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Dopaminergic Agonists: Comparative Actions of Amine and Sulfonium Analogues 
of Dopamine 
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We have investigated the possibility that structural modifications of the sulfonium analogue of dopamine (4) would 
produce the same pattern of biological activity as structural modifications of dopamine. A series of methyl- tetralinyl-, 
and naphthalenylsulfonium analogues 5-7 were prepared and tested for their ability to inhibit the potassium-evoked 
release of [3H]acetylcholine from striatal slices. All compounds were tested under normal conditions and after depletion 
of dopamine stores with reserpine and a-methyl-p-tyrosine. The amine and sulfonium analogues 2-6 all showed 
direct agonist activity. The sulfonium analogue 7 produced, predominantly, indirect activity. In contrast to the 
amine analogues, chemical modifications of the sulfonium compounds produced little change in their dopamine 
agonist activity. 

Structural requirements of compounds possessing do
paminergic activity have been a subject of considerable 
study.1"4 We have recently reported that the nitrogen 
atom of dopamine (1) is not essential for dopaminergic 
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agonist activity and that sulfonium analogues of dopamine, 
e.g., 4, possess significant activity in both dopamine 
binding and behavioral studies.5 

An important approach toward understanding the con
formational requirements for drugs acting on dopamine 
receptors has been to examine molecules possessing a 
dopamine segment in structures of conformationally re
stricted molecules, such as 6,7-dihydroxy-2-aminotetralin 
(ADTN, 3). The synthesis of ADTN was reported by 
Thrift in 1967,6 and it was later shown to have dopami
nergic activity by Miller et al.7 and Woodruff.8 It was then 

(1) Cannon, J. G. Adv. Neurol. 1975, 9, 177. 
(2) Miller, D. Fed. Proc, Fed. Am. Soc. Exp. Biol. 1978, 37, 2394. 
(3) McDermed, J. Anna. Rep. Med. Chem. 1979, 14, 12. 
(4) Seeman, P. Pharmacol. Rev. 1981, 32, 279. 
(5) Anderson, K.; Kuruvilla, A.; Uretsky, N., Miller, D. D. J. Med. 

Chem. 1981, 24, 683. 
(6) Thrift, R. I. J. Chem. Soc. C. 1967, 288. 
(7) Miller, R.; Horn, A.; Iversen, L.; Pinder, R. M. Nature (Lon

don) 1974, 240, 238. 
(8) Woodruff, G. N.; Elkhawad, A. O.; Pinder, R. M. Eur. J. 

Pharmacol. 1974, 25, 80. 
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proposed by Cannon1 that ADTN could be considered a 
/3 rotameric form of dopamine, and when compared to 
a-methyldopamine (2), it was found that ADTN was more 
potent. In order to compare an analogous series of sul
fonium analogues with those of dopamine, we prepared 
compounds 4-6. We have also included in our study the 
naphthalene derivative 7, which could be prepared easily 
from one of the intermediates in the synthesis of 6. The 
compounds (1-7) were examined for their ability to inhibit, 
via stimulation of dopamine receptors, the in vitro po-
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tassium (K+) induced release of acetylcholine (Ach) in the 
ra t caudate nucleus. 

Chemistry. We have previously reported the synthesis 
of 4.5 An important intermediate in the synthesis of 4 is 
the keto sulfoxide 8, which was methylated to give 9 and 
then converted to 5 (Scheme I) in a sequence similar to 
that reported for the preparation 4.5 Our initial a t tempt 
at preparing the tetralinylsulfonium analogue 6 is shown 
in Scheme II. We prepared 3-(3,4-dimethoxybenzoyl)-
propionic acid (11) as described by Adams et al.9 Re
duction of 11 with triethylsilane in trifluoroacetic acid10 

gave a 94% yield of 12. Tetralone 1311 was obtained, by 
treating 12 with polyphosphoric acid, in 74% yield. We 
at tempted to prepare 14 according to the procedures of 
Trost et al.12 by treatment of 13 with lithium diisopropyl 
amide and methyl disulfide but were unable to isolate any 
of the desired 14. However, t reatment of 15 with me-
thylsulfenyl chloride, prepared from dimethyl sulfide and 
sulfuryl chloride, provided a mixture of the dihydro-
naphthalene 16 and the naphthalene 17 (Scheme III). The 
use of methylsulfenyl bromide tended to give a higher yield 
of 17. The mixture of 16 and 17 could be separated by 
flash chromatography, and pure 16 could be converted to 
17 by DDQ (Scheme IV). Treatment of 17 with BBr3 gave 
7 in one step (61% yield). The reduction of 16 was carried 
out with triethylsilane in trifluoroacetic acid and benzene 
to give 18 in 93% yield (Scheme V). The use of benzene 
as a solvent provided the best results, since if only tri
fluoroacetic acid was used as a solvent in the reaction, a 
black tar was obtained. Initially, we at tempted to de-
methylate 18 with BBr3 and then t reat it with methyl 
iodide to form a sulfonium iodide salt of the catechol 6, 
but we always obtained a mixture of the iodide and 
bromide salts. We found it much easier to treat 18 with 
BBr3 and in one step isolate the pure sulfonium bromide 
salt 6. 

