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S-Alkyl- N-alkylisothioureas were efficiently synthesized via synthetic approAghuging 3-phenylpro-

pionyl isothiocyanate (PPI). The utility of the approach was proved by the syntheses of clobenpropit, a
potent histamine kFantagonist, and its analogues. Alternatively, clobenpropit could be prepared via
intramolecular amide cleavagB)(with use of 2-nitrophenylacetyl isothiocyanate (NPAI).

Introduction

S-Alkylisothioureasl and their saltsl-HX are synthesized
by mainly reacting thioureas with alkyl halidésand other
methods have been little employed so 4arhey are crucial
intermediates for the synthesis of guanidiasd heterocyclic
systemsg’. Treatment ofl with alkali or amine easily produces
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thiols > whose S-alkyl moieties are good leaving groups. In
recent years, the isothiourea-functional group has been increas-
ingly found in a wide range of biologically active molecufés,
including NO synthase inhibitofsNa/C&" exchanger inhibi-
tors® genotype-selective antitumor ageh®nd anti-HIV com-
pounds?

On the other hand, the histamine; Ifeceptor (HR) is a
presynaptic autoreceptor that is mainly localized in the central
nervous system (CNS) and acts to modulate the biosynthesis
and release of histamine from histaminergic neufohR
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SCHEME 1. Reaction of Thiourea with Alkyl Halide o o C
S <,:]/‘;;\Br . S:C:NJ\/\© S=C=N

NH
I N
/@/\H NH, H (/N]/\/\S)LN/\Q\ (1) 02
Cl reflux, 6 days, EtOH N H Cl
H

- 2HBr PPI : for approach A NPAI : for approach B

clobenpropit 2HBr (1a 2HBr, 26%) FIGURE 1. Two reagents foS-alkyl-N-alkylisothiourea syntheses.

cl
/©/\N)SLNH2 C/N “Hel 5 s J‘LHN/\Q @ p-carborane-c_ontaining thioureac (sefe the pr_eparation in
N H refox. 6 days, K1, C1OH G ey O Scheme 4), in which the benzene ring of thiou®a was
3a replaced withp-carborane, did not proceed at all (eq 3). This
FUB 6T (1e 2rCL 8%) may be caused by an electron-withdrawing effect of the
. «:]/_;;\B’ \ carborane framework, which is an electron-deficient cluster.
CI@ANLNHZ H R 3) These results indicate that conventional methods for the
reflux, 6 days, EtOH o Salkylation of thioureas give poor yields 8falkylisothioureas

and their salts.

In this paper, we report two efficient synthetic approaches
antagonists increase central histamine levels and may thereford0 S-alkyl-N-alkylisothioureas. One approach involves direct
be useful for the treatment of a variety of CNS disorders, cleavage of the NCO bond ) with hydrazine hydrate starting
including eating disorder, schizophrenia, narcolepsy, epilepsy from 3-phenylpropionyl isothiocyanate (PPI), producing cloben-
and cognitive disorders, and attention-deficit hyperactivity Propit in higher yields and in a remarkably shorter time than

3c (o:C e:BH)

disorder (ADHD)!® Among them, theSimidazolylpropylN- those of a known metho#2 Further, clobenpropit analogues
phenylalkylisothiourea series was developed by Timmerman andWere synthesized, proving the applicability of the PPI method.
co-workers, and in particular clobenpropi!ais widely used In addition, an alternative approach for the synthesis of

HsR antagonists and agonists were found to bind not only to (NPAI) and an intramolecular amide cleavag, (is described
HsR but also to histamine Hreceptor (HR), which was dis- (Figure 1).

covered as the fourth subtype of histamine receptor in 2800.

H4R is now regarded as a new therapeutic target for inflam- Results and Discussion

mation!3 Similar to the case of yR antagonists there are iso-
thioureas that function as important histamingréteptor (HR)

and HR agonists, e.g., dimapHtand imetit!® respectively.

In a previous work where we aimed to synthesize nef® H
ligands!® we noted that the formation &alkyl-N-alkylisothio-
ureas is not an easy task. The reaction of thioureas with alkyl
halides is often extremely sluggish with reflux and the yields
quoted in the literature vary markedly (Scheme 1). The reaction
of 4-chlorobenzylthiourea 3@) with 4(5)-(3-bromopropyl)-
imidazoleHBr (4) gave clobenpropi2HBr (1a) in only 26%
yield under reflux in ethanol for 6 days (Scheme 1, eg'a).
The yield of piperidine analogue FUB 681was worse at 8%
(eq 2). Further, the reaction of alkyl bromidewith novel

We first paid attention tiN-benzoyl thioure&k, which has
an acidic N-H between &0 and C=S groups (Scheme 2).
The reaction of 4-chlorobenzylamia with benzoyl isothio-
cyanate gavék. S-Alkylation of 7k by the Mitsunobu reactidf
with use ofN,N,N',N'-tetramethylazodicarboxamide (TMAB)
and BuyP proceeded as expected to gialkylated isothiourea
9k. However, selective cleavage of the-RO bond of9k failed
owing to the sensitivity of the €S bond in spite of many trials
(acid, base, hydride anion, or hydrazine hydrate), causing the
formation of disulfidel0.

SCHEME 2. Sensitivity of the C—S Bond of N-Benzoyl-S-
alkylated Isothiourea 9k
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TABLE 1. Treatment of N-Acylisothioureas with Hydrazine SCHEME 3. Reaction of 6a with NPPI
S,(CHZ);;-Im NH3NH; H;0 S,(CHZ)S—Im 0

o] (1.0eq)
1 SCNJ\/D
J\la’ R EtOH ,@/\Ni\m ON i o
cl H (NPPI) N
NHy, —— —— N
CIKJ 2 Cl H H O,

oI

9 2a
6 7j (39%)
Im : <’ﬂ:ﬂ/ ] : :
fr 1
entry R 9 time (h) 2a (%) * C|©/\: ON
2
1 2 2 11 (34%)
2 _{CHZ)Z_Q 9a 17 69
3 (FR) 0.17° 51 PPl method as the general method for the synthesis of
4 —CHs oh 2 53 isothioureasl. _ . . .
Removal of the N'-Tr group of thus obtaine8-alkylisothio-
5 _CH2‘@ o 2 34 urea 2a with hydrochloric acid provided clobenprof@HCl
6 (NPA)O2” - - (La2HCl) in four steps in 51% overall yield froe. (Table 2,
- entry 1). Clobenpropit synthesis by using the PPl method
—(CHz)z‘Q _ ! : o requires within less than 2 days. In contrast, Timmerman et al.’s
8 O,N 9 1.5 & method!a gave only 10% overall yield of clobenprogtiBr
9 INEE) 1° 14 (1a2HBr) with the same aminéa and required at least one
week more to complete the synthesis.
10— )No, 9l 2 _ P Yy

Several analogues of clobenpropit were synthesized to
aMW irradiation was used (see the Experimental Sectibfije reaction demonstrate the applicability of this method (Table1dy2HBr

was carried out in the presence of 10% Pdi®leNH, was used as  (VUF 4598) (24% overall yield, entry 2) was synthesized from

nucleophile. 6b. VUF 4598 is the precursor éf3-labeled iodophenpropit,

which is the first{ 129} -labeled selective §R antagonist having

Fortunately, in the case df-acyl-S-alkylisothioureas (Table ~ Nigh specific activity2® Further, using this method we synthe-

1), we found that treatment &-phenylpropionyl (PP)-protected sized noveb—carborane-containing isothiogrehsandld (26%
isothiourea9a with hydrazine hydrate (1.0 equiv) at room and 46% overall yields, respectively, entries 3 and 4), although

temperature (rt) for 17 h afforded the desitalin 69% yield their syntheses failed with use of the conventional method
with retention of theS-alkyl moiety (Table 1, entry 2). The (Scheme 1, eq 3). In the carborane derivatieethe benzene

reaction time could be remarkably shortened to 10 min by "ng of clobenpropit is replaced witip-carborane, because

microwave (MW) irradiation (75°C), giving 2a (51% yield: spherical (_;a_rbo_rane has similar size to adamantane and its
entry 3). Acetyl analogu®h and NPA-protecte®i similarly hydrophobicity is comparable to that of hydrocarbéh3he
afforded 2a (entries 4 and 6), while treatment of-(2- starting amines, 1-am|nomethyl-l,12-d|caq1650dodgcabo-
nitrophenyl)propionyl (NPP) analog@ with hydrazine in the rane;ﬁc andéd, were succgssfully prepared in four or five steps
presence of a catalytic amount of 10% Pd/C provi@edn starting fromp-carborane via volatilé4 and15 under vacuum,

