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Resin-bound amineda—e condense with isothiocyanates to give thiourea re&asi. Resins2a—g
subsequently react with iodomethane followed by cleavage affo&limgthyl isothioureagda—g, and resins
2a—bh,h—i react with acyl chlorides to afford N-acylated thiouré&as-d. N-Acylthioureas8a—f (R? = H)
were prepared directly from resin-bound amides-d with acyl isothiocyanates\-Acylthioureas8a—d.f
(R? = H) were used for the preparation fmethylN-acylisothiouread0a—e. Alkylation was performed
using methyl iodide. Resin-boung-methyl-N-acylisothioureaslOab,d are converted by an action of
hydrazines into 3-amino-1,2,4-triazol@8a—d. Condensation of resira—e (R? = H) with 2-bromoace-
tophenones in the presence of TEA affords thiazdls—e. All transformations proceeded in high yields
and gave products of good purities.

Introduction with 4-hydroxybenzaldehyde in the presence of potassium
tert-butoxide; and last, a standard reductive amination

on solid phase suppottss reflected in the rapidly increasing protocol in the presence of an amine and sodium triacetoxy-

range of reaction types and strategies utilized. Interest in Porohydride (Scheme 1).
solid-phase synthesis continues to increase the scope of To establish a general protocol for the preparation of
preparative methods for producing libraries of small organic thioureas2a—i, we have investigated the reaction of benzyl-
molecules: substituted amino resida with benzyl isothiocyanate in
Thioureas are useful compounds as precursors for thedifferent conditions varying solvents (THF, DCM), catalysts
synthesis of different classes of acyclic and heterocyclic (DIEA), reaction times (+24 h), and concentrations of
compound$ as well as are highly biologically active benzyl isothiocyanate.
compounds themselvésecently, solid-phase synthesis of  According to theH NMR spectra of the cleaved materials,
thioureas was applied to the preparation of oligomeric quantitative conversion of the starting aminka, was
compounds that could be relevant to peptide secondaryobserved in all conditions used. However, cleaved thiourea,
structures, thiohydantoing, 2-aminothiazole$,and 3-thio- 3a, appears in the NMR spectra as a very complicated
1,2,4-triazoled.Several papers have described the preparationmixture of rotomers, which can be observed in different
of thioureas on solid support with subsequent conversion into proportions, depending on the temperature. To characterize
guanidineg.Known approaches to the solid-phase synthesis the influence of a substituent'!®n the amines and Rin
of thioureas include (i) thiourea or a protected thiourea jsothiocyanates on the formation of thioureas, we used
loading on resirt? coupling (ii) solid supported isothiocy-  condition A and prepared a trial library of thioureds—i
anate with amine8or (i) resin-bound amines with isothio-  ysing a set of five various amines, two aromatic isothiocy-
cyanate as a reagent in the solutiéf%and (iv) displace-  anates (for thiourea8ef,g), n-butyl isothiocyanate (for
ment of a leaving group from reagents containing, for thiourea3i) and benzyl isothiocyanate (for thioureas—
example, a thiocarbonylimidazole moiéWe herein report d,h). For analytical purposes, we additionally purified
an investigation on the preparation of trisubstituted thioureas compound3a—e,g—h by flash column chromatography.

oS0l uppor ek nctonlzaton, and aPDICSO 0 o mostcombanations o e sbsttuerts use
y o ' 4-MeO—-Bn, C(3H4(CH2)2, 4—MeO—C6H4(CH2)2, 4—MeO—Ph,
Results and Discussion R? = Bn, 4-MeO-C¢H,, Bu) the corresponding thioure8s

We examined the conversion of Wang-resin-linked amines were obtained in gOOd. y|eId§ and with high purltlgs (Table
1). Nevertheless, desired thiour8a was obtained in low

la—einto thioureas using isothiocyanates because of the ease ield. probablv due to decomposition during column chro-
of cleavage from this support with trifluoroacetic acid (TFA). %ato’ [:a h |¥l contrast compouﬁﬂ ave go ¢H NMR
Resin-bound amineka—e were obtained in a classic three- lg phy- ’ P gave g .