(9) Adams, R.; Geissman, T. A.; Baker, B. R.; Teeter, H. M. J. Am. 
Chem. Soc. 1941, 63, 528. 

(10) West, C. T.; Donnelly, S. J.; Kooistra, D. A.; Doyle, M. P. J. 
Org. Chem. 1973, 38, 2675. 

(11) Hashem, M. M.; Berlin, K. D.; Chesnut, R. W.; Durham, N. N. 
J. Med. Chem. 1976, 19, 22. 

(12) Trost, B. M.; Salzmann, T. N.; Hiroi, K. J. Am. Chem. Soc. 
1976, 98, 4887. 
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Figure 1. Effect of reserpine and a-MPT on the inhibition of 
[3H]Ach release produced by amphetamine and apomorphine. 
Striatal slices were prepared from either control mice or mice 
treated with reserpine (5 mg/kg, ip, 20 h before killing) and 
a-MPT (250 mg/kg, ip, 1.5 h before killing). The slices were 
incubated with [3H]choline (0.1 ̂ m), washed, and supervised with 
physiological medium. The medium used for superfusion of the 
treated slices contained a-MPT (250 MM). [3H]Ach release was 
evoked by two successive exposures (Sj and S2) to 12.5 mM K+ 

at 55 and 90 min after the start of the superfusion. Apomorphine 
and amphetamine were added 20 min before S2. The drug effects 
are expressed as a percentage of the S2/Si ratio obtained from 
slices superfused with medium that contained no dopaminergic 
agonist. The S2/S! ratio from control slices was 0.92 ± 0.01 (SEM); 
the S2/S! ratio from slices treated with reserpine and a-MPT was 
1.01 ± 0.03 (SEM). Each value is the mean plus or minus SEM, 
and the number of observations is given in parentheses. 

Effect of Apomorphine and Amphetamine on the 
Evoked Release of [3H]Ach from Striatal Slices. Mice 
were pretreated with reserpine (5 mg/kg ip) and a-meth-
yl-p-tyrosine (a-MPT; 250 mg/kg, ip) at 20 and 1.5 h, 
respectively, before killing. Striatal slices were prepared 
from these pretreated mice or control mice and incubated 
with [3H] choline (0.1 juM) for 20 min. The slices from the 
drug-pretreated mice were then superfused with medium 
containing a-MPT (250 tiM), while the slices from controls 
were superfused with normal medium. [3H]Ach release 
was evoked by two successive exposures to K+ at 55 (S t) 
and 90 (S2) min after the onset of the superfusion. Apo
morphine and amphetamine were added to the superfusion 
medium 20 min before S2. Figure 1 shows that both 
amphetamine and apomorphine inhibited the K+-evoked 
release of [3H]Ach from control slices. However, the effects 
of apomorphine and amphetamine on [3H] Ach release were 
different in the slices treated with reserpine and a-MPT. 
Under these conditions, the inhibitory effect of amphet
amine was blocked, while the inhibitory effect of apo
morphine was similar to that in control slices. 
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Figure 2. Effect of nitrogen-containing dopaminergic agonists 
on the KMnduced release [3H]Ach from striatal slices. Striatal 
slices were incubated with [3H]choline (0.1 MM) and then su
pervised with physiological medium. [3H]Ach release was evoked 
by two successive exposures (Sx and S2) to K+ at 55 and 90 min 
after the start of the superfusion. The drugs were added 20 min 
before S2. The results are expressed as the percentage inhibition 
of the control S2/Sx ratio produced by the drugs. The control 
S2/Si ratio was 0.92 ± 0.01 (SEM). Each value is the mean plus 
or minus SEM, and the number of determinations is given in the 
parentheses. 

Effect of Dopaminergic Agonists on the K+-Evoked 
Release of [3H]Ach. All of the dopaminergic agonists 
studied inhibited the K+-evoked release of [3H]Ach. 
However, there was a marked difference in potency be
tween these drugs (Figure 2). Thus , of the drugs tested, 
6,7-ADTN was the most potent, with the concentration 
tha t inhibited [3H]Ach release by 50% (IC50) being ap
proximately 0.01 MM. In contrast, the approximate IC50 

for dopamine, dimethyldopamine, and a-methyldopamine 
was between 1 and 10 IJM, with dopamine being the most 
potent of these latter compounds. This order of potency 
was not changed when the dopaminergic agonists were 
tested on reserpine-a-MPT treated slices (Figure 3). 