71% yield (entry 8). Use of methylamine (1.0 equiv) as &S illustrated in Scheme 4. However, unfortunately, preliminary
nucleophile gav@ain only 14% yield, competing with the thiol investigations of_in vi.vo hi.stamir:)e release in rat hypothalamus
elimination (entry 9). The reaction of 4-nitrobenzoyl isothiourea Measured by brain microdialy$#s°showed that.candld were

9l occurred with only elimination of th&-alkylated moiety ~ nactive against gR. _
(entry 10). Piperidine analogude2HCI (FUB 661} of clobenpropit

On the other hand, the first reaction of ami@avith acyl was previously synthesized in an attempt to replace the
isothiocyanate (PPI, acetyl isothiocyanate, NPAI, or NPPI) |m|da_zole ring with other heterocycles, but the yield of the key
usually givesN-acylthiourea7 accompanied by amid&l as reaction was only 8% (Scheme 1, eq 2). Our approach afforded

byproduct owing to the attack of amieat the carbonyl group ~ FUB 661 in 38% overall yield frona (Table 3, entry 1). Novel
of acyl isothiocyanates. For example, as shown in Scheme 3,PYrrolidine and morpholine analoguésand1g were similarly

the reaction of amin&a with NPPI afforded acylthioured; synthesized in 30% and 25% overall yields, respectively (entries
(39%) andN-(4-chlorobenzyl)-3-(2-nitrophenyl)propionamide 2 @nd 3). As brain microdialysis experiments of FUB 661 have
11j (34%), the structure of which was confirmed by condensa- not been reported so far, we carried out mlcr9d|qu5|s experi-
tion of 3-(2-nitrophenyl)propionic acid witBain the presence ~ ments for FUB 661, pludf, and1g. The results indicated that

of diethyl phosphorocyanidate (DEP&)Among isothiocyan- F_UBG6_1 and morpholino derivativiég increased mode_rately
ates employed, PPI most strongly suppressed the production offiStamine release by 130.40% and 146 150%, respectively,
amide 11a, providing 7a in 78% yield (Table 2, entry 1). In ~ While pyrrolidino derivativelf was inactive. ,
addition, PPI itself can be easily prepared by the one-step We next _d|re(_:ted_ our interest to the_r alternative synthesis of
reaction of commercially available 3-phenylpropionyl chloride Clobenpropit using intramolecular amide cleavégas shown
with Pb(SCN).22 From the results of Table 1 and the suppres-
sion of amide formation in the first reaction, we adopted the 3

(23) Menge, W. M. P. B.; Van der Goot, H.; Timmerman, H.; Eersels,
. L. H.; Herscheid, J. D. MJ. Labelled Compd. Radiopharr992 31,

781.
(21) Shioiri, T.; Yokoyama, Y.; Kasali, Y.; Yamada, Betrahedronl976 (24) Endo, Y.; lijima, T.; Yamakoshi, Y.; Fukasawa, H.; Miyaura, C.;
32, 2211. Inada, M.; Kubo, A.; Itai, A.Chem. Biol.2001, 8, 341.
(22) Lipp, M.; Dallacker, F.; Koenen, GChem. Ber1958 91, 1660. (25) Entwistle, |. D.Tetrahedron Lett1979 555.
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TABLE 2. Syntheses of Imidazole-Containing Isothioureas with PPI
Né\
/\§/N—Tr N N7
CH. N NH,NH, - H,0 (CHy) N
o) s i HO(CH,); . /( 2)3—<\’E ?1 oze )2 / 23_<\——N\
A .
RINH, ————> R'“N""N" (CH)Ph —————— 2 j),\ T d i Tr
it,0.5h H H TMAD, BusP  RT-N"SN” “(CH,),Ph , 16 h, EtOH R'-N" NH
benzene H
benzene
6a-d 7a-d (plus amide 11) 9a-d 2a-d
oo
2/3 \
HX (X= Cl, Br) d NH
_—
RLH’J§ NH - 2HX
1a-d- 2HX
yield (%) total yield (%)
enty 6 7 9 2 1. 2HX from &
1 6a @ 78 (7a) 94 (9a) 69 (2a) quant (1a-2HCI :clobenpropit-2HCI) 51
2 6b @(CHZ)Q 45(7b) 94(9b)  57(2b) 98 (1b-2HBr :VUF 4598) 24
3 6c m@cm— 67(7c) 84(3c) 49(2c) 94 (1c-2HCI) 26
4 6d H«@CHZ— 95(7d) 62(9d) 88(2d)® 88 (1d-2HCI) 46
aThe reaction was carried out according to Table 1, entry 8.
SCHEME 4. Synthesis ofp-Carborane Derivatives 6c, 6d, SCHEME 5. Second Synthesis of Clobenpropit with NPAI
and 2b
Im-(CHz)3-OH
{A\ n-BuLi HNSo NO, 8a
Mo _tero @ANHz NPAI P TMAD , BugP
vﬁ cl t,1h »©/\N S rt, 15 h, benzene
benzene Cl H ' ’
¢ Y 7i (71%)
H CH,0H
TSCl, py 12 (70%) 13 (70%)
X \/E )
NaPH
| PaIC 202 S NHOH
NO,
H,, 10% Pd/C J\j‘\ (o] B HN)
- it,3-10h N s (CHp)a-Im
AcO(E1t: |1v|)e0H o @’\” S—(CHa)e-im T2 N JSQLY) 2
' i (85%
CH,NH, 31 (85%)
14a (X = Cl, 95%) 15a (X = Cl, 72%) 6c (X = Cl, 86%)
b (X = H, 92%) b (X = H, 82%) d(X=H,81%) JI]I\H HCl
> N” ~S—(CHy)s-Im — Clobenpropit ' 2HCI
e cv@A N 2)3
N
o S 2a (90%) .
o KoCOs Im: ('NII/
@—g-N=C=S THF-H,0 A
reflux, 38h Tr
6c ——
ﬂTHF1 ) isothiourea9i. When9i was treated with sodium phosphinate
e )L )’\ and 10% Pd/C8 isothiourea2a was obtained in 90% yield with
H,C- N H,C-N7 NH, ; ) S
H retention of chlorine and imino double bond, and removal of
7m (95%) 3c (97%) 1-hydroxy-2-oxindole’” Removal of the N'-trityl group of 2a

in Scheme 5. We reasoned that elimination of the acyl moiety

in NPA-protected isothioure@i could be realized by reductive
cyclization of the NQ group, such aB. Addition of 6ato NPAI
followed by the Mitsunobu alkylation provided NPA-protected 2001 49, 87.

(26) Entwistle, I. D.; Jackson, A. E.; Johnstone, R. A. W.; Telford, R.
P.J. Chem. Sog¢Perkin Trans. 11977, 443.

(27) Somei, M.; Yamada, F.; Kurauchi, T.; Nagahama, Y.; Hasegawa,
M.; Yamada, K.; Teranishi, S.; Sato, H.; Kaneko,Chem. Pharm. Bull.
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TABLE 3. Syntheses of Cyclic-Amine-Containing Isothioureas with PPI

HO(CHy)sR' ,(CHz)sR!
s 0 8 )
6a — CI—QCHz—NJ\NJ\(CHZ)QPh _ > C|—©—CH2—N*‘NJ\(CH2)2Ph
(78%)2 H H TMAD, BugP H
7a THF 9e-g
NH,NH; - HoO [CHsR' _(CH);R'
(1.0 eq) b HCl 2
_— CI—@CHZ—N NH T CI—QCHz—N NH « 2HCI
1t, 16 h, EtOH H (quant) H
1e-g 1e-g -2HCI
1 0,
yield (%) total yield (%)
entry 8 R’ 9 1 from 6a
1 8 ( — 64(9%) 76(1e)’ (1e-2HCI:FUB661) 38
2 8f |:>N_ 51(9f) 76 (1f) 30
3 8g o0 N— 62099 52(19g) 25
\_/

a7awas synthesized frorain 78% yield (Table 1, entry 1) Benzene was used as a solvent.

