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RNA Polymerase Inhibition Test. DNA-dependent RNA 
polymerase from a rifampicin-sensitive and a rifampicin-resistant 
E. coli strain was purified by ammonium sulfate fractionation 
and DEAE cellulose chromatography, according to the procedure 
of Burgess.29 Polymerase activity was assayed by determining the 
incorporation of [14C]AMP into acid insoluble material using 
highly polymerized calf thymus DNA as a template. The assay 
conditions were as reported by Burgess,29 the concentration of the 
enzyme in our tests being about 8 units per milliliter of final 
assay mixture. 
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has the advantage of convenience for the preparation of 
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A representative example is the direct fluorination of pro
tected pyrimidine nucleosides by trifluoromethyl hypoflu-
orite.1 ,2 
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1 and 2 have included the addition of methyl hypobromite 
to uracil derivatives followed by reaction with sodium di
sulfide.8 The latter procedure is suitable for the thiolation 
of polynucleotides.9,10 Because of the success of the use of 
chlorothiocyanogen11,12 (C1SCN) in the preparation of 
sulfur analogs of dopamine and norepinephrine, and be
cause of our continuing interest in modified polynucleo
tides,13"16 we have investigated the thiocyanation of py
rimidine nucleosides as a route to 5-mercaptopyrimidine 
nucleosides. (For a preliminary account of a portion of 
this work, see ref 17.) 

Chemistry. Exploratory experiments with 1,3-dimethyl-
uracil (3) revealed that the 2,4-dioxopyrimidine ring 
readily reacted with chlorothiocyanogen to give a moder-
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ate yield of the 5-thiocyanato derivative 4. In this in
stance, as well as for the reactions discussed below, 5-
thiocyanation could be monitored by the appearance of 
the characteristic SCN ir band at 2160 cm^1 , retention of 
the uracil chromophore in the uv, and the presence of the 
uracil H6 proton at 8-9 ppm in the nmr spectrum. In the 
case of uracil nucleosides, the position of substitution was 
further confirmed by reduction to authentic 5-mercap-
touracils (vide infra). 

Initial attempts to introduce the thiocyanato group into 
uridine made use of the chloroacetyl protecting group.18-19 

This group has the advantage of being readily displaced 
under mild conditions by reagents such as thiourea18-19 or 
pyridine,19 thus preventing decomposition of the newly 
formed thiocyanates to disulfides.20 Nearly quantitative 
yields of the tri-O-chloroacetylated uridine 5 were obtained 
simply by heating uridine with excess chloroacetic anhy
dride on a steam bath for a short time. When 5 was dis
solved in pyridine-water (1:1) and the resulting solution 
allowed to stand for several hours, uridine was recovered 
nearly quantitatively. Reaction of 5 with C1SCN followed 
by removal of the chloroacetyl protecting groups by pyri
dine treatment led to an acceptable yield (20%) of the de
sired 5-thiocyanatopyrimidine nucleoside 6. 

In subsequent experiments it was found that protecting 
groups were not necessary in this reaction and, in fact, 
yields were higher when no protecting group was used. 
Thus, direct thiocyanation of uridine (7), 2'-deoxyuridine 
(8), and l-(^-D-arabinofuranosyl)uracil (9) gave the corre
sponding 5-thiocyanato nucleosides (6, 10, and 11, respec
tively) in 30-55% yields. In a similar fashion, 2',3',5'-tri-
O-acetyluridine (12) was thiocyanated to give 13. Substan
tial decomposition was noted when the triacetate (12) was 
treated with NH3-CH3OH to remove the acetyl groups. 
The addition of methanol at early stages of these work
ups resulted in substantially reduced yields of desired 
products (Scheme I). 

While the thiocyanation of olefins,21 '22 aromatic com
pounds,23 and pyrrole carboxylates24 has been previously 
described, the addition to olefins containing electron-
withdrawing substituents does not usually occur.25 Like 
other pseudohalogens (e.g., CFsOF1-2), the addition of 
C1SCN to the uracil ring follows the Markovnikov rule. In 
the reactions investigated, yield and nature of the prod
ucts were not significantly dependent on the presence or 
absence of the hydroxyl group at C-2' of the ribose or on 
the stereochemistry at that position. The preparation of 
thiocyanatopyrimidine nucleosides by the action of cyano
gen bromide (BrCN) on 4-thiouracil derivatives has been 
previously reported.26-27 Additionally, there exists one 
other potential route to such 5-mercapto-substituted pyri-

midines via the reaction of uracil derivatives with sulfur 
or disulfur dichloride, occasionally yielding disulfides28 

which could be reduced to the mercapto compounds. 
Attempts to extend this thiocyanation reaction to cyti-

dine and iV4-acetylcytidine have thus far proved unsuc
cessful. 

