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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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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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Scheme I Table I. Chemical Reactivity 
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effort was made to properly position the diazomethyl ke
tone group by extending the carbon chain attached to C-4 
of the furanose ring of these nucleosides, but they were 
unexpectedly unreactive, which might account for their 
lack of biological activity, since closely related compounds 
containing more reactive functions are both cytotoxic in 
vitro and active against the P388 leukemia in vivo.6 These 
results led us to the preparation of a series of the more 
reactive halomethyl ketone nucleosides, which is the sub
ject of this paper. 

Previously, we obtained nucleosides containing a chlo-
romethyl ketone group as byproducts from the preparation 
of the diazomethyl ketones from the acid chlorides,4 but 
these compounds were obtained in low yields and were 
unstable as isolated. Rather than attempt to maximize the 
yields of the chloro ketones from this procedure, we elected 
to devise other approaches to this type of structure. The 
route selected begins with an intermediate used in the 
preparation of the diazomethyl ketone nucleosides—1-(3-
0-acetyl-2-deoxy-/J-D-ery£hro-pento-l,5-dialdo-l,4-
furanosyl)thymine (1), which was first allowed to react with 
triphenylacetonylphosphorane as a model to give l-(3-0-
acetyl-2,5,6,8-tetradeoxy-|8-D-eryi/iro-oct-5-en-7-ulo-
furanosyl)thymine (2). Catalytic reduction of the double 
bond of 2, followed by deacetylation, gave l-(2,5,6,8-
tetradeoxy-/?-D-eryt/iro-oct-7-ulofuranosyl)thymine (5). In 
the same way, reaction of 1 generated in situ with tri-
phenylchloroacetonylphosphorane7 gave 3, which was pu
rified by TLC. The instability of 3, however, defeated 
efforts to further purify 3 or study its reactions with azide 
or hydroxide ions; these attempts resulted in decomposi
tion, and no products could be isolated. Therefore, it was 
characterized by MS and XH NMR and then converted by 
a standard procedure to its stable dioxolane derivative. 

7 
8 
9 

12 
13 
14 
16 

>52(26%dec) 
1.8 
4 

>52(14%dec) 
4 

13 
1 

a Tin = chemical half life in water at room temperature 
as judged by HPLC.3 

The resulting deactivation of the chlorine allowed re-
crystallization from methanol to give an analytical sample, 
a procedure that resulted in removal of the acetyl group 
to produce l-[8-chloro-2,5,6,8-tetradeoxy-7-(ethylenedi-
oxy)-|8-D-eryt/iro-oct-5-enofuranosyl]thymine (4). The use 
of aldehyde 1 prepared from its 1,2-dianilinoethane de
rivative2 resulted in a simpler workup requiring no chro
matographic purification, which, perhaps as a result, gave 
a higher yield of 4 (51 vs. 34%). Compound 4 was reduced 
with hydrogen and 30% palladium on charcoal catalyst, 
after which the deactivating dioxolane function of 6 was 
hydrolyzed with dilute sulfuric acid to the ketone 7. Ex
change of the chlorine of 7 for bromine and iodine to give 
8 and 9 was readily accomplished by heating with the 
corresponding sodium halides in acetone. The conversion 
of the aldehyde 1 to the bromo analogue of 3 (in 25% yield) 
was also accomplished by its reaction with triphenyl-
bromoacetonylphosphorane, but in view of the ease of the 
exchange reactions, this route to 8 was not pursued further. 

For the second type of halomethyl ketone nucleoside, 
derivatives of acetophenone, the ribofuranuronic acid 10 
was prepared by the oxidation of thymidine according to 
a literature procedure.8 Since attempts to cause 1,2-di-
deoxy-l-(3,4-dihydro-5-methyl-2,4-dioxo-l(2H)-pyrimidi-
nyl)-/3-D-ribofuranuronic acid (10) to react with 4-amino-
a-chloroacetophenone to give 12 were unsuccessful due to 
reaction of the amino ketone with itself (MS), its dioxolane 
was prepared by a modification of the literature proce
dure,9 which in our hands failed to produce the product. 
Reaction of the dioxolane with the ribofuranuronic acid 
10 via the acid azide prepared in situ by means of di-
phenylphosphoryl azide was poor; the yields ranged be
tween 20 and 35%. Hydrolysis of the dioxolane 11 with 
dilute acid gave the desired iV-[4-(chloroacetyl)phenyl]-
l,2-dideoxy-l-[3,4-dihydro-5-rnethyl-2,4-dioxo-l(2H)-py-
rimidinyll-jS-D-eryfc/iro-pentofuranuronamide (12). Al
though preliminary results indicated that the bromo com
pound 13 can be made in a similar manner, 13 and 14 were 
readily prepared by the halide exchange reaction described 
above for 8 and 9. 