gave clobenpropi2HCI in four steps in 54% overall yield from  1H); 13C NMR (CDCk) 6 46.0, 125.2, 127.6, 129.2, 133.2, 133.7,
6a NPAI was prepared in two steps from 3-(2-nitrophenyl)- 147.3, 147.7, 164.8; HRMS (FABjWz calcd for GH7N.O3S
acetic acid. Therefore, a second method for the synthesis 0f233.0177 [M+ H]*, found 223.0181.

clobenpropit was established. Comparing the two methods for  3-Phenylpropionyl Isothiocyanate (PPI). Known PPI was
clobenpropit synthesis, the PPI method was found to be moreprepared according to Koenen et al.’s proceddr&. mixture of
convenient than the NPAI method, because in the latter method,3-phenylpropionyl chloride (1.52 mL, 10 mmol) and Pb(S&N)
the reductive step t@a from 9i is sluggish (3-10 h) and (1.94 g, 6 mmol) in dry benzene (3 mL) was refluxed &h to
somewhat troublesome, requiring repeated addition of aqueousdive a crude oil, which was subsequently purified by column

(aq) saturated sodium phosphinate and monitoring by TLC until chromatography with 20% EtOAc in hexane as eluent to give PPI
completion of the reaction. (1.49 g, 79%)PPI: orange oil; bp 9598 °C (0.5 mmHg) [(lit?2

bp 93-95 °C (0.5 mmHg)]; IR (film) vmax 1720, 1946-2000 (br,

. NCS) cnt?; 'H NMR (CDCl) 6 2.85-3.05 (m, 4H), 7.16-7.30
Conclusions (m, 5H)

We herein described two efficient synthetic approaches to  3-(2-Nitrophenyl)propiony! Isothiocyanate (NPPI). NPPI
S-alkyl-N-alkylisothioureas starting from PPl or NPAI. The (13.2 g, 80%) was prepared from 3-(2-nitrophenyl)propionic%cid
utility of those two approaches was proved by the syntheses of (1.44 g 7.4 mmol) by using the same procedure as that for the
clobenpropit and its analogues. The two approaches are expecte@reparation of NPAINPPI: yellow solid; IR (film) vmax 1340,
to supply a variety of kR or HsR ligand candidates having the 1510, 1710, 19562000 (br, NCS) cm®; *H NMR (CDCl) 6 3.04

isothiourea moiety by which their biological activities could be (2H, t,J=7.3 Hz), 3.25 (2H, tJ = 7.3 Hz), 7.38-7.45 (m, 2H),
assessed. 7.57 (1H, td,J = 7.7, 1.4 Hz), 7.99 (1H, dd) = 8.5, 1.4 Hz);

HRMS (FAB) nvz calcd for GgHgN, O3S 237.0334 [M+ H]*,
found 237.0331.
N-(4-Chlorobenzyl)-3-(2-nitrophenyl)propionamide (11j).To
2-Nitrophenylacetyl Isothiocyanate (NPAI).A stirred solution a solution of 3-(2-nitrophenyl)propionic acid (482 mg, 2.47 mmol)
of 2-nitrophenylacetic acid (1.81 g, 10 mmol) and thionyl chloride in DMF (10 mL) were adde@a (0.3 mL, 2.47 mmol), 90% DEFPC
(1.46 mL, 20 mmol) in CHCI, (20 mL) was refluxed for 20 h. ~ (0.55 mL, 3.71 mmol), and BN (1.03 mL, 7.42 mmol) in that
The reaction mixture was evaporated to give crude 2-nitropheny- order. The resulting mixture was stirred at rt for 4 h, and then diluted
lacetyl chloride, which was allowed to stand under reduced pressureyith EtOAc—hexane (1:1) and water. The organic layer was washed
for 2 h. Without additiona}l purification, 2-nitrophenylaqetyl chloride  with water, aq saturated NaHGOand brine, then dried and
was added to a suspension of Pb(SEM)94 g, 6 mmol) inbenzene  eyaporated to give a residue. Chromatography with EtStfexane
(10 mL), and the mixture was refluxed for 3 h. After filtration (3:10 to 1:1) as eluent gavElj (78 mg, 10%).11j: cotton-like
through Celite, the filtrate was evaporated to give a residue. It Was fjpars: |R (NUjol) vmax 1340, 1510, 1625 crit; H NMR (CDCly)
subsequently diluted with EtOAc and mixed with a small amount 55 &5 (2H, t,J = 6.3 Hz), 3.16 (2H, tJ = 6.3 Hz), 4.28 (2H, d
of silica gel. Evaporation of the mixture gave coated silica gel for j _" ¢ Hzi, 595 (1H, br's), 7 007.50 (7H, m), 786790 (1,H,’

use in column chromatography. Chromatography with Et©Ac .13
hexane (1:9) as eluent gabd#Al (1.90 g, 86%) as an oiNPAI: m); **C NMR (CDC) 0 29.6, 37.4, 43.0, 124.5, 127.2, 128.3,

IR film vmayx 1340, 1518, 1720, 19401980 (br, NCS) cm; H
NMR (CDCL) 6 4.23 (s, 2H), 7.347.70 (m, 3H), 8.14-8.22 (m, (28) Lin, B.; Hu, L. Bioorg. Med. Chem2003 11, 3889.

Experimental Section
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128.5, 132.1, 132.7, 132.9, 135.3, 136.2, 148.4, 170.7; HRMS  N-(4-Chlorobenzyl)-S-{3-[4(5)-imidazolyl]propyl}isothio-

(FAB) m/z calcd for GeH163°CIN, O3 [M + H]* 319.0849, found
319.0847.

Synthetic Approach (A) to Clobenpropit with Use of PPI
(General Procedures to ObtainS-alkyl-N-alkylisothioureas):
N-(4-Chlorobenzyl)-N'-(3-phenylpropionyl)thiourea (7a). PPI
(955 mg, 5.0 mmol) was added to 4-chlorobenzylanBad0.61
mL, 5.0 mmol) in dry benzene (10 mL). The resulting mixture was
stirred for 0.5 h and evaporated to give a crude yellow solid, which
was subsequently purified by column chromatography with 20%
EtOAc in hexane as eluent to givia (1.30 g, 78%) andN-(4-
chlorobenzyl)-3-phenylpropionamid&l@?? (219 mg, 16%) in that

urea Dihydrochloride [Clobenpropit-2HCI (1a-2HCI)]. A solu-
tion of 2a (277 mg, 0.50 mmol) in@2 N HCI (0.5 mL)-EtOH (5
mL) was refluxed for 30 min and the reaction mixture was
evaporated to give a residue, which was partitioned between
benzene and water. The aq solution was evaporated as a benzene
azeotrope to givela:2HCI (195 mg, quant).la-2HCI: white
powder;!H NMR (CDsOD) ¢ 2.00-2.20 (2H, br m), 2.853.95
(2H, br m), 3.25-3.35 (2H, br m), 4.62 (2H, s), 7.327.42 (5H,
m), 8.84 (1H, s)13C NMR (CD;0D) 6 24.2, 29.1, 31.7, 47.8, 116.8,
129.2, 129.4, 130.0, 133.2, 134.0, 134.2, 134.5, 167.8.
Clobenpropit 1a and Its Dihydrobromide l1a-2HBr. Thus

order, using the coated silica gel technique described in the obtainedla-2HCI was confirmed by conversion into dihydrobro-

purification of NPAI. 7a: yellow needles (EtOAc); mp 135
141°C; *H NMR [(CD3),CO] 6 2.78-3.00 (4H, m), 2.88 (2H, d,
J= 6.0 Hz), 7.15-7.50 (9H, m), 10.15 (1/2H, br s), 11.08 4,
br s); 13C NMR (CDCk) 6 31.1, 38.6, 48.2, 126.3, 128.4, 128.5,
128.6, 129.6, 132.7, 135.9, 140.6, 173.6, 180.8; HRMS (&)
calcd for G7H;72°CIN,OS (M)* 332.0750, found 332.074&1a?°
cotton-like fibers;'H NMR (CDCl) 6 2.72 (2H, t,J = 7.2 Hz),
2.96 (2H, tJ = 7.2 Hz), 4.32 (2H, d) = 5.8 Hz), 5.72 (1H, br s),
7.00-7.35 (9H, m).
N-(4-Chlorobenzyl)-N'-(3-phenylpropionyl)-S-{ 3-[1-(triphe-
nylmethyl)imidazol-4-yl]propyl }isothiourea (9a).To a solution
of 3-[1-(triphenylmethyl)-H-imidazol-4-yl]propanol 8a)3° (405
mg, 1.1 mmol) in dry benzene (10 mL) were add&d(333 mg,
1.0 mmol) and BgP (0.37 mL, 1.5 mmol) in dry benzene (10 mL)
at rt. Then, TMAD (258 mg, 1.5 mmol) was added rapidly and the
mixture was stirred continuously for 15 h. The insoluble material

mide previously synthesized by Timmerman et'alTo a MeOH
solution of1a-2HCI (50 mg) was added a small amount of NH-
silica gel, and this mixture was subsequently placed on a column
(NH-silica gel). Chromatography with CHEtMeOH—28% NH;-