Effect of the Sulfonium Analogues of Dopamine on 
the Evoked Release of [3H]Ach from Striatal Sl ices . 
Figure 4 shows tha t all of the sulfonium analogues of do
pamine tested inhibited the evoked release of [3H]Ach. 
Unlike the effect produced by the nitrogen-containing 
dopamine agonists, all of the sulfonium analogues showed 
a similar inhibitory potency. Thus, the inhibitory effect 
of 6, the sulfonium analogue of 6,7-ADTN, was approxi
mately the same as tha t of 3, the sulfonium analogue of 
dopamine. When the slices were prepared from mice 
treated with reserpine-a-MPT, most of the sulfonium 
analogues were still able to inhibit the K+-evoked [3H]Ach 
release, although there was a decrease in their effectiveness 
(Figure 5). However, the inhibitory effect of 7 was reduced 
(Table I) by reserpine and a - M P T treatment. 
Discuss ion 

The potassium-induced release of [3H]Ach in striatal 
slices is a useful model in which to evaluate the dopamine 
agonist activity of sulfonium analogues. Dopamine agon
ists have been shown to decrease the depolarization-in
duced release of [3H]Ach from striatal slices.13'14 The 

(13) Hertting, G.; Zumstein, A.; Jackisch, R.; Hoffmann, I.; Starke, 
K. Naunyn-Schmiedeberg's Pharmacol. 1980, 315, 111. 

(14) Stoof, J. C; Thieme, R. E.; Vrijmoed-deVries, M. C; Mulder, 
A. H. Naunyn-Schmiedeberg's Arch. Pharmacol. 1979, 309, 
119. 
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Figure 3. Effect of reserpine and a-MPT pretreatment on the 
inhibition of K+-induced [3H]Ach release by the nitrogen-con
taining dopaminergic agonist. Striatal slices were prepared from 
control mice or mice injected with reserpine (5 mg/kg ip) and 
a-MPT (250 mg/kg, ip) 20 and 1.5 h before killing, respectively. 
The slices were incubated with [3H]choline (0.1 nM), washed, and 
then superfused. Control slices were superfused with normal 
media while slices from the treated animals were superfused with 
medium containing a-MPT (250 juM). [3H]Ach release was evoked 
by two successive exposures (Sx and S2) to K+ at 55 and 90 min 
after the start of superfusion. Drugs were added 20 min before 
S2. The results are expressed as the percentage inhibition of the 
S2/Sx ratio determined when no drugs were added to the medium, 
and this value was 0.98 ± 0.02. Each value is the mean plus or 
minus SEM, and the number of observations is given in the 
parentheses. 
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Figure 4. Effect of the sulfonium analogues of DA on the 
K+-induced release of [3H]Ach from striatal slices. The slices were 
incubated with [3H)choline (0.1 ^M) and then superfused with 
physiological medium. [3H]Ach release was evoked by two suc
cessive exposures (Sx and S2) to K+ at 55 and 90 min after the 
start of the superfusion. The sulfonium analogues were added 
20 min before S2. The results are expressed as the percentage 
inhibition of the control S2/Sx ratio produced by the drugs. The 
control S2/Sx ratio was 0.92 ± 0.03 (SEM). Each value is the mean 
plus or minus SEM, and the number of determinations is given 
in the parentheses. 

present study shows tha t both amphetamine and apo-
morphine inhibited the release of [3H]Ach from striatal 
slices (Figure 1). However, the action of amphetamine in 
this system was inhibited if the slices were treated with 
reserpine and a-MPT, while this treatment did not affect 
the action of apomorphine, a direct-acting agonist. Thus, 
reserpine and a-MPT treatment can be used to distinguish 
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Figure 5. Effect of reserpine and a-MPT pretreatment on the 
inhibition of K+-induced [3H]Ach release by the sulfonium 
analogues of DA. The design of these experiments was the same 
as that described in Figures 1 and 3. The control S2/S! ratio was 
0.99 ± 0.03 (SEM). Each value is the mean plus or minus SEM, 
and the number of determinations is given in parentheses. 

Table I. Effects of the Naphthalenylsulfonium Analogue 
(7) of DA on the K+-Evoked Release of [3H]Acha 

con en, control : 
iM S 2 /S , 

0.0 0.92 ± 0 . 0 2 ( 1 1 ) 
0.3 0 .89+ 0 . 0 4 ( 2 ) 
1.0 0.83 ± 0 . 0 5 ( 6 ) 
3.0 0.68 ± 0.02 ( 3 ) b 

10.0 0.49 ± 0.03 ( 4 ) b 

% zero 
concn 

100 ± 3 
9 5 + 4 
90 ± 5 
75 + 2 
53+ 3 

reserpine-
a-MPT: S; /S , 

0.98 ± 0.03 (9) 

0.85 ± 0 . 0 6 ( 4 ) 
0.81 ± 0.06 (8) 
0.86 ± 0 . 0 5 ( 8 ) 

% zero 
concn 

100 ± 3 

87 ± 6 
83 + 6 
88 ± 5 

a Striatal slices prepared from control or reserpine-a-
MPT treated mice were incubated with [3H]choline, 
washed, and superfused. The slices from controls were 
superfused in normal medium, while those from treated 
animals were superfused in medium containing a-MPT 
(250 iM). [3H]Ach release was evoked by two successive 
exposures (S1 and S2) to K+ at 55 and 90 min after the 
start of the superfusion. Drugs were added 20 min before 
S2. The results are expressed as the percentage inhibition 
of the S2 /S, ratio determined in the absence of drugs. 
Each value is the mean plus or minus standard error of the 
mean with the number of determinations given in the 
parentheses. b p < 0.05 (Mann Whitney U test). 

