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Abstract An efficient copper-mediated three-component coupling re-
action of boronic acids, amines, and carbon disulfide has been devel-
oped, which provides a new approach to a wide range of functionalized
dithiocarbamates in good to excellent yields. The present methodology
has many advantages, such as mild reaction conditions, easily available
substrates, wide substrate scope, and high functional-group tolerance.
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Organic dithiocarbamates constitute an important class
of compounds that are known to have a wide range of bio-
logical activities and thus have attracted much attention in
the field of pharmaceuticals and therapeutics in recent
years (Figure 1).! Moreover, they have been used as versa-
tile synthetic intermediates in organic synthesis,? as linkers
in solid-phase organic synthesis,®> and as radical chain
transfer agents in reversible addition fragmentation chain
transfer (RAFT) polymerizations.*

Since conventional methods for the synthesis of dithio-
carbamates involve the use of toxic thiophosgene and its
derivatives, there is high demand for new and green proto-
cols that allow the synthesis of this type of compounds
with low toxic and easily available reagents as starting ma-
terials.> In the past decades, many elegant alternative pro-
cesses have been developed.®-'! Especially, one-pot three-
component reactions of amines, carbon disulfide, and elec-
trophiles have been extensively investigated for the con-
struction of different dithiocarbamates (Scheme 1, a). The
electrophiles previously used for this purpose include or-
ganic halides,” a,B-unsaturated compounds,? alcohols,® aryl
diazonium fluoroborate,'® and N-tosylhydrazones.!' These
reactions proceed through the in situ generation of the
dithiocarbamate anion via the reaction of amines and car-
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Figure 1 Representative organic dithiocarbamates with pharmaceuti-
cal activity

bon disulfide followed by the reaction with electrophiles.
Although great progress has been made, the development
of a general route to dithiocarbamates with wide substrate
scope and high functional-group tolerance still remains a
challenge.

a) Previous works :

{amines + CS, + electrophile —— dithiocarbamate ]

° NNHTs
electrophiles: RX, ROH, /\EWG, Ar-NoBFy, R‘J\Rz
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Scheme 1 Methods for the synthesis of organic dithiocarbamates
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Organoboronic acids, which have low toxicity and are
readily available and easy to handle, have been widely used
as coupling partners for the carbon-carbon bond and car-
bon-heteroatom bond-formation reactions,'? such as the
palladium-catalyzed Suzuki-Miyaura coupling reaction'3
and the copper-mediated Chan-Evans-Lam coupling reac-
tion.'* However, to the best of our knowledge, they have
never been explored for the synthesis of organic dithiocar-
bamates. As part of our continuing interest in the develop-
ment of new multicomponent reactions for the construc-
tion of functional molecules,'> herein, we wish to report an
efficient copper-mediated three-component coupling reac-
tion of boronic acids, amines, and carbon disulfide, which
provides a new route to a wide range of dithiocarbamtates,
including alkyl, (hetero)aryl, and vinyl dithiocarbamates
(Scheme 1, b).