OH (50:5:1) as eluent gave salt-free clobenprapit36 mg, 74%)

as a colorless oifla: *H NMR (CDCl) 6 1.97(2H, quintJ = 6.7

Hz), 2.70 (2H, tJ = 6.7 Hz), 2.90 (2H, tJ = 6.7 Hz), 4.37 (2H,

s), 6.70 (1H, s), 7.167.28 (4H, m), 7.32 (1H, s)}:3C NMR (CDs-

OD) 6 25.2, 29.6, 30.2, 47.1, 117.0, 128.2, 128.3, 132.4, 134.1,
135.2, 136.6, 159.5. Ag 48% HBr solution (28, 5 equiv) was
added to a solution ofa (36 mg) in EtOH (4 mL). The mixture
was stirred at rt for 20 min and evaporated to give a residue, which
was subsequently washed with acetone and dried tolgi&HBr'12

(48 mg, 64%) as a white powdéid NMR (CD3;0OD) 6 1.94 (2H,
quint,J = 7.4 Hz), 2.77 (2H, t) = 7.4 Hz), 3.31 2H, t) = 7.4

Hz), 4.62 (2H, dJ = 5.4 Hz), 7.32-7.54 (5H, m), 9.10 (1H, s),

was removed by filtration and the filtrate was evaporated to give a 9.42 (2H, br dJ = 10.2 Hz), 10.12 (1H, br t) = 5.4 Hz), 14.05

residue, which was purified by chromatography with EtGAc

(1H, br s), 14.25 (1H, br s)3C NMR (DMSO-g) 6 22.8, 27.5,

hexane (1:1) as eluent by using the coated silica gel technique t030.0, 45.7, 115.3, 127.9, 129.0, 131.2, 131.8, 133.2, 133.8, 165.1;

yield 9a (640 mg, 94%)9a: oil; '"H NMR (CDCl) 6 1.93 (2H,
quint, J = 6.8 Hz), 2.56-2.70 (4H, m), 2.87 (2H, t) = 7.5 Hz),
3.04 (2H, t,J = 6.8 Hz), 4.37 (2H, s), 6.45 (1H, s), 6.90.40
(25H, m), 11.15¥,H, br s);3C NMR (CDCk) 6 27.6, 28.5, 29.3,

HRMS (FAB) mvz calcd for G4H;g>°CIN4OS [M + H] ™ 309.0940,

found 309.0932.
N-[2-(4-Bromophenyl)ethyl]-N'-(3-phenylpropionyl)thio-

urea (7b). 4-Bromophenethylaminéb (0.31 mL, 2.0 mmol) and

30.9, 32.1,42.7,47.1,75.1,117.8, 125.4, 127.6, 127.9, 128.1, 128.3PPI (420 mg, 2.2 mmol) were reacted to yi&ld (352 mg, 45%)
128.5, 129.3, 137.9, 139.9, 141.2, 141.9, 172.3, 184.4; HRMS according to the synthetic procedure #& 7b: white powder!H

(FAB) mvz calcd for GH4**CIN4OS [M + H]* 683.2612;, found
683.2615.

N-(4-Chlorobenzyl)-S-{ 3-[1-(triphenylmethyl)imidazol-4-yl]-
propyl}isothiourea (2a).A mixture of 9a (137 mmol, 0.20 mmol)
and 80% hydrazine hydrate (12) in EtOH (2 mL) was stirred at

NMR (CDCl) 6 2.62 (2H, t,J = 7.6 Hz), 2.85-3.00 (4H, m),
3.84 (2H, td,J = 7.6, 5.6 Hz), 7.06-7.50 (9H, m), 9.00 (1H, s),
10.55 (1H, brtJ = 5.6 Hz);13C NMR (CDCk) ¢ 30.8, 34.0, 38.9,
46.7 120.3, 126.3, 127.8, 128.3, 130.0, 131.3, 136.6, 138.9, 172.3,
179.0; HRMS (EI)m/z calcd for GgH16®'BrN,OS 392.0381 (M),

rt (16 h). A heaping microspatula of 10% Pd/C was added and the found 392.0369.

resulting mixture was stirred for 30 min. After filtration through

N-[2-(4-Bromophenyl)ethyl]-N'-(3-phenylpropionyl)-S-{ 3-[1-

Celite, the filtrate was evaporated to give a residue, which was (triphenylmethyl)imidazol-4-yl]propyl }isothiourea (9b). Thiourea

purified by column chromatography with MeGHEtOAc (0:100,
20:80, to 50:50) as eluent to give the eliminated 3-phenylpropionyl
hydrazide (22 mg, 61%) anga (76 mg, 69%) in that ordeRa

oil; *H NMR (CDCl) 6 2.04 (2H, quintJ = 7.2 Hz), 2.62 (2H, t,
J=17.2 Hz), 3.20 (2H, tJ = 7.2 Hz), 4.42 (2H, s), 6.54 (1H, s),
7.05-7.40 (20H, m);*3C NMR (CDCk) 6 25.2, 28.6, 30.1, 47.0,

7b (350 mg, 0.90 mmol) was converted inéb (626 mg, 94%)
according to the synthetic procedure f@a. 9b: oil; 'H NMR
(CDCl) 6 1.98 (2H, quintd = 7.2 Hz), 2.55-2.70 (4H, m), 2.82
(2H,t,J=7.2 Hz), 2.94 (2H, t) = 7.8 Hz), 3.10 (2H, t) = 7.8
Hz), 3.48 (2H, tJ = 7.2 Hz), 6.54 (1H, s), 7.007.50 (25H, m),
11.00 (1/2H, br s)23C NMR (CDChk) 6 27.6, 29.3, 30.7, 32.1,

75.3,117.9, 127.6, 128.3, 128.4, 129.2, 133.0, 134.5, 137.7, 138.4,35.2, 42.7, 45.1, 75.0, 117.7, 120.3, 125.3, 127.6, 127.8, 128.0,

141.7, 168.9; HRMS (FAB)/z calcd for GzHz*CINGS [M +
H]* 551.2036, found 551.2033-Phenylpropionyl hydrazide:
white powder; IR (film)vmax 1620 cnrl; *H NMR (CDCl) 6 2.45
(2H,t,J=7.6 Hz), 2.97 (2H, tJ = 7.6 Hz), 3.54 (2H, br s), 6.84
(1H, br s), 7.05-7.40 (5H, m).

Synthesis of 2a by MW Irradiation. In a 5 mL Teflon MW
reaction vessel were dissolvé&d (68 mg, 0.1 mmol) and 80%
hydrazine hydrate (6L, 0.1 mmol) in EtOH (1.0 mL). The vessel
was sealed, heated in the MW reactor to°tsfor 10 min, and
cooled thereafter. The same workup as that for the prevlaus
gave 3-phenylpropionyl hydrazide (12 mg, 67%) &w®l(28 mg,
51%).

(29) Galaffu, N.; Bradley, MTetrahedron Lett2005 46, 859.
(30) Stark, H.; Purand, K.; Hs, A.; Ligneau, X.; Garbarg, M.; Schwartz,
J.-C.; Schunack, WJ. Med. Chem1996 39, 1220.

129.3,130.0, 131.3, 136.3, 137.9, 140.0, 141.9,172.1, 184.3; HRMS
(FAB) m/z calcd for GzH4"BrN4OS [M + H]* 741.2263, found
741.2263.