between a direct- and indirect-acting dopamine agonist. 
The object of this study was to determine the effect of 

structural changes in the sulfonium analogue molecule on 
dopamine agonist activity and to compare the changes 
observed in biological activity with those for dopamine and 
closely related analogues. The present study shows that 
ADTN, dopamine, iV,iV-dimethyldopamine, and a-me-
thyldopamine all inhibited [3H] acetylcholine release from 
striatal slices. However, these compounds showed a 
marked difference in potency. ADTN (Figure 2) and 
apomorphine (Figure 1) were found to be approximately 
30 times more potent than the other compounds tested. 
The order of potency of the remaining compounds was as 
follows: dopamine > iV.iV-dimethyldopamine « a-me-
thyldopamine. The differential potencies of these com
pounds do not appear to be related to their ability to 
release endogenous dopamine from presynaptic nerve 
terminals, since the relative potencies of these dopamine 
agonists were not changed by reserpine-a-MPT treatment. 
The higher potency of ADTN and apomorphine in this 
system suggests that the receptors involved in the inhib
ition of [3H]Ach release are particularly sensitive to drugs 
in which the side chain is conformationally restricted and 

planar. This concept has been previously15 used to explain 
the low level of dopaminergic activity of a-methyldopamine 
and analogues, since the catechol ring of these compounds 
are not coplanar with respect to the /3-phenethylamine 
portion of the dopamine segment of the molecule. 

The sulfonium analogues that were tested, like the amine 
analogues of DA, also inhibited K+-induced [3H]Ach re
lease from striatal slices. This inhibition seems to be due 
primarily to a direct agonist action, since their inhibitory 
effects on release were not blocked by reserpine-a-MPT 
treatment, although some inhibitory effect was noted. In 
contrast to the methyl- and tetralinylsulfonium com
pounds, the inhibitory effect of the naphthalenylsulfonium 
analogue (7) was markedly inhibited by reserpine-a-MPT 
treatment, suggesting a predominantly indirect action for 
this compound. Surprisingly, the biological activity of the 
sulfonium analogues of dopamine did not show large dif
ferences with the structural modifications. Thus, the 
potency of the ADTN-sulfonium analogue was similar to 
the sulfonium analogue of dopamine and a-methyldop
amine, in contrast to what was observed with ADTN, 
dopamine, and a-methyldopamine. These observations 
show that there are significant differences in the struc
ture-activity relationships between sulfonium and amine 
analogues of dopamine. 

These studies show tha t the changes in molecular 
structure that alter the potency of amine dopaminergic 
agonists do not apply to the sulfonium analogues in the 
inhibition of K+-induced [3H]Ach release from striatal 
slices. It is possible tha t the permanent charge of the 
sulfonium analogues may minimize the role played by 
other structural features ordinarily deemed important for 
dopaminergic activity. 

Experimental Sect ion 
Melting points (uncorrected) were determined on a Thomas-

Hoover melting point apparatus. Spectral data were obtained 
with a Beckman 4230 infrared spectrophotometer and a Varian 
A-60A NMR (60 MHz) or a Bruker HX-90E NMR spectrometer 
(90 MHz) in pulse mode. Mass spectra were obtained with a 
DuPont Model 21-491 double-focusing mass spectrometer. 
Analyses were performed by Galbraith Laboratories, Inc., 
Knoxville, TN. Analytical results for elements indicated were 
within ±0.4% of the theoretical values. 

2-(Methylsulfinyl)-3',4'-(methylenedioxy)propiophenone 
(9). A 50% oil dispersion of NaH was washed with hexane to 
remove the oil and dried under vacuum overnight at room tem
perature. This sodium hydride (150 mg, 6.25 mmol) was added 
to 20 mL of dry Me2SO at room temperature and stirred under 
argon for 30 min. To this was added 3',4'-(methylenedioxy)-2-
(methylsulfinyl)acetophenone6 (1.13 g, 5 mmol) dissolved in 10 
mL of Me2SO, and this mixture was stirred at room temperature 
for 30 min. To the mixture was added dry methyl iodide (0.32 
mL) by syringe, and the mixture was stirred at room temperature 
under argon for an additional 30 min. The reaction mixture was 
poured into 50 mL of saturated NH4C1 aqueous solution, extracted 
with CH2C12 (3 X 50 mL), washed with saturated NH4C1 aqueous 
solution and then twice with H20, and dried over MgS04. Re
moval of the CH2C12 afforded a yellow oil, which was chroma-
tographed on silica gel with acetone-CH2Cl2 (1:4) for purification 
to yield 0.95 g (79%) of a yellow oil containing a mixture of the 
diastereoisomers of 9: NMR (CDC13, 90 MHz) 5 7.70-7.45 (m, 
2 H, Ar H), 6.90, (d, J = 8.3 Hz, 1 H, Ar H), 6.07 and 6.08 (2 s, 
2 H, OCH20), 4.80 and 4.56 (2 q, J = 7 Hz, CH), 2.50 and 2.45 
(2 s, 3 H, SCH3), 1.59 and 1.57 (2 d, J = 7 Hz, 3 H, CCH3); mass 
spectrum, m/e 240.04. Anal. (CuH12S<V/6H20) C, H, S. 

