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A novel and efficient procedure which is compatible with high-throughput process for the traceless solid-
phase synthesis of thioureas is described. In the presence of carbon disulfide, Merrifield resin reacts with
an amine to give a resin-bound dithiocarbamate moiety. Heating this supported dithiocarbamate in the presence
of a second amine at 6C for 12 h led to the formation of the thiourea with the release of benzylthiol
bound to the resin. This process allows the preparation of-NiiNand trisubstituted thioureas in good

yields and with satisfactory purity. Furthermore, the mild reaction conditions involved are compatible with
many functional groups.

Introduction Scheme 1

Finding new methodologies for the synthesis of a family R

P

of biologically potent compounds by assembling readily N i
available building blocks is a key issue for combinatorial- g X i . R_/S\[rN\RQ
chemistry-based drug discovery. CS,. Toluene s
Thioureas appear to be ideal candidates for the develop- X=8r.cl

ment of such processes, since they are the core feature in Equation 1
families of compounds known to display biological activi-
ties23 Their structure is formed by two amines linked by a i SH A
thiocarbonyl function. However, the synthetic routes reported R_/S\H/N\H ——— R~ + s=C=N
in the literature are not very suitable for high-throughput s ;fﬁgg?;c
synthesis because the syntheses generally involve the con- or AgNO;
densation of an amine with an isothiocyadatsich in turn

Equation 2

is prepared separately starting from highly toxic reagents
substances such as thiophosgemeits derivatives.

A few papers describe the synthesis of thioureas on solid
support by reaction of supported amine with an isothiocy-
anate’ Unfortunately, this approach does not fully benefit
from the use of the solid support technique. The diversity is
indeed restricted by the limited number of commercially
available isothiocyanates. Moreover, the linkage to the resin,
generally an ester bond, leads after the cleavage to unwante
carboxylic or alcoholic residues.

by a well-known reaction described in 199Zhe dithio-
carbamate moiety is obtained in good yield by the condensa-
tion of an amine with carbon disulfide in the presence of an
alkylating agent.

The second step of the process is the thermolytic cleavage
of the dithiocarbamate moiety into the corresponding isothio-
§yanate and alkylthidl.The reaction is promoted by silver
or mercury salts, both being toxic and expensive reagents.

Herein we report an efficient procedure for the traceless Moreover, high temperatures ranging from 150 to 200

solid-phase synthesis of thioureas. The synthetic scheme uselr® req_uired. T_hese_drastic r_eact_ion cor_1diti0ns could expl_a in
two reactions described a long time ago. The first step why this reaction did not give rise to important synthetic

(equation 1, Scheme 1) is the preparation ofdithiocarbamatesdeve'cmmemS and appeared not attractive for solid-phase