N-[2-(4-Bromophenyl)ethyl]-S-{ 3-[1-(triphenylmethyl)imida-
zol-4-yllpropyl }isothiourea (2b). 9b (626 mg, 0.84 mmol) was
converted into2b (290 mg, 57%) according to the synthetic
procedure forRa. 2b: oil; *H NMR (CDCls) 6 1.97 (2H, quint,J
=7.0Hz), 2.62 (2H, tJ) = 7.0 Hz), 2.75-2.90 (4H, m), 3.48 (2H,

t, J= 7.0 Hz), 5.60 (1H, br s), 6.55 (1H, s), 7:60.50 (20H, m);

13C NMR (CDCk) 6 27.0, 29.2, 30.3, 35.1, 44.3, 74.9, 117.8, 119.6,
127.5,129.2,130.0, 130.9, 137.7, 137.8, 139.5, 141.8, 158.9; HRMS
(FAB) nvz calcd for G4H34"°BrN4S [M + H]+ 609.1688, found
609.1695.

N-[2-(4-Bromophenyl)ethyl]-S-{ 3-(imidazol-4-yl)propyl} -
isothiourea (1b) and Its Dihydrobromide (1b-2HBr, VUF 4598).
2b (275 mg, 0.45 mmol) was converted intd (161 mg, 98%)
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according to the synthetic procedure fa 1b: oil; '"H NMR (CDs-
OD) 6 1.90 (2H, quintJ = 7.3 Hz), 2.66 (2H, tJ = 7.3 Hz),
2.75-2.90 (4H, m), 3.40 (2H, t) = 7.3 Hz), 6.78 (1H, s), 7.08
7.14 (2H, m), 7.327.38 (2H, m), 7.55 (1H, s}3C NMR (CDs-

OD) ¢ 26.6, 30.6, 30.9, 35.8, 45.5, 117.1, 120.3, 131.2, 131.7, 135.3,

136.8, 139.5, 161.51b was confirmed by conversion into the
dihydrobromide {b-2HBr, VUF 4598) previously synthesized by
Timmerman et a#? according to the synthetic procedure ftar
2HBr. 1b-2HBr:23 oil; *H NMR (D20) 6 1.76 (2H, quintJ = 7.2
Hz), 2.71 (2H, tJ = 7.2 Hz), 2.96 (2H, tJ = 7.2 Hz), 3.03 (2H,
t,J=7.2 Hz), 3.60-3.80 (2H, overlapped with }D in D,O), 7.15-
7.45 (5H, m), 8.62 (1H, s).
N-(12-Chloro-1,12-dicarbacloscdodecaboranyl)methylN'-
(3-phenylpropionyl)thiourea (7c). 6¢(110 mg, 0.53 mmol) and
PPI (101 mg, 0.53 mmol) were reacted to obfair{142 mg, 67%)
according to the synthetic procedure féa. 7c. oil; 'H NMR
(CDCls) 6 1.20-3.60 (10H, br), 2.62 (2H, tJ = 7.7 Hz), 2.96
(2H,t,J= 7.7 Hz), 3.80 (2H, dJ = 5.8 Hz), 7.16-7.40 (5H, m),
9.40 (1H, br s), 10.60 (1H, br §,= 5.8 Hz);13C NMR (CDCk) ¢

Yoneyama et al.

m), 9.62 (1H, br s), 10.66 (1H, brd,= 5.0 Hz);13C NMR (CDCB)

0 30.7, 38.6, 50.3, 59.5, 80.6, 126.1, 127.8, 128.1, 138.8, 172.7,

179.1; HRMS (El) Wz calcd for GaH»4B,''BgN,OS (M)*

364.2613, found 364.2616.
N-(1,12-Dicarba<closadodecaboranyl)methyl-S-{ 3-[1-(triph-

enylmethyl)imidazol-4-yl]propyl}-N’'-3-phenylpropionylisothio-

urea (9d). Thiourea7d (600 mg, 1.65 mmol) was converted into

9d (732 mg, 62%) according to the synthetic procedureéd®9d:

oil; IH NMR (CDCls) 6 1.20-3.20 (11H, br), 1.97 (2H, quing, =

6.8 Hz), 2.63 (2H, tJ = 6.8 Hz), 2.69 (2H, tJ = 8.5 Hz), 2.94

(2H, t,3=8.5Hz), 3.06 (2H, tJ = 6.8 Hz), 3.40 (2H, br s), 6.54

(1H, s), 7.05-7.50 (21H, m), 11.00 (1H, br s}3C NMR (CDCk)

027.4,29.0,30.8, 31.9, 42.6, 49.4, 59.3, 75.0, 81.2, 117.7, 125.3,

126.0,127.2,127.5,127.8,128.8, 129.0, 129.2, 137.8, 139.6, 141.1,

141.8,171.4, 184.4; HRMS (FABWz calcd for GgH471°B, 1 BgN,-

OS [M + H]* 715.4474, found 715.4479.
N-(1,12-Dicarba<losadodecaboranyl)methyl-S-{ 3-[1-(triph-

enylmethyl)imidazol-4-yl]propyl }isothiourea (2d). 9d (65 mg,

0.09 mmol) was converted in@d (46 mg, 88%) according to the

30.8,38.7,48.6, 72.8, 78.9, 126.2, 127.8, 128.3, 138.8, 172.7, 179.6;synthetic procedure foka. 2d: oil; *H NMR (CDCl) 6 1.20—

HRMS (El) mVz calcd for G3H,3'9B3''B-25CIN,OS (M)" 399.2187,
found 399.2201.
N-(12-Chloro-1,12-dicarbaclosadodecaboranyl)methylS-{ 3-[1-
(triphenylmethyl)imidazol-4-yl]propyl }-N’'-(3-phenylpropionyl)} -
isothiourea (9c¢).Thiourea7c (142 mg, 0.36 mmol) was converted

3.20 (11H, br), 1.97 (2H, quintl = 6.3 Hz), 2.66 (2H, tJ = 6.3
Hz), 2.88 (2H, t,J = 6.3 Hz), 3.38 (2H, br s), 6.20¢H, br s),
6.56 (1H, s), 7.057.50 (16H, m)13C NMR (CDCk) 6 26.8, 29.2,
30.4,49.0,58.9, 75.1, 83.8, 117.8, 126.6, 126.9, 127.1, 127.5, 127.8,
128.9, 129.2, 137.9, 139.5, 141.8, 159.0; HRMS (FA®2 calcd

into 9c (227 mg, 84%) according to the synthetic procedure for for CygH3¢'%B,1BgN4S [M + H] ' 583.3899, found 583.3904.

9a 9¢ oil; 'H NMR (CDCl) ¢ 1.20-3.60 (10H, br), 1.97 (2H,
quint,J = 7.2 Hz), 2.62 (2H, tJ = 7.2 Hz), 2.68 (2H, t) = 8.2
Hz), 2.94 (2H, tJ = 8.2 Hz), 3.04 (2H, tJ = 7.2 Hz), 3.40 (2H,
brs), 6.54 (1H, s), 7.067.40 (21H, m), 11.00 (1H, br s)*C NMR

N-(1,12-Dicarba<closcdodecaboranyl)S-{ 3-[4(5)-imidazolyl]-
propyl}tisothiourea (1d). 1d2HCI, and 1d-2HBr. 2d (292 mg,
0.50 mmol) afforded.d (150 mg, 88%) according to the synthetic
procedure foda. 1d: oil (150 mg, 88%); IR (film)vmax 1600, 1640

(CDCly) 6 27.6, 29.1, 30.8, 31.9,42.7, 48.0, 73.5, 75.1, 78.7, 117.8, cm™%; 'H NMR (CDCl3) ¢ 1.20-3.20 (11H, br), 1.98 (2H, quint,
125.4,126.1,127.6,127.9, 128.1, 129.3, 137.9, 139.8, 141.1, 141.9] = 6.3 Hz), 2.72 (2H, tJ = 6.3 Hz), 2.87 (2H, tJ = 6.3 Hz),

142.0,142.1,171.4,184.3; HRMS (FAmBjzcalcd for GgH6''B1Bg%-
CIN4OS [M + H]*t 750.4048, found 750.4062.
N-(12-Chloro-1,12-dicarbaclosadodecaboranyl)methyl S 3-
[1-(triphenylmethyl)imidazol-4-yl]propyl }isothiourea (2c).To a
suspension 09c (227 mg, 0.30 mmol) and 10% Pd/C (25 mg) in
EtOH (3 mL) was added 80% hydrazine hydrate (87 0.60
mmol). The reaction mixture was stirred at rt for 1 h. After filtration