Initially, the reaction of phenylboronic acid (1a), di-
ethylamine (2a), and CS, was selected as the model reaction
for the optimization of reaction conditions, and the results
are summarized in Table 1. To our delight, when the reac-
tion was conducted in the presence of one equivalent of
Cu(OAc), and three equivalents of K,CO; in acetonitrile at
60 °C under air atmosphere for ten hours, the desired prod-
uct, phenyl diethylcarbamodithioate (3aa), was formed in
an excellent yield (Table 1, entry 1). An evaluation of other
copper sources showed that CuCl could also mediate the re-
action efficiently, while CuSO,, Cu(OTf),, Cul, or Cu,0 ex-
hibited no or lower efficacy (Table 1, entries 2-6). It should
be noted that when the reaction was conducted with other
metal salts such as Pd(OAc), and NiCl,, no desired product
was detected (Table 1, entries 7 and 8). Further screening of
bases revealed that Na,CO; was also capable of promoting
the reaction to give the desired product in 94% yields while
replacement of K,CO; with other bases such as NaOH,
DMAP, or pyridine resulted in low yield or no trace of the
desired product (Table 1, entries 9-12). It was found that
the solvent have a significant influence on the reaction.
Acetonitrile was proven to be the most suitable solvent for
the reaction while CH,Cl,, toluene, 1,4-dioxane, DMSO, and
H,O gave inferior results (Table 1, entries 13-17). Both 1
equivalent of Cu(OAc), and 3 equivalents of K,CO; are nec-
essary for the reaction completion. Decreasing the loading
of the copper salt or the base would dramatically decrease
the yield (Table 1, entries 18 and 19). It should be pointed
out that the reaction required an air atmosphere to pro-
ceed; if the reaction was carried out in nitrogen, the yield of
the product was very low (Table 1, entry 20). Further opti-
mization revealed that decreasing the reaction temperature
from 60 °C to 35 °C led to a sharp decrease in the yield of
3aa (Table 1, entry 21). The effect of the mole ratio of reac-
tants was also investigated. A 1:5:2 molar ratio of 1a/2a/CS,
proved to be the optimal. Lower yield was obtained when
the reaction was performed in a molar ratio of 1a/2a/CS, =
1:1:1 or 1:2:2 under otherwise identical conditions (Table
1, entries 22 and 23).

Table 1 Optimization of the Reaction Conditions?

S
BOH)  —\ Cu source, base )k
+ NH + CS2 —————— @ g
— solvent )

1a 2a 3aa
Entry Cu source Base Solvent Yield (%)

1 Cu(OAc), K,CO, MeCN 96 (88)

2 cudl K,CO, MeCN 93

3 Cuso, K,CO, MeCN trace

4 Cu(OTf), K,CO4 MeCN trace

5 cul K,CO, MeCN 63

6 Cu,0 K,CO, MeCN 23

7 Pd(OAc), K,CO, MeCN N.D.c

8 Nicl, K,CO, MeCN N.D.

9 Cu(OAc), Na,CO; MeCN 94
10 Cu(OAc), NaOH MeCN N.D.
1 Cu(OAc), DMAP MeCN 33
12 Cu(OAc), pyridine MeCN N.D.
13 Cu(OAc), K,CO, CH,Cl, 86
14 Cu(OAc), K,CO4 toluene 88
15 Cu(OAc), K,CO, 1,4-dioxane 58
16 Cu(OAc), K,CO; DMSO trace
17 Cu(OAc), K,CO, H,0 N.D.
184 Cu(OAc), K,CO, MeCN 18
19¢ Cu(OAc), K,CO, MeCN 25
201 Cu(OAc), K,CO, MeCN 10
219 Cu(OAc), K,CO, MeCN 9
22h Cu(OAc), K,CO4 MeCN 43
23 Cu(OAc), K,CO, MeCN 52

2 Reaction conditions: 1a (0.5 mmol), 2a (2.5 mmol), CS, (1.0 mmol), Cu
source (1.0 mmol), and base (1.5 mmol) in solvent (4 mL), under air at
60 °Cfor 10 h.

b GC yield with dodecane as internal standard. Number in parentheses is
the yield of isolated product. < N.D. = Not detected.

4 With 0.5 equiv of Cu(OAc),.

e With 1.5 equiv of K,CO;.

fThe reaction was conducted under N, atmosphere.

9At35°C.

" The reaction was conducted with 0.5 mmol of 2a and 0.5 mmol of CS,.
i The reaction was conducted with 1.0 mmol of 2a and 1.0 mmol of CS,.