synthesis.
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Scheme 2 observed only afte3 h and merely 10% vyield after 12 h,
Ry while in the presence of secondary amines no thiourea
;N—H i formation was observed.
@_/C' Ry @—/S\H/N\RH These differences in reactivity can be rationalized based
on mechanistic considerations if one presumes that thiourea
formation proceeds through direct substitution of the amine
Rs at the dithiocarbamate %$garbon atom (path A) and not
N—H| A through its thermal fragmentation into isothiocyanate and
R thiol (path B) (Scheme 3).
Indeed, the thiourea formation reaction appears to be
3 influenced by steric hindrance and by the nucleophilicity of
@_/SH + RQ\NJ\N/R‘ the amine used to cleave the supported dithiocarbamate. This
R.’2 \Rk is particularly obvious when anilin derivatives are involved
in the second step. If reaction would proceed through the
The use of chloromethylated resin (Merrifield) in the first formation of isothiocyanate (path B), the thiourea would be
step in lieu of the alkylating reagent results in the quantitative obtained even in the presence of poor nucleophiles such as
formation of the resin-bound dithiocarbamate. The excessaniline. Moreover, another clue in favor of the mechanism
of reagent can then be easily washed out from the resin.is the reaction temperature (6C), which is much lower
Heating the supported dithiocarbamate allows the thermolytic than that in conditions described for the fragmentation of
formation/release of the desired thiourea (Scheme 2). Thedithiocarbamate into isothiocyanate and thiol.
resin-bound thiol is then easily eliminated by filtration and ~ The influence of the amine side chain on the outcome of
the thiourea purified from the excess of amine by extraction the reaction was then studied. As the reaction conditions are
from saturated ammonium chloride with methylene chloride. very mild and do not involve harsh reagents, a wide variety
To apply this sequence to combinatorial chemistry, we of functional groups such as alkenes (entry 2), heterocycles
investigated the influence of the substitution of the amine (entry 3), strained carbocycles (entry 3), substituted aromatic
and of different functional groups on the outcome of the rings (entry 6, 12), acetals (entry 7), and phosphonates (entry
reaction. Several primary and secondary amines were tested.0) are compatible with this procedure.
in the first and in the following step. If an amino alcohol is involved in the first step, the
Some general trends concerning the substitution of the supported dithiocarbamate intermediate cannot be isolated.
amine can be drawn from the different experiments. When It readily undergoes intramolecular nucleophilic substitution
primary amines or anilines are used to form the resin-boundthat results in the release from the solid support forming
dithiocarbamates, the following thermolytic cleavage can be cyclic thiocarbamates in 90% yield. However, if the amino
carried out at 60C using either primary or secondary amines alcohol is involved in the second step, the expected thiourea
as nucleophiles. However, in the presence of aniline, underis obtained in 69% yield (entry 6).
the same reaction conditions, no thiourea formation was The indicated yields are based on the amount of product
observed. recovered by methylene chloride extraction from saturated
When secondary amines are involved in the first step, the aqueous ammonium chloride solution. Thioureas were char-
resulting N,N-disubstituted dithiocarbamates are not reactive acterized by'H NMR and mass spectra analysis. The purity
and no thiourea was formed at 8C in the presence of was checked by NMR and HPLC and found to be around
primary or secondary amine. At higher temperature 120 90% in most of the cases. The lower yield observed for the
150°C) with primary amines, the formation of thiourea was pyridine-substituted thiourea (entry 3) is due to poor extrac-
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Scheme 4 HPLC/mass spectroscopy analyses were performed using
a Micromass platform LC coupled to a 1100 HP HPLC
Peptide Chemistry equipped with a Kromasil C8 (3.bm, 100 A, 100x 3)
0_/3 N — | Organometalic Chemistry column. The solvent gradient was acetonitrifeater+ 0.1%
s Seafold Heterocyclic Chemistry acetate buffer from 40/60 to 80/20 in 8 min.

General Procedure for the Preparation of the Sup-
ported Dithiocarbamate. To a slurry of Merrifield resin
(0.5 g, 0.62 mmol, loading 1.24 mmol/g) in THF (5 mL)
were added successively carbon disulfide (0.12 mL, 2 mmol),
o N . N-ethyldiisopropylamine (0.21 mL, 1.24 mmol), and the
@—/ hig 2 amine (1.86 mmol) at room temperature. The mixture was

S ! then gently shaken for 12 h at room temperature. The ex-
s cess of reagents were eliminated by washing the resin four
times successively with THF (15 mL), G@l, (15 mL), and
Cleavage MeOH (15 mL). After the resin was dried under vacuum,
IR analysis showed the characteristic bands of the supported
dithiocarbamate at 3353 (NH), 3255 (NH), 1377, 1328, 1059

R, cm L,
Rq The coupling efficiency is evaluated by elemental analysis
Q_/SH + R"N\n/N R, and is found to be more than 90%.
td General Procedure for the Formation of Thioureas.An
Rs excess of amine (3.7 mmol) was added to a suspension of

the polymer-bound dithiocarbamate (0.5 g) in toluene (5 mL)
tion. The purity of this compound was also found to be lower at room temperature. The mixture was heated at@@or
(60% according to NMR), due to contamination by (methy- 12 h to promote thiourea formation. The resin was then
lamino)pyridine. If the crude cleavage mixture is purified filtered off and washed four times successively with £H
by preparative TLC, the yield rises to 85% and the thiourea Cl, (15 mL) and MeOH (15 mL). The filtrate was concen-
is obtained with high purity. However for high-throughput trated under vacuum to afford a mixture containing the
synthesis compatibility, purification by extraction is pre- thiourea and excess of amine. The excess of amine was then
ferred. removed by dissolving the crude in @El, (5 mL) and