. . . . and*C NMR spectra at room temperature, and all signals
step proceduféinvolving the conversion of Wang resin into

the brominated resin; subsequent nucleophilic substitution were assigned according to the desired strucBreithout
' q P purification. Thiourea3h was obtained without the 4-hy-

*To whom correspondence should be addressed. E-mail: drobenzyl group and had a different cleavage point in
katritzky@chem.ufl.edu. comparison to other the thiourea resins.
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(a) PRPBr,, CH.Cl,, rt, 4h; (b) p-hydroxybenzaldehyde;BuOK, 55°C, 16 h; (c) RNH,, NaBH(AcO}, rt, 24 h; (d) 20% TFA in DCM or 95% TFA
in H20, rt, 30 min; (e) CHI or CHsl with t-BuOK, DMF, rt, 24 h; (f) acyl chloride, TEA, THF, rt, 24 h. A: THF, BnNCS 10 equiv (0.25 mmol/mL), 24
h. B: THF, BANCS 10 equiv (0.25 mmol/mL), DIEA 10 equiv, 24 h-—G: DCM, BnNCS 10 equiv (0.25 mmol/mL} h (C), 2 h (D), 3 h (E), 4 h (F),

5h (G). H: DCM, BnNCS 2.5 equiv (0.8 mmol/mL), 1 h.

Table 1. Preparation of Thiourea®a—h

Table 3. Preparation oN-Acyl Thioureas7a—d

compd yield HPLC compd yield HPLC
3 Rt R? % purity % 7 Rt R? R3 %  purity %
3a n-C4Hg PhCH 69 95 Ta n-C4Hg PhCH Ph 75 90
3b PhCHCH, PhCH 60 68 7b PhCHCH, PhCH, (CH3).CH 80 96
3¢ 4-CH;O—CegH,CH,CH, PhCH 51 79 7¢c  4-CHOCsH4CH, PhCH (CH3).,CH 81 74
3d 4-CH;O—CgHy PhCH 68 97 7d PhCHCH; n-C4Hg (CH3),CH 87 96
3e 4-CH;O—CgH4,CH,CH, Ph 60 96
3f 4-CH;0O—CgH,4 Ph 90 89 . .
3g 4-CH;O—CgHq 4-CH;O—CgH, 89 65 (Table 2). Howevers-methyl isothioureaSa—g decomposed
3h  CH;O—CgH4CH; PhCH 83 61 during analysis by HPLC on HPLC column under the
3i  PhCHCH, n-CsHo 95 63 conditions used.

Table 2. Preparation o5-Methyl Isothioureaba—g

compd yield 1H NMR
5 R? R? % purity %
5a n-C4Hg PhCH 95 100
5b  PhCHCH; PhCH 97 99
5¢c 4-CHO—CgH4CH,CH, PhCH 97 99
5d 4-CHO—CgH4 PhCH 99 95
5e 4-CHO—CgH4CH,CH; Ph 100 98
5f  4-CH30—CgH4 Ph 99 97
59 4-CH;0—CgHg4 4-CH;O—CgHs 100 94

Thioureas2a—g were used for the preparation of resins
Smethyl isothioureagla—g. S-Methyl isothioureasba—g
were obtained in 95100% vyields after the cleavage from
resinsda—g using 20% TFA in DCM. For the alkylation of
thioureas2a—d, methyl iodide was used. Conversion of
thioureas?e—g to 4e—g required the presence of a base (
BuOK). SMethyl isothioureasba—g were analyzed by

Acylation of thiourea®a,b,h—i with acyl chlorides in the
presence of base affords N-acylated thiouréasd with
an additional point of diversity for the thiourea library. The
NMR spectra of cleaved materials gave N-acylated thioureas
7a—d in 75—87% isolated yields after additional purification
by flash column chromatography. The cleavage point for
N-acylated thiourea$ is different from thiourea and
Smethyl isothioureas4, perhaps because of the strong
electron-withdrawing properties of the acyl group. The
varying concentration of trifluoroacetic acid (20, 50, 95%)
did not influence the cleavage point (Scheme 1, Table 3).

N-Acyl thioureas8a—f (R> = H) were prepared directly
from resin-bound amine&a—d in the reaction with acyl
isothiocyanates in the presence of triethylamine (Scheme 2,
Table 4).

Compounds9a—f were obtained in 6683% isolated
yields and were characterized by bdth and 13C NMR.
Compound®d,e were additionally confirmed by microanal-

NMR, which showed high purities of cleaved isothioureas ysis. We have investigated the cleavage time of r&&in
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(d) 20% TFA in DCM or 95% TFA in HO, rt, 30 min. (e) CHI, DMF, rt, 24 h; (g) acyl isothiocyanate, PhH, rt, 24 h; (h) 2-bromoacetophenonsGICH

TEA, reflux, 16-36 h; (i) hydrazine, CECN, reflux, 48 h.

Table 4. Preparation oN-Acyl Thioureas9a—f2

Table 6. Yields and Purities of Compounds8a—d

yield %
compd (HPLC
9 R! R3 purity %)
9a n-C4Hg Ph 83 (100)
9b PhCHCH; Ph 80 (96)
9c 4-CH;O—CgH4CH; Ph 65 (95)
9d 4-CH;OCH4CH,CH, 4-CH;O0—C¢Hs 64
9e 4-CH;OCsH4CH,CH,  Ph 75
of 4-CH;O—CgH4CH; 4-CH,0—CgHs 60 (79)
aR2 =H.