The reduction of the 5-thiocyanatopyrimidine nucleo
sides 1, 2, and 14 to the corresponding 5-mercapto deriva
tives was achieved by either sodium dithionite-mercap-
toethanol, dithiothreitol (DTT),29 or glutathione wide 
infra). Thus, the reaction sequence of thiocyanation fol
lowed by reduction provides a fast convenient method for 
the synthesis of modified 5-mercaptopyrimidine nucleos
ides for evaluation as antibacterial, antiviral, or antitumor 
agents. 

Biological Evaluation. It was of interest to determine 
the biological activity of the synthesized 5-thiocyanatopy
rimidine nucleosides since such analogs might behave in 
at least two different ways: (a) as pseudohalogens, with 
the SCN group mimicking the iodo group present in 5-
iodo-2'-deoxyuridine, a clinically useful antiviral agent; 
(b) the thiocyanato nucleosides might be reduced in vivo 
to the corresponding 5-mercaptopyrimidine nucleosides 
which have a broad spectrum of biological activity. The 
latter pathway seemed probable in view of the facile re
duction of 5-thiocyanato-2'-deoxyuridine (10) by gluta
thione, an ubiquitous constituent of biological systems.30 

The results of such studies are presented in Table I. 
The only compound showing significant activity in KB or 
L5178 Y cells is 5-thiocyanato-2'-deoxyuridine (10). It was 
found that the effect of 10 on L5178 Y cells was complete
ly reversed by 10" 5 M thymidine and that its effect could 
be slightly reversed by 10~5 M 2'-deoxyuridine. This indi
cates that 10 may be inhibiting the enzyme thymidylate 
synthetase. It appears likely that 10 is reduced in such 
cellular systems to 5-mercapto-2'-deoxyuridine (2) which 
is subsequently phosphorylated by thymidine kinase to 
the corresponding 5'-monophosphate. a potent inhibitor of 
thymidylate synthetase.7 Conversely, this sequence of 
events could also start with phosphorylation of 5-thiocy-
anato-2'-deoxyuridine. The rate of (enzymatic) reduction 
of nucleophilic replacement of the thiocyanato group may 
determine whether the concomitant formation of cyanide 
ion can reach toxic levels. 

It is possible that such 5-thiocyanato nucleosides and 
other thiocyanato analogs in general may offer certain ad
vantages over mercapto derivatives with respect to poten
tial usage as drugs or biochemical tools. They can be pre
pared in high yield in a one-step synthesis, are reasonably 
stable, and "not readily autoxidized to disulfides. The neu
tral thiocyanato analogs might be more readily taken up 
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T a b l e I . Biological Act iv i ty of 5-Thiocyanatopyr imidine Nuclebsides; Concent ra t ions Causing 50% Inhibi t ion of Growth 

Cell t ype 6 10 13 11 

K B 2 X 1 0 - * M 9 X 1 0 - ' M > 3 X 1 0 - " M 
L5178Y 5 X 1 0 - > M 8 X 1 0 " ' M > 1 X 10"" M > 1 X 1 0 - " M 
Vaccinia virus 1 X 10 _ 4 M» 

replication in 
H e L a Cells 

"75% reduct ion in plaque formation a t 10 ~4 M, the lowest 

by cells and subsequent ly reduced to the biologically ac
tive mercap to species. It is also possible t h a t such a re
duct ion m a y be used to increase drug selectivity based on 
different cellular env i ronments . S imi lar reasoning served 
as t he basis for t he synthesis of cer ta in S-acylmercaptopy-
r imidine nucleot ides which are cleaved by a l iphat ic thiols 
to yield act ive m e r c a p t a n s . 3 1 

In conclusion, the th iocyana t ion of pyr imid ine nucleos
ides with CISCN followed by reduct ion of the resul t ing 
th iocyana te provides a facile convenient synthesis of 5-
mercap topyr imid ine nucleosides. T h e in t e rmed ia t e s in the 
synthesis , the 5- thiocyanato analogs (especially 10), show 
significant biological act ivi ty, mos t p robably because they 
are easily reduced in t he cell to 5-mercapto der ivat ives . 

