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The S-3-(1-methylindole}methyl and S-3{1,2-dimethylindole)methyl derivatives of 5'-deoxy-5"-thioadenos-
ine have been prepared by reaction of the appropriate 3-indolemethylthioacetate with 5'-deoxy-5'-chloro-
adenosine in basic media. 5'-Deoxy-5'{3-indolemethylthio)adenosines unsubstituted at the indolic nitrogen,
cannot be prepared via this route due to facile conversion of the precursor- 3-indolemethylthiol derivative to

the corresponding 3,3'-diindolemethy] sulfide.

J. Heterocyclic Chem., 20, 423 (1983).

As part of a program directed towards the preparation
of potential enzyme inhibitors, it was necessary to prepare
various 3-indolemethyl derivatives linked to the S-atom of
5'-deoxy-5'-thioadenosine, viz compounds 6a-e. A litera-
ture survey shows that several 5'-deoxy-5-alkyl and aryl-
thioadenosines have been readily synthesized in 50-70%
yield from the reaction of alkyl or arylthiols with 5'-deoxy-
5'-chloroadenosine (1) (1) in 2N aqueous sodium hydroxide
at 80° (2,3). Similar compounds (4,5) have been prepared
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from 5'-deoxy-5'-tosyl-2',3"-O-isopropylideneadenosine but
their preparation is lengthy and limited because of the
facile transformation of the tosyl derivative into the
N-3',5'-cycloadenosine (6) product. Alkyl thioacetates have
also been coupled to 5'-deoxy-5'-chloroadenosine in a mix-
ture of DMSO and 4N-aqueous sodium hydroxide at room
temperature, the thiolate anion being generated in situ (7).
Furthermore, several analogs of S-adenosylhomocysteine
have been prepared from the reaction of S-benzyl-L.-homo-
cysteine or a derivative of S-benzyl-L-homocysteine with
the requisite 5'-deoxy-5'-tosyl-2',3'-O-isopropylidene-
adenosine (8-10) or 5'-deoxy-5'-chloroadenosine (11) in
sodium and liquid ammonia. However, there is no data in
the literature on the reaction of 3-indolemethylthiols with
either 5'-deoxy-5'-chloroadenosine or 5'-deoxy-5'-tosyl-
2',3"-0-isopropylideneadenosine. Indeed, 3-indolemethyl-
thiol (12) (2) is the only such thiol of this class previously
reported.

The present communication describes the preparation
of the S-3-(1-methylindole) methyl- (6a) and S-3{1,2-di-
methylindole)methyl- (6b) derivatives of 5'-deoxy-5'-thio-
adenosine and the attempted synthesis of the correspon-
ding S-3-indolemethyl, S-3{(7-azaindole)methyl- and S-3-
(5,7-diazaindole)methyl derivatives 6¢c-e, respectively.