3.35(2H, s), 6.78 (1H, s), 7.53 (1H, $¥C NMR (CDC}) 6 25.5,
29.5, 30.2, 49.6, 58.9, 83.8, 116.6, 134.2, 135.5, 157.7. HRMS
(FAB) m/z calcd for GoH2s'9B,11BgN,4S [M + H] ™ 341.2803, found
341.28021d was converted intdd-2HCI and1d-2HBr according

to the synthetic procedure fdra-2HCI and 1a-2HBr. 1d-2HCI:
amorphous productH NMR (CD3;OD) 6 1.20-3.20 (11H, br),
2.00-2.20 (2H, br m), 2.92 (2H, t) = 7.0 Hz), 3.26-3.40 (2H,

through Celite, the filtrate was evaporated to give a residue, which overlapped with KHO), 3.64 (2H, s), 7.40 (1H, s), 8.82 (1H, s).
was purified by column chromatography with EtOAc as eluent by 1d-2HBr: 'H NMR (CD3;OD) ¢ 1.20-3.20 (11H, br), 2.10 (2H,

using the coated silica gel technique to gR®(90 mg, 49%)2c:
oil; H NMR (CDCl3) 6 1.20-3.60 (10H, br), 1.95 (2H, quinf,=
7.3 Hz), 2.63 (2H, tJ = 7.3 Hz), 2.84 (2H, tJ = 7.3 Hz), 3.38
(2H, s), 6.55 (1H, s), 7.067.50 (16H, m);:3C NMR (CDCk) 6

quint,J = 7.2 Hz), 2.92 (2H, tJ = 7.2 Hz), 3.24-3.38 (2H, m),
3.62 (2H, br s), 7.42 (1H, s), 8.85 (1H, d= 1.6 Hz);13C NMR
(D,0) 6 25.0, 29.6, 33.0, 49.7, 62.8, 82.2, 117.7, 133.9, 134.9,
169.8. Furtherld was converted into the dipicrate form for analysis.

26.9, 29.4, 30.4, 47.3, 58.9, 75.1, 78.0, 83.8, 117.9, 127.6, 129.2,Picric acid (127 mg) in benzene (4 mL) was added da(92 mg,

137.9, 139.6, 141.8, 157.8; HRMS (FABYz calcd for GgHag!0-
B11Bg3"CIN,S [M + H]™ 618.3472, found 618.3495.
N-(12-Chloro-1,12-dicarbaclosododecaboranyl)methylS-{ 3-
[4(5)-imidazolyl]propyl } isothiourea (1c) and Its Dihydrochloride
1c-2HCI. 2¢ (165 mg, 0.27 mmol) was converted irte (95 mg,
94%) according to the synthetic procedurefaric: oil; 'H NMR
(CDCls) 6 1.20-3.60 (10H, br), 1.96 (2H, quing = 6.3 Hz), 2.72
(2H, t,J = 6.3 Hz), 2.86 (2H, tJ = 6.3 Hz), 3.32 (2H, s), 6.79
(1H, s), 7.53 (1H, s)}*C NMR (CDCk) ¢ 25.6, 29.6, 30.3, 48.7,
78.2,83.7, 116.4, 127.4, 129.1, 157.2. HRMS (FA calcd for
C10H24'BMBg*CIN,S [M + H]* 376.2377, found 376.2393c
was converted intdc-2HCI according to the synthetic procedure
for 1a-2HCI. 1c:2HCI: amorphous productH NMR (CD3OD) ¢
1.20-3.60 (10H, br), 2.062.20 (2H, br m), 2.862.96 (2H, br
m), 3.24-3.36 (2H, m), 3.62 (2H, br s), 7.42 (1H, s), 8.86 (1H, s);

13C NMR (D;0) ¢ 24.2, 29.0, 31.7, 46.9, 80.0, 82.0, 116.8, 128.2,

130.0, 169.1.
N-(1,12-Dicarbaclosadodecaboranyl)methylN'-3-phenylpro-
pionylthiourea (7d). 6d (302 mg, 1.75 mmol) and PPI (333 mg,
1.75 mmol) were reacted to yieled (603 mg, 95%) according to
the synthetic procedure f@a 7d: white powder!H NMR (CDCl)
0 1.20-3.30 (10H, br), 2.62 (2H, 1) = 7.3 Hz), 2.72 (1H, br s),
2.94 (2H, tJ = 7.3 Hz), 3.80 (2H, dJ = 5.0 Hz), 7.16-7.35 (5H,
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0.27 mmol) in benzene (2 mL). Picrate was immediately precipi-
tated, filtered, and dried under vacuum to gik@dipicrate (197
mg). 1d-dipicrate: yellow prisms; mp 219221 °C (MeOH); 'H
NMR [(CD3),CQ] 6 1.20-3.20 (10H, br), 2.34 (2H, br m), 3.08
(2H, br m), 3.40 (1H, br s), 3.53 (2H, br m), 3.72 (2H, br s), 7.54
(1H, s), 8.72-8.78 (4H, m), 8.89 (1H, s). Anal. Calcd for
CoH3oB10N10014S: C, 33.08; H, 3.79; N, 17.54. Found: C, 32.94;
H, 3.70; N, 17.57.
N-(4-Chlorobenzyl)N’'-(3-phenylpropionyl)-S-(3-piperidino-
propyl)isothiourea (9e). Acyl thiourea7a (135 mg, 0.41 mmol)
was converted int®e (120 mg, 64%) according to the synthetic
procedure foBa. 9e oil; IH NMR (CDCl) ¢ 1.30-1.70 (6H, m),
1.86 (2H, quintJ = 6.7 Hz), 2.30-2.50 (6H, m), 2.72 (2H, t] =
8.0 Hz), 2.98 (2H, tJ = 8.0 Hz), 3.11 (2H, tJ = 6.7 Hz), 4.46
(2H, s), 7.16-7.40 (9H, m), 11.20%,H, br s);3C NMR (CDCk)
023.9, 245, 26.0,29.3,38.4,425, 46.9, 54.4, 57.8, 125.2, 127.7,
128.1, 128.3, 133.0, 134.2, 141.0, 172.1, 184.2; HRMS (FAR)
calcd for GsHzs®*CIN3OS [M + H] T 458.2033, found 458.2038.
N-(4-Chlorobenzyl)-S<3-piperidinopropyl)isothiourea (1e). 9e
(120 mg, 0.26 mmol) was converted irte (65 mg, 76%) according
to the synthetic procedure f&a. 1e oil; 'H NMR (CDCl) 6
1.40-1.70 (6H, m), 1.82 (2H, quint] = 6.8 Hz), 2.32 (4H, br s),
2.43 (2H, t,J = 6.8 Hz), 2.94 (2H, tJ = 6.8 Hz), 4.44 (2H, s),
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7.20-7.40 (4H, m).1le was confirmed by conversion into a 2.48 (2H, t,J = 7.2 Hz), 2.85 (2H, tJ = 7.2 Hz), 4.06 (2H, s),
dihydrochloride (FUB 661) previously synthesized by Schunack 4.38 (2H, s), 6.52 (1H, s), 7.667.50 (23H, m), 7.968.00 (1H,
et all’a m), 11.08 (1H, br s)3C NMR (CDCk) ¢ 27.5, 28.9, 30.8, 45.9,
N-(4-Chlorobenzyl)-N'-(3-phenylpropionyl)-S-(3-pyrrolidino- 47.2,75.1, 117.7, 124.3, 127.1, 127.6, 128.3, 128.5, 129.3, 131.9,
propyl)isothiourea (9f). Thiourea7a (166 mg, 0.50 mmol) was 132.5,132.9,133.9, 137.9, 139.9, 141.9, 148.7, 173.0, 180.3; HRMS
converted int®f (112 mg, 51%) in THF (5 mL) according to the  (FAB) m/z calcd for G;H37%°CINs O3S [M + H]*+ 714.2305, found
synthetic procedure f@da. 9f: oil; 'H NMR (CDCl) 6 1.74 (4H, 714.2299.
br m), 1.88 (2H, quint) = 7.4 Hz), 2.46-2.60 (6H, br), 2.72 (2H, Alternative Synthesis of 2a via Intramolecular Amide Cleav-
t,J= 7.4 Hz), 2.97 (2H, tJ) = 7.4 Hz), 3.16-3.20 (2H, br), 4.46 age. 9i(1.43 g, 2.01 mmol) in THF (15 mL) was stirred with 10%
(2H, s), 7.16-7.40 (9H, m), 11.20%:H, br s);13C NMR (CDCk) Pd/C (500 mg). To the suspension were gradually added 1 mL
023.7,29.3,29.4,32.0,42.6,47.1,55.2,125.3, 127.7, 127.8, 128.2,portions of aq saturated sodium phosphitfafglight effervescence
128.3,128.5,133.1, 134.3, 141.2, 172.3, 184.2; HRMS (Fi&) was observed between additions, and the reaction was monitored
calcd for G4Hs>CINZOS [M + H]t 444.1876, found 444.1870. by TLC). When the volume of phosphinate added reached 14 mL