A third type of halomethyl ketone nucleoside, 5'-[[4-
(bromoacetyl)benzoyl]amino]-5'-deoxythymidine (16), was 
prepared by the reaction of in situ generated 4-(bromo-
acetyl) benzoyl bromide with 5'-amino-5'-deoxythymidine 
(15)10 in iV,iV-dimethylacetamide. Confirmation of the 
acylation of the 5'-amino group was obtained by a negative 
ninhydrin reaction (TLC). 

The half-lives of these compounds were determined3 as 
a measure of their relative chemical reactivities (Table I). 
The chloro compounds were unexpectedly stable, relative 
to the bromo compounds, which proved to be somewhat 

(5) Cotton, F. A.; Day, V. W.; Hazen, Jr., E. E.; Larsen, S. J. Am. 
Chem. Soc. 1973, 95, 4834. 

(6) Elliott, R. D.; Brockman, R. W.; Montgomery, J. A. J. Med. 
Chem. 1981, 24, 350. 

(7) Hudson, A. F.; Chopard, P. A. J. Org. Chem. 1963, 28, 2447. 

(8) Moss, G. P.; Reese, C. B.; Schofield, K.; Shapiro, R.; Todd, A. 
R. J. Am. Chem. Soc. 1963, 85, 1149. 

(9) Baker, B. R.; Jordaan, J. H. J. Med. Chem. 1965, 8, 35. 
(10) Horwitz, J. P.; Tomson, A. J.; Urbanski, J. A.; Chua, J. J. Org. 

Chem. 1962, 27, 3045. 
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Table II. Biological Activity 

cytotoxicity Iso,
a iM P388 in vivo 

H/L dose,6 % 
no. H.Ep.-2 L1210 ratio mg/kg ILSC 

5 
25 
55 
17 
30 
12 
29 

>40 

66 
110 
20 
28 
6 
8 

>70 

0.4 
0.5 
0.8 
1.1 
2 
3.6 

° Iso is the concentration that produces 50% inhibition 
of proliferation of L1210 cells in suspension culture in 
48 h or 50% inhibition of cloning of H.Ep.-2 cells over a 
12-day period relative to growth in the controls. b Single 
injection on days 1-5. c Percent increase in life span 
relative to untreated controls. 

more reactive than the iodo compounds. The aliphatic 
ketones were significantly more reactive than the aceto-
phenone derivatives, but none of these differences is re
flected in the cytotoxicities to H.Ep.-2 n and L121012 cells 
in culture, nor is the reversal in 150 ratios for the two cell 
lines between the aliphatic (0.4-0.8) and aromatic (1.1-3.6) 
ketones easy to explain. Of these compounds, only one, 
13, showed activity against the P388 leukemia in vivo.13 

This compound and its relatives (12 and 14) all inhibit both 
RNA and DNA, but not protein, synthesis at 25 /tM.14 

The aliphatic chloro ketone 7, however, showed no effect 
on macromolecular synthesis at 30 /uM. 

Experimental Sect ion 
All evaporations were carried out in vacuo with a rotary 

evaporator. Analytical samples were normally dried in vacuo over 
P205 at room temperature for 16 h. Analtech precoated (250 ixm) 
silica gel G(F) plates were used for TLC analyses; the spots were 
detected by irradiation with a Mineralight and by charring after 
spraying with saturated (NH4)2S04. Compounds containing the 
halomethyl ketone function were also detected with (p-nitro-
benzyl)pyridine. All analytical samples were essentially TLC 
homogeneous. Melting points were determined with a Mel-Temp 
apparatus and are not corrected. The UV absorption spectra were 
determined in 0.1 N HC1 (pH 1), pH 7 buffer, and 0.1 N NaOH 
(pH 13) with a Cary 17 spectrophotometer: the maxima are 
reported in nanometers (10~3 e). The NMR spectra were deter
mined with a Varian XL-100-15 spectrometer in Me2SO-d6 (unless 
otherwise specified) with tetramethylsilane as an internal ref
erence: chemical shifts (S) quoted in the case of multiplets are 
measured from the appproximate center. The mass spectral data 
were obtained with a Varian MAT 311A mass spectrometer in 
the electron-impact (EI), field-desorption (FD), or fast-atom-
bombardment (FAB) mode. 

