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Syntheses of 1,3-Imidazoline-2-thione and 2-Phenylimino-1,3-thiazoline
Combinatorial Libraries through Different Sequences of the Same
Components

Suyeal Bae, Hoh-Gyu Hahn,* and Kee Dal Nam

Organic Chemistry Laboratory, Korea Institute of Science and Technology, Seoul 136-791, Korea

Receied December 24, 2004

We have developed combinatorial libraries of new 1,3-imidazoline-2-thiénasd 2-phenylimino-1,3-
thiazolines7 by way of different reaction sequences of the same three compopesitiroacetoacetanilides

1, amines?2, and isothiocyanate8 in a parallel synthetic fashion. One of the building blocks, the
y-chloroacetoacetanilidels was prepared by the sequential reaction of 4-methylene-oxetan-2-one (ketene
dimer) with chlorine and various anilines. The condensationl ofith amines gave dihydrofurad
intermediates that when reacted w&hafforded the 1,3-imidazoline-2-thion&sOn the other hand, reaction

of 3 with 2 provided substituted thioure&shat were reacted with to yield 2-phenylimino-1,3-thiazolines

7.

Introduction approach to the two different chemical libraries, 1,3-

Combinatorial chemistry serves as a powerful tool in lead 'Midazoline-2-thione$ and 2-phenylimino-1,3-thiazolines
discovery and lead optimization by allowing a rapid genera- / IS illustrated in Scheme 1.
tion of potential candidates for screening. Introduction of i )
high-throughput biological screening and the accelerated Results and Discussion

discovery of new biolo_gical targets have increased the Synthesis of the y-Chloroacetoacetanilides Building
demand for the preparation of large numbers of compounds. gjocks. Syntheses of the-chloroacetoacetanilidésbuilding
The development of new methods for the synthesis of pjocks were achieved by the modification of the previously
heterocyclic compound Ilbranes W|t_h moI_ecuIar d|yer3|ty IS reported method.Hard and Abernethy reported a synthesis
an ever-expanding area in combinatorial chemiSto o o1y one compound; -chloroacetoacetanilide, by mixing
respond to this demand, some new technologies, including, e, chioroacetoacetyl chioride with an equivalent amount
multicomponent reactiofignd click chemistr§; have been ¢ - Jiine but failed to mention the yield. We needed to
developed. investigate the optimal reaction conditions to produce

y-ChIoroacetc;]acetan|lltj|§3 are versdatllg reagerr:t's fﬁr y-chloroacetoacetanilide derivativdsas building blocks.
preparing new heterocyclic compounds due to their three Dropwise addition of aniline derivatives to-&/8 °C solution

reactive centers. First, the methylene protons are activated ; :
. . o A of y-chloroacetacetyl chloride (1.1 mol equiv) andNE{1.1
by neighboring carbonyl moieties. Second, the amide is an y y ( quiv) andn(

) ) ) mol equiv) in CHCI, yielded they-chloroacetoacetanilides
ambident nucleophile by means of the nitrogen and oxygen(l)_12 These products could be isolated as solids by simple
atoms. Third, the chloride can serve as a good leaving group

in nucleophilic displacement. Examples of heterocycles o o OH O
synthesized frony-chloroacetoacetanilidelsare pyridopy- CIMN,R1 — mv\)kN,Fq
rimidines? substituted pyridinezguinolones, dihydrothia- keto H H

|
zoles, pyridin-2-one$,dihydrooxathiing and oxadiazolyl e

derivatives’ However, examples of combinatorial synthesis fjjtration and were used for the subsequent reactions without
using y-chloroacetoacetanilideare limited. Recently, we  fyrther purification. Ninety-nine-chloroacetoacetanilideis
reported a solid-phase synthesis of 2-phenylimino-1,3- \yere prepared in591% yield (see Supporting Information
thiazoline using a fully autqmated _synthesiz_er for the o, yields and melting points). Figure 1 lists thechloro-
development of new agrochemical fungicides this paper,  cetoacetanilides{ 1-34} used as building blocks in this
we report the syntheses of two combinatorial libraries, the g¢,qy The other building blocks, aliphatic or aromatic amines

1,3-imidazoline-2-thiones5 and the 2-phenylimino-1,3- 5 54 jsothiocyanate8 were commercially available (see
thiazolines7 by different combinations of the same three Figures 2 and 3).

components,y-chloroacetoacetanilide4, amines2, and

isothiocyanate$, in a parallel synthetic fashion. A general Synthesis of a Combinatorial Library of 1,3-Imidazo-

line-2-thiones 5.1,3-Imidazoline-2-thione derivatives have
* To whom correspondence should be addressed: F@2-2-0585189,  feceived attention because of their bioactivities and applica-
E-mail: hghahn@Kkist.re.kr. tions in pharmaceutical synthesé44Marckwald’s method
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Figure 1. y-Chloroacetoacetanilide 1—34} used in the syntheses.

Scheme 1. Approaches to the Two Combinatorial Libraries, 1,3-Imidazoline-2-thiénasd 2-Phenylimino-1,3-thiazolinés
from the Same Three Components,2, and3

Rp—| NH2 Hal NCS

Rs

° 9 f s
C'\)J\)J\Nz& _— b:N"‘R1 _— R1\N '\\‘
H H 5 R

0O O
Ry—NH, C'\MN&
S S
R;—NCS 2 H o)
N RZ\ )J\ /R3 1 I >:NMR2
3 N” "N Risy N
H H |
6 H Rs
7
Ry = aryl
R, = alkyl, aryl
R~ = alkvl arvl

has long been known as a general synthetic pathway to 1,3-established the synthesis of substituted imidazoline-2-thiones
imidazoline-2-thione by the reaction of isothiocyanate with through cyclization of thiourea with a variety of carbonyl
amino acetal® Modification of this method into a one-pot compounds bearing am-hydrogen in the presence of
reaction was reported by Matsuda et#IRecently, Zentf bromine and triethylamine. Scheme 3 summarizes a synthetic
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Figure 2. Amines2{1—44} used in the syntheses.
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Figure 3. Isothiocyanate8{1—26} used in the syntheses.

Scheme 2. Synthetic Route to the-Chloroacetoacetanilides

route of 1,3-imidazoline-2-thione derivativbdy a parallel M
1 Building Blocks

combinatorial method.