Table 5. Yields and Purities of Compoundsla—e

HPLC
compd yield purity
11 RL Re (%) (%)
11a n-C4Hg Ph 95 94
11b PhCHCH, Ph 50 81
11c 4-CH;0CH4CH, Ph 93 93
11d  4-CHOCeH,CH,CH, 4-CH;OCGH, 98 8%
lle 4-CH;OCH4,CH,CH, Ph 96 95

aHPLC purity calculated for double peaks in the same com-

pound.

compd yield %
13 R! R3 R* (HPLC purity %)
13a n-C4Hg Ph H 80 (90)
13b PhCHCH, Ph H 69 (90)
13c n-C4H9 Ph Ph 88
13d 4-CHOGCsHsCH,CH; 4-CHOCiHs Ph 76 (98)

Heating the sample to 7 gave satisfactorily resolveH
NMR. In contrast, compoundklac give satisfactoryH and
3C NMR at room temperature.

We attempted the reactions of substituted thiourea resins
6¢ (R? = PhCH,) and8a (R? = H) directly with hydrazine
monohydrate in solution, as suggested by the literdfure,
varying solvent (THF, PhH, acetonitrile), catalysBuOK),
reaction time (24-48h), and reaction temperature (50, 80,
100°C) to try to prepare 3-amino-1,2,4-triazoles; however,
no reaction was observed.

Condensation of resin-bour&methyl-N-acylisothioureas
10a—b,d with hydrazines in refluxing actonitrile during 24
h gave 3-amino-1,2,4-triazolé8a—d after the cleavage from
resinsl2a—d. The cleaved materials were purified by flash

The yields of9b were 41 and 65% as times of cleavage were column chromatography. 3-Amino-1,2,4-triazolé8a—d
20 and 40 min, respectively. Longer cleavage times do notwere obtained in good yields (688%) and characterized

increase the amount of cleaved material.

N-Acyl thioureas8a—d.,f (R? = H) were used for the
preparation oS-methylN-acylisothiouread0a—e. Alkyla-

by NMR and HPLC. Compoundl3c was additionally
confirmed by microanalysis. The aromatic triazole ring
influences the cleavage point, enabling the preparation of

tion was performed using methyl iodide. Cleavage of resins compoundsl3a—d tracelessly (Scheme 2, Table 6).

10a—e showed, according to the NMR spectra, that the
desired compoundkla—e were obtained in almost quantita-
tive yields. However, NMR spectra of cleav&anethylN-
acyl isothiouread 1b,d,e appeared as a mixture of rotomers,

Thiazolesl4a—e were prepared from N-acylated thioureas
8a—d,f (R>=H) in the reaction with 2-bromoacetophenones
in refluxing acetonitrile in the presence of base (TEA). After
the cleavage, the desired compourdds—e were obtained

which can be observed in different proportions, depending in 62—80% isolated yields and characterized by HPLC and
on the solvent and temperature used for spectra acquisitionboth*H and*3C NMR. Compoundd5ab were additionally
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Table 7. Yields and Purities of Thiazolek5a—e and 16¢
compdl5 compdl6

yield yield
entry R R3=R* (purity)  (purity)
a n-C4Ho Ph 80
b PhCHCH, Ph 75
c  4-CHOCsHq4 Ph 62(93) 10 (76)
d  4-CHO—CeHsCH,.CH, 4-CH:OCeHs 73 (87)
e 4-CH;O—C¢HiCH: 4-CH;OCsH, 77 (90)

confirmed by microanalysis. A condensation time of 16 h
was used to make the precursodsate. The two exceptions
were derivatived.5d,e, which required prolonged treatment
(36 h). The reaction of resi8c with 2-bromoacetophenone
gave mainly produci5c (62%), while byproductL6c was

Journal of Combinatorial Chemistry, 2003, Vol. 5, No. 395

24 h. The obtained resin was cleaved with 20% TFA solution
in DCM for 30 min, and the isolated residue was character-
ized by'H, 13C NMR spectra.

Procedure for the Preparation of Resins lae. The
resin-bound aldehyde, prepared as described above (0.2 g,
loading 0.871.3 mmol/g), was placed in dichloroethane (20
mL), and an appropriate amine (I0 equiv) was added into
the solvent followed by sodium triacetoxyborohydride (10
equiv). The reaction mixture was shaken overnight (for
~12—14 h). After the solution was removed, the resin was
washed. The washing sequence was as follows (10 mL of a
solvent was used for each 200 mg of a resin): DCEk)(4
THF (2x), THF/H,0:1/1 (2x), THF (2x), THF/ H,0:1/1
(2x), H20 (2x), THF (4x), DCM (2x), THF (2x), DCM

obtained in 10% yield because of the possible influence of (2x), MeOH (2x), DCM (2x), MeOH (2x)2, DCM (2x),

the aryl substituent in position 1. In all other casesjRan
alkyl substituent.