Di-(3-indolemethyl)disulfide (3) was prepared from ind-
ole-3-carboxaldehyde in methanolic ammonium sulfide ac-
cording to Nutting et al. (12) and then reduced with
amalgamated aluminum to give 3-indolemethylthiol (12).
Heating a 1:1 mole ratio of 3-indolemethylthiol and 5'-de-
oxy-5'-chloroadenosine at 80° in 2N- aqueous sodium
hydroxide under a nitrogen atmosphere gave, instead of
the expected 6c, a quantitative yield of 3,3'-diindole-
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methyl sulfide (8a), identified by comparison of its infra-
red and nmr spectrum to that of an authentic sample (14).
The reaction between di{(3-indolemethyl) disulfide and
5'-deoxy-5'-chloroadenosine in sodium and liquid ammo-
nia similarly failed to produce 6c. It was anticipated that
alkylation at the 1l-position of indole may inhibit the for-
mation of the 3,3"-diindolemethyl sulfide derivative which
is probably formed via an elimination-addition reaction in-
volving an ethylenic intermediate (15). N-1 Substituted
indoles are not capable of reacting according to this path-
way (16). An alternative route to the synthesis of thiols is
via a thioacetate precursor which can be transformed into
the thiol by basic hydrolysis. Thus in order to obtain the
l-methyl derivative of 3-indolemethylthiol, potassium thio-
acetate and l-methylgramine methiodide (17) (4b) were
heated together under reflux in water to give 3-(1-methyl-
indole)methylthioacetate (5b), the desired thiol precursor.
Coupling of 3-(1-methylindole)methylthiol, generated in
situ by basic hydrolysis of Sb, with 5'-deoxy-5'-chloro-
adenosine in 2V aqueous sodium hydroxide at 80° gave
5'-deoxy-5"-[3{(1-methylindole)methylthio]adenosine (6a) in
41% yield. Compound 6a was also prepared in 75% yield
from the reaction of 5b with 5'-deoxy-5'-chloroadenosine
in a mixture of DMSO and 4N aqueous sodium hydroxide
at room temperature. Similarly 3-(1,2-dimethylindole)
methylthioacetate (S¢), prepared from potassium thioacet-
ate and 1,2-dimethylgramine methiodide (4c) (18), was suc-
cessfully coupled to 5'-deoxy-5'-chloroadenosine in a mix-
ture of DMSO and 4N aqueous sodium hydroxide to give
6b. However, the synthesis of 6b failed in 2N aqueous
sodium hydroxide at 80°, possible attributable to the poor
water solubility of 5c. An attempt to prepare 3-(7-azaind-
ole)methylthioacetate from 7-azagramine (7a) (19) and po-
tassium thioacetate with the prospect of its subsequent
coupling to 5'-deoxy-5'-chloroadenosine, gave 3,3'-di-7-
azaindolemethyl sulfide (8b) as the major product. Simi-
larly, treatment of 3-dimethylaminomethyl-5,7-diazaindole
methiodide (7b) (20) with potassium thioacetate gave 3,3'-
di{5,7-diazaindole)methyl sulfide (8¢c), thus precluding the
use of this synthetic route in the synthesis of the adenosyl
compounds 6d and 6e. It may be postulated that in these
reactions, the desired thioacetates are formed initially, but
then react further to give the sulfides 8b and 8c, respecti-
vely. Surprisingly, the reaction between gramine metho-
sulfate (4a) (21) and potassium thioacetate gave a high
yield of 3-indolemethylthioactate (5a). This synthesis of
the 3-indolemethylthiol precursor represents a more con-
venient route to 3-indolemethylthiol prepared previously
from 3 (13). In conclusion, it has been shown that 3-indole-
methylthiols or their thioacetate precursors will partake in
coupling reactions with 5'-deoxy-5'-chloroadenosine only if
the l-position is alkylated. The tendency for the 3-indole-
methylthiols unsubstituted at the 1-position to form the
symmetrical sulfides of the type 8a-c, prevents them from
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being utilized in the coupling reaction with 5'-deoxy-5'-
chloroadenosine to form the desired sulfide ethers 6c-e,
respectively.

EXPERIMENTAL

3-Indolemethylthioacetate (5a).

A mixture of gramine methosulfate (21) (2.0 g, 6.66 mmoles) and
potassium thioacetate (1.0 g, 8.75 mmoles) in water (10 ml) was heated
under reflux, under a nitrogen atmosphere for 15 minutes. The mixture
was cooled and extracted with diethyl ether (2 X 30 ml). The combined
ethereal extracts were washed with water, dried with anhydrous magnes-
ium sulfate and evaporated to dryness to give a yellow oil which was
purified on a silica gel column (30-200 mesh) using ether as eluant to give
1.04 g (76%) of 5a as a viscous, homogenous oil; ir (Neat): 1645 (C=0)
cm™'; *H-nmr (deuteriochloroform): 6 8.07 (bs, 1H, N-H, deuterium oxide
replaceable), 7.73-7.48 (m, 1H, H-7), 7.36-7.18 (m, 3H, H-4,5 and 6), 7.08
(d, 1H, H-2, ] = 3 Hz), 4.28 (s, 2H, CH,-S), 2.27 (s, 3H, SCOCH,).