0 o o R—NH
. - . . Cl. 1 2
Reactions ofy-chloroacetoacetanilide$ with primar 2 cl 5 myl\)k Ry
v P y O CHyeh \)I\/U\CI EtsN ”

alkyl or arylamine< in ethanol at ambient temperature gave pon CH.Cly 1
dihydrofurans4.r” In the case of alkylamine, the reaction -78°C Ry =aryl

proceeded smoothly at room temperature, whereas the isolated yields = 27~76%, average yield = 48%
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Scheme 3. Synthetic Route to a Combinatorial Library of 1,3-Imidazoline-2-thiobes
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Scheme 4. Synthetic Route to a Combinatorial Library of product structure. As shown in Figure 4 (3-ethyl analogue
2-Phenylimino-1,3-thiazolineg
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Figure 4. ORTEP plots of 1,3-imidazoline-2-thiori 1,2,23}.

arylamine derivatives required an elevated temperature
(refluxing in ethanol) to drive the reaction to completion.
Concerning the reaction mechanism, it is most likely that ™
the condensation df with amines2 takes place initially to
afford 8a, a species in equilibrium witBb. Internal nucleo-
philic attack of the amide oxygen then provides the dihy-
drofurans4 as a mixture ok andZ isomers with respect to
the G=N in a ratio of ~1:1, as determined bjH NMR
'spectroscopy.. Th'e mixture of tvvp stereoisomers could be purities (at 220 nm by HPLC), and MS data.
isolated by filtration. However, it was not necessary to ) ) o .
separate these stereoisomers for the subsequent reaction Syn'theS|.s of a Combinatorial L|prary qf 2-PhenyI|m|n9—
because both yield the same prod&ctTreatment o# with 1,3-th|azo!|nes 7. Another chem_|c§\I library synthesized

. . . . starting with the same three building blocks used for the
triethylamine followed by isothiocyanate3 proceeded

. . . . synthesis of the 1,3-imidazoline-2-thiore library were
smoothly in a few hours in refluxing ethanol, yielding by a 2-phenylimino-1,3-thiazoline derivativés(see Scheme 1)
simple filtration 1,3-imidazoline-2-thione€s in high purity ' '

~91% by LC d d at 220 Openi f the f Although the preparation of combinatorial libraries is rapidly
(_ 0 Dy etecte at hm). penl_ng oft ? uran growing in the pharmaceutical research fields, only a few
ring by internal nucleophilic attack of the thiourea nitrogen

X ] " . X papers have been reported on its use in the generation of
yielded a single anilid&. The reaction mechanism could be  |o54s for agrochemical purpos®L-Phenylimino-1,3-thia-

rationalized as shown in Scheme 3. Nucleophilic addition zjines are known to have selective fungitoxicity against rice
of the secondary amine of the dihydrofurahgo isothio- blast?! and we recently reported a solid-phase synthesis of
cyanates could afford the thiourea®, which could undergo  the analogues of these compouddsor development of
further transformation to provide either 2-imino-1,3-thiazo- analogues with higher biological activities through an
lidines 10 (path b) or 1,3-imidazoline-2-thionés(path @),  optimization of the lead that was selected from preliminary
depending on whether nitrogén®or sulfuf® of the thiourea  screening against rice blast, we decide to build a combina-
moiety acts as the nucleophile. Since the spectral data (e.g.torial library of this series for lead optimization of 2-phe-
NMR, IR, MS, and elemental analysis) were not conclusive, nylimino-1,3-thiazolines. Compound has three possible
X-ray crystallographic analysis was conducted to verify sites (R, Ry, Rs) for derivatization (Scheme 4).

of 5), path a prevails to produce 1,3-imidazoline-2-thiones

One hundred and thirteen compouridsere synthesized
according to Scheme 3 using a ChemSpeed 2000 automated
synthesizer, starting from-chloroacetoacetaniliddswithout
isolation of intermediate4. The overall yields were from 2
to 80%. Figure 5 provides representative structures of the
prepared 1,3-imidazoline-2-thiongsand Table 1 lists yields,
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The construction of a chemical library of these compounds to 99% for the final step. Figure 6 provides representative
was achieved in a manner similar to that previously structures of 2-phenylimino-1,3-thiazolin@&s
reportec?! As shown in Scheme 4, the reaction of isothio-
cyanates3 and anilines2 in ethanol at room temperature
provided thiouread. Since the reaction proceeded quanti- ~ Two chemical libraries, 1,3-imidazoline-2-thionesand
tatively, the reaction mixture as such was treated with 2-Phenylimino-1,3-thiazolineg were synthesized from the
y-chloroacetoacetanilides under reflux to afford 2-phe- ~ Same three building blocksy-chloroacetoacetanilides,
nylimino-1,3-thiazolines7 in moderate to high yields. ~amines 2, and isothiocyanates, varying the reaction
Nucleophilic attack of the sulfur of the thiour€apresum- sequence. The.chemlcal library of .1,3-|m|dgzole-2-th|ones
ably in the iminothiol form, conducted to intermedidt#. = were synthesized by the sequential reaction of amihes

Compoundsl1 were unstable and slowly converteddn y-chloroacetoacetanilided and then isothiocyanate8

deuterated chlorof Th " ded th . through intermediate dihydrofurard Another chemical
euterated chioro °FT“- € reactions procee _e_ smoothly InIibrary of 2-phenylimino-1,3-thiazolines was synthesized
1-3 h after the addition of-chloroacetoacetanilides The

i ) e e the sequential reaction of amin8sisothiocyanates,
desired product§ were.obtalned as solids, isolated by filtration 4, 4 theny-chloroacetoacetanilidel through thioureas.
from the reaction mixtures, and analyzed By NMR

spectroscopy. These solids were the corresponding hydrogen Experimental Section

chloride salts of 2-phenylimino-1,3-thiazolinés which General Information. Melting points ¢C) were measured
could be used directly for the antifungal activity screening. with an Electrothermal 1A 9000 series digital melting point
We constructed a library of 600 compouriis this manner  apparatus and are uncorrectétl NMR and 3C NMR
using carousel reaction stations in a parallel fashion without spectra were recorded on a Varian Gemini 300 (300 MHz),
isolating intermediate€ and11. The yields ranged from 15  Bruker Avance 300 (300 MHz) or Varian 600 (600 MHz)

Conclusion
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Table 1. Yield, Purity, and Molecular Mass of
Representative 1,3-Imidazoline-2-thiortes

Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 831

Table 2. Yield, Purity, and Molecular Mass of
Representative 2-Phenylimino-1,3-thiazolines