2-(Methylthio)-3',4'-(methylenedioxy)propiophenone (10). 
To a 100-mL flask was added 9 (0.78 g, 3.25 mmol) and Nal (1.97 

(15) Cannon, J. G.; Perez, Z.; Long, J. P.; Rusterholz, D. B.; Flynn, 
J. R.; Costall, B.; Fortune, D. H.; Taylor, R. J. J. Med. Chem. 
1979, 22, 901. 



Amine and Sulfonium Analogues of Dopamine Journal of Medicinal Chemistry, 1984, Vol. 27, No. 5 679 

g, 13.1 mmol); this mixture was dissolved in 20 mL of CH3CN 
and then stirred at room temperature and under argon. Tri-
methylchlorosilane (1 mL, 0.856 g, 7.96 mmol) was added to the 
mixture dropwise by a syringe. The reaction mixture was stirred 
under argon at room temperature for 3 h and to this was added 
50 mL of a 10% NaS203 aqueous solution. The reaction mixture 
was then extracted with CH2C12 (3 X 75 mL); the combined organic 
phase was washed with saturated NaCl solution. After removal 
of the solvent, the reaction mixture was placed on a silica gel 
column and eluted with CH2C12 to yield 10 (0.62 g, 85%) as a 
yellow oil: NMR (CDC13, 90 MHz) 7.7-7.4 (m, 2 H), 6.75 (d, J 
= 9 Hz, 1 H), 6.05 (s, 2 H), 4.24 (q, J = 7.5 Hz, 1 H), 1.97 (s, 3 
H), 1.52 (d, J = 7.5 Hz, 3 H). Anal. (CnH12S03) C, H, S. 

[l-(3,4-Dihydroxyphenyl)-2-propyl]dimethylsulfonium 
Iodide (5). To a 100-mL flask containing 10 (0.62 g, 2.77 mmol) 
were added 10 mL of freshly distilled CF3C02H under argon with 
stirring at room temperature and 2 mL of Et3SiH (11.7 mmol) 
dropwise with a syringe, and the mixture was stirred at room 
temperature under argon for 4 h. Water (50 mL) was added, and 
then the mixture was extracted with ether. The combined ether 
solution was washed with 15% KOH and H20 and then dried over 
MgS04. Removal of the solvent gave a yellow oil; the oil was 
placed on a silica gel column and eluted with CH2Cl2/hexane (1:1) 
to yield a pale yellow oil (0.44 g, 76%): NMR (CDC13, 90 MHz) 
6.80-6.67 (m, 3 H), 5.93 (s, 2 H), 2.94-2.35 (m, 3 H, Ar CH2 and 
CH), 2.09 (s, 3 H), 1.23 (d, J = 7 Hz). 

Removal of the methylenedioxy protecting group was carried 
out under anhydrous conditions. To a solution of the methy
lenedioxy derivative (40 mg, 0.19 mmol) in 2 mL of CH2C12, cooled 
to -78 °C and stirred under argon was added by a syringe 0.5 mL 
of 1 M BCl3/hexane solution. The temperature was gradually 
raised to room temperature, and stirring was continued under 
argon for 3 h. Dry MeOH (10 mL) was added dropwise, to react 
with excess BC13. After the methanol-treated mixture was stirred 
at room temperature for 3 h, the solvents were removed under 
vacuum at 50-60 °C for 1 h. Excess freshly distilled Mel was 
added, and the mixture was stored for 3 days in the freezer to 
give white crystals, which were washed with CH2C12 and dried 
by vacuum pump to yield 65 mg (quantative yield) of a white solid: 
mp 101-103 °C; NMR (Me2SO-d6, 90 MHz) 5 8.95, 8.87 (2 s, 2 
H), 6.74-6.48 (m, 3 H), 3.60-3.42 (m, 1 H), 2.72-2.49 [m, 8 H, Ar 
CH2,andS(CH3)2

+],2.00(d,!/=8.9Hz,3H). Anal. (CnH17S02I) 
C, H, S. 