It has to be noticed that supported dihiocarbamates arewashing it with an aqueous solution of ammonium chloride
susceptible to further functionalizations prior to the ther- (5 mL). After concentration of the organic phase, the
molytic cleavage. For example, dithiocarbamates (entry 8) thioureas were analyzed biH NMR and HPLC/mass
could be further elaborated by peptide type chemistry and spectroscopy. See Table 1 for yields.
bromobenzene dithiocarbamate (entry 12) via palladium  Analytical Data. 1,3-Dibutyl-thiourea (1): *H NMR (300
coupling chemistry. Thus, an extension of this work would MHz, CDCk) ¢ 0.96 (t,J = 7.5 Hz, 6 H), 1.41 (qtJ = 7.5,
be to use dithiocarbamate as a linker for traceless synthesis7.2 Hz, 4 H), 1.59 (qtJ = 7.2, 7.0 Hz, 4 H), 3.42 (m, 4 H),
of other families of compounds (Scheme 4). 5.75 (br s, 2 H); MS (IC/NH") 189 (M + H™).

In summary, we describe here an efficient and traceless 1-Allyl-3-cyclohexyl-thiourea (2): *H NMR (200 MHz,
solid-phase synthesis of di- and trisubstituted thioureas. ThisSCDCl) 6 1.15-2.00 (m, 10 H), 3.91 (m, 1 H), 4.03
process involves two successive reactions of amino com-(m, 2 H), 5.15-5.27 (m, 2 H), 5.745.89 (m, 1 H), 5.91
pounds. The mild reaction conditions involved are compatible (br s, 1 H), 6.23 (br s, 1 H); MS (IC/NH) 199 (M +
with many functional groups and with the automation of the H*).
process. Hence, preparation of a huge number of structurally = 1-Cyclopropyl-3-pyridin-3-yl-methyl-thiourea (3). Con-
diverse thioureas can be achieved. An extension of this worktaminated by 30% of protonated (methylamino)pyridifl:
will involve the use of dithiocarbamates as thermocleavable NMR (300 MHz, CDC}) 6 0.68-0.79 (m, 2 H), 0.86-0.82

linkers for traceless solid-phase synthesis. (m, 2 H), 2.00 (br s, 1 H), 2.48 (m, 1 H), 4.94 @= 6.0
_ _ Hz, 2 H), 6.66 (br s, 1H), 7.267.30 (m, 1H), 7.677.77
Experimental Section (m, 1 H), 8.47-8.89 (m, 2H); MS (IC/NH") 208 (M+ H").

General. All chemicals were obtained from commercial Protonated (methylamino)pyridinetH NMR (300 MHz,
suppliers. The Merrifield resin was purchased from Nova CDCl) 6 4.84 (s, 2 H), 6.66 (br s, 1H), 7.3@.35 (m, 1H),
Biochem. Filtration devices equipped withun pore size ~ 7.67—7.74 (m, 1 H), 8.478.89 (m, 2H).

PTFE membrane were purchased from Whatman. Solvents 1-Benzyl-3-isobutyl-1-methyl-thiourea (4): *H NMR
for reaction were distilled prior to use. Analytical grade (300 MHz, CDC}) 0 0.88 (d,J= 6.8 Hz, 6 H), 1.91 (tseptet,
solvents were used for both reactions and resin washing. On-J = 5.3, 6.8 Hz, 1 H), 3.20 (s, 3 H), 3.48 (dd= 5.3 Hz,
bead IR analysis was carried out using a Perkin-Elmer 20005.0 Hz, 2 H), 5.02 (s, 2 H), 5.52 (br s, 1 H), 7:28.43 (m,
FT spectrometer coupled to an autoimage microscope. NMR5 H); MS (IC/NH,*) 237 (M + H¥).