entry compound yiekl  purity® MW (found) entry compound yieRl  purity? MW (found)
1 5{1,1,4} 59 100 342 (MH) 1 7{1,231} 65 100 352 (MH)
2 5{1,1,10} 20 100 402 (MH) 2 7{3,321} 81 100 378 (MH)
3 5(1,1,12 60 100 369 (MH) 3 7{6,2,2} 86 100 428 (MH)
4 5(1,1,19 68 100 392 (MH) 4 7{6,32,2} 50 100 464 (MH)
5 5{1,1,21} 50 a1 408 (MH) 5 7{22,181} 69 94 431 (MH)
6 5{1,2,23 50 100 414 (MH) 6 7{2524,1} 49 98 398 (MH)
7 5{5,1,2} 37 100 322 (MH) 7 7{25,331} 94 100 392 (MH)
8 5{5,1,6} 39 100 376 (MH) 8 7{2542,1} 88 91 388 (MH)
9 5{51,7} 56 97 392 (MH) 9 7{26,4,1} 39 100 374 (MH)
10 5{5,1,16} 50 94 388 (MH) 10 7{26,231} 89 96 384 (MH)
11 55,117 43 100 388 (MH) 11 7{26,25,1} 93 96 412 (MH)
12 5{5,1,25} 45 100 418 (MH) 12 7{27,20,1} 92 100 412 (MH)
13 5{10,2,23} 40 100 444 (MH) 13 7{27,32,1} 56 96 423 (MH)
14 5{16,1,13} 64 97 366 (MH) 14 7{28,19,1} 65 100 460 (MH)
15 5{16,1,15} 58 100 366 (MH) 15 7{2841,1} 53 100 408 (MH)
16 5{16,1,24} 35 100 420 (MH) 16 7{28431} 65 97 472 (MH)
17 5{16,16,6} 71 100 462 (MH) 17 7{29131} 73 98 386 (MH)
18 5{16,16,9} 65 100 478 (MH) 18 7{29,39,1} 76 100 424 (MH)
19 5{191,3} 51 100 368 (MH) 19 7{29,40,1} 80 97 424 (MH)
20 5(19,1,4} 59 100 386 (MH) 20 7{308,1} 76 100 422 (MH)
21 5{191,5} 38 100 386 (MH) 21 7{30,27,1} 85 100 427 (MH)
22 5{191,8} 44 100 402 (MH) 22 7{31,7,1} 68 100 406 (MH)
23 5{191,18} 22 94 436 (MH) 23 7{31,9,1} 63 100 450 (MH)
24 5{21,16,23} 38 100 536 (MH) 24 7{31,11,1} 78 100 386 (MH)
25 5{24,8,23 15 94 516 (MH) 25 7{31,15,1} 47 99 402 (MH)
aYields were calculated on the basis of the weight of the solid gg ;{31’34’1} 65 97 440 (MH)
. 1€ C '€ Das . {31,35,1} 64 89 440 (MH)
obtained by filtration of the reaction mixturgThe purity (%) was 28 7{31431} 68 100 470 (MH)
determined by HPLC chromatography detected at 220°¢rivio- 29 7{32’10’1} 84 100 456 (MH)
lecular ion (MH") determined by mass spectrometry (ES). 30 7{32:31:1} 71 100 448 (MH)
31 7{334,1} 77 95 394 (MH)
spectrometer using TMS as an internal standard (chemical 32 7{33,30,1} 69 99 468 (MH)
shifts are in parts per million, and coupling constars ( 33 7{3339,1} 68 100 428 (MH)

are in hertz). Fourier transform infrared (FT-IR) analyses
were obtained on a Perkin-Elmer 16FC-PC FT-IR and are
reported in centimeters. HRMS data were obtained on a

JMS-700 mass spectrometer. Electrospray mass spectra'lOn (M

aYields were calculated based on the weight of the solid obtained
by filtration of the reaction mixture? The purity (%) was deter-
mined by HPLC chromatography detected at 220 AMolecular
[ H*) determined by mass spectrometry (ES).

analysis was obtained on a Micromass Quatlro mMICro ¢ogling bath was removed. To the reaction mixture was

spectrometer for the ES-MS analysis by direct injection of ;q4ed 0.2 N aq HCI (200 mL), and the mixture was stirred
the sample solubilized in methanol. Elemental analyses wereso, 0 5 h at room temperature. The white precipitate was

performed using a Fison EA1108 analyzer. The X-ray data oqjjected by filtration, washed with water and a small amount

was collected on an Enraf-Nonius CAD4 automated diffrac-
tometer equipped with a Mo X-ray tube and a graphite
monochromator and solved by SHELXS-86 using full-matrix
least-squares techniques.

HPLC analysis was performed on a Zorbax Eclipse XDB-
Cg column (5um, 150 mmx 4.6 mm); linear gradient over
20 min using (A) 0.1% TFA in water and (B) 0.1% TFA in
CH3CN (from 9:1 to 5:5) with a flow rate of 2.0 mL/min
and UV absorbance at 220 nm for 1,3-imidazoline-2-thione
5. In the case of 2-phenylimino-1,3-thiazoliiiethe linear
gradient was changed to A and B (from 8:2 to 3:7).

Preparation of y-Chloroacetoacetanilides 1 (General
Procedure). To a solution of 4-methylene-oxetan-2-one
(ketene dimer) (15.4 mL, 0.20 mol) in methylene chloride
(100 mL) cooled with ice-salt was added a solution of
chlorine (14.2 g, 0.20 mol) dissolved in methylene chloride
(4%, v/v). This reaction mixture was then added dropwise
to a solution of triethylamine (30.7 mL, 0.22 mol) and aniline
{2} (18.6 g, 0.20 mol) dissolved in methylene chloride (100
mL) cooled to—78 °C with acetone-dry ice. The reaction
mixture was stirred fo2 h atthis temperature, and then the

of cold ethyl ether, and then dried in air to yielfil} (37.0
g, 88%)*2

y-Chloroacetoacetanilide 11} . Yield 88%; mp 136-137
°C;*H NMR (300 MHz, DMSOs¢): keto/enok= 5.2/1. Keto
form: 6 10.13 (s, 1H), 7.597.04 (m, 5H), 4.65 (s, 2H), 3.67
(s, 2H). Enol form: 6 13.78 (br, 1H), 10.25 (s, 1H), 7.59
7.04 (m, 5H), 5.55 (s, 1H), 4.30 (s, 2H). FT-IR (KBr) 3290
(NH), 1738 (C=0), 1654 (amide €O0).

2'-Fluoro-y-chloroacetoacetanilide {2}. Yield 87%; mp
101-102°C; *H NMR (300 MHz, DMSO¢): keto/enol=
5.2/1. Keto form:d 9.95 (s, 1H), 7.987.13 (m, 4H), 4.63
(s, 2H), 3.77 (s, 2H). Enol formy 13.61 (br, 1H), 10.10 (s,
1H), 7.98-7.13 (m, 4H), 5.71 (s, 1H), 4.28 (s, 2H). FT-IR
(KBr) 3318 (NH), 1730 (G=0), 1684 (amide €0).

4'-Methoxy-y-chloroacetoacetanilide 110}. Yield 51%;
mp 144-145°C; 'H NMR (300 MHz, DMSO¢s): keto/
enol = 3.8/1. Keto form:6 10.01 (s, 1H), 7.5%£6.87 (m,
4H), 4.65 (s, 2H), 3.73 (s, 3H), 3.65 (s, 2H). Enol forén:
13.87 (br, 1H), 10.13 (s, 1H), 7.5%6.87 (m, 4H), 5.50 (s,
1H), 4.28 (s, 2H), 3.73 (s, 3H). FT-IR (KBr) 3298 (NH),
1736 (C=0), 1650 (amide €0).
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Figure 6. Representative structures of 2-phenylimino-1,3-thiazolif{é®,R,,Rs} .

4'-Phenoxy«-chloroacetoacetanilide {21}. Yield 91%;
mp 122-123 °C; *H NMR (300 MHz, DMSO¢): keto/
enol = 4.3/1. Keto form:6 10.17 (s, 1H), 7.596.95 (m,
9H), 4.65 (s, 2H), 3.68 (s, 2H). Enol formi 10.28 (s, 1H),

7.59-6.95 (m, 9H), 5.53 (s, 1H), 4.29 (s, 2H). FT-IR (KBr)

3248 (NH), 1736 (&0), 1656 (amide €0).
3'-Chloro-4'-methoxy-y-chloroacetoacetanilide 130}.

Yield 77%; mp 112°C; *H NMR(300 MHz, DMSO#):

keto/enol= 2.7/1. Keto form:6 10.15 (s, 1H), 7.767.10

(m, 3H), 4.65 (s, 2H), 3.82 (s, 3H), 3.66 (s, 2H). Enol form:

8 13.65 (br, 1H), 10.26 (s, 1H), 7.76.10 (m, 3H), 5.49 (s,

1H), 4.29 (s, 2H), 3.82 (s, 3H). FT-IR (KBr) 3268 (NH),
1734 (G=0), 1648 (amide €0).