l-(3-0-Acetyl-2,5,6,8-tetradeoxy-/8-D-er.yt/i«>-oct-5-en-7-
ulofuranosyl)thymine (2). To a solution of 284 mg (1.0 mmol) 
of 3'-0-acetylthymidine in 4 niL of dimethyl sulfoxide was added 
825 mg (4.0 mmol) of dicyclohexylcarbodiimide, followed by 40 
y.h (0.5 mmol) of dichloroacetic acid. After stirring for 20 h at 
ambient temperature, the reaction mixture was treated with 40 
ML of pyridine and 318 mg (1.0 mmol) of triphenylacetonyl-
phosphorane, stirred for 20 h, and then evaporated to dryness 
in vacuo. The residue was purified by preparative TLC on 
Brinkmann silica gel (2 mm) plates developed in 95:5 chloro-

(11) Bennett, Jr., L. L.; Allan, P. A.; Carpenter, J. W.; Hill, D. L. 
Biochem. Pharmacol. 1976, 25, 517. 

(12) Thayer, P. W.; Himmelfarb, P.; Watts, G. L. Cancer Che
mother. Rep., Part 2 1971, 2, 1. 

(13) Geran, R. I.; Greenberg, N. H.; Macdonald, M. M.; Schu
macher, A. M.; Abbott, B. J. Cancer Chemother. Rep., Part 3 
1972, 3, 9. 

(14) Brockman, R. W.; Shaddix, S. C; Williams, M.; Struck, R. F. 
Cancer Treat. Rep. 1976, 60, 1317. 
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form-methanol. A glass was obtained: yield 315 mg (98%); MS 
(EI), m/z 197 (sugar+), 322 (M+); XH NMR (Me2SO-d6) S 1.81 (s, 
CH3), 2.09 (s, CH3 of acetyl), 2.28 (s, 3 H8/), 2.30 (m, 2 H2/), 4.6 
br m, H4/), 5.23 (q, Hy), 6.2 (m, H6/), 6.28 (m, H r), 6.95 (q, H6<), 
7.59 (d, H6) (spectrum indicates the trans isomer). 

l-(8-Chloro-2,5,6,8-tetradeoxy-/8-D-eryt/iro-oct-5-eno-
furanosyl)thymine (3). To a solution of 284 mg (1.0 mmol) of 
3'-0-acetylthymidine in 4 mL of dimethyl sulfoxide was added 
825 mg (4.0 mmol) of dicyclohexylcarbodiimide, followed by 40 
ML (0.5 mmol) of dichloroacetic acid. After stirring for 20 h at 
ambient temperature, the reaction mixture was treated with 40 
ML of pyridine and 353 mg (1.0 mmol) of triphenylchloro-
acetonylphosphorane, stirred for 3 h, and then evaporated to 
dryness in vacuo. The residue was purified by preparative TLC 
on Brinkmann silica gel (2 mm) plates with chloroform-methanol 
(95:5) as the developing solvent. A yellow semisolid was obtained: 
yield 340 mg (95%); MS/(EI), m/z 231 (sugar+), 356 (M+); XH 
NMR (CDClg) 5 1.95 (m, CH3), 2.13 (s, CH3 of acetyl), 2.35 (m, 
2 H2-), 4.22 (s, 2 H80, 4.6 (m, H4,), 5.17 (m, H3/), 6.35 (m, H r), 6.7 
(m, He<), 7.1 (m, H50, 7.2 (m, H6) (spectrum indicates the trans 
isomer). 

l-[8-Chloro-2,5,6,8-tetradeoxy-7-(ethylenedioxy)-/?-D-
erytiro-oct-5-enofuranosyl]thymine (4). A mixture of 320 
mg (0.9 mmol) of l-(8-chloro-2,5,6,8-tetradeoxy-/3-D-erythro-
oct-5-enofuranosyl)thymine (3) and 25 mg of p-toluenesulfonic 
acid in 25 mL of ethylene glycol and 50 mL of benzene was 
refluxed for 24 h using a Dean-Stark trap. It was then evaporated 
to dryness in vacuo at 70 °C. A chloroform solution of the residue 
was purified by preparative TLC plates of Brinkmann (2 mm) 
silica gel developed in 95:5 chloroform-methanol. The product 
band was extracted with methanol. Evaporation gave a white 
crystalline solid: yield 112 mg (34%). 

The analytical sample was obtained by recrystallization of a 
small portion from ethanol: mp 160-165 °C dec; UV X ^ (c X 10~3) 
at pH 1, 266 nm (9.77); at pH 7, 266 (9.64); at pH 13, 266 (7.27); 
MS (EI), m/z 358 (M+); *H NMR (Me2SO-d6) 5 1.8 (s, CH3), 2.07 
(m, 2 H^), 3.3-3.5 (m, H20, CH3OH), 3.72 (s, H8,), 3.95 (m, ethylene 
protons), 4.2 (m, H3-, H4,), 5.43 (m, 03> H), 5.72 (m, H6/», 6.10 (m, 
H6,), 6.2 (m, H r) , 7.38 (m, H6), 11.3 (br m, H3). Anal. 
(C16H19N2O6Cl-0.65MeOH) C, H, N. 