Exper imenta l Sect ion 

Melting points, were obtained with a Kofler hot-stage apparatus 
and are corrected. Where analyses are indicated only by symbols 
of the elements, the results obtained for those experiments are 
within ±0.4% of the theoretical values. Uv spectra were deter
mined on a Cary 15 instrument, nmr were obtained on a Varian 
HA-100 spectrometer, and ir were recorded on either a Perkin-
Elmer Model 237B or 20. For tic, Analtech silica gel GF plates 
were used. Evaporations were carried out in vacuo at <40°. 

Anhydrous conditions were absolutely necessary to produce 
high yields of thiocyanato reaction products. Dried KSCN was 
used in the preparation of CISCN and the CI2 gas was passed 
through a CaCl2 trap prior to use. Acetic acid'was dried by freez
ing reagent grade acid at 4-5° and then decanting off the super
natant liquid which was enriched in H2O. CISCN was prepared 
in the following manner. Dry finely powdered KSCN (5.35 g, 55 
mmol) was added to an ice-cold solution of Cl2 (3.55 g, 50 mmol) 
in dry CH3COOH. The resulting suspension was stirred for 30 
min-2 hr at room temperature and then the desired uracil deriva
tive was added. 

1,3-Dimethyl-o-thiocyanatouracil (4). 1,3-Dimethyluracil (3, 
280 mg, 2 mmol) was dissolved in dry HOAc (20 ml) which was 
0.2 M in CISCN. The solution was stirred for 5 hr at room tem
perature, filtered, and evaporated under reduced pressure. The 
residue was recrystallized two times from CH3OH to give 4 (150 
mg, 38%): mp 155-156°; M + 197; nmr (CD3CN) 5 3.28 (s, 3, 
NCH3), 3.37 (s, 3, NCH3), and 7.92 (s, 1, H6); Kmax 2180 cm" 1 

(SCN); uv Xmax 276 nm U 8700); Anal. (C7H7N3O2S) C, H, N, S. 
l-(2',3',5'-Tri-0-chloroacetyl-/3-D-ribofuranosyl)uracil (5). 

Uridine (7, 2.44 g, 0.01 mol) was intimately mixed with 
(C1CH2C0)20 (20 g) and the entire mixture warmed on a steam 
bath. Tic analyses of the molten reaction mixture showed total 
conversion to the desired product in ca. 1 hr. The mixture was 
cooled and poured into ice-H20 and extracted three times with 
CHCb- The CHCI3 extracts were washed three times with dilute 
NaHC0 3 solution and two times with H2O. After drying over an
hydrous Na 2 S0 4 , the CHCI3 solution was evaporated to give 5 
(4.5 g, 95%). This material was pure by tic and was routinely 
used in further reactions. A small sample was recyrstallized with 
difficulty from EtOH-acetone to give an analytical sample: mp 
softens 45-50°. Anal. (C15H15N2O9CI3) C, H, N." 

When 5 was treated with pyridine-H20 (1:1) at room tempera
ture for several hours, it was quantitatively converted to uridine 
(7). 

l-(/?-D-Ribofuranosyl)-5-thiocyanatouracil (6). Method A. 
The chloroacetylated uridine (5, 4.8 g, 10 mmol) was added to a 
solution of CISCN (from 7.1 g of Cl2 and 10.7 g of KSCN) in 
HOAc (150 ml). The reaction mixture was stirred at room tem
perature overnight and filtered free of insoluble material, and the 
filtrate was evaporated. The residue was extracted with benzene-
acetone (1:1) and the insoluble material again removed by filtra-

concentrat ion tested. 

tion. The filtrate was evaporated once more and the resulting res
idue taken up in pyridine (100 ml) to which H2O (100 ml) was 
then added. The solution was stirred (at room temperature) over
night and evaporated under reduced pressure, and the resulting 
residue was dissolved in methanol-water (1:1) and applied to a 
Dowex 50 W-X4 ion-exchange resin. The eluted solution was 
evaporated and the residue dissolved in the minimum amount of 
MeOH. This solution was applied to a silica gel column which 
was eluted with CHCl3-MeOH to give the 5-thiocyanatouridine 
(6, 250 mg, 18% based on recovered uridine) and uridine (1.2 g). 
Analytically pure 6 was obtained by EtOH recrystallization: mp 
167-172°; V m a x 2160 c m - 1 (SCN); uv Xmax (MeOH) 273 nm U 
10,400); nmr (CD3OD) 5 8.88 (s, 1, H6). Anal. (CioHu08N3S) C, 
H, N, S. 