We tried to obtain only product6 by using Merrifield
resin instead of Wang resin and following the protocol
Merrifield resin— thiourea2 — N-acylisothiourealO —
thiazole16. The results obtained were similar to the results
with Wang resinl4c and produced both compouritbc
(65%) andl16c (5%) independent of the concentration of
trifluoroacetic acid (30, 50, 95%) for the cleavage. Moreover,
we obtained only produdt5eusing 95% TFA for cleaving
Merrifield resin. (Scheme 2, Table 7).

Conclusions

In this work, we have developed the general protocols for
the preparation of thioure@a—i, acyl thiourea$a—d and
8a—f, Smethyl isothioureagta—g, and SmethylN-acyl-
isothiourealOa—e libraries in high yields and with good
purities. Resin-boun&-methylN-acylisothiouread 0ab,d
were used for the preparation of 3-amino-1,2HHtiazoles
13a—d in high yields and with high purities. Condensation
of resins8a—e with 2-bromoacetophenones in the presence
of TEA affords 2-amino-5-acyl-thiazole$5a—e in good
yields and with good purities.

Experimental Section

General Methods. H, *CNMR spectra were recorded
on a 300 MHz, NMR spectrometer (300 and 75 MHz
respectively) using CD@l DMSO-ds and acetonel as
solvents. Tetrahydrofuran (THF) was distilled under nitrogen
immediately before use from sodium/benzophenone. All

MeOH (4x). After washing, the resin was dried in a vacuum
for 15 h. Cleavage ofa—e gave amines as their TFA salts.
General Procedure for the Preparation of Resins 2&
i. A solution of an appropriate isothiocyanate (10 equiv) in
dry DCM (50 mL) was added to resirisa—e (5 Tea bag,
1.2 mmol) and shaken at room temperature (rt) overnight.
After removal of the solution, the resia—i was washed.
The washing sequence was as follows (10 mL of a solvent
was used for each 200 mg of a resin): DCMx{4 THF
(2x), DCM (2x), MeOH (2x), DCM (2x), MeOH (2x),
DCM (2x), MeOH (2x), DCM (2x), MeOH (4x). After
washing, the resin was dried in a vacuum for 24 h. The
obtained resirRa—i was cleaved with 20% TFA in DCM
for 30 min, and the isolated residue was characterized by
NMR. Compounds3a—f, h were additionally purified on
silica gel with ethyl acetate/hexanes 1:6 as eluent.
N’'-Benzyl-N-butyl- N-(4-hydroxybenzyl)thiourea (3a).
Yellow oil, 69%.'H NMR (CDCl;) 6 0.91 (t,J = 7.3 Hz,
3H), 1.28-1.39 (m, 2H), 1.59-1.70 (m, 2H), 3.70 (tJ =
7.7 Hz, 2H), 4.79-4.84 (m, 4H), 5.455.65 (m, 1H), 6.79
(d, J = 8.4 Hz, 2H), 7.06-7.16 (m, 4H), 7.26-7.32 (m,
3H); 13C NMR ¢ 13.8, 20.1, 29.5, 50.4, 51.6, 53.7, 115.9,
127.5, 127.6, 127.8, 128.2, 128.7, 137.9, 155.5, 181.6.
HPLC: 95%.
N'-Benzyl-N-(4-hydroxybenzyl)N-phenethylthiourea
(3b). Yellow oil, 60%.*H NMR (CDCl) 6 2.99 (t,J = 7.6
Hz, 2H), 3.99 (tJ = 7.5 Hz, 2H), 4.67 (s, 2H), 4.76 (d,=
4.7 Hz, 2H), 5.51 (br s, 1H), 6.68.78 (m, 3H), 7.06
7.28 (m, 11H). HPLC: 68%.
N'-Benzyl-N-(4-methoxybenzyl)N-(4-methoxypheneth-
yhthiourea (3c). Yellow oil, 51%.*H NMR (acetoneds) 6

other reagents and solvents were obtained from commercial2.92 (t,J = 7.5 Hz, 2H), 3.75 (s, 3H), 3.90 (§,= 7.7 Hz,

sources and were used without purification.