B. A solution of 3.37 g (7.0 mmol) of the iV,iV'-diphenyl-
ethylenediamine derivative of l-(3-0-acetyl-2-deoxy-/3-D-
eryt/iro-pento-l,5-dialdo-l,4-furanosyl)thymine in 160 mL of a 
1:1 solution of water-tetrahydrofuran was stirred for 20 h with 
10 g of Dowex 50 (W-X 8) ion-exchange resin (50-100 mesh) 
(hydrogen form) and then filtered, and the filtrate was evaporated 
in vacuo to remove the tetrahydrofuran. The resulting precipitate 
was removed by filtration, and the filtrate was lyophilized. 

A solution of the residue in 100 mL of acetonitrile containing 
2.47 g (7.0 mmol) of triphenylchloroacetonylphosphorane was kept 
at ambient temperature for 20 h and then filtered, and the filtrate 
was evaporated to dryness in vacuo. A solution of the residue 
in 200 mL of benzene and 100 mL of ethylene glycol containing 
100 mg of p-toluenesulfonic acid was stirred and refluxed with 
a Dean-Stark trap for 20 h and then evaporated to dryness in 
vacuo. A solution of the residue in 50 mL of methanol was treated 
with 7 mL of 1 N methanolic sodium methoxide, kept for 1 h at 
ambient temperature, then stirred with Amberlite IR (120) ion-
exchange resin (30-50 mesh) (hydrogen form), and filtered, and 
the filtrate was evaporated to dryness in vacuo. The residue was 
recrystallized from ethanol as a white solid: yield 1.41 g (51%); 
MS (EI), m/z 235 (sugar+), 360 (M+). 

l-(2,5,6,8-Tetradeoxy-0-D-e.r.y£Aro-oct-7-ulofuranosyl)-
thymine (5). A solution of 315 mg (0.98 mmol) of l-(3-0-
acetyl-2,5,6,8- tetradeoxy-/3-D-eryi/iro-oct-5-en-7-ulofuranosyl)-
thymine (2) in 20 mL of glacial acetic acid was hydrogenated for 
2 h at ambient temperature and atmospheric pressure in the 
presence of 100 mg of 30% palladium on carbon catalyst. The 
catalyst was removed by filtration. Mass spectral examination 
of the solution indicated complete reaction. Evaporation of the 
solution gave 277 mg of a white glass. A solution of the glass in 
10 mL of methanol was treated with 1 mL of 1 N methanolic 
sodium methoxide. After 1/2 h at ambient temperature, the 
solution was stirred with Amberlite IR (120) ion-exchange resin 
(hydrogen form), and filtered, and the filtrate was concentrated 
to 2 mL and streaked across four Brinkmann preparative silica 
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gel plates. After the plates were developed in 9:1 chloroform-
methanol, the product band was extracted with methanol. 
Evaporation of the methanol solution gave a solid: yield 57 mg 
(24%); mp 151-154 °C. 

The analytical sample was obtained by recrystallization from 
methanol: mp 154-155 °C; UV Xmax (e X 10"3), at pH 1, 267 nm 
(9.84); at pH 7, 266 (9.89); at pH 13, 267 (7.48); MS (EI), m/z 
157 (sugar+), 282 (M+); !H NMR (Me2SO-d6) 6 1.80 (s, CH3), 
1.6-2.0 (m, 2 Hy), 2.1 (M, 2 H20, 2.65 (m, 2 H6-), 2.8 (s, 3 H8<), 
3.6 (m, H4,), 4.05 (m, H3/), 6.11 (t, H r ) , 7.37 (m, H6). Anal. 
(C13H18N206) C, H, N. 

l-ES-Chloro^.S.e.S-tetradeoxy-T^ethylenedioxyJ-iS-D-
erythro-octofuranosyl]thymine (6). A solution of 663 mg (1.85 
mmol) of l-(8-chloro-2,5,6,8-tetradeoxy-7-(ethylenedioxy)-0-D-
eryt/wo-oct-5-enofuranosyl]thymine (4) in 500 mL of ethanol was 
hydrogenated for 20 h at ambient temperature and atmospheric 
pressure in the presence of 333 mg of 30% palladium on charcoal 
catalyst. The catalyst was removed by filtration. Mass spectral 
examination of an aliquot indicated incomplete reaction. The 
reduction was repeated wtih 100 mg of catalyst. Filtration and 
evaporation of the solution gave a white crystalline solid: yield 
640 mg (96%); MS (EI), m/z 235 (sugar+), 360 (M+). 