Method B. Uridine (7, 1.22 g, 5 mmol) was added to a solution 
of CISCN (from 3.55 g of Cl2 and 5.35 g of KSCN) in HOAc (300 
ml) and the resulting mixture was stirred at room temperature 
for 1 hr. Cyclohexene (15 ml) was added and stirring continued 
for 20 min. After filtration the solution was evaporated to give a 
residue which was dissolved in acetone. To this solution, silica gel 
powder was added and the resulting mixture freed of acetone by 
evaporation on a rotary evaporator. This silica gel powder was 
then applied to the top of a silica gel column which was eluted 
with EtOAc-acetone (9:1) to give, after evaporation of the appro
priate fractions, 6 (720 mg, 48%) homogenous by tic in CHCI3-
MeOH (7:3) and identical with that obtained by method A. 

l-(2'-Deoxy-/3-D-ribofuranosyl)-5-thiocyanatouracil (10). 
Method B including the same purification procedure, applied to 
2'-deoxyuridine (8, 1.14 g, 5 mmol), gave the corresponding 5-
thiocyanato product 10 (780 mg, 55%). Recrystallization from 
EtOH gave an analytical sample: mp 183-184.5°; Kmax 2160 cra^1 

(SCN); uv Xmax (MeOH) 274 nm; nmr (CD3OD) & 8.18 (s, 1, H6). 
Anal. ( C I O H U O B N S S ) C, H, N, S. 

l-(2',3',5'-Tri-0-acetyl-/3-D-ribofuranosyl)-5-thiocyanatoura-
cil (13). 2'3'5'-Triacetyluridine (Aldrich Chemical Co., 12, 1.85 g, 
5 mmol) was added to a solution of CISCN (from 3.55 g of Cl2 

and 5.35 g of KSCN) in HOAc (300 ml) and the resulting mixture 
stirred at room temperature. After tic indicated complete disap
pearance of starting material (~10 hr), cyclohexene (15 ml) was 
added and the mixture stirred for an additional 20 min. After re
moval of insoluble material by filtration, the solution was evapo
rated and the resulting residue applied to a silica gel column. 
Elution with CHCl3-EtOAc (1:1) gave 13 (2.05 g, 95%) as an amor
phous solid: uv Xmax (MeOH) 271 nm; t-max 2160 c m ' 1 (SCN); 
nmr (CD3OD) 5 8.31 (s, 1, H6). Anal. (Ci 6 HnN 3 0 9 S) C, H, N, S. 

l-(/3-D-Arabinofuranosyl)-5-thiocyanatouracil (11). Under 
conditions described in method B above, l-(/3-D-arabinofuranosyl)-
uracil (9, 488 mg, 2 mmol) was allowed to react with CISCN. 
Tic indicated complete reaction in 1.5 hr, after which time cyclo
hexene (5 ml) was added and the mixture stirred for another 20 
min. After filtration and evaporation, the residue was applied to 
a silica gel column and elution accomplished with EtOAc-acetone 
to give 11 (192 mg, 32%). This arabinoside was recrystallized from 
EtOH to give an analytical sample: mp 183-185°; cm a x 2163 cm^1 

(SCN); uv Xmax (pH 7) 268; nmr (CD3OD) & 8.56 (s, 1, H8). Anal. 
(C1 0HiiO6N3S)C, H ,N . 

