NMR (acetone-dg, 300 K, 200 MHz) 6 2.8-3.0 (2 H,
H-5"a, H-5), 3.07 (1 H, d of d, Je, = 13.6 Hz, 3J,, = 2.8 Hg,
H-3%), 3.15~3.35 (2 H, H-6'a, H-6%¢), 3.37 (1 H,d of d, Jgem = 13.6
Hz, %J,, = 9.8, H-3a), 5.65 (1 H, d, Jy = 8.2 Hz, H-5), 5.80 (1
H, d of d, 3J,, = 9.8 Hz, 3J,, = 2.8 Hz, H-2'a), 7.78 (1 H, d, Jy;
= 8.1 Hz, H-6), 10 (br s, CONHCO). Anal. (CgH,,N,0,S,) C, H,
N; S: caled, 27.84; found, 26.57.

1-(1,4-Dithian-2-yl)thymine (17). The procedure for coupling
2-(benzoyloxy)-1,4-dithiane (14; 0.441 g, 1.83 mmol) with thymine
(0.231 g, 1.83 mmol) was identical with that used for preparing
15. Evaporation of the solvent gave a white solid (0.56 g), which
was recrystallized from CH3;0H to give 17: yield 0.30 g (67%);
TLC R; 0.33 [1:1 (v/v) petroleum ether (bp 35-60 °C)-ethyl
acetate]; mp 217-218 °C; UV Ay, (C;H;OH) 212 nm (e 9590), 270
(11000); A (0.01 N HCI in C,H;OH) 212 nm (¢ 9680), 270
(10900); Ay (0.01 N NaOH in C,H;OH) 218 nm (e 10 500), 270
(8580); 'H NMR (acetone-dg, 300 K, 200 MHz) 6 1.85 (3 H, d, *Jy,
= 1.2 Hz, CH,), 2.8-3.0 (2 H, H-5'a, H-5'e), 3.0 (1 H, d of d, Jp
= 13.4 Hz, %J,, = 2.6 Hz, H-8%), 3.14-3.25 (1 H, d of t, Jyq, =
14.0 Hz, 3J = 4.0 Hz, H-6’¢), 3.27-3.40 (1 H, m, Jem = 14.0 He,
%Joa = 8.6 Hz, °J,, = 4.6 Hz, H-6'a), 3.41 (1 H, d of d, J,,,, = 13.4
Hz, %J,, = 10.4 Hz, H-3'a), 5.81 (1 H, d of d, *J,, = 10.4 Hz, 3J,,
= 2.6 Hz, H-2'), 7.58 (1 H, quartet, “Joy, = 1.2 Hz, H-6), 10.03
(br s, CONHCO). Anal. (CgH,;sN,0,S,) C, H, N; S: calced, 26.25;
found, 25.02.

1-(1,4-Dioxan-2-yl)-5-fluorouracil (20). The procedure for
coupling 2-(benzoyloxy)-1,4-dioxane!® (19; 1.11 g, 5.35 mmol) with
5-fluorouracil (0.70 g, 5.35 mmol) was identical with that used
for preparing 8. Evaporation of the solvent gave a white solid
(1.78 g), which was recrystallized from methanol to give 20: yield
0.81 g (70%); TLC R;0.16 [1:1 (v/v) petroleum ether (bp 35-60
°C)—ethyl acetate]; mp 217 °C; UV Ay, (C;H5O0H) 207 nm (¢ 8480)
267 (8560); Apae (0.01 N HCI in C,H;OH) 207 nm (e 8490), 267
(8540); ey (0.01 N NaOH in CoH;OH) 217 nm (e 7700), 266
(6300); 'H NMR (acetone-dg, 300 K, 200 MHz) 6 3.6-3.8 (2 H,
H-5', H-5'a), 3.63 (1 H, d of d, Jyep = 11.4 Hz, %J,, = 8.8 Hg,
H-3'a), 3.85-3.97 (1 H, t of d, H-6'a), 3.90 (1 H, d of d, Jp, = 11.4
Hz, 3J,, = 3.3 Hz, H-8'¢), 3.99-4.07 (1 H, d of t, H-6¢), 5.68 (1
H, m, 3J,, = 8.8 Hz, %J,, = 3.3 Hz, 5%Jp = 1.7 Hz, H-2a), 7.92 (1