Anal. Caled. for C,,H,,NOS (205.3): C, 64.36; H, 5.40; N, 6.82. Found:
C, 64.51; H, 5.44; N, 6.93.

3{1-Methylindole)methylthioacetate (5b).

A solution of 1-methylgramine methiodide (17) (2.9 g, 8.8 mmoles) and
potassium thioacetate (1.5 g, 13.2 mmoles) in water (10 ml) was heated
under reflux for 2 hours. The reaction mixture was cooled and the oil
which had formed was extracted with diethyl ether (2 x 20 ml). The com-
bined ethereal extracts were washed with water, dried with anhydrous
magnesium sulfate and evaporated to dryness to afford 1.9 g (99%) of 5b
as a pure viscous yellow oil; ir (neat): 1650 (C=0) cm™*; 'H-nmr (deuterio-
chloroform): 6 7.78-7.43 (m, 1H, H-7), 7.38-7.04 (m, 3H, H-4, 5 and 6), 6.98
(s, 1H, H-2), 4.28 (s, 2H, CH,-S), 3.59 (s, 3H, N-CH,), 2.27 (s, 3H, COCH,).

Anal. Caled. for C,,H,,NOS (219.3): C, 65.72; H, 5.97; N, 6.39. Found:
C, 65.74; H, 6.02; N, 6.68.

341,2-Dimethylindole)methylthioacetate (5c).

A mixture of 1,2-dimethylgramine methiodide (18) (2.0 g, 5.81 mmoles)
and potassium thioacetate (1.33 g, 8.70 mmoles) in water (15 ml) was
heated under reflux for 45 minutes. The reaction mixture was cooled and
then worked up as described for the preparation of 5b to give a yellow oil
which crystallized on standing to afford 1.23 g (9%) of 5¢, mp 41-43°
(from petroleum ether 40-60°); ir (Nujol): 1640 (C=0) cm™; 'H-nmr (deu-
teriochloroform): 8 7.46-7.16 (m, 1H, H-7), 7.13-6.76 (m, 3H, H-4, 5 and 6),
4.25 (s, 2H, CH,-S), 3.50 (s, 3H, N-CH,), 2.31 (s, 3H, C-CH, or COCH,),
2.23 (s, 3H, COCH; or C-CH,).

Anal. Caled. for C,H,;NOS (233.3): C, 66.92; H, 6.48; N, 6.00. Found:
C, 66.80; H, 6.52; N, 6.00.

5'-Deoxy-5"{3{1-methylindole)methylthiocladenosine (6a).
Method A.

A mixture of 5b (0.3 g, 1.37 mmoles) and 5'-deoxy-5"-chloroadenosine
(1) (0.35 g, 1.22 mmoles) in 2N aqueous sodium hydroxide (4 ml) was
heated under reflux, under a nitrogen atmosphere for 1 hour, a white
precipitate forming in solution during the last 10 minutes of reflux. The
reaction mixture was cooled and precipitation completed by acidification
with acetic acid. The resulting solid was filtered off, washed with water
then ether and allowed to dry to give 0.24 g (41 %) of 6a as white crystals,
mp 111-112° (from methanol); *H-nmr (DMSO0-d,): 6 8.40 (s, 1H, adenosyl
H-8), 8.18 (s, 1H, adenosyl H-2), 7.59 (dd, 1H, H-7,] = 6 Hz and 1 Hz),
7.40 (dd, 1H, H-4,J = 6 Hz and 1 Hz), 7.32 (s, 2H, NH, deuterium oxide
replaceable), 7.23-7.12 (m, 2H, H-5 or H-6 and H-2), 7.02 (t, 1H, H-6 or
H-5,] = 6 Hz), 592 (d, 1H, H-1', ] = 5 Hz), 5.64-5.44 (bs, 1H, 2"0H or
3'-0H, deuterium oxide replaceable), 5.40-5.26 (bs, 1H, 3'-OH or 2'-0OH,
deuterium oxide replaceable), 4.78 (dd, 1H, H-2", ] = 7 Hz and 2 Hz),
4.20 (dd, 1H, H-3',J = 7 Hz, and 2 Hz), 4.13-4.04 {m, 1H, H-4", 3.90 (s,
2H, H-8), 3.68 (s, 3H, N-CH,), 2.94-2.68 (m, 2H, H-5', due to non-
equivalence of the H-s in this grouping).
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Anal. Caled. for C,H,,0,NS (426.5): C, 56.32; H, 5.20; N, 19.70.
Caled. for C,,H,,0,N,S.1H,0 (444.5): C, 54.04; H, 5.44; N, 18.91. Found:
C, 54.12; H, 5.22; N, 18.97.