l-(8-ChIoro-2,5,6,8-tetradeoxy-#-D-ery£Aro-oct-7-ulo-
furanosyl)thymine (7). A solution of 892 mg (2.47 mmol) of 
l-[8-chloro-2,5,6,8-tetradeoxy-7-(ethylenedioxy)-0-D-ery£/iro-oc-
tofuranosyl] thymine (6) in 28 mL of 1 N sulfuric acid was refluxed 
for 15 min and cooled. The product precipitated as a crystalline 
solid and was collected by filtration: yield 248 mg; mp 166-167 
°C. The filtrate was neutralized with solid barium carbonate and 
filtered. Evaporation of the filtrate gave a solid that was re-
crystallized from methanol: yield 235 mg; mp 165-167 °C. Pu
rification of the methanol filtrate by preparative TLC on 
Brinkmann (2 mm) silica gel plates developed in 95:5 chloro-
form-methanol gave a third crop of 75 mg; total yield 71%. 

The analytical sample was obtained from a previous reaction 
by recrystallization from ethanol: mp 166-167 °C; UV Xmax (« X 
10~3) at pH 1, 267 nm (9.83); at pH 7, 268 (9.77); at pH 13, 267 
(7.45); MS (EI), m/z 191 (sugar+), 316 (M+); XH NMR (Me2SO-d6) 
6 1.80 (s, CH3), 1.5-1.9 (m, 2 H6,), 2.16 (m, 2 H20, 2.64 (m, 2 H6/|, 
4.4 (m, H30, 4.50 (s, 2 H80, 5.5 (d, 03- H), 6.11 (t, H r), 7.3 (m, H6), 
11.26 (s, NH). Anal. (C13H17C1N206) C, H, N. 

l-(8-Bromo-2,5,6,8-tetradeoxy-j8-D-ei ,yt/iro-oct-7-ulo-
furanosyl)thymine (8). A solution of 100 mg (0.32 mmol) of 
l-(8-chloro-2,5,6,8-tetradeoxy-/3-D-ery£hro-oct-7-ulofuranosyl)-
thymine (7) in 250 mL of anhydrous acetone containing a sus
pension of 1.00 g (9.70 mmol) of anhydrous pulverized sodium 
bromide was refluxed and stirred for 3 h. Examination by HPLC 
[reverse-phase Spherisorb no. 279, acetonitrile-water (9:1)] showed 
14% starting compound. The solution was filtered, treated with 
an additional 1 g of sodium bromide, refluxed, stirred for 20 h 
and then for 24 h at ambient temperature, filtered again, and then 
evaporated to dryness in vacuo. The residue crystallized upon 
addition of water. The solid was collected by filtration and washed 
water: yield 64 mg (56%); mp 162-163 °C dec. HPLC showed 
less than 1.5% starting compound. 

The analytical sample was obtained by recrystallization from 
acetone; mp 165-166 °C dec; UV Xmax (e X 10"3) at pH 1 and 7, 
267 nm (9.63); at pH 13, 267 (7.27); MS (EI), m/z 235 (sugar+), 
360 (M+); 'H NMR (Me2SO-d6) 5 1.80 (s, CH3), 1.6-2.0 (m, 2 H6,), 
2.1 (m, 2 H2-), 2.69 (2 H6-), 3.6 (m, H4,), 4.05 (m, H3<), 4.34 (s, 2 
Hy), 6.11 (t, H r) , 7.37 (m, H6), 11.24 (s, NH). Anal. (C13H17-
BrN206) C, H, N. 

l-(8-Iodo-2,5,6,8-tetradeoxy-/3-D-ery£/ir0-oct-7-ulo-
furanosyl)thymine (9). A solution of 100 mg (0.32 mmol) of 
l-(8-chloro-2,5,6,8-tetradeoxy-/3-D-eryt/iro-oct-7-ulofuranosyl)-
thymine (7) and 144 mg (0.96 mmol) of anhydrous sodium iodide 
in 150 mL of anhydrous acetone was stirred for 30 min at ambient 
temperature. Examination by HPLC [reverse-phase Spherisorb 
no. 279, acetonitrile-water (9:1)] showed complete conversion. 
After filtration, the solution was evaporated to dryness in vacuo. 
The addition of water to the residue gave a crystalline solid that 
was collected by filtration: yield 106 mg (81%); mp 160-161 °C 
dec; UVX^feX 10"3) at pH 1, 267 nm (9.80); at pH 7, 267 (9.59); 
at pH 13, 267 (7.27); MS (FAB), m/z 283 (sugar+), 409 [(M + 1)+]; 
*H NMR (Me2SO-d6) 6 1.81 (CH3), 1.7-2.0 (m, 2 H6/), 2.15 (m, 
2 H2/>, 2.78 (t, 2 H60, 3.6 (m, H4,), 4.04 (m, H3,), 4.07 (s, 2 H8/), 