Procedure for the Preparation of the Resin-Bound
Aldehyde. Brominated Wang resin was prepared following
a described protocét. A solution of 4-hydroxybenzaldehyde
(4.58 g, 37.5 mmol) in dry DMA (150 mL) was treated with
potassiumtert-butoxide (4.21 g, 37.5 mmol) under inert

2H), 4.90-4.96 (m, 4H), 6.78-6.86 (m, 5H), 7.16-7.18 (m,
4H), 7.26-7.29 (m, 4H). HPLC: 79%.
N'-Benzyl-N-(4-methoxybenzyl)N-(4-methoxyphenyl)-
thiourea (3d). Yellow oil, 97%. 'H NMR (CDCL) 6 3.76
(s, 3H), 4.85 (dJ = 5.5 Hz, 2H), 5.42 (s, 2H), 5.585.64
(m, 1H), 6.72 (dJ = 8.5 Hz, 2H), 6.79-6.89 (m, 4H), 7.15

atmosphere for 10 min. The solution obtained was added to7.23 (m, 4H), 7.23-7.33 (m, 4H);*C NMR ¢ 49.9, 55.4,

the brominated resin (2.4 g, 0.81.3 mmol/g), and the
mixture was heated to 550 °C for 16 h. After removal of
the solution, the resin was washed consecutively with DMA,
THF, THF/H,O, THF, DCM, MeOH, DCM, MeOH, DCM,
and MeOH (2x 70 mL each) and dried under vacuum for

57.9, 115.1, 115.5, 127.2, 127.3, 128.5, 128.6, 129.4, 129.7,

130.3, 138.1, 155.0, 159.4, 182.6. HPLC: 97%.
N-(4-Methoxyphenethyl)-N'-phenylthiourea (3e).Color-

less oil, 60%*H NMR (CDCly) 6 2.85 (t,J = 6.8 Hz, 2H),

3.79 (s, 3H), 3.86:3.90 (m, 2H), 5.96 (br s, 1H), 6.81 (4,
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= 8.5 Hz, 2H), 6.94-7.08 (m, 4H), 7.26-7.37 (m, 3H), 7.59
(br s, 1H); 3C NMR (CDCk) 6 33.8, 46.5, 55.3, 114.1,

Katritzky et al.

7.14-7.18 (m, 2H), 7.22.7.32 (m, 6H), 9.44 (br s, 1H);
13C NMR (acetoness) ¢ 17.3, 33.5, 51.0, 53.6, 55.8, 116.3,

125.2, 127.3, 129.7, 130.1, 130.3, 135.7, 158.4, 180.5.124.7,127.3,128.1, 128.3, 129.1, 129.5, 130.1, 137.2, 137.7,

HPLC: 97%.
N-(4-Methoxybenzyl)N-(4-methoxyphenyl)N'-phenyl-
thiourea (3f). Yellow oil, 90%. *H NMR (CDCl3) 6 3.80
(s, 3H), 5.43 (s, 2H), 6.686.74 (m, 2H), 6.846.93 (m,
2H), 6.94-7.01 (m, 2H), 7.12-7.20 (m, 3H), 7.247.31 (m,
4H); 3C NMR 6 55.5, 57.8, 115.3, 115.6, 126.2, 126.4,

158.5,160.2, 171.5. LC/MS: 391.17, [MH ret. time, 2.33
min.
S-Methyl-N'-benzyl-N-(4-hydroxybenzyl)-N-(4-meth-
oxyphenethyl)isothiourea (5c).Yellow oil, 97%.H NMR
(CDClg) 6 2.20 (s, 3H), 2.77 (tJ = 6.4 Hz, 2H), 3.74 (s,
3H), 3.79 (t,J = 6.4 Hz, 2H), 4.64 (s, 2H), 4.69 (d,= 4.9

128.6,129.0, 129.2, 130.3, 132.5, 138.9, 155.0, 159.7, 181.3Hz, 2H), 6.75-6.83 (m, 4H), 6.896.99 (m, 4H), 7.0%

HPLC: 89%.
N-(4-Methoxybenzyl)N,N’-bis(4-methoxyphenyl)thio-
urea (3g). Yellow oil, 90%. *H NMR (CDCl) ¢ 3.76 (s,
3H), 3.79 (s, 3H), 5.20 (br s, 1H), 5.44 (s, 2H), 6-6874
(m, 2H), 6.80-6.84 (m, 2H), 6.856.93 (m, 3H), 6.94
7.00 (m, 2H), 7.147.21 (m, 4H);3C NMR ¢ 55.4, 55.5,

7.14 (m, 2H), 7.2#7.32 (m, 3H), 9.18 (br s, 1H}*C NMR
(CDCl3) 6 17.1, 32.5, 51.1, 53.4, 55.2, 55.6, 114.4, 116.4,
123.5, 127.6, 128.0, 128.5, 129.0, 129.2, 129.8, 135.1, 157.0,
158.8, 170.6.
S-Methyl-N'-benzyl-N-(4-hydroxybenzyl)N-(4-meth-
oxyphenyl)isothiourea (5d). Yellow oil, 99%. *H NMR