l-(^-D-Ribofuranosyl)-5-mercaptouracil (1). Method I. Re
duction by Dithiothreitol (DTT, Cleland's Reagent) . To a solu
tion (10 ml) of freshly prepared 10" 3 M DTT in 0.1 M EDTA (pH 
7.8) was added 6 (0.4 mg, 0.013 mmol). The progress of the reac
tion was monitored by the appearance of the 335-nm band in the 
uv. In this case the reaction was complete in less than 2 min. The 
resulting solution was evaporated (<40°) to a thick oil which was 
suspended in MeOH and then evaporated. A MeOH slurry of the 
resulting colorless residue was placed on a short (5 g) silica gel 
column which was eluted with MeOH (20 ml). The filtrate was 
evaporated to dryness and taken up in MeOH (1 ml). Insoluble 
material was removed by centrifugation and the resulting super-
nate used for tic. On silica gel tic with rc-BuOH-MeOH-H20-
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NH4OH (6:2:2:1) as developing solvent, authentic 6 had Rt 0.60 
and authentic 1 had Rt 0.44. Under these conditions the product 
of the DTT reaction had the same i?r as 1. With ! -PrOH-H 2 0-
NH4OH (7:2:1) as developing solvent, authentic 6 had Rf 0.69 
and authentic 1 had R; 0.38. Again in this system the material 
isolated from the DTT reduction had Rr identical with authentic 
1. In both systems above, a trace impurity visible under uv light 
was noted at Rt ~0 .9 . 

Method II . Reduction by Sodium Dithionite-2-Mercap-
toethanol. To a stirred solution of K2CO3 (172 mg, 1.72 mmol) 
and sodium dithionite (16.7 mg, 0.096 mmol) in H 2 0 (0.65 ml) 
was added 2-mercaptoethanol (0.35 ml) followed immediately by 
6 (2.4 mg, 0.08 mmol). After 30 min at room temperature, the 
reaction mixture was applied to a preparative tic plate (1 mm, 
silica gel GF) and developed with acetone-EtOAc-MeOH (5:5:1). 
Two major zones were seen under uv light; one {Rt 0.64) was elut-
ed with MeOH, and the other (flr 0.0-0.1) was eluted with 
MeOH-H20 (9:1). The slower moving zone had uv spectral prop
erties identical with authentic 1. The faster running zone had 
Xmax 256 nm in 1 0 - ' M DTT-0.1 M EDTA (pH 7.8) or 0.1 M 
EDTA (pH 7.8). l-(2'-Deoxy-/3-D-ribofuranosyl)-5-mercaptouracil 
(2) and l-(/3-D-arabinofuranosyi)-5-mercaptouracil (14) were not 
isolated as such; however, when 10-4 M solution of either 10 or 11 
in 0.1 M EDTA (pH 7.5) was made 10"3 M in DTT, in a reac
tion which was instantaneous, the A max 335 nm appeared, char
acteristic of the 5-thiolate anion. In addition, 10 [10-4 M in 0.1 M 
EDTA (pH 7.5)] was instantaneously reduced to 2 by 1 0 - 3 M glu
tathione. 
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8-Bromoadenosine 3',5'-cyclic monophosphate and 8-bromoadenosine served as an intermediate for the chemical 
synthesis of a series of 8-substituted seleno cyclic nucleotides and their nucleosides. In an in vitro test using murine 
leukemic cells (L-5178Y) these 8-substituted derivatives of c-AMP showed some antitumor activities. A nucleic 
acid analyzer was used to study the hydrolysis of these cyclic nucleotides by phosphodiesterase. It was found that 
lengthening the side chain increased resistance to hydrolysis. 

Adenosine 3' ,5 '-cyclic phospha t e (cAMP) has been rec
ognized as an in t racel lu lar second messenger of hormone 
act ion. At least some of its act ions can be explained 
th rough the s t imula t ion of a c A M P - d e p e n d e n t prote in ki
nase . Recent ly , a large n u m b e r of new c A M P analogs have 
been synthesized wi th modification of the p u r i n e , 1 - 9 car
b o h y d r a t e , 1 0 - 1 2 and phospha t e mo ie t i e s . 1 3 - 1 6 Some of 
t h e m were more act ive t h a n the pa ren t nucleot ide in sev

eral biological sys tems. For example , all 8-subst i tu ted 
c A M P s except 8-amino were more res i s tan t to phosphodi
esterase t h a n c A M P ; 8 -MeS-cAMP and 8-BzlS-cAMP 
were found to be inhibi tors of c A M P phosphodies te rase . 6 

In view of these considerable changes in biological ac
tivity observed when 8-hydrogen of c A M P was replaced by 
sulfur, it is of interest to invest igate the rep lacement of 
the 8-hydrogen by se lenium as well. We have synthesized 