6.13 (t, H r), 7.39 (s, H6), 11.26 (s, NH). Anal. (C13H17IN205) C, 
H, N. 

iV-[4-[2-(Chloromethyl)-l,3-dioxolan-2-yl]phenyl]-l,2-di-
deoxy-l-[3,4-dihydro-5-methyl-2,4-dioxo-l(2H)-pyrimid-
inylJ-zJ-D-er^Aro-pentofuranuronamide (11). To a cold (-10 
°C) solution of 1.28 g (5.00 mmol) of l,2-dideoxy-l-[3,4-di-
hydro-5-methyl-2,4-dioxo-l(2H)-pyrimidinyl]-/3-D-ribofuranuronic 
acid (10) and 1.28 g (6.00 mmol) of 2-(p-aminophenyl)-2-(chlo-
romethyl)-l,3-dioxolane in 50 mL of dimethylformamide was 
added 1.82 mL (12.0 mmol) of triethylamine, followed by 1.35 
mL (6.00 mmol) of diphenylphosphoryl azide. The solution was 
stirred for 20 h at ambient temperature and evaporated to dryness 
in vacuo. A methanol solution of the residue was placed on a dry 
silica gel column (Woelm), and the column was developed in 9:1 
chloroform-methanol. Extraction of the product band with 
methanol gave 1.32 g of a syrup. The syrup was purified by 
preparative TLC on Brinkmann (2 mm) silica gel plates developed 
in 9:1 chloroform-methanol. Methanol extraction gave a solid: 
yield 782 mg (34%); MS (FD), m/z 451 (M+); JH NMR 
(Me2SO-d6) S 1.79 (s, CH3), 2.2 (m, 2 H?), 3.39 (br s, H20 and OH), 
3.86 (m, H80, 3.98 (m, ethylene protons), 4.5 (s, H3,, H4), 6.37 (t, 
H r), 7.55 (q, phenyl protons), 8.15 (s, H6), 11.48 (s, phenyl NH). 

Ar-[4-(Chloroacetyl)phenyl]-l,2-dideoxy-l-f3,4-dihydro-5-
methyl-2,4-dioxo-l(2fl>pyrirnidinyl]-/?-D-ery£/iro-pento-
furanuronamide (12). A solution of 737 mg (1.62 mmol) of 
2V-[4-[2-(chloromethyl)-l,3-dioxolan-2-yl]phenyl]-l,2-dideoxy-
l-(3,4-dihydro-5-methyl-2,4-dioxo-l(2H)-pyrimidinyl)-/3-D-
eryt/iro-pentofuranuronamide (11) in 32 mL of a 1:1 solution of 
0.1 N hydrochloric acid and ethanol was refluxed for 90 min. 
Cooling produced a crystalline product that was collected by 
filtration: yield 552 mg (84%); mp 212-214 °C. 

The analytical sample was obtained in another reaction: mp 
216-218 °C; UV Xmas (t X 10"3) at pH 1 and 7, 267 nm (23.5); at 
pH 13, 275 (18.2); MS (FD), m/z 407 (M+); XH NMR (Me2SO-d6) 
S 1.80 (s, 5-CH3), 2.27 (m, br, 2 H2,), 3.33 (s, H20), 4.4 (br, H4-), 
4.5 (m, H30, 5.15 (s, C1CH2), 5.77 (d, 03- H), 6.39 (m, H r), 7.9 (m, 
phenyl protons), 8.05 (s, H6), 10.6 (s, NHCO), 11.4 (s, 3 NH of 
pyrimidine). Anal. (C18H18ClN3O6-0.9H2O) C, H, N. 