57.8, 1138, 115.2, 115.5, 128.0, 129.2, 129.4, 130.3, 132.2,cpcly) 6 2.29 (s, 3H), 3.78 (s, 3H), 4.63 (s, 2H), 5.06 (s,

132.8, 155.2, 157.9, 159.6, 182.4. HPLC: 89%.
N'-Benzyl-N-(4-hydroxybenzyl)-N-(4-methoxybenzyl)-
thiourea (3h). Yellow oil, 61%.*H NMR (CDCl;) 6 3.80
(s, 3H), 4.80 (dJ = 4.7 Hz, 2H), 4.89 (br s, 4H), 5.72
5.79 (m, 1H), 6.77 (dJ = 8.4 Hz, 2H), 6.85 (dJ = 8.5 Hz,
2H), 6.99-7.03 (m, 2H), 7.11 (dJ = 8.4 Hz, 2H), 7.14 (d,
J = 8.5 Hz, 2H), 7.18-7.24 (m, 3H);*3C NMR (CDCk) &

30.9,50.6, 53.7, 55.3,114.4, 115.9, 127.5 (2), 127.8, 128.4,
128.5, 128.6, 129.0, 137.6, 155.5, 159.3, 182.5. HPLC: 83%.

N'-Butyl- N-(4-hydroxybenzyl)-N-phenethylthiourea (3i).
Yellow oil, 95%.'H NMR (CDCls) ¢ 0.80-0.93 (m, 3H),
1.13-1.24 (m, 2H), 1.36-1.41 (m, 2H), 2.86-3.00 (m, 2H),
3.48-3.79 (m, 2H), 3.934.07 (m, 2H), 4.75 (s, 2H), 6.33
(br s, 1H), 6.72-6.84 (m, 2H), 7.047.16 (m, 2H), 7.26-
7.36 (m, 5H). HPLC: 63%. LC/MS: 343.15, [MH ret.
time, 2.79 min.

General Procedure for the Preparation of Resins 4&

g. A solution of iodomethane (0.33 mL, 5.34 mmol, 10 equiv)
and potassiuntert-butoxide (0.60 g, 5.34 mmol, 10 equiv,
for resin 2e—g) in dry DMF (20 mL) was added to resin

2a—g (3 Tea-bag, 0.534 mmol), and the mixture was shaken

at rt for 24 h. After removal of the solution, the resin was

washed. The washing sequence was as follows (10 mL of a

solvent was used for each 200 mg of a resin): DMKk )4
THF (2x), DCM (2x), MeOH (2x), DCM (2x), MeOH
(2x), DCM (2x), MeOH (2x), DCM (2x), MeOH (4x).
After washing, the resin was dried under vacuum for 24 h.
Cleavage of resinda—g with 20% TFA solution in DCM
for 30 min gave compoundsa—g.
S-Methyl-N'-benzylN-butyl- N-(4-hydroxybenzyl)isothio-
urea (5a). Yellow oil, 69%. *H NMR (CDCl;) 6 0.83 (t,J
= 7.2 Hz, 3H), 1.13-1.27 (m, 2H), 1.48-1.58 (m, 2H), 2.34
(s, 3H), 3.53 (tJ = 7.7 Hz, 2H), 4.75 (s, 2H), 4.78 (s, 2H),
6.77 (d,J = 8.5 Hz, 2H), 6.85 (dJ = 8.5 Hz, 2H), 7.26-
7.32 (m, 5H), 8.37 (br s, 1H%3C NMR (CDCk) 6 13.4,

2H), 6.72 (d,J = 8.5 Hz, 2H), 6.8%+6.91 (m, 4H), 6.97 (d,
J=9.1 Hz, 2H), 7.09-7.15 (m, 2H), 7.2%7.33 (m, 3H),
9.42 (br s, 1H)*C NMR (CDCk) ¢ 16.8, 50.9, 55.5, 59.9,
115.2,116.1, 124.1, 127.5,127.8, 128.4, 129.0, 129.8, 134.9,
156.9, 160.0, 160.8, 171.0.

S-Methyl-N-(4-hydroxybenzyl)-N-(4-methoxyphenethyl)-
N’-phenylisothiourea (5e). Yellow oil, 100%. *H NMR
(CDCl3) 6 1.98 (s, 3H), 2.79 (tJ = 6.3 Hz, 2H), 3.76 (s,
3H), 3.89 (t,J = 6.3 Hz, 2H), 4.79 (s, 2H), 6.786.88 (m,
4H), 6.95-7.05 (m, 4H), 7.06-7.13 (m, 2H), 7.26-7.36 (m,
3H), 9.83 (br s, 1H)#3C NMR (CDCk) ¢ 16.2, 32.9, 54.2,
55.2, 56.6, 114.4, 116.4, 117.7, 123.1, 123.6, 127.4, 128.2,
129.6, 129.9, 136.7, 157.3, 158.8, 170.8.