General Procedure for the Synthesis of 1,3-Imidazoline-
2-thione 5.A Chemspeed ASW2000 automated synthesizer ethyl ether to give dihydrofuran hydrochloridgl6,16} (1.29
was used for the parallel solution-phase synthesis of 1,3-g, 45%). This was dissolved in methylene chloride and
imidazoline-2-thione5. y-Chloroacetoacetanilide (0.5
mmol) and ethanol (4 mL) were placed into a glass reaction SOs). Evaporation of the solvent afforded a yellow oily
vessel (13 mL) and warmed to 4C. A solution of amine
(0.5 mmol) diluted in ethanol (20%, v/v) was added to the 5-[4-(ethylphenyl)imino]-3-[(4-methoxyphenyl)amino]-2,5-
reactor, and the reactor was shaken 3oh under reflux.

After cooling to 40°C, a solution of isothiocyanat& (0.5
mmol) in ethanol (20%, v/v) was added slowly to the reactor.
The reactor was shakenrft h under reflux and then cooled
to room temperature. The reaction mixture was transferred
to a Genevac model HT-4 evaporator and concentrated until
the volume reached 2 mL. The precipitates were filtered,
washed with cold ethyl ether, and then dried in air to afford
1,3-imidazoline-2-thioné.

To confirm the structure o#, typically the intermediate
dihydrofuran4{ 16,16} was isolated as follows. A solution
of y-chloroacetoacetanilid&{16} (2.0 g, 8.34 mmol) and
4-methoxyaniline2{ 16} (1.03 g, 8.34 mmol) in ethanol (80
mL) was refluxed for 6 h. After cooling to room temperature,
the precipitates were collected by filtration and washed with

washed with 0.1 N aqg NaOH and water and then dried{Na
residue, which was crystallized from ethyl acetate to yield

dihydrofuran (0.69 g, 27%). mp 19092°C (dec);'H NMR
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(600 MHz, DMSO#é): 6 9.20 (s, 0.5H), 9.13 (s, 0.5H), 7.12
(d, 1H,J = 8.4), 7.05 (d, 1H,J) = 7.8), 7.02 (d, 1HJ =
7.8), 6.99 (d, 1H,J = 8.4), 6.93 (app tJ ~ 9.3), 6.88 (d,
1H,J = 8.4), 6.70 (d, 1H,] = 7.8), 5.35 (s, 0.5H), 5.06 (s,
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10.39 (s, 1H), 7.657.36 (m, 8H), 7.13 (s, 1H), 3.83 (s, 2H),

3.52 (s, 3H). MS(ES):m/z 392 (MH").
4-[N-[(4-Chlorophenyl)carbamoyl]methyl]-1-(2-meth-

oxyphenyl)-3-methyl-1,3-imidazoline-2-thione §5,1,16} .

0.5H), 4.95 (s, 1H), 4.91 (s, 1H), 3.73 (s, 1.5H), 3.68 (s, Yield 50%; mp 236-235°C; *H NMR (300 MHz, DMSO-

1.5H), 2.52-2.49 (m, 2H), 1.14 (t, 3HJ) = 7.3).3C NMR
(151 MHz, DMSO¢s) 168.83, 164.26, 158.06, 155.27,

de): 0 10.38 (s, 1H), 7.637.04 (m, 8H), 7.00 (s, 1H), 3.81
(s, 2H), 3.76 (s, 3H), 3.51 (s, 3H). MS(ES)Vz 388 (MH").

154.71, 154.24, 147.32, 145.02, 136.55, 136.31, 133.57, 4-[N-[(4-Chlorophenyl)carbamoyl]methyl]-1-(3-meth-
132.99, 127.56, 126.93, 122.46, 121.10, 120.10, 119.22,0xyphenyl)-3-methyl-1,3-imidazoline-2-thione $5,1,17}.
114.11, 86.48, 79.19, 71.26, 69.07, 54.66, 27.06, 26.93,Yield 43%; mp 226-221°C; *H NMR (300 MHz, DMSO-

15.25, 15.03. FT-IR (KBr) 3418 (NH), 1629 €€C). Anal.
Calcd for GgHoN202: C, 74.0; H, 6.5; N, 9.1. Found: C,
73.8; H, 6.5; N, 9.1. HRMS (FAB) calcd for 1¢H21N,O,
(MH™) 309.1603, found 309.4125.
1-(2-Fluorophenyl)-3-methyl-4-N-(phenylcarbamoyl)-
methyl]-1,3-imidazoline-2-thione §1,1,4}. Yield 59%; mp
239°C; *H NMR (300 MHz, DMSO4dg): 6 10.26 (s, 1H),

7.60-7.06 (m, 9H), 7.19 (s, 1H), 3.83 (s, 2H), 3.54 (s, 3H).

MS(ES): m/z 342 (MH").
1-(4-Bromophenyl)-3-methyl-4-N-(phenylcarbamoyl)-
methyl]-1,3-imidazoline-2-thione §1,1,1¢ . Yield 20%; mp
236-237°C; 'H NMR (300 MHz, DMSO¢s): ¢ 10.23 (s,
1H), 7.72-7.04 (m, 10H), 3.83 (s, 2H), 3.53 (s, 3H). MS-
(ES): m/z 402 (MH").
1-(3-Nitrophenyl)-3-methyl-4-[N-(phenylcarbamoyl)-
methyl]-1,3-imidazoline-2-thione §1,1,12} . Yield 60%; mp
272°C; *H NMR (300 MHz, DMSO4g): 6 10.21 (s, 1H),

7.77-7.05 (m, 9H), 7.14 (s, 1H), 3.87 (s, 2H), 3.56 (S, 3H).