Method B.

A solution of 5b (0.80 g, 3.65 mmoles) in DMSO (13 ml) was deoxygen-
ated with a stream of nitrogen for 1 hour, after which time 5-deoxy-5'-
chloroadenosine (0.90 g, 3.15 mole) was added followed by 4N aqueous
sodium hydroxide (2.8 ml, 11.2 mmoles). The resulting solution was stir-
red at ambient temperature for 16 hours and then poured into water (75
ml) to give a white precipitate. After cooling at 4° for 30 minutes, the
solid was collected by filtration, washed with water and allowed to dry to
give 1.03 g (76%) of 6a which had identical spectral properties and mp to
that obtained by method A.

5'-Deoxy-5"{3{1,2-dimethylindole)methylthioJadenosine (6b).

A solution of 5¢ (0.40 g, 1.72 mmoles) in DMSO (7 ml) was deoxygen-
ated with a stream of nitrogen for 1 hour, after which time 5'-deoxy-5'-
chloroadenosine (0.49 g, 1.72 mmoles) was added, followed by 4N
aqueous sodium hydroxide. The resulting solution was stirred at ambient
temperature for 16 hours and then poured into water (40 ml) to give a
white precipitate. After cooling at 4° for 30 minutes, the solid was col-
lected by filtration, washed with water and allowed to dry to give 0.46 g
(61%) of 6b mp 105-108° (from methanol); 'H-nmr (DMSO-de): 8 8.24 (s,
1H, adenosyl H-8), 8.06 (s, 1H, adenosyl H-2), 7.59-6.53 (m, 6H reducing
to 4H on addition of deuterium oxide, H-4, 5, 6 and 7, and NH,), 5.88 (d,
1H, H-1', J = 5 Hz), 5.34 (bs, 2H, 2'-OH and 3-OH, deuterium oxide
replaceable), 4.92-4.50 (m, 1H, H-2'), 4.36-3.86 (m, 2H, H-3’ and H-4"),
3.85 (s, 2H, H-8), 3.51 (s, 3H, N-CH,), 2.77 (d, 2H, H-5', ] = 5 Hz), 2.24 (s,
3H, C-CH,).

Anal. Caled. for C,,H,,0,N.S-1H,0: C, 55.01; H, 5.71; N, 18.33. Found:
C, 55.39; H, 5.67; N, 18.47.

Attempted Synthesis of 6b in 2N Aqueous Sodium Hydroxide.

A mixture of 3¢ (0.4 g, 1.72 mmoles) and 5'-deoxy-5-chloroadenosine
(0.5 g, 1.72 mmoles) in 2N aqueous sodium hydroxide (6 ml) was heated at
80° under a nitrogen atmosphere for 1 hour, the solution remaining oily
throughout the heating period. Upon cooling, the oily layer crystallized
and was filtered off and washed with water to give 0.34 g of an uniden-
tified light brown solid.

Attempted Synthesis of 5'-Deoxy-5'{3-indolemethylthio)adenosine (6c).
Method A.