JV-[4-(Bromoacetyl)phenyl]-l,2-dideoxy-i-[3,4-dihydro-5-
methyl-2,4-dioxo-l(2ff)-pyrimidinyl]- l8-D-erytAro-pento-
furanuronamide (13). A solution of 100 mg (0.25 mmol) of 
iV-[4-(chloroacetyl)phenyl]-l,2-dideoxy-l-[3,4-dihydro-5-
methyl-2,4-dioxo-l(2if)-pyrimidinyl]-/3-D-eryihro-pentofuran-
uronamide (12) in 300 mL of anhydrous acetone containing a 
suspension of 900 mg (8.75 mmol) of anhydrous pulverized sodium 
bromide was stirred for 20 h at ambient temperature. Exami
nation by HPLC [reverse-phase Spherisorb no. 279, aceto
nitrile-water (9:1)] snowed 10% starting compound. The solution 
was filtered, recharged with 900 mg of sodium bromide, stirred 
for 48 h at ambient temperature, again filtered, evaporated to 
about 30 mL in vacuo, refiltered, and concentrated to about 10 
mL by a stream of nitrogen. The addition of about 30 mL of water 
to this solution caused precipitation of a crystalline solid. It was 
collected by filtration and washed with water: yield 83 mg (73%); 
mp 186-187 °C dec; HPLC showed no starting compound; UV 
Xmax U X 10~3) at pH 1, 276 nm (20.4); at pH 7, 276 (20.8), at pH 
13, 273 (16.7); MS (FAB), m/z 326 (sugar+), 452 [(M + 1)+]; !H 
NMR (Me2SO-d6) 5 1.79 (s, 5-CH3), 2.25 (m, br, 2 H2,), 3.2-3.6 
(m, H20), 4.25 (d, H3,, H4/), 4.86 (s, BrCH2), 6.38 (t, H r), 7.88 (m, 
phenyl protons), 8.06 (d, H6), 10.6 (s, NHCO), 11.4 (s, 3 NH of 
pyrimidine). Anal. (C18H18BrN3O6-0.9H2O) C, H, N. 

iV-[4-(Iodoacetyl)phenyl]-l,2-dideoxy-l-[3,4-dihydro-5-
methyl-2,4-dioxo-l(2ii)-pyrimidinyl]-/3-D-ejryfc/jro-pento-
furanuronamide (14). A solution of 408 mg (1.00 mmol) of 
iV-[4-(chloroacetyl)phenyl]-l,2-dideoxy-l-[3,4-dihydro-5-
methyl-2,4-dioxo-l(2H)-pyrimidinyl]-/3-D-ery£/iro-pentofuran-
uronamide (12) and 450 mg (3.00 mmol) of anhydrous sodium 
iodide in 200 mL of anhydrous acetone was stirred for 2 h at 
ambient temperature and filtered, and the filtrate was evaporated 
to dryness in vacuo. The residue was recrystallized from ace
tone-water: yield 427 mg (82%); mp 193-195 °C dec; HPLC 
[reverse-phase Spherisorb no. 279, acetonitrile-water (9:1)] showed 
no starting compound. 

The analytical sample was obtained from a similar reaction: 
mp 195-197 °C dec; UV Xmax (e X 10"3) at pH 1, 275 nm (19.1), 
297 (sh) (17.4); at pH 7, 275 (19.5), 295 (sh) (17.9); at pH 13, 276 
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(19.0), 296 (sh) (15.8); MS (EI), rn/z 499 (M+); :H NMR 
(Me2SO-d6) 5 1.79 (s, 5-CH3), 2.25 (m, 2 H2/), 3.0-4.0 (br, H20), 
4.25 (d, H3,, H4<, ICH2), 6.38 (t, H r), 7.9 (m, phenyl protons), 8.06 
(s, H6), 10.6 (s, NHCO), 11.4 (s, 3 NH of pyrimidine). Anal. 
(C18H18IN306-H20) C, H, N. 

5'-[[4-(Bromoacetyl)benzoyl]amino]-5'-deoxythymidine 
(16). A suspension of 4-(bromoacetyl)benzoic acid18 (300 mg, 1.23 
mmol) in benzene (5 mL) and SOBr2 (2 mL) was refluxed under 
N2 for 1.75 h to give a clear solution, which was evaporated to 
dryness in vacuo and evaporated with toluene ( 2 X 4 mL) to 
remove traces of SOBr2. A solution of the acyl bromide in DMAC 
(5 mL) was added dropwise over 20 min to an ice-cooled, stirred 
mixture of 5'-amino-5'-deoxythymidine10 (15; 282 mg, 1.17 mmol); 
anhydrous, finely powdered NaBr (2.00 g, 19.4 mmol); and N,N-
diisopropylethylamine (220 ML, 1.23 mmol) in DMAC (15 mL). 
The suspension was stirred for 30 min at 25 °C, filtered, and 
evaporated to dryness under high vacuum. The gummy residue 

(15) Moffett, R. B.; Tiffany, B. D.; Aspergren, B. D.; Heinzelman, 
R. V. J. Am. Chem. Soc. 1957, 79, 1687. 