Caution: Use of THF as solvent improved the yield%f(51%) after 3 h, TLC was performed to reveal no traceafThen, the
compared to that (39%) when benzene was used. mixture was filtered and the filtrate was poured into water and
N-(4-Chlorobenzyl)-S-(3-pyrrolidinopropyl)isothiourea (1f). extracted three times with CHLIThe combined extracts were dried
Isothioureadf (87 mg, 0.19 mmol) was converted int (45 mg, and evaporated to yield the residue. Chromatography by using the
76%) according to the synthetic procedureZar 1f: oil; IH NMR coated silica gel technique with EtOAc as eluent gave 1-hydroxy-

(CDCl) 6 1.60-1.75 (4H, br), 1.81 (2H, quin = 6.7 Hz), 2.46- 2-oxindole” (305 mg quant), and further elution with MeGH
2.54 (4H, br), 2.59 (2H, tJ = 6.7 Hz), 2.98 (2H, tJ = 6.7 Hz), EtOAc (1:1) gave2a (991 mg, 90%). 1-Hydroxy-2-oxindole: mp
4.42 (2H, s), 7.267.40 (4H, m);}3C NMR (CDCk) 6 23.7,28.9,  201-204 °C (EtOAc, hot plate) (li7 mp 200.5-202 °C): IR
29.0, 46.9, 53.1, 53.7, 128.0, 128.1, 128.2, 131.1, 137.5, 158.8 ;(Nujol) vmax 1615, 1675 cm?; 'H NMR (CDsOD) ¢ 3.55 (2H, s),
HRMS (FAB) m/z calcd for GsH2*CINsS [M + H]™ 311.1222, 7.00-7.50 (4H, m). Thus obtaine2a was converted intda:2HCI
found 311.1224. (quant) according to a previously described procedure.
N-(4-Chlorobenzyl)-N'-(3-phenylpropionyl)-S-{ 3-morpho- Hydroxymethyl-1,12-dicarba-closadodecaborane (12)To a
linopropyl }isothiourea (9g). Thiourea7a (166 mg, 0.50 mmol) solution of p-carborane (576 mg, 4.0 mmol) in THF (3 mL) was
was converted int@g (143 mg, 62%) in THF (5 mL) accordingto  added dropwise 1.6 M-BuLi in hexane (2.50 mL, 4.0 mmol) at
the synthetic procedure f@a. 9¢g: oil; 'H NMR (CDCls) 6 1.86 rt, and the mixture was stirred for 15 min at the same temperature.
(2H, quint,J = 7.0 Hz), 2.35-2.50 (6H, m), 2.72 (2H, t) = 7.6 Paraformaldehyde (120 mg, 4.0 mmol) was added and the reaction
Hz), 2.97 (2H, tJ = 7.6 Hz), 3.12 (2H, tJ = 7.0 Hz), 3.65-3.75 mixture was stirred at rt for 30 min. The reaction was quenched
(4H, m), 4.46 (2H, s), 7.187.40 (9H, m), 11.30 (1H, br s}3C with H,O and THF was removed. After dissolving the residue with
NMR (CDCl) 6 27.5, 28.4, 32.0, 42.7, 47.1,53.7, 57.5, 66.9, 125.4, EtOAc, the organic layer was washed with@iand brine, dried,
127.8,127.9,128.2,128.5,133.2,134.2,141.1, 172.1, 184.4; HRMSand then evaporated to give a pale yellow solid. It was again diluted
(FAB) m/z caled for G4Hs1*CIN3 O,S [M + H]* 460.1825, found  with EtOAc, mixed with a small amount of silica gel, and
460.1833. Caution: Use of benzene as solvent did not §iye  evaporated to obtain coated silica gel for use in column chroma-
although the reason was unknown. tography. Chromatography with EtOAtiexane (1:9) as eluent
N-(4-Chlorobenzyl)-S-(3-morpholinopropyl)isothiourea (1g). gavel? (696 mg, 70%) as a white powdelr2: colorless leaflets
9g (143 mg, 0.31 mmol) was converted inlg (53 mg, 52%) (hexane); mp 213215 °C(lit.3* mp 207208 °C); 'H NMR
according to the synthetic procedure f2a. 1g. oil; 'H NMR [(CD3),CO] 6 1.1-3.1 (10H, br), 3.30 (1H, br s), 3.44 (2H, di=
(CDCly) 6 1.82 (2H, quintJ = 7.0 Hz), 2.35-2.50 (6H, m), 2.94 6.6 Hz), 4.56 (1H, tJ = 7.5 Hz); HRMS (El)m/z calcd for
(2H, t,J = 7.0 Hz), 3.64-3.74 (4H, m), 4.44 (2H, s), 7.207.30 CaH14!'B1¢0 176.1975 (M), found 176.1977. Further chromatog-
(4H, m); 3C NMR (CDCk) 6 27.4, 28.3, 46.6, 53.5, 56.2, 66.8, raphy with EtOAc-hexane (1:4) as eluent provided 1,12-dihy-
128.0, 128.3, 132.1, 138.3, 158.5; HRMS (FABJz calcd for droxymethyl-1,12-dicarbalosadodecaborane (100 mg, 14%): col-

C1sH23%CIN3OS [M + H]* 328.1251, found 328.1251. orless needles (20% EtOAc in hexane); mp 4430 °C (lit.312
Alternative Synthesis (B) of Clobenpropit with Use of mp 152-154°C); *H NMR [(CD3),CQO] 6 1.2—-3.2 (10H, br), 3.44

NPAI: N-(4-Chlorobenzyl)N'-(2-nitrophenylacetyl)thiourea (7i). (2H, d,J = 6.6 Hz), 4.56 (1H, tJ = 7.5 Hz).

6a(0.37 mL, 3.0 mmol) was reacted with NPAI (666 mg, 3.0 mmol)  12-Chloro-1-hydroxymethyl-1,12-dicarbaclosododecabo-

to yield 7i (778 mg, 71%, less polar) together with-(4- rane (13).To a solution ofL2 (174 mg, 1.0 mmol) in THF (4 mL)

chlorobenzyl)-2-(2-nitrophenyl)acetamiti&j (266 mg, 29%, more  was added dropwise 1.6 MBuLi in hexane (1.38 mL, 2.2 mmol)
polar) as the byproduct, according to the synthetic procedure for at —78 °C, and the reaction mixture was stirred for 1.5 h at the
7a 7i: white powder; IR (Nujolmax 1165, 1340, 1520, 1700 crh same temperature. Theschlorosuccinimide (160 mg, 1.2 mmol)
'H NMR [(CD;),CQ] 6 4.32 (2H, s), 4.87 (2H, d) = 5.7 Hz), in THF (5 mL) was added slowly to produce a pale red suspension.
7.30-7.75 (7H, m), 8.058.15 (1H, m), 10.45 (3/4H, brs), 10.78  The resulting mixture was stirred at rt for 5 h. The reaction was
(3/4H, br s);3C NMR (CDCk) 6 41.7, 48.2, 125.0, 128.5, 128.9, quenched with KD and THF was removed to give a residue that
129.4,129.6,132.7, 133.8,134.0, 136.5, 149.0, 170.8, 180.5; HRMSwas partitioned between EtOAc and brine and subsequently
m/z calcd for GeH143CIN3O3S 363.0444, found 363.043R-(4- extracted by the salting-out technique. The organic layer was dried
Chlorobenzyl)-2-(2-nitrophenyl)acetamide (11i):Cotton-like fi- and evaporated to give a crude material. Chromatography with
bers; IR (Nujiol)vynax 1342, 1522, 1638 cr; *H NMR (CDCls) 6 EtOAc—hexane (1:9) as eluent by using the coated silica gel
3.86 (2H, s), 4.39 (2H, d] = 6.0 Hz), 6.22 (1H, brs), 7.107.65 technique yieldedl3 (145 mg, 70%) as a white powder. The
(7H, m), 8.06-8.06 (1H, m);**C NMR (CDCk) 6 41.2,43.3,124.8,  chromatography provided initially fractions containibg followed
128.1,128.4,128.6, 129.8,133.1, 133.2, 136.1, 148.3, 168.3; HRMSpy fractions containing botti2 and 13, since theirR; values on
(FAB) m/z calcd for GsH12°CIN,O3 [M+H]*, 305.0693, found  TLC were very similar. In that case, the mixture was subjected
305.0697. repeatedly to chromatography to obtain pd® 13: mp 125-
N-(4-Chlorobenzyl)-N'-[2-(2-nitrophenyl)acetyl]-S{ 3-[1-(triph- 128°C; H NMR [(CD3),CO] ¢ 1.2—3.4 (10H, br), 3.48 (2H, d,
enylmethyl)imidazol-4-yl]propyl}isothiourea (9i). According to
the synthetic procedure f&a, mixing alcohol8a (1.20 g, 3.27 31) (a) Stanko. V. 1.- Gol'tvapin. Yu. VZh. Obschch. Khinl971 41
mmol), 7i (1.08 g, 2.97 mmol), B4 (1.10 mL, 4.46 mmol), and 20§3.)(EJ))Herzog,, A knoblgr,pc.‘ B.; Hawthorne, M. F.; Madérnay, A