In order to evaluate the reactivity of other organoboron
compounds in the three-component coupling reaction,
phenylboronic acid pinacol ester (4a), phenylboronic acid
neopentylglycol ester (4b), and potassium phenyltrifluo-
roborate (4¢) were employed as the coupling partner to re-
act with 2a and CS, under the identical reaction conditions.
The results in Table 2 revealed that phenylboronic acid ester
4b could also work well to give the desired product in excel-
lent yield (Table 2, entry 3), while 4a and 4c gave low or no
yield (Table 2, entries 2 and 4).
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Table 2 Reactivity of other Organoboron Compounds?

B —\
+ NH 4+ CS»
SR

Cu(OAG), KoCO3

i3

MeCN, 60 °C /\
e N )

10 h, air
1a, 4a—c 2a aa
Entry Organoboron compound Yield (%)°

B(OH),

1 ©/ 1a 96
?J%

2 4a 15

S

?/

3 ©/B\O ] 4b 91
BF3K

4 ©/ 4c 0

2 Reaction conditions: organoboron reagent (0.5 mmol), 2a (2.5 mmol),
CS, (1.0 mmol), Cu(OAc), (1.0 mmol), K,CO5 (1.5 mmol), MeCN (4 mL),
60 °C, 10 h, air.

b GC yield with dodecane as internal standard.

With the optimized reaction conditions in hand, we
then examined the scope and generality of this copper-me-
diated three-component coupling reaction with various bo-
ronic acids (Scheme 2).1617 Gratifyingly, a variety of arylbo-
ronic acids bearing electron-rich or electron-poor substitu-
ents, such as alkyl, alkoxyl, alkenyl, halides, ketone, cyano,
and trifluoromethyl, underwent the reaction with 2a and
CS, to furnish the corresponding products (3ba-qa) in good
to excellent yields, although in some cases higher tempera-
tures were required. The results also showed that ortho
substitution decrease the yield of the expected product,
probably due to steric hindrance effect (3ba and 3la vs.
3o0a; 3fa vs. 3pa). Besides monosubstituted boronic acids,
the bis-substituted ones such as 1r and 1s could also under-
go the reaction smoothly. Remarkably, boronic acids con-
taining a heteroaryl moiety, such as 3-thienylboronic acid
(1t) and 4-pyridineboronic acid (1u), were compatible with
the reaction conditions, although the later gave the desired
product 3ua in a lower yield. It should be pointed out that
these compounds are difficult to be synthesized by previ-
ously reported methods.

Pleasingly, vinylboronic acids 1v-x could be efficiently
transformed into the desired products (3va-xa) in good
yields. It is noteworthy that the reactions of vinylboronic
acids are highly stereospecific, as the (E)-vinylboronic acids
1w and 1x gave the corresponding (E)-vinyl dithiocarba-
mates as the sole product without the formation of Z iso-
mers. In contrast, the approaches previously developed for

S
A\
NH o, os, CuordRiecos L _n

RB(OH),
MeCN, 60 °C, 10 h )
1b-z 2a 3ba-3a
I Q/ /©\
/\N)k /\N)k

3ba, R = Me, 98%
3ca, R = i-Pr, 98%
3da, R = OMe, 86%
3ea, R = CH,CH, 81%
3fa, R=F, 92%

3la, R = Me, 97%
3ma, R = OMe, 78%
3na, R =Br, 64%

30a, R=Me, 71%
3pa, R=F, 82%
3ga, R =Ph, 68%

cl
3ga, R=Cl, 98%
3ha, R = Br, 74% s s
3ia, R = CHsCO, 79%
3ja, R = CN, 86%2 /\N)ks /\N)ks Cl

3ka, R = CF3, 81%"

3ra, 83% 3sa, 62%
S
=
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S S
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S S
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3ya, 58% 3za, 67%

Scheme 2 Substrate scope of boronic acids. Reagents and conditions: 1
(0.5 mmol), 2a (2.5 mmol), CS, (1.0 mmol), Cu(OAc), (1.0 mmol), K,CO;
(1.5 mmol), MeCN (4 mL), 60 °C, 10 h, air. Isolated yields are given.  The
reaction was conducted at 80 °C. " The reaction was conducted at 100 °C.