analyses were performed on Bruker 300- or 200-Avance 3-Pentamethylen-1-(1-)-phenyl-ethyl)-thiourea (5): *H
DPX spectrometer. NMR (200 MHz, CDC}) 6 1.49 (d,J = 6.8 Hz, 3 H), 1.54
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Table 12 1-(3,3-Diethoxy-propyl)-3-isobutyl-thiourea (7): *H NMR
s (200 MHz, CDC}) 6 0.81 (d,J = 6.3 Hz, 6 H), 1.07 (tJ =
R Rey P Ry 6.8 Hz, 6 H), 1.55 (m, 2 H), 1.76 (tseptdt= 6.3 et 6.9 Hz,
Q—/S N\R2 NN 1 H), 3.12 (m, 2H), 3.37 (m, 4 H), 3.48 (4,= 6.8 Hz, 4
Entry \[Sr Aol R Yield (%) H), 4.37 (m, 1 H), 6.55 (br s, 2 H); MS (IC/NH) 277 (M
+ H*).
1 HaN A~ NN, 70 [2-(3-Butyl-thioureido)-ethyl]-carbamic acid tert-butyl

ester (8): 'H NMR (300 MHz, CDC}) 6 0.90 (t,J=7.5
N ~ Hz, 3 H), 1.41 (s, 9 H), 1.391.45 (m, 2 H), 1.55 (i) =
2 I =\ SN, 50 7.5 Hz, 7.1 Hz, 2 H), 3.30 (M, 4 H), 3.58 (M, 2 H), 5.24 (br
Q s, 1 H), 6.45 (br s, 1 H), 7.04 (br s, 1 H); MS (IC/NB
N—<] | g N 33 276 (M + H*).
N N-[3-(Adamant-1-yl)-thioureido-ethyl]-acetamide (9):
- 1H NMR (200 MHz, CDC) 6 1.70 (m, 6 H), 1.99 (s, 3 H),
\)\ ©AH a7 1.97-2.16 (m, 9 H), 3.47 (m, 2 H), 3.75 (m, 2 H), 6.09 (br
s, 1 H), 6.72 (br s, 2 H): MS (IC/NK) 296 (M + H*).
5 NH 80 [2-(3-Benzyl-thioureido)-ethyl]-phosphonic acid diethyl
HoN [~ ester (10): presence of rotamersH NMR (200 MHz,

CDCly) 6 1.20 (t,J = 6.8 Hz, 6 H), 2.10 (tdJ = 6.3 Hz,

N HO_ 16.58 Hz, 2 H), 3.85 (t) = 6.3 Hz, 2 H), 3.99 (qd) = 6.8
6 \_Q_O 69 Hz, 16.6 Hz, 4 H), 4.83 (dJ = 4.5 Hz, 2 H), 7.247.30
\ >\/\NH2 (m, 5 Hz); MS (IC/NH™) 331 (M + H").
[2-(3-Anilin-thioureido)-ethyl]-carbamic acid tert-butyl
“o ester (11): doubling due to thiourea rotamets] NMR (200
7 HQN\)\ /\o)\@“NH 48 MHz, CDCk) 6 1.36 (s, 5 H), 1.43 (s, 4 H), 3.33 and 3.45
2 - (t, J= 6.9 Hz, 2 H), 3.88 and 4.14 (§ = 6.9 Hz, 2 H),

4.90 (br's, 1 H), 6.90 (br s, 1 H), 7.£7.57 (m, 5 H), 7.80

o% A NH, 60 (br s, 1 H); MS (IC/NH*') 296 (M + H™).
H 1-Benzyl-3-(4-bromo-phenyl)-1-methyl-thiourea (12):
H H NMR (200 MHz, CDC}) ¢ 3.31 (s, 3 H), 5.01 (s, 2 H),
9 HZN\@ \n/f\‘\/\NH2 81 7.06 (brs, 1 H), 7.17 (d) = 5.8 Hz, 2 H), 7.327.40 (m,
o 5 H), 7.44 (d,J = 5.8 Hz, 2 H); MS (IC/NH") 335 (M +
H).
10 Hw“@ Eroxﬁ\/\ 97 Supporting Information Available. 'H NMR and mass
-0’ NH, spectra. This material is available free of charge via the

Internet at http://pubs.acs.org.
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