3-(3,4-Dimethoxybenzoyl)propionic Acid (11). To a mixture 
of 66 g of succinic anhydride, 96 g of veratrol, and 600 mL of 
nitrobenzene, cooled in an ice bath and efficiently stirred, was 
added 180 g of aluminum chloride at such a rate that the tem
perature remained below 25 °C. The reaction mixture was allowed 
to come slowly to room temperature and stirred for 12 h. It was 
then poured into a mixture of 300 mL of concentrated HC1 and 
700 mL of ice-water and allowed to stand for 2 h, and the product 
was filtered. It was purified by dissolving in 1.0 L of 1 N NaOH, 
washing with 500 mL of ether, treating with Norit, and acidifying 
with concentrated HC1. Crystallization from boiling water gave 
112 g (69%) of colorless crystals, mp 158-160 °C.16 

4-(3,4-DimethoxyphenyI)butanoic Acid (12). To a solution 
of 3-(3,4-dimethoxybenzoyl)propionic acid (3.6 g) in CF3C02H 
(25 mL) was added dropwise EtSiH (7 mL),10 and the resulting 
mixture was stirred vigorously for 6 h. Removing the solvent in 
vacuo gave an oily residue, which was dissolved in ether (50 mL), 
washed with water (50 mL), and extracted with NaHC03 (3 g in 
100 mL). The ether layer was dried on anhydrous MgS04 and 
evaporated to afford a white solid, which was recrystallized from 
ether-rc-hexane to yield 3.2 g (94%) of acid 12, mp 60-61 °C.17 

6,7-Dimethoxy-l-tetraIone (13). The butanoic acid 12 (2.0 
g) was added in small portions with stirring to 25 g of PPA at 
75 °C. After 15 min of heating and stirring, an additional 15 g 
of PPA was added, and stirring and heating were continued for 
1 h. To the resulting deep-red mixture was added 120 mL of 
ice-water, and the aqueous mixture was extracted with 50 mL 
of CH2C12. The organic layer was washed with 50 mL of H20 and 

(16) Campbell, K. N.; Schrage, A.; Campbell, B. R. J. Org. Chem. 
1950, 15, 1135. 

(17) Harvorth, R. W.; Marvin, C. R. J. Chem. Soc. 1932, 1948. 

then with 50 mL of saturated NaHC03, dried (MgS04), and 
treated with a small amount of active charcoal. Evaporating the 
solvent gave a colorless solid, which was recrystallized from n-
hexane/CH2Cl2 to afford 1.37 g (74.5%) of colorless crystalline 
tetralone 13, mp 96-98 °C.18 

6,7-Dimethoxy-l,2-dihydronaphthalene (15). A solution of 
the tetralone 13 (6.0 g) in anhydrous THF (30 mL) was added 
dropwise with stirring to an ice-cold suspension of LAH (1.0 g) 
in anhydrous THF (30 mL). After the mixture was stirred for 
3 h at room temperature, excess LAH was decomposed by the 
addition of a small amount of ethyl acetate; water was then added, 
and the THF layer was separated. The aqueous layer was ex
tracted with ether, and the organic layers were dried (MgS04). 
The organic layer was evaporated to give a crude tetralol, which 
was dissolved in ether (300 mL) and passed through a short silica 
gel column to afford 5.8 g of pure oil tetralol (96%). Distillation 
caused dehydration to yield dihydronaphthalene (15). An al
ternate way of preparing 15 was to heat to reflux for 1 h with 
stirring a mixture of tetralol (5.5 g) in dry benzene (100 mL) and 
anhydrous MgS04 (10 g). The resulting mixture was passed 
through the short silica gel column with ether-rc-hexane (1:1) to 
yield 4.95 g of pure dihydronaphthalene [98.5%; bp 122 °C (0.1 
mm)].19 Compound 15 solidified, and it was recrystallized from 
pentane to give colorless crystals, mp 40.0-41.5 °C. 

6,7-Dimethoxy-3-(methylthio)-l,2-dihydronaphthalene 
(16). To a mixture of dihydronaphthalene (0.95 g), anhydrous 
NaHC03 (0.5 g), and anhydrous benzene (10 mL) was added 
dropwise CH3SC1, prepared from (CH3S)2 (0.2 g) and S02C12 (0.27 
g), in anhydrous benzene (2 mL) with stirring at room temper
ature. After the mixture was stirred for 10 min, 10 mL of water 
was added, and the organic layer was treated by flash chroma
tography on silica gel with petroleum ether-ethyl acetate (9:1) 
to yield trace amount of (methylthio)naphthalene 17 and 602 mg 
(64%) of (methylthio)dihydronaphthalene 16: mp 77.5-78.5 °C 
(from ether-pentane): NMR (CDC13) 5 6.68 (s, 1 H), 6.49 (s, 1 
H), 6.05 (s, 1 H), 3.88 (s, 6 H), 2.90-2.72 (m, 3 H), 2.49-2.32 (m, 
2 H), 2.39 (s, 3 H). Anal. (C13H1602S) C, H, S. 