the synthesis of (E)-vinyl dithiocarbamates from vinyl bro-
mides usually generated Z isomers as minor byproducts.5®7¢
Furthermore, extension of our protocol to more challenging
alkylboronic acid substrates to synthesize alkyl dithiocar-
bamates was also successful. For instance, both pentylbo-
ronic acid (1y) and cyclopropylboronic acid (1z) could enter
into the reaction smoothly, affording the corresponding
products 3ya and 3za in satisfactory yields under the opti-
mized conditions.

Subsequently, the scope of amines was examined
(Scheme 3). A variety of secondary amines (2b-g) were ca-
pable of taking part in the reaction, furnishing the corre-
sponding products 3ab-ag in good to excellent yields. How-
ever, the reaction of primary amine, such as n-butylamine
(2h), generated the corresponding thiourea as the major
product, and the desired dithiocarbamate product was not
detected. To our surprise, although aniline (2i) could not
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Scheme 3 Substrate scope of amines. Reagents and conditions: 1a (0.5
mmol), 2 (2.5 mmol), CS, (1.0 mmol), Cu(OAc), (1.0 mmol), K,CO5 (1.5
mmol), MeCN (4 mL), 60 °C, 10 h, air. Isolated yields are given.

participate in the reaction, N-ethylaniline was a suitable
substrate for the reaction, giving rise to the desired product
3aj in a satisfactory yield.

In order to highlight the practicability and reliability of
our new protocol, an amplifying experiment was per-
formed. As can be seen from Scheme 4, the dithiocarbamate
product 3aa could be obtained in a high yield (82%) upon
isolation when the reaction was conducted on a 5 mmol
scale (Equation 1).

R‘RQNH + CS, Cu“x2

B(OH
R‘RZNCSZ _
02 X T
cu'X
F

% R'R2NCS;R RCu”X

(R'R2NCS,)Cu''R
\
E
R‘R2N082
Cu"X,

(R'R2NCS,)Cu'R R*RZNH +CS;
D 2

(R'RENCS,)Cu'X

RB(OH),
1

Scheme 4 Proposed reaction mechanism

Cu(OAc), (1 equiv)
K>COj3 (3 equiv)

1la + 2a + CS, — > 3aa
MeCN (20 mL) o) i
(5 mmol) (25 mmol) (15 mmol) 60 °C, 10 h, air (82% yield)
Equation 1

On the basis of the above results and previous re-
ports,”-111819 3 plausible mechanism is illustrated in
Scheme 4. Initially, transmetalation of boronic acid 1 with
copper(Il) species A generated B, which then underwent co-
ordination exchange with the in situ generated dithiocarba-
mate anion C to give complex D. Upon disproportionation
with copper(II), complex D was oxidized to copper(Ill) spe-
cies E. A following reductive elimination produced the final
product 3 along with a copper(I) species F, which would be
oxidized by O, to regenerate copper(Il) species A to close
the cycle (path a). Alternatively, the reaction might proceed
through path b, in which coordination exchange of species
A with dithiocarbamate anion C occurred first to give inter-
mediate G. Subsequent transmetalation of G with boronic
acid 1 would also afford complex D.

In summary, we have successfully developed an effi-
cient method for the synthesis of organic dithiocarbamates
through a copper-mediated three-component coupling re-
action of boronic acids, amines, and carbon disulfide. A va-
riety of boronic acids, including aryl, heteroaryl, vinyl, and
alkyl boronic acids, could be applied to the protocol, afford-
ing the corresponding products in good to excellent yields.
The present methodology has many advantages, such as
mild reaction conditions, easily available substrates, wide
substrate scope, and high functional-group tolerance. Fur-
ther investigations into the mechanism and exploration of
additional active catalytic system for this and related cou-
pling reaction are underway in our laboratory.
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