TMAD (766 mg, 4.46 mmol) in dry benzene (20 mL) ge8ig1.81 Siebert, W.J. Org. Chem1999 64, 1045. (c) Goto, T.; Ohta, K.; Suzuki,
g, 85%).9i: oil; '"H NMR (CDCls) 6 1.76 (2H, quintJ = 7.2 Hz), T.; Ohta, S.; Endo, YBioorg. Med. Chem2005 13, 6414.
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J = 6.9 Hz), 4.70 (1H, tJ = 6.9 Hz);13C NMR [(CD3),CO] ¢
64.9, 78.4, 79.0; HRM$nz calcd for GH13''Bg'9B; 35CIO (M)
208.1658, found 208.1655.
12-Chloro-1-(O-tosylmethyl)-1,12-dicarbacloscdodecabo- 370.1898.
rane (14a).In a 10 mL Teflon MW reaction vessel were dissolved 1-(12-Chloro-1,12-dicarbaeloscdodecaboranyl)methylthio-
13(332 mg, 1.59 mmol) and TsCI (606 mg, 3.18 mmol) in pyridine urea (3c). K,CO; (49 mg, 0.36 mmol) dissolved in water (2 mL)
(3.0 mL). The vessel was sealed and heated in the MW reactor towas added to a solution @m (16.5 mg, 0.04 mmol) in THF (0.5
120°C. The reaction was held at this temperaturelfth and cooled mL). The mixture was refluxed for 38 h and then THF was
thereafter. The contents were partitioned between EtOAc (2 mL) evaporated to give a residue that was extracted three times with
and 2 N HCI (2 mL). The organic layer was washed first with aq EtOAc by the salting-out techniques. The organic layer was dried
saturated NaHC®and then with brine, dried, and evaporated to and evaporated to give a residue. Chromatography with EtOAc
give a residue. This was subjected to the same procedure as thahexane (3:7) as eluent and the coated NH-silica gel technique gave

(1H, br s), 10.8 (1H, br sj3C NMR (CDCk) 6 49.1, 72.9, 78.8,
127.1, 128.8, 130.9, 133.4, 166.1, 179.8; ElINfz 370 (M —
2); HRMSm/z caled for G1H14'1Bg!%B,3°CIN,OS 370.1909, found

described for the preparation 2 to yield 14a(551 mg, 95%) via
chromatographyl4a colorless plates (hexane); mp 10506 °C;
IH NMR [(CD3),CO] 6 1.2—3.4 (10H, br), 2.45 (3H, s), 3.98 (2H,
s), 7.46 (2H, dJ = 7.2 Hz), 7.72 (2H, dJ = 7.2 Hz); 13C NMR
[(CD3),CQ] 0 21.6, 69.8, 72.1, 79.7, 127.9, 130.2; EIM%z 363
(M* — 1); HRMS (El) m/z calcd for GoH1¢'Bol9B3°CIOsS (MT)
363.1710, found 363.1733. Cautiori:3a easily sublimes under
vacuum.
1-Azidomethyl-12-chloro-1,12-dicarbaelosocdodecaborane
(15a). With use of the same MW procedure as that for the
preparation ofl4a a suspension df4a (576 mg, 1.58 mmol) and
NaN; (412 mg, 6.34 mmol) in DMF (4 mL) and 4@ (1 mL) was
heated in the MW reactor at 150 for 2 h. Filtration of the

3¢ (11.4 mg, 97%) as a white walc: positive in Beilstein’s test;
IH NMR (CDClg) 6 1.0-3.8 (10H, br), 3.69 (2H, br s), 5.96 (2H,
br s), 6.28 (1H, br s}}3C NMR (CD;OD) 6 48.7, 77.2, 79.3, 184.7;
HRMS m/z calcd for GH;5''Bgl%B,3°CIN,S 266.1647, found
266.1635.

1-(O-Tosylmethyl)-1,12-dicarbacloscdodecaborane (14b)Ac-
cording to the synthetic procedure fda alcohol12 (472 mg,
2.71 mmol) was converted intbdb (819 mg, 92%).14b: white
powder;*H NMR [(CD3),CO] 6 1.2—3.2 (10H, br), 2.45 (3H, s),
3.40 (1H, br s), 3.92 (2H, s), 7.46 (2H, d= 7.9 Hz), 7.74 (2H,
d, J = 7.9 Hz); 13C NMR [(CD3),CO] ¢ 21.6, 61.6, 71.0, 79.3,
127.9,130.1, 132.4, 145.5; HRM8z calcd for GoH0'9B,1Bg03S
328.2137, found 328.2141. Cautiod4b easily sublimes under

resultant precipitate followed by evaporation gave a residue, which vacuum.

was diluted with EtOAe-hexane (1:1). The organic layer was

1-Azidomethyl-1,12-dicarbaclosocdodecaborane (15b).Ac-

extracted three times by the salting-out technique. The collected cording to the synthetic procedure faba 14b (1602 mg, 4.90
organic layer was washed with brine, dried, and evaporated to give mmol) was converted int@5b (795 mg, 82%)15b: prisms; mp
a residue. With use of the same method as that for the purification 34—36 °C (hexane; hot plate); IR (filmymax 2100 (Ns) cm™%; H

of 12, the residue was chromatographed with hexane to §bze

(267 mg, 72%) as a colorless adllsa positive in Beilstein’s test;

IR (film) vmax 1280, 2100 (M) cm™%; *H NMR [(CD3),CO] 6 1.2—

3.5 (10H, br), 3.54 (2H, s)*3C NMR [(CD3),CO] 6 54.6, 75,0,

78.9. The mass spectrum or elementary analysissafcould not

be obtained owing to its volatility, but the accuracy X8a was

guaranteed by synthesizing derivativds 7m, and3c.
1-Aminomethyl-12-chloro-1,12-dicarbaeloscdodecaborane

(6¢). A solution of 15a (41 mg, 0.18 mmol) in a 1:1 solution of

MeOH and AcOEt (3 mL) was hydrogenated over 10% Pd/C (16

mg) at 3.2 kg/crifor 2 h. After filtration through Celite, a small

amount of silica gel was added to the filtrate, and the mixture was

NMR [(CD3),CO] 6 1.2-3.2 (10H, br), 3.2-3.6 (3H, br);3C NMR
[(CD3)2CO] o) 56.2, 60.7, 82.5. Anal. Calcd fors813B1oN3: C,
18.08; H, 6.58; N, 21.09. Found: C, 18.22; H, 6.41; N, 21.31.
Caution: 15b easily sublimes under vacuum.

1-Aminomethyl-1,12-dicarbacloscdodecaborane (6d).Ac-
cording to the synthetic procedure e, 15b (209 mg, 1.05 mmol)
was converted int®d (146 mg, 81%).6d: pillars; mp 104
107 °C (hexane; hot platefH NMR (CDCl3) 6 1.2-3.3 (11H,
br), 2.70 (2H, s)33C NMR [(CD5),CO] 6 49.6, 58.5, 87.5. Anal.
Calcd for GH14B1oCIN: C, 17.35; H, 6.79; N, 6.74. Found: C,
17.44; H, 6.60; N, 6.81.

subsequently evaporated to give coated silica gel. This was placed Acknowledgment. We are grateful to Dr. K. Minoura and
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