6,7-Dimethoxy-2-(methylthio)naphthalene (17). To a 
suspension of DDQ (227 mg, 1 mmol) in CH2C12 (5 mL) was added 
dropwise a solution of dihydronaphthalene (200 mg, 0.85 mmol) 
in CH2C12 (2 mL). The resulting mixture was stirred for 10 min 
at room temperature, followed by the addition of n-hexane (5 mL) 
and filtration. Chromatography with petroleum ether-ethyl 
acetate (9:1) on silica gel afforded 192 mg (97%) of naphthalene 
17: mp 92-94 °C (from CH2Cl2-pentane); NMR (CDC13) 5 7.59 
(d, 1 H, J = 8.5 Hz), 7.53 (d, 1 H, J = 1.9 Hz), 7.25 (dd, 1 H, J 
= 8.5 and 1.90 Hz), 7.07 (s, 1 H), 7.03 (s, 1 H), 3.99 (s, 6 H), 2.56 
(s, 3 H). 

6,7-Dimethoxy-2-(methylthio)tetralin (18). Et3SiH (2.0 g, 
17.2 mmol) was added to a solution of dihydronaphthalene 16 
(1.0 g, 4.2 mmol) in anhydrous benzene (20 mL) at room tem
perature. To the resulting mixture, after stirring for 10 min, was 
added dropwise CF3C02H (4 g) over 10 min with stirring and 
cooling in an ice bath, followed by stirring for 5 h at room tem
perature. The reaction mixture was evaporated to give an oily 
residue, which was dissolved in ether (20 mL), washed with two 
portions of saturated NaHC03 (60 mL), dried on anhydrous 
Na2C03, and finally purified on a silica gel column with 5% ethyl 
acetate in petroleum ether to yield 940 mg (93%) of tetralin 18: 
mp 48-50 °C; recrystallization from ether-pentane gave mp 49-50 
°C; NMR (CDC13 8 6.57 (s, 1 H), 6.55 (s, 1 H), 3.83 (s, 6 H), 3.2-2.6 
(m, 5 H), 2.3-2.0 (m, 2 H), 2.17 (s, 3 H). Anal. (C13H1802S) C, 
H, S. 

(6,7-Dihydroxy-2-naphthalenyl)dimethylsulfonium 
Bromide (7). To a solution of 17 (2.5 g) in CH2C12 (10 mL) was 
added dropwise BBr3 (23 mL, 1 M solution in CH2C12) with cooling 
in a dry ice-acetone bath under nitrogen. The mixture was 
warmed gradually to room temperature by stirring for an addi
tional 10 h at room temperature. To the resulting mixture was 
added dry MeOH (13 mL) with cooling in an ice bath. The 

(18) Hashem, M. M.; Berlin, K. D.; Chesnut, R. W.; Durham, N. N. 
J. Med. Chem. 1976, 19, 229. 

(19) Rastogi, S. N.; Bindra, J. S.; Anand, N. Indian J. Chem. 1971, 
9, 1175. 
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mixture was stirred for 5 h at room temperature, and the solvent 
was removed in vacuo to give a solid, which was washed with a 
mixture of ethyl acetate and ether (1:1) to afford 1.95 g (88.6%) 
of 7: mp 150-151 °C; recrystallization from MeOH/ethyl acetate 
gave mp 151 °C; NMR (Me2SO) & 8.34 (d, 1 H, J = 1.9 and 8.9 
Hz), 7.30 (s, 1 H), 7.26 (s, 1 H), 3.30 (s, 3 H). Anal. (CuH10O2S) 
C, H, S. 

(6,7-Dihydroxy-2-tetralinyl)dimethylsulfonium Bromide 
(6). A solution of BBr3 (1.0 mL, 1 M solution in CH2C12) was 
added to a solution of 18 (180 mg) in CH2C12 (5 mL) cooled in 
a dry ice-acetone bath under nitrogen. After stirring for 30 min, 
the reaction mixture was warmed to room temperature, and then 
stirring was continued for 15 h at room temperature. Anhydrous 
MeOH (2 mL) was added to the resulting mixture with cooling 
in a dry ice bath, followed by stirring for 3 h at room temperature. 
Removing the solvent gave a residue, which solidified. The residue 
was washed with ethyl acetate to yield 218 mg of white solids (dec 
pt 125-127 °C). Recrystallization from MeOH-ethyl acetate 
afforded 166 mg (72%) of colorless crystals: dec pt 126-127 °C; 
NMR (D20) 8 6.70 (s, 2 H), 3.85-3.65 (m, 1 H), 3.30-2.60 (m, 4 
H), 2.95 (s, 3 H), 2.93 (s, 3 H), 2.50-1.85 (m, 2 H). Anal. (C12-
H17S02Br) C, H, S. 

