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Abstract—The presence of cesium carbonate and tetrabutylammonium iodide (TBAI) facilitated efficient thiocarbonylation of
alcohols, and thiocarbamation of amines, using carbon disulfide with alkyl halides. This protocol was mild, chemoselective, and
efficient, compared to the existing methods. © 2001 Published by Elsevier Science Ltd.

Thiocarbonates (xanthates) and thiocarbamates! have
received much attention due to their interesting techno-
logical,? biological,® and synthetic applications.* Typi-
cally, the thiocarbonyl moiety has been utilized
ubiquitously as a protecting group,’ and as an interme-
diate in further synthesis.® Their formation employs
harsh reaction conditions such as the use of strong
bases, high temperatures, and long reaction times.” In
addition, modifications have been reported to use thio-
phosgene,® chlorothioformates,'® and isothiocyanates, '
which are costly and toxic reagents. Thus, we were
prompted to embark on improved procedures.
Recently, we reported a highly efficient cesium base-
promoted solution phase synthesis of alkyl carbonates
and carbamates,® which utilizes non-toxic reagents under
mild conditions. This protocol has been successfully
applied to peptidomimetic synthesis as well as solid
phase synthesis.! As a complementary approach, this
procedure has been extended to the formation of thio-
carbonates and thiocarbamates using carbon disulfide.

In the presence of cesium carbonate and tetra-
butylammonium iodide (TBAI), various alcohols and
amines smoothly coupled with carbon disulfide at ambi-
ent temperatures to produce the incipient thiocarbonate
(or thiocarbamate) anions in N,N-dimethylformamide.
Subsequent addition of an alkyl halide at 0°C exclu-
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sively produces thiocarbonate 3 or thiocarbamate 5,
respectively, upon gentle warming to room temperature
(Scheme 1).

Under the explored standard conditions (Table 1), vari-
ous primary alcohols were found to react efficiently
with active halides such as methyl iodide to provide the
corresponding methyl thiocarbonates in high yields
(entries 1-3). However, the thiocarbonate analog of
tertiary alcohol 10 offered low yield (entry 4). Sterically
hindered secondary alcohols, including pantolactone 11
and menthol 12, underwent three way couplings with
carbon disulfide and methyl iodide, delivering the
methyl xanthates in high yields. A noteworthy feature is
that our developed protocol averts common side reac-
tions such as elimination (Chugaev reaction), permit-
ting a wide range of applications.

As representatively depicted in Scheme 2, unreactive
bromides including 13 were compatible with the reac-
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Table 1.
entry alcohol halide time yield
1 P >"0oH  (6) Mel (7) 8h 94%
2 AR @ 7 12h 96%
3 BnOH 9) 7 3h 90%
4 Ph/><OH (10) 7 12h 57%
OH
5 > g 11 7 12 h 72%
o O
6 menthol 12 7 12 h 77%
CS,, Cs,CO3, TBAI
ROH + NN 2, LSpL U3, R
Ph B DMF 0°Ct,~12 h 0" 8T >""ph
1 13 14
OH
Ph/\/\/OH Ph._~_OH O/
(15, 82%) (16, 78%) (17, 80%) (18, 24 h, 77%)
Scheme 2.

tion conditions illustrated in Scheme 1. Aliphatic alco-
hol 15 and unsaturated alcohol 16 gave similar yields,
whereas more sterically hindered secondary substrates
encompassing cyclohexanol 17 and dihydrocholesterol
18 were also facile and pragmatic.

As delineated in Table 2, the techniques were applicable
for various amines, which offered efficient thiocarba-
mate syntheses. Primary amines (19-26) gave high
yields and short reaction times. These amines contained
diverse alkyl moieties including primary and secondary
alkyls (19-22) as well as cyclic and heterocyclic skele-
tons (23-26). Secondary amines (27-29) were also
found to incorporate easily into CS,, which in turn
ligated with benzyl chloride 20. Aromatic amines (30—
32) were examined, offering the organic thiocarbamates
exclusively in high yields as well.

In comparison, we applied our thiocarbamation tech-
niques using halide 13 with various primary and sec-
ondary amines (Scheme 3). Activated primary amines
including allyl amine 34 and sterically hindered fert-
butyl amine 35 were found to progress smoothly under
the developed conditions. Secondary amine, 1-(3-
chlorophenyl)piperazine 36, reacted expeditiously while
a chiral template, such as L-leucine methyl ester 37, also
gave a satisfactory result. In our thiocarbamation pro-
cesses, side products such as isothiocyanates, stemming

from hydrolysis or decomposition, were not detected in
any cases.

In conclusion, we have developed a convenient and
efficient protocol for a one-pot, three-component cou-
pling of various alcohols or amines with an alkyl halide
via a CS, bridge using cesium carbonate and TBAI.
Our highly chemoselective reactions generate the corre-
sponding thiocarbonates or thiocarbamates exclusively
in moderate to high yields without direct N- or O-alkyl-
ations. Furthermore, our explored methods exhibit
substrate versatility, mild reaction conditions, and
experimental convenience. These synthetic protocols
developed in our laboratories are believed to offer a
more general method for the formation of car-
bon-sulfur bonds, essential to numerous organic
syntheses.
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Table 2.
entry amine halide time yield
NH»
1 Q/v (19 BnCl 20 6h 93%
MeO
2 <j)\|\u42 (e 20 8h 82%
3 BnNH, (22 20 4h 92%
4 D—NHZ (23 20 5h 89%
5 Ov NH, (29 20 7h 84%
(@)
6 @v NH, (25) 20 5h 84%
7 @V NH, (26) 20 6h 81%
o
8 @(Nj 27 20 4h 97%
H
9 1-Benzylpiperazine (28) 20 3h 98%
10 4-Benzylpiperidine (29 20 4h 80%
11 Aniline (30 7 3h 83%
12 o-Nitroaniline (3D 20 10 h 65%
13 2-Aminopyridine 32 20 7h 72%
CS,, Cs,CO3, TBAI j’\
RRNH + 13 ‘ ' .
R'=H or alkyl DMF,0°Crt, <12 h N 57" ph
4 33
Cl
A~ NH2 %NHZ \©/\ @NH
HCI-H,N™ > Co,Me
(34, 87%) (35, 70%) (36, 92%) (37, 89%)
Scheme 3.
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