S-Methyl- N-(4-hydroxybenzyl)-N-(4-methoxyphenyl)-
N'-phenylisothiourea (5f). Yellow oil, 99%. 'H NMR
(CDClg) 6 2.09 (s, 3H), 3.76 (s, 3H), 5.11 (s, 2H), 6.73 (d,

J = 8.5 Hz, 2H), 6.82 (dJ = 9.1 Hz, 2H), 6.88-6.99 (m,
4H), 7.20-7.30 (m, 3H), 7.3%7.39 (m, 2H), 9.57 (br s, 1H);

C NMR (CDCk) ¢ 16.7, 55.5, 60.2, 115.2, 116.0, 123.6,
124.2,127.8,128.0, 129.9, 130.4, 136.5, 156.8, 160.3, 160.8,
171.7.

S-Methyl- N-(4-hydroxybenzyl)-N,N’-bis(4-methoxy-
phenyl)isothiourea (5g). Yellow oil, 100%. *H NMR
(CDClg) 6 2.07 (s, 3H), 3.76 (s, 3H), 3.77 (s, 3H), 5.10 (s,
2H), 6.73 (d,J = 7.9 Hz, 2H), 6.776.87 (m, 4H), 6.90 (d,
J=8.1Hz, 2H), 6.96 (dJ = 8.5 Hz, 2H), 7.15 (d) = 8.2
Hz, 2H), 9.21 (br s, 1H)*C NMR (acetoneds) 6 16.3, 55.4,
55.7,59.2, 114.6, 114.8, 115.7, 124.4, 126.0, 128.1, 129.4,
129.9, 132.2, 156.8, 158.2, 159.0, 171.8.

General Procedure for the Preparation of Resins 6a
d. A solution of an appropriate acyl chloride (5.34 mmol)
and triethylamine (0.76 mL, 5.34 mmol) in dry THF (20 mL)
was added to resin®a—d (3 Tea-bag, 0.534 mmol), and
the resulting mixture was shaken at rt for 24 h. After removal

17.4,19.4,29.2,50.9, 52.1, 55.5, 116.3, 123.4, 127.6, 128.2,0f the solution, the resiba—d was washed. The washing

128.9, 129.1, 135.9, 157.7, 169.6. HPLC: 95%.
S-Methyl- N'-benzyl-N-(4-hydroxybenzyl)-N-phenethyl-
isothiourea (5b). Yellow oil, 97%.*H NMR (CDCl) 6 2.15
(s, 3H), 2.83 (tJ = 6.3 Hz, 2H), 3.83 (tJ = 6.2 Hz, 2H),
4.65 (s, 2H), 4.71 (d) = 4.2 Hz, 2H), 6.79 (dJ = 8.2 Hz,
2H), 6.91 (d,J = 8.1 Hz, 2H), 7.04 (d,J = 6.5 Hz, 2H),

sequence was as follows (10 mL of a solvent was used for
each 200 mg of a resin): THF {4, THF/H,O (2x), H,O
(2x), THF (2x), DCM (2x), MeOH (2x), DCM (2x),
MeOH (2x), DCM (2x), MeOH (2x), DCM (2x), MeOH
(4x). After washing, the resin was dried in a vacuum for 24
h. The obtained resinda—d were cleaved with 20% TFA
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in DCM for 30 min, and the isolated residues were purified 2H), 7.58-7.66 (m, 1H), 7.82 (dJ = 7.8 Hz, 2H), 8.98 (br
on silica gel with ethyl acetate/hexanes 1:5 as eluent. s, 1H), 10.76 (br s, 1H)}3C NMR (CDCk) 6 34.4, 47.2,

N-BenzoyHN'-benzyl-N-butyrylthiourea (7a). White mi- 126.8,127.4,128.7,128.8,129.1, 131.8, 133.5, 138.2, 166.7,
crocrystals, 75%; mp 8890 °C. *H NMR (CDCly) 6 0.91 179.9. HPLC: 96%.
(t, J=7.3 Hz, 3H), 1.251.37 (m, 2H), 1.56-1.61 (m, 2H), N-Benzoyl-N'-(4-methoxybenzyl)thiourea (9c).Yellow