MS(ES): m/z 369 (MH").
3-Methyl-4-[N-(phenylcarbamoyl)methyl]-1-(3-trifluo-
romethylphenyl)-1,3-imidazoline-2-thione $1,1,1%. Yield
68%; mp 223-225°C; 'H NMR (300 MHz, DMSO¢): o
10.26 (s, 1H), 8.12 (s, 1H), 8.6/.77 (m, 3H), 7.61 (d, 2H,
J=175), 7.42 (s, 1H), 7.367.06 (m, 3H), 3.87 (s, 2H),
3.57 (s, 3H). MS(ES):m/z 392 (MH").
3-Methyl-4-[N-(phenylcarbamoyl)methyl]-1-(2-trifluo-
romethoxyphenyl)-1,3-imidazoline-2-thione $1,1,21}. Yield
50%; mp 176-177°C; '"H NMR (300 MHz, DMSO¢): 6
10.25 (s, 1H), 7.6#7.05 (m, 9H), 7.16 (s, 1H), 3.85 (s, 2H),
3.55 (s, 3H). MS(ES):mVz 408 (MH").
1-(4-Ethylphenyl)-4-[N-(phenylcarbamoyl)methyl]-3-
phenyl-1,3-imidazoline-2-thione $1,2,23. Yield 50%; mp
221°C; *H NMR (300 MHz, DMSO¢s): 6 9.84 (s, 1H),
7.62-7.23 (m, 15H), 3.53 (s, 2H), 2.68 (q, 2H,= 7.8),
1.23 (t, 3H,J = 7.8). MS(ES):m/z 414 (MH'). HRMS (EI)
calcd for GsH23N30S (M) 413.1562, found 413.1555.
4-[N-[(4-Chlorophenyl)carbamoyl]methyl]-1-cyclopro-
pyl-3-methyl-1,3-imidazoline-2-thione %5,1,2. Yield 37%;
mp 243°C; 'H NMR (300 MHz, DMSO¢): 6 10.34 (s,
1H), 7.63-7.38 (m, 4H), 6.88 (s, 1H), 3.74 (s, 2H), 347
3.45 (m, 4H), 1.06-0.88 (m, 4H). MS(ES):m/z 322 (MH").
1-(4-Chlorophenyl)-4-[N-[(4-chlorophenyl)carbamoyl]-
methyl]-3-methyl-1,3-imidazoline-2-thione %5,1,6}. Yield
39%; mp 294°C; *H NMR (300 MHz, DMSO¢): ¢ 10.37
(s, 1H), 7.68-7.35 (m, 8H), 7.27 (s, 1H), 3.82 (s, 2H), 3.51
(s, 3H). MS(ES): m/z 376 (MHY).
1-(2-Chlorophenyl)-4-[N-[(4-chlorophenyl)carbamoyl]-
methyl]-3-methyl-1,3-imidazoline-2-thione §5,1,7}. Yield
56%; mp 256-252°C; 'H NMR (300 MHz, DMSO¢l): o

ds): 0 10.38 (s, 1H), 7.636.96 (m, 8H), 7.25 (s, 1H), 3.83
(s, 2H), 3.79 (s, 3H), 3.51 (s, 3H). MS(ESQ)¥z 388 (MH").
4-[N-[(4-Chlorophenyl)carbamoyl]methyl]-1-(3,5-
dimethoxyphenyl)-3-methyl-1,3-imidazoline-2-thione £5,1,-
25}. Yield 45%; mp 222-223 °C; *H NMR (300 MHz,
DMSO-tg): ¢ 10.41 (s, 1H), 7.6#7.38 (m, 4H), 7.28 (s,
1H), 6.85 (d, 2H,J = 2.4), 6.58 (t, 1HJ = 2.4), 3.86 (s,
2H), 3.80 (s, 6H), 3.54 (s, 3H). MS(ES)z 418 (MH").
1-(4-Ethylphenyl)-4-[N-[(4-methoxyphenyl)carbamoyl]-
methyl]-3-phenyl-1,3-imidazoline-2-thione $10,2,23. Yield
40%; mp 202-203°C; *H NMR (300 MHz, DMSO#¢g): 0
9.67 (s, 1H), 7.627.28 (m, 12H), 6.856.82 (m, 2H), 3.70
(s, 3H), 3.48 (s, 2H), 2.68 (q, 2H,= 7.8), 1.23 (t, 3HJ =
7.8). MS(ES): m/z 444 (MH").
4-[N-[(4-Ethylphenyl)carbamoyl]methyl]-3-methyl-1-(2-
methylphenyl)-1,3-imidazoline-2-thione $16,1,13}. Yield
64%; mp 146-148°C; 'H NMR (300 MHz, DMSO¢g): 0
10.18 (s, 1H), 7.537.13 (m, 8H), 3.79 (s, 2H), 3.53 (s, 3H),
2.56 (q, 2H,J = 7.6), 2.07 (s, 3H), 1.15 (t, 3H] = 7.6).
MS(ES): m/z 366 (MH*).
4-[N-[(4-Ethylphenyl)carbamoyl]methyl]-3-methyl-1-(4-
methylphenyl)-1,3-imidazoline-2-thione $16,1,15}. Yield
58%; mp 208-209°C; 'H NMR (300 MHz, DMSO¢g): o
10.15 (s, 1H), 7.497.13 (m, 8H), 7.18 (s, 1H), 3.79 (s, 2H),
3.51 (s, 3H), 2.54 (q, 2Hl = 7.6), 2.35 (s, 3H), 1.15 (t, 3H,
J = 7.6). MS(ES): m/z 366 (MH").
1-(3,5-Dichlorophenyl)-4-N-[(4-ethylphenyl)carbamoyl]-
methyl]-3-methyl-1,3-imidazoline-2-thione $16,1,24}. Yield
35%; mp 204-205 °C; *H NMR (300 MHz, CDC}): o
7.61-7.17 (m, 8H, Ar-H and NH), 6.91 (s, 1H), 3.68 (s,
5H), 2.63 (q, 2HJ = 7.6), 1.25 (t, 3HJ = 7.6). MS(ES):
m/z 421 (MH").
4-[N-[(4-Ethylphenyl)carbamoylmethyl]- 1-(4-fluorophen-
yl)-3-(4-methoxyphenyl)-1,3-imidazoline-2-thione $16,16,6} .
Yield 71%; mp 194-196°C; *H NMR (300 MHz, DMSO-
dg): 0 7.67—6.99 (m, 13H, Ar-H and NH), 6.91 (s, 1H),
3.80 (s, 6H, N-CH; and OCH), 3.82 (s, 2H), 3.42 (s, 3H),
2.61 (q, 2H,J = 7.6), 1.21 (t, 3HJ = 7.6). MS(ES): m/z
462 (MH").
1-(4-Chlorophenyl)-4-[N-[(4-ethylphenyl)carbamoyl]-
methyl]-3-(4-methoxyphenyl)-1,3-imidazoline-2-thione
5{16,16,9. Yield 65%; mp 209-210 °C; *H NMR (300
MHz, DMSO-dg): 6 9.76 (s, 1H), 7.77 (d, 2HJ = 9.0),
7.60 (d, 2H,J = 8.7), 7.43 (s, 1H), 7.32 (d, 1H, = 8.4),
7.27 (d, 2H,J = 8.7), 7.10 (d, 2H,) = 8.4), 7.01 (d, 2H)
= 9.3), 3.08 (s, 3H), 2.49 (s, 2H), 2.53 (q, 281= 7.8),
1.14 (t, 3H,J = 7.8). MS(ES): m/z 478 (MH").
4-[N-[(4-Ethoxyphenyl)carbamoyl]methyl]-3-methyl-1-
phenyl-1,3-imidazoline-2-thione $19,1,3}. Yield 51%; mp
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200°C; *H NMR (300 MHz, DMSO¢g): ¢ 10.06 (s, 1H),
7.63-6.86 (m, 9H), 7.24 (s, 1H), 3.97 (g, 2Bl= 6.9), 3.78
(s, 2H), 3.53 (s, 3H), 1.30 (t, 3H, = 6.9). MS(ES): m/z
368 (MH").
4-[N-[(4-Ethoxyphenyl)carbamoyl]methyl]-1-(4-fluo-
rophenyl)-3-methyl-1,3-imidazoline-2-thione %19,1,4}.
Yield 59%; mp 213+213°C; *H NMR (300 MHz, DMSO-
ds): 6 10.10 (s, 1H), 7.537.33 (m, 6H), 7.17 (s, 1H), 6.87
(d, 2H,3=9.0), 3.97 (q, 2HJ = 6.9), 3.78 (s, 2H), 3.53 (s,
3H), 1.30 (t, 3H,J = 6.9). MS(ES): m/z 386 (MH").
4-[N-[(4-Ethoxyphenyl)carbamoyl]methyl]-1-(3-fluo-
rophenyl)-3-methyl-1,3-imidazoline-2-thione %19,1,5}.
Yield 38%; mp 209-211°C; *H NMR (300 MHz, DMSO-
ds): 0 10.08 (s, 1H), 7.656.85 (m, 8H), 7.29 (s, 1H), 3.99
(g, 2H,J = 6.9), 3.55 (s, 2H), 3.52 (s, 3H), 1.29 (t, 38~
6.9). MS(ES): m/z 386 (MH").
1-(3-Chlorophenyl)-4-[N-[(4-ethoxyphenyl)carbamoyl]-
methyl]-3-methyl-1,3-imidazoline-2-thione $19,1,8} . Yield
44%; mp 207-208°C; *H NMR (300 MHz, DMSO¢g): 6
10.08 (s, 1H), 7.8%16.85 (m, 8H), 7.31 (s, 1H), 3.99 (q, 2H,
J=6.9), 3.78 (s, 2H), 3.52 (s, 3H), 1.29 (t, 3Bl= 6.9).
MS(ES): m/z 402 (MH™).
4-[N-[(4-Ethoxyphenyl)carbamoyl]methyl]-3-methyl-1-
(2-trifluoromethylphenyl)-1,3-imidazoline-2-thione 519,1,-
18}. Yield 22%; mp 148-151 °C; *H NMR (300 MHz,
DMSO-ds): 6 10.08 (s, 1H), 7.927.70 (m, 3H), 7.56-7.45
(m, 3H), 7.11 (s, 1H), 6.87 (d, 2H,= 9.0), 3.97 (q, 2H,
= 6.9), 3.78 (s, 2H), 3.53 (s, 3H), 1.30 (t, 38,= 6.9).
MS(ES): m/z 436 (MH").
1-(4-Ethylphenyl)-3-(4-methoxyphenyl)-4-N-[(4-phen-
oxyphenyl)carbamoyllmethyl]-1,3-imidazoline-2-thione
5{21,16,23. Yield 38%; mp 148°C; *H NMR (300 MHz,
DMSO-dg): 6 9.85 (s, 1H), 7.626.94 (m, 18H), 3.76 (s,
3H), 3.50 (s, 2H), 2.68 (q, 2H] = 7.5), 1.23 (t, 3HJ =
7.5). MS(ES): m/z 536 (MH").
3-(4-Chlorophenyl)-4-[N-[(3,5-dichlorophenyl)carbam-
oyllmethyl]-1-(4-ethylphenyl)-1,3-imidazoline-2-thione
5{24,8,23. Yield 15%; mp 23%+233 °C; *H NMR (300
MHz, DMSO-dg): 6 10.20 (s, 1H), 7.627.36 (m, 12H),
7.27 (s, 1H), 3.58 (s, 2H), 3.96 (q, 2B1= 7.8), 1.23 (t, 3H,
J = 7.8). MS(ES): m/z 516 (MH").
General Procedure for the Synthesis of 2-Phenylimino-
1,3-thiazoline 7. The parallel solution-phase synthesis of
2-phenylimino-1,3-thiazoling was accomplished using a