H, d, J = 7.0 Hz, CH=CF), 10.49 (br s, CONHCO); 1°F NMR
6-99, (d of d, JCH——CF = 7.0 Hz, 5J2/a =1.6 HZ, CH=CF). Anal.
(CgHgN,OF) C, H, N, F.

Screening for Biological Activity Using Cell Cultures. All
cell-growth experiments were performed using plastic plates
containing 24 wells, 16 mm in diameter (2.0-cm? surface area).
The medium for the MDAY-D2 cells was Alpha MEM (Gibco,
Grand Island, NY) and for the L1210 and K-562 it was RPMI
1640 (Gibco). All media contained 10% fetal calf serum (Flow
Laboratories, Rockville, MD) and antibiotics (penicillin and
streptomycin).??

Compounds tested for biological activity were dissolved in
Me,SO and then diluted with the above media to give the desired
concentrations. The cells used for screening were suspended in
fresh medium at a concentration of 10°-10* cells per milliliter;
1 mL of this cell suspension was added to each well. On the
following day the test compounds were added to the cells in 1
mL of medium. Two wells of cells were used for each concen-
tration of the test compound. Each of the controls received 1 mL
of medium containing 1% Me,SO, so that all cultures contained
a final concentration of 0.5% of Me,SO by volume. Cells in two
of the control wells were counted each day (using a Coulter
counter) to monitor the growth of the cells. In 5-6 days after the
addition of the test compounds or just before the control cultures
had attained their maximal cell densities, the cells in each well
were counted.

IDgy's were obtained from log-log plots of the compound
concentration vs. cell numbers at the end of the incubation period,
the cell numbers of the control cultures being taken as 100% (see
also Table I).
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Isomeric Cyclopropyl Ring-Methylated Homologues of
trans-2-(2,5-Dimethoxy-4-methylphenyl)cyclopropylamine, an Hallucinogen
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The hallucinogen analogue trans-2-(2,5-dimethoxy-4-methylphenyl)cyclopropylamine was modified by adding a
3-methyl group, either cis or trans with respect to the amino group. These two isomeric cyclopropyl ring-methylated
compounds were then tested for activity in the mouse ear-scratch assay and for a contractile effect in the rat fundus
preparation. Neither compound was found to possess appreciable activity when compared to the nonmethylated

parent, in either assay.

A large number of substituted phenethylamine deriva-
tives have been synthesized and evaluated for hallucino-
gen-like biological activity. One of the more well known
and studied of these, 1-(2,5-dimethoxy-4-methyl-
phenyl)-2-aminopropane, (DOM, STP), is quite potent,
and the more active enantiomer has the R absolute con-
figuration, shown as structure 1. Surprisingly, extension

HaQ HaCH,C

NH,
e NH; H- - 2

H4CO H3CO

HiC OCH4 HsC OCHy
1 2

of the a-methyl of 1 to the a-ethyl homologue 2 abolishes
hallucinogenic activity.! The ethyl congener 2 also lacks
potency, relative to 1, in a number of other biological as-
says.2* No satisfactory explanation for the difference in

(1) Standridge, R. T.; Howell, H. G.; Gylys, J. A,; Partyka, R. A,;
Shulgin, A. T. J. Med. Chem. 1976, 19, 1400.

(2) Tilson, H. A.; Chamberlain, J. H.; Gylys, J. A. Pharmacol.
Biochem. Behav. 1977, 6, 627.

(3) Tilson, H. A.; Chamberlain, J. H.; Gylys, J. A. Psychophar-
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