Preparation of Brain Slices. Male Swiss Webster mice 
(Harlan labs) were used for all experiments. After the mice were 
decapitated, the brains were removed, and the striatal tissue rostral 
to the anterior commissures were dissected.20 The tissue was 
cut into 0.5 X 0.5 mm sections with a Mcllwain tissue chopper 
and dispersed into a Krebs Ringer bicarbonate medium. The 
medium contained (mM) NaCl (118), KC1 (4.8), CaCl2 (1.3), 
MgS04 (1.2), NaHCOg (25), KH2P04 (1.2), ascorbic acid (0.6), 
disodium EDTA (0.03), glucose (11). It was bubbled with a 95% 
0 2-5% C02 mixture and adjusted to pH 7.2 with NaOH. The 
slices were incubated for 20 min with [3H]choline at a final 
concentration of 0.1 M. This low concentration of [3H]choline 
favors the selective uptake of choline into cholinergic neurons 
through a high-affinity uptake system.21 After the slices were 
rinsed, they were transferred to a superfusion system22 and su
pervised with medium at 37 °C at a constant rate of 0.5 m/min. 
Fractions were collected every 5 min, starting at 40 min after the 
onset of superfusion. Transmitter release was induced by su
perfusion with medium containing 12.5 M K+ for 5 min starting 
at 60 (SJ and 90 (S2) min after the onset of the superfusion. Drugs 
were added to the medium 15 min before S2. The slices were 
superfused for a total of 110 min. At the end of the superfusion, 

(20) Glowinski, J.; Iversen, L. L. J. Neurochem. 1966, 13, 655. 
(21) Yamamura, H.; Snyder, S. Science 1972, 178, 626. 
(22) Raiteri, M.; Angelini, F.; Leir, G. Eur. J. Pharmacol. 1974, 25, 
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A detailed rationale for the preparation of nucleosides 
containing a chemically reactive function attached through 
a spacer to C-5' tha t may act as active-site-directed, irre
versible inhibitors of enzymes that metabolize the corre
sponding nucleotides has been presented.3 As a part of 

(1) A preliminary account of some of this work has appeared.2 

(2) Montgomery, J. A.; Thomas, H. J. Nucleic Acids Res. Symp. 
Ser. 1981, no. 9, 95. 

the radioactivity remaining in the tissue was extracted by hom
ogenizing the tissue in 0.4 N perchloric acid. The radioactivity 
in the superfusate samples and tissue extracts was determined 
by liquid scintillation counting. 

The outflow of tritium into the superfusion medium during 
each 5-min interval is expressed as a fraction of the total tritium 
content of the tissue at the beginning of the interval (fractional 
release). This was calculated by correcting the tissue content of 
each fraction for the radioactivity lost to the medium. The 
K+-induced increase in release (denoted S2 and Si) is the sum 
of the fractional release obtained following the addition of the 
high K+ medium above the baseline of spontaneous outflow (Sp). 
The latter is the fractional release of tritium obtained during the 
5-min interval prior to the addition of the high K+ medium. The 
effects of dopaminergic agonists on K+-induced release were 
evaluated by determining the ratio S2/Si for control- and drug-
treated slices. The effect of drugs on the spontaneous release of 
tritium was evaluated by determining the fractional release of 
radioactivity during the 5-min intervals preceding S2 and Si, 
respectively, and was expressed as the ratio (Sp2/Spi). 

The tritium released by the high K+ medium was not chemically 
characterized in these experiments, since several previous studies 
have demonstrated that radioactive acetylcholine formed from 
radiolabeled choline can be released from brain slices by K+-
depolarization.23"28 In these studies, physostigmine was added 
to the medium to inhibit the metabolism of acetylcholine. 
However, the inhibition of acetylcholine metabolism can cause 
high extracellular levels of acetylcholine, which has been shown 
to inhibit the depolarization-induced release of acetylcholine by 
the process of feedback inhibition.29,30 In the present study, 
physostigmine was omitted from the medium. Under our con
ditions, the K+-induced release of tritium is completely dependent 
on the presence of calcium ions in the superfusion medium. 
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(23) Richter, J.; Marchbanks, R. J. Neurochem. 1971, 18, 691. 
(24) Greewal, D.; Quastel, J. Biochem. J. 1973, 132, 1. 
(25) Molenaar, P.; Nicholson, V.; Polak, R. Br. J. Pharmacol. 1973, 
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(30) Stoof, J.; Kebabian, J. W. Brain Res. 1982, 250, 263. 

this program, we prepared diazo ketone derivatives of 
thymidine and uridine,4 since such a functional group 
should react under in vivo conditions with protonated 
guanidine groups that act as binding points for the 
phosphate moieties for the corresponding nucleotides.5 An 

(3) Montgomery J. A.; Thomas, H. J.; Brockman, R. W.; Wheeler, 
G. P. J. Med. Chem. 1981, 24, 184. 

(4) Montgomery, J. A.; Thomas, H. J. J. Org. Chem. 1981, 46, 594. 

Potential Inhibitors of Nucleotide Biosynthesis. 2. Halomethyl Ketone Derivatives 
of Pyrimidine Nucleosides1 
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Several halomethyl ketone derivatives of pyrimidine nucleosides have been prepared for evaluation as cytotoxic 
agents. The first series are l-(8-halo-2,5,6,8-tetradeoxy-/^D-eryt/zro-oct-7-ulofuranosyl)thymines (7-9), whereas the 
second type are halo derivatives of acetophenone (12-14 and 16). These compounds are cytotoxic, and one (13) 
showed activity against the P388 leukemia in vivo. 
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