Bae et al.

3.70 (s, 3H), 2.66 (g, 2H) = 7.8), 1.21 (t, 3HJ = 7.8).
MS(ES): m/z 352 (MH).
2-[(2,4-Difluorophenyl)imino]-4-[N-[(4-fluorophenyl)-
carbamoyllmethyl]-3-methyl-1,3-thiazoline Monohydro-
chloride 7{3,32,1. Yield 81%; mp 226-221°C; 'H NMR
(300 MHz, DMSO6ég): 6 10.46 (s, 1H), 7.657.51 (m, 4H),
7.29-7.12 (m, 3H), 3.96 (s, 2H), 3.63 (s, 3H). MS(ES)iz
378 (MH").
4-[N-[(4-Bromophenyl)carbamoyl]methyl]-3-cyclopro-
pyl-2-phenylimino-1,3-thiazoline Monohydrochloride € 6,2,2 .
Yield 86%; mp 23%+236°C; *H NMR (300 MHz, DMSO-
de): 0 10.83 (s, 1H), 7.647.40 (m, 9H), 6.94 (s, 1H), 4.07
(s, 2H), 3.45 (s, 3H), 3.15 (m, 1H), 1.31.24 (m, 4H). MS-
(ES): m/z 428 (MH").
4-[N-[(4-Bromophenyl)carbamoyl]methyl]-3-cyclopro-
pyl-2-[(2,4-difluorophenyl)imino]-1,3-thiazoline Monohy-
drochloride 7{6,32,3. Yield 50%; mp 194-196 °C; H
NMR (300 MHz, DMSO¢g): 6 7.75-7.26 (m, 7H), 6.96
(s, 1H), 4.10 (s, 2H), 3.18 (m, 1H), 1.31.15 (m, 4H). MS-
(ES): m/iz 464 (MH").
4-[N-[(4-Cyanomethylphenyl)carbamoyllmethyl]-3-meth-
yl-2-[(4-trifluoromethylphenyl)imino]-1,3-thiazoline Mono-
hydrochloride 7{22,18,%. Yield 69%; mp 236-231°C; *H
NMR (300 MHz, DMSO#¢e): 6 10.65 (s, 1H), 7.84 (d, 2H,
J=28.4), 7.67+7.58 (m, 4H), 7.31 (d, 2H] = 8.4), 3.99 (s,
4H), 3.69 (s, 3H). MS(ES)m/z 431 (MH").
4-[N-[(2-Fluoro-4-methylphenyl)carbamoyl]methyl]-2-
[(4-isopropylphenyl)imino]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{25,24,%. Yield 49%; mp 206-202°C; *H
NMR (300 MHz, DMSOsg): ¢ 10.21 (s, 1H), 7.67 (t, 1H),
7.42 (m, 4H), 7.13-6.98 (m, 3H), 4.05 (s, 2H), 3.76 (s, 3H),
2.95 (septet, 1HJ = 6.9), 2.29 (s, 3H), 1.23 (d, 6Hl =
6.9). MS(ES): m/'z 398 (MH").
2-[(2,4-Difluorophenyl)imino]-4-[N-[(2-fluoro-4-meth-
ylphenyl)carbamoyllmethyl]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{25,33,%. Yield 94%; mp 121-122°C; *H
NMR (300 MHz, DMSO#g): 6 10.13 (s, 1H), 7.696.99
(m, 6H), 6.69 (s, 1H), 3.96 (s, 2H), 3.61 (s, 3H), 2.29 (s,
3H). MS(ES): m/z 392 (MH?").
4-[N-[(2-Fluoro-4-methylphenyl)carbamoyl]methyl]-2-
[(2-fluoro-5-methylphenyl)imino]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{25,42,3. Yield 88%; mp 223-
225°C; *H NMR (300 MHz, DMSOsg): 6 10.20 (s, 1H),

parallel synthesizer carousel 12-place reaction station (Ra-/-67-6.96 (m, 6H), 6.93 (s, 1H), 4.03 (s, 2H), 3.75 (s, 3H),

dleys Discovery Technologies, U.K.). To a solution of
isothiocyanate3 (1.5 mmol) in ethanol (5 mL) was added
amine2 (1.5 mmol), and the mixture was stirred at room