A mixture of 3-indolemethylthiol (12) (1.0 g, 6.12 mmoles) and 5’-deoxy-
5'-chloroadenosine (1.75 g, 6.12 mmoles) in 2N aqueous sodium hydrox-
ide (14 ml) was heated at 80° under a nitrogen atmosphere for 1 hour.
The mixture was cooled and the resulting solid filtered off and washed
with water to give 0.88 g (98%) of 3,3"-diindolemethyl sulfide (8a), mp
140° (lit mp 142° (14)); ir (Nujol): 3380, 1350, 1210, 1100, 1050, 745 cm™;
‘H-nmr (acetone-dg): § 10.11-9.55 (bs, 2H, N-1 and N-1"-H, deuterium ox-
ide replaceable), 7.82-7.53 (m, 2H, H-4 and H-4'), 7.45-6.93 (m, 8H, H-2,
2'.5,5,6,6,7 and 7'), 3.88 (s, 4H, 2 x CH,-S).

Method B.

Clean sodium metal was added in small pieces to a stirred mixture of
di{3-indolemethyl) disulfide (13) (1.0 g, 3.08 mmoles) in liquid ammonia
(30 ml) and immersed in an acetone-dry ice bath, until a blue color per-
sisted for about 20 minutes. The color was dissipated by the addition of a
few crystals of ammonium chloride and 5'-deoxy-5'-chloroadenosine (1.75
g, 6.16 mmoles) was added in one portion. The mixture was stirred for 4
hours, the ice-bath was removed and the ammonia was allowed to evapo-
rate slowly. Water (30 ml) was added to the residue. The undissolved
solid was filtered off and washed with water to give 0.7 g of a solid which
was identified as 3,3"-diindolemethyl sulfide from its ir and nmr spectra.
Acidification of the filtrate produced no precipitate which would be ex-
pected if 4c had been formed.
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3,3'-Di-7-azaindolemethyl Sulfide (8b).

A mixture of 7-azagramine (19) (1.0 g, 5.71 mmoles) and potassium
thioacetate (1.5 g, 13.1 mmoles) in water (10 mi) was heated under reflux
under a nitrogen atmosphere for 1 hour. The mixture was cooled and the
solid which had formed in solution during the reflux period, was filtered
off, washed with water and allowed to dry, to give 0.82 g (98%) of 8b, mp
245-246° (from absolute ethanol); 'H-nmr (DMSO-dg): 6 11.90 (bs, 2H,
N-1H and N-1'H deuterium oxide replaceable), 8.38 (dd, 2H, H-6 and
H-6',] = 6 Hz and 2 Hz), 8.09 (dd, 2H, H-4 and H-4",] = 7 Hz and 1 Hz),
7.55 (s, 2H, H-2 and H-2'), 7.28-6.95 (m, 2H, H-5 and H-5), 3.97 (s, 4H, 2
x CH,-S).

Anal. Caled. for C,.H,,N,S (294.37): C, 65.29; H, 4.76; N, 19.04; S,
10.89. Found: C, 65.28; H, 4.79; N, 18.94; S, 10.98.

3,3"-Di{(5,7-diazaindole)methy} Sulfide (8c).

A mixture of 3-dimethylaminomethyl-5,7-diazaindole methiodide (Sb)
(20) (0.8 g, 2.51 mmoles) and potassium thioacetate (0.42 g, 3.67 mmoles)
in water (5 ml) was heated under reflux under a nitrogen atmosphere for
1 hour. The mixture was cooled and the resulting solid filtered off and
washed with water to give 0.28 g (76%) of 8¢, mp 249-250° (from ab-
solute ethanol); *H-nmr (perdeuterioacetic acid): 8 12.7 (bs, 2H, N-1H and
N-1'H, deuterium oxide replaceable), 9.77 (s, 2H, N-6H and N-6'H), 9.53
(s, 2H, N-4H and N-4'H), 8.17 (s, 2H, N-2H and N-2'H), 4.53 (s, 4H, 2 X
CH,-S).

Anal. Caled. for C,,H,,N.S (296.35): C, 56.74; H, 4.08; N, 28.36; 5,
10.82. Found: C, 56.50; H, 4.21; N, 28.44; S, 10.53.
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