Congnitive dysfunctions occur in persons of all ages. 
They may result from disease, accidents, injury, develop
mental defects, or aging. Recent increases in average 
longevity and the accompanying rise in the number of 
elderly persons, however, have made the development of 
new treatments for age-related cognitive impairments a 
particularly urgent goal of medical science. An agent that 
reverses or ameliorates cognitive impairments, especially 
in aged patients, would be of enormous medical, social, 
economic, and scientific importance.1 '2 

Cognitive impairments in the elderly were long attrib
uted to atherosclerotic disruption of cerebral blood flow. 
Recent evidence indicates, however, tha t as few as 10% 
of senile patients have such circulatory disorders.3,4 The 
majority suffer from senile dementia of the Alzheimer's 
type (SDAT). The primary symptoms of SDAT are as 
follows: (1) forgetfulness, poor memory, and memory loss; 

''This paper has been presented in part, see: "Abstracts of 
Papers", 186th National Meeting of the American Chemical So
ciety, Washington, DC, Aug 28-Sept 2,1983; American Chemical 
Society: Washington, DC, 1983, Abstr MEDI 70. 

' Chemistry Department. 
§ Pharmacology Department. 

was triturated with Et20 (3 X 10 mL), followed by H20 (2 x 10 
mL). A solution of the dried solid in a minimum of hot MeOH 
was applied to four Brinkmann silica gel plates (20 cm X 20 cm 
X 2 mm) and developed with CHCl3-MeOH (9:1). The product 
band was extracted with EtOH (300 mL), and the extract was 
evaporated to dryness. The residue was washed with Et20 and 
then H20 and dried in vacuo (P205): yield 142 mg (26%); mp 
210 °C dec (Kofler-Heizbank); TLC CHCl3-MeOH (9:1); UV Xmai 
(e X 10"3) at pH 1, 259 nm (23.6); at pH 7, 259 (24.0). Anal. 
(C19H20BrN3O6) C, H, N. 

Registry No. 1, 5983-15-3; 2, 89299-46-7; 3, 89299-47-8; 4, 
89254-77-3; 5, 80647-12-7; 6, 80647-13-8; 7, 80647-14-9; 8, 
89196-50-9; 9, 89196-51-0; 10, 3544-99-8; 11, 80647-05-8; 12, 
80647-04-7; 13, 89196-52-1; 14, 89196-53-2; 15, 25152-20-9; 16, 
89196-54-3; 3'-0-acetylthymidine, 21090-30-2; triphenyl-
acetonylphosphorane, 89196-55-4; triphenylchloroacetonyl-
phosphorane, 89196-56-5; 2-(p-aminophenyl)-2-(chloromethyl)-
1,3-dioxolane, 2705-89-7; 4-(bromoacetyl)benzoic acid, 20099-90-5; 
4-(bromoacetyl)benzoyl bromide, 89196-57-6. 

(2) confusion and disorientation in space and/or time; (3) 
poor attention or distractability; (4) affective disturbances 
(agitation, depression, apathy, and lethargy).5 

Drugs reported to treat the cognitive impairments of the 
elderly have shown only limited benefits and therefore are 
not widely accepted.6,7 Many useful reviews covering drug 
effects upon cognition and neurotransmitters involved in 
cognition have been written.8"12 
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Amnesia-Reversal Activity of a Series of 
iV-[(Disubstituted-amino)alkyl]-2-oxo-l-pyrrolidineacetamides, Including 
Pramiracetam1 

Donald E. Butler,*'1 Ivan C. Nordin,* Yvon J. L'ltalien,* Lynette Zweisler,1 Paul H. Poschel,§ and John G. Marriott8 

Chemistry and Pharmacology Departments, Warner-Lambert/Parke-Davis Pharmaceutical Research, 
Ann Arbor, Michigan 48105. Received June 24, 1983 

A series of JV-[(dialkylamino)alkyl]-2-oxo-l-pyrrolidineacetamides was synthesized. The title compounds reversed 
electroconvulsive shock (ECS) induced amnesia in mice when administered subsequent to the ECS treatment and 
were inactive in a general observational test for central nervous system (CNS) activity. Active compounds exhibited 
an inverted U-shaped dose-response curve. Among the compounds with the broadest dose-response curve, as well 
as the most potent, were those with the iV-[2-[bis(l-methylethyl)amino]ethyl] or 2,6-dimethylpiperidinoethyl residues 
as amide substituent. The JV-fdialkylamino) substituent markedly enhances amnesia-reversal activity, with ethylene 
providing the optimal chain length. iV-[2-[Bis(l-methylethyl)amino]ethyl]-2-oxo-l-pyrrolidineacetamide iV-(di-
alkylamino) substituent was selected for preclinical toxicological evaluation, assigned the investigational number 
CI-879 and the U.S. adopted name (USAN) pramiracetam. Pramiracetam demonstrated a wide margin of safety 
in animals and was well tolerated in normal human volunteers. It has shown encouraging activity in an open label 
trial in patients with primary degenerative dementia (PDD or senile dementia of the Alzheimer's type). 
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