2.31 (s, 3H), 2.28 (s, 3H). MS(ESnvz 388 (MH").
4-[N-[(2-Fluoro-5-methylphenyl)carbamoyl]methyl]-2-
[(3-fluorophenyl)imino]-3-methyl-1,3-thiazoline Monohy-

temperature for 12 h. To the resulting reaction mixture was drochloride 7{26,4,%. Yield 39%; mp 219-221 °C; *H

addedy-chloroacetoacetanilidé (1.5 mmol), and then the

NMR (300 MHz, DMSO#dg): ¢ 10.23 (s, 1H), 7.686.99

misture was heated under reflux for 3 h. The reaction mixture (m, 8H), 4.07 (s, 2H), 3.75 (s, 3H), 2.27 (s, 3H). MS(ES):
was cooled to room temperature, and the precipitates werem/z 374 (MH").

filtered, washed with cold ethyl ether, and then dried in air
to afford 7.
2-[(4-Ethylphenyl)imino]-3-methyl-4-[N-(phenylcar-
bamoyl)methyl]-1,3-thiazoline Monohydrochloride 4 1,-
23,1. Yield 65%; mp 235-236 °C; *H NMR (300 MHz,
DMSO-dg): 6 10.51 (s, 1H), 7.61 (d, 2H] = 7.5), 7.38-
7.31 (m, 6H), 7.1£7.06 (m, 1H), 7.08 (s, 1H), 4.01 (s, 2H),

2-[(4-Ethylphenyl)imino]-4-[ N-[(2-fluoro-5-methylphen-
yl)carbamoyllmethyl]-3-methyl-1,3-thiazoline Monohy-
drochloride 7{26,23,}. Yield 89%; mp 224-226 °C; 'H
NMR (300 MHz, DMSOdg): 6 10.22 (s, 1H), 7.667.00
(m, 7H), 6.97 (s, 1H), 4.06 (s, 2H), 3.77 (s, 3H), 2.65 (q,
2H,J = 7.5), 2.27 (s, 3H), 1.21 (t, 3H = 7.6). MS(ES):
m/z 384 (MH").
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2-[(4-Butylphenyl)imino]-4-[ N-[(2-fluoro-5-methylphen-
yl)carbamoyl]methyl]-3-methyl-1,3-thiazoline Monohy-
drochloride 7{26,25,%. Yield 93%; mp 224-225°C; *H
NMR (300 MHz, DMSO¢e): 6 10.24 (s, 1H), 7.656.98
(m, 7H), 6.96 (s, 1H), 4.07 (s, 2H), 3.72 (s, 3H), 2.49 (t,
2H,J=17.5), 2.26 (s, 3H), 1.56 (m, 2H), 1.30 (m, 2H), 0.90
(t, 3H,J = 7.3). MS(ES): m/z 412 (MH?").
2-[(4-Cyanophenyl)imino]-4-N-[(2-fluoro-5-nitrophen-
yl)carbamoyl]methyl]-3-methyl-1,3-thiazoline Monohy-
drochloride 7{27,20,%. Yield 92%; mp 239-240°C; *H
NMR (300 MHz, DMSO¢e): 6 10.02 (s, 1H), 7.897.08
(m, 7H), 6.98 (s, 1H), 3.82 (s, 2H), 3.74 (s, 3H). MS(ES):
m/z 412 (MH").
2-[(2,4-Difluorophenyl)imino]-4-[N-[(2-fluoro-5-nitro-
phenyl)carbamoyllmethyl]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{27,32,3. Yield 56%; mp 229-230°C; 'H
NMR (300 MHz, DMSO#de): 6 10.73 (s, 1H), 8.997.24
(m, 6H), 6.84 (s, 1H), 4.10 (s, 2H), 3.67 (s, 3H). MS(ES):
m/z 423 (MH").
4-[N-[(2-Chloro-4-fluorophenyl)carbamoyl]methyl]-3-
methyl-2-[(4-trifluoromethoxyphenyl)imino]-1,3-thiazo-
line Monohydrochloride 7{28,19,%}. Yield 65%; mp 226-
227°C; *H NMR (300 MHz, DMSO#g): 6 10.23 (s, 1H),
7.69-7.24 (m, 7H), 7.03 (s, 1H), 4.09 (s, 2H), 3.80 (s, 3H).
MS(ES): m/z 460 (MH").
4-[N-[(2-Chloro-4-fluorophenyl)carbamoyl]methyl]-2-
[(2-fluoro-4-methylphenyl)imino]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{28,41,%. Yield 53%; mp 184
185°C; *H NMR (300 MHz, DMSOs): 6 10.20 (s, 1H),
7.70-7.24 (m, 6H), 6.94 (s, 1H), 4.06 (s, 2H), 3.75 (s, 3H),
2.34 (s, 3H), MS(ES):mV/z 408 (MH").
2-[(4-Bromo-2-fluorophenyl)imino]-4-[N-[(2-chloro-4-
fluorophenyl)carbamoyl]methyl]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{28,43,3. Yield 65%; mp 194
195°C; *H NMR (300 MHz, DMSOsg): 6 10.08 (s, 1H),
7.72-7.22 (m, 6H), 6.64 (s, 1H), 3.95 (s, 2H), 3.57 (s, 3H).
MS(ES): m/iz 472 (MH").
4-[N-[(2-Chloro-4-methylphenyl)carbamoyl]methyl]-3-
methyl-2-[(4-methylphenyl)imino]-1,3-thiazoline Mono-
hydrochloride 7{29,13,3. Yield 73%; mp 226-221°C; *H
NMR (300 MHz, DMSO#): 6 10.01 (s, 1H), 7.52 (d, 1H,
J=28.6), 7.40-7.33 (m, 5H), 7.16 (d, 1H] = 7.5), 6.99 (s,
1H), 4.05 (s, 2H), 3.74 (s, 3H), 2.34 (s, 3H). MS(E®)z
386 (MH").
2-[(3-Chloro-4-fluorophenyl)imino]-4-[ N-[(2-chloro-4-
methylphenyl)carbamoyl]methyl]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{29,39,%. Yield 76%; mp 184
185°C; 'H NMR (300 MHz, DMSOsg): 6 9.98 (s, 1H),
7.66-7.15 (m, 6H), 6.73 (s, 1H), 3.98 (s, 2H), 3.64 (s, 3H),
2.31 (s, 3H). MS(ES):m/z 424 (MH").
2-[(4-Chloro-2-fluorophenyl)imino]-4-[ N-[(2-chloro-4-
methylphenyl)carbamoyllmethyl]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{29,40,%. Yield 80%; mp 202
203°C; 'H NMR (300 MHz, DMSOsdg): 6 9.98 (s, 1H),
7.75-7.15 (m, 6H), 6.71 (s, 1H), 3.97 (s, 2H), 3.62 (s, 3H),
2.31 (s, 3H). MS(ES):mV/z 424 (MH").
4-[N-[(3-Chloro-4-methoxyphenyl)carbamoyllmethyl]-
2-[(4-chlorophenyl)imino]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{30,8,%. Yield 76%; mp 212-213°C; *H
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NMR (300 MHz, DMSO¢s): 6 10.45 (s, 1H), 7.887.02
(m, 7H), 6.88 (s, 1H), 3.84 (s, 2H), 3.82 (s, 3H), 3.72 (s,
3H). MS(ES): m/z 422 (MH").
4-[N-[(3-Chloro-4-methoxyphenyl)carbamoyl]methyl]-
2-[[(4-cyanomethyl)phenyl]imino]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{30,27,2. Yield 85%; mp 249-
250°C; *H NMR (300 MHz, DMSOsg): 6 10.65 (s, 1H),
7.83-7.13 (m, 7H), 6.98 (s, 1H), 4.12 (s, 2H), 4.00 (s, 2H),
3.84 (s, 3H), 3.72 (s, 3H). MS(ES)n/z 427 (MH").
4-[N-[(3-Chloro-4-methylphenyl)carbamoyl]methyl]-2-
[(3-chlorophenyl)imino]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{31,7,%. Yield 68%; mp 219-220°C; 'H
NMR (300 MHz, DMSO¢g): 6 10.85 (s, 1H), 7.897.24
(m, 6H), 6.97 (s, 1H), 4.02 (s, 2H), 3.64 (s, 3H), 2.27 (s,
3H). MS(ES): m/z 406 (MH").
2-[(3-Bromophenyl)imino]-4-[N-[(3-chloro-4-methylphen-
yl)carbamoyllmethyl]-3-methyl-1,3-thiazoline Monohy-
drochloride 7{31,9,3. Yield 63%; mp 228-230 °C; H
NMR (300 MHz, DMSO¢g): 6 10.75 (s, 1H), 7.897.27
(m, 6H), 6.91 (s, 1H), 3.99 (s, 2H), 3.63 (s, 3H), 2.22 (s,
3H). MS(ES): m/z 450 (MH™).
4-[N-[(3-Chloro-4-methylphenyl)carbamoyl]methyl]-3-
methyl-2-[(2-methylphenyl)imino]-1,3-thiazoline Mono-
hydrochloride 7{31,11,%. Yield 78%; mp 243-245°C; *H
NMR (300 MHz, DMSO¢e): 6 10.92 (s, 1H), 7.86 (d, 1H,
J=2.1),7.48-7.38 (m, 5H), 7.30 (d, 1H] = 8.4), 6.97 (s,
1H), 4.40 (s, 2H), 3.77 (s, 3H), 2.28 (s, 6H). MS(E®)z
386 (MH").
4-[N-[(3-Chloro-4-methylphenyl)carbamoylmethyl]-2-
[(3-methoxyphenyl)imino]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{31,15,3. Yield 47%; mp 246-241°C; H
NMR (300 MHz, DMSOd): 6 10.90 (s, 1H), 7.847.08
(m, 6H), 6.99 (s, 1H), 4.08 (s, 2H), 3.84 (s, 3H), 3.74 (s,
3H), 2.27 (s, 3H). MS(ES)m/z 402 (MH).
4-[N-[(3-Chloro-4-methylphenyl)carbamoyl]methyl]-2-
[(2,4-dichlorophenyl)imino]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{31,34,%. Yield 65%; mp 226-227°C; *H
NMR (300 MHz, DMSOdg): ¢ 10.70 (s, 1H), 7.897.24
(m, 7H), 3.90 (s, 2H), 3.55 (s, 3H), 2.26 (s, 3H). MS(ES):
m/z 440 (MH").
4-[N-[(3-Chloro-4-methylphenyl)carbamoyl]methyl]-2-
[(2,5-dichlorophenyl)imino]-3-methyl-1,3-thiazoline Mono-
hydrochloride 7{31,35,3}. Yield 64%; mp 203-206°C; *H
NMR (300 MHz, DMSO¢g): 6 10.76 (s, 1H), 7.897.26
(m, 6H), 6.65 (s, 1H), 3.92 (s, 2H), 3.58 (s, 3H), 2.25 (s,
3H). MS(ES): m/z 440 (MH").
4-[N-[(3-Chloro-4-methylphenyl)carbamoylmethyl]-2-
[(2-fluoro-4-bromophenyl)imino]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{31,43,%}. Yield 68%; mp 228-
230°C; *H NMR (300 MHz, DMSOsg): 6 10.76 (s, 1H),
7.89-7.27 (m, 6H), 6.73 (s, 1H), 3.93 (s, 2H), 3.60 (s, 3H),
2.21 (s, 3H). MS(ES):m/z 470 (MH").
2-[(4-Butylphenyl)imino]-4-[ N-[(2-fluoro-4-chlorophen-
yl)carbamoyl]methyl]-3-methyl-1,3-thiazoline Monohy-
drochloride 7{32,10,}. Yield 84%; mp 239-240°C; *H
NMR (300 MHz, DMSO¢dg): 6 10.47 (s, 1H), 7.947.29
(m, 7H), 7.04 (s, 1H), 4.12 (s, 2H), 3.79 (s, 3H). MS(ES):
m/z 456 (MH").



836 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

2-[[(4-Ethoxycarbonyl)phenyl]limino]-4-[ N-[(2-fluoro-4-
chlorophenyl)carbamoyl]methyl]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{32,31,%. Yield 71%; mp 214~
215°C; 'H NMR (300 MHz, DMSO#dg): ¢ 10.43 (s, 1H),
8.09-7.29 (m, 7H), 7.02 (s, 1H), 4.38.31 (q, 2H,J =
7.5), 4.11 (s, 2H), 3.76 (s, 3H), 1.31.32 (t, 3H,J = 7.6).
MS(ES): m/z 448 (MH").

4-[N-[(2-Fluoro-5-chlorophenyl)carbamoyl]methyl]-2-
[(3-fluorophenyl)imino]-3-methyl-1,3-thiazoline Monohy-
drochloride 7{33,4,3. Yield 77%; mp 217219 °C; H
NMR (300 MHz, DMSO¢e): 6 10.54 (s, 1H), 8.087.23
(m, 7H), 7.04 (s, 1H), 4.13 (s, 2H), 3.78 (s, 3H). MS(ES):
m/z 394 (MH").

4-[N-[(5-Chloro-2-fluorophenyl)carbamoyl]methyl]-3-
methyl-2-[(4-phenoxyphenyl)imino]-1,3-thiazoline Mono-
hydrochloride 7{33,30,%. Yield 69%; mp 212-214°C; 'H
NMR (300 MHz, DMSO¢): 6 10.51 (s, 1H), 8.06 (dd, 1H,
J=6.9, 2.4), 7.536.97 (m, 12H), 4.11 (s, 2H), 3.75 (s,
3H). MS(ES): m/z 468 (MH").

2-[(3-Chloro-4-fluorophenyl)imino]-4-[ N-[(2-fluoro-5-
chlorophenyl)carbamoyllmethyl]-3-methyl-1,3-thiazo-
line Monohydrochloride 7{33,39,%. Yield 68%; mp 205
207°C; 'H NMR (300 MHz, DMSO#dg): ¢ 10.52 (s, 1H),
8.08-7.25 (m, 6H), 6.98 (s, 1H), 4.12 (s, 2H), 3.74 (s, 3H).
MS(ES): m/z 428 (MH").
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