3.57-3.65 (m, 2H), 5.56 (s, 2H), 7.067.15 (m, 2H), 7.26- solid, 65%; mp 96-98°C.H NMR (CDCls) 6 3.81 (s, 3H),
7.28 (m, 3H), 7.32:7.50 (m, 5H), 10.09 (br s, 1H)}C NMR 4.84 (d,J = 5.1 Hz, 2H), 6.90 (dJ = 8.5 Hz, 2H), 7.33 (d,
(CDCl) 6 13.7, 20.1, 29.8, 46.8, 54.2, 126.6, 127.0, 127.2, J = 8.4 Hz, 2H), 7.51 (t) = 7.3 Hz, 2H), 7.63 (t) = 7.1
128.4, 128.5 (2), 130.9, 137.6, 174.2, 184.3. HPLC: 90%. Hz, 1H), 7.82 (dJ = 7.3 Hz, 2H), 9.04 (br s, 1H), 10.93
N-BenzylN-isobutyryl-N'-phenethylthiourea (7b).White (br s, 1H);3C NMR (CDCk) 6 49.4, 55.3, 114.3, 127.4,

prisms, 80%; mp 8483 °C. *H NMR (CDCl) 6 1.05 (d,J 128.2, 129.1, 129.4, 131.7, 133.6, 159.4, 166.8, 179.7.
= 5.5 Hz, 6H), 2.79-2.88 (m, 1H), 3.01 (tJ = 7.3 Hz, HPLC: 95%.

2H), 3.90-3.97 (m, 2H), 5.76 (s, 2H), 7.15 (d,= 7.3 Hz, N-(4-Methoxybenzoyl)N'-(4-methoxyphenethyl)thio-
2H), 7.20-7.29 (M, 4H), 7.297.37 (m, 4H), 8.23 (br S, IH):  eq (9d). White prisms, 64%: mp 146142°C. 'H NMR

“C NMR (CDCE) 6 19.7, 34.1, 35.4, 48.6, 52.0, 125.6, (pCl) 6 3.02 (1) = 7.2 Hz, 2H), 3.85 (s, 3H), 3.944.01
126.6, 127.2, 128.6, 128.7, 128.8, 137.6, 138.5, 182.9, 185.0(, 51y '6.03 (d] = 8.5 Hz, 2H), 7.03 (dJ = 8.8 Hz, 2H)

HPLC: 96%. . 7.25 (d,J = 8.5 Hz, 2H), 7.84 (dJ = 8.8 Hz, 2H), 8.96 (br

N-Benzyl—N-sgbutyryI-N'-(4-methoxybenzyl)th|ourea s, 1H), 10.86 (br s, 1H)3C NMR (CDCk) 6 33.5, 47.4,
(7c). Colorless oil, 81%;H NMR (CDCL) 0 1.05 (d,J = 552 556, 114.1, 114.4, 123.7, 129.6, 129.7, 130.2, 158.4,
6.5 Hz, 6H), 2.86-2.90 (m, 1H), 3.81 (s, 3H), 479 (d= 1638, 166.1, 180.0. Anal. Calcd foidEl,o0N;0:S: C, 62.77;

4.5Hz, 2H), 5.80 (s, 2H), 6.90 (d.= 8.7 Hz, 2H), 7.19(d, 4 5gs5; N, 8.31. Found: C, 62.76; H, 5.96; N, 8.02.

= 3
‘lilMFZ (ZC|_D|ZCI2)|?1;27&;532 (Snl’ 25 H5)2 11122 ébrlsi, 41; }’135 6 N-Benzoyl-N'-(4-methoxyphenethyl)thiourea (9e)White
3 o oo T . . prisms, 75%; mp 115117°C. *H NMR (CDCl,) 6 2.97 (t,

127.3, 128.4, 128.8, 129.5, 137.5, 159.2, 183.0, 184.6.‘J = 7.2 Hz, 2H), 3.80 (s, 3H), 3.883.97 (m, 2H), 6.88 (d,

- 740
HPLC: 74%. , . J=8.5 Hz, 2H), 7.20 (dJ = 8.5 Hz, 2H), 7.50 (t] = 7.5
N-BytyI-N-lsobutyryI-N -phenethylthiourea (7d).Color- Hz, 2H), 7.62 () = 7.3 Hz, 1H), 7.82 (dJ = 7.4 Hz, 2H),
less oil, 87%H NNR (CDCK) 8 0.96 (1= 7.3 Hz, 3H), ¢ 0" 1" 1110 76 (br &, 1HC NMR (CDCY) & 33.4.
1.19 (d,J = 6.7 Hz, 6H), 1.3+1.43 (m, 2H), 1.631.74 /7 '555 1141 127.4, 129.1, 129.7, 130.1, 131.7, 133.5,

2‘252';])' Zﬁsizﬁ g;‘ rﬁ“ffgii%g““ﬂ; 22'3’ ‘;é; 158.3, 166.7, 179.8. Anal. Calcd for8N,0,S: C, 64.94:
35 (m, 2H), 7.2£7.24 (m, 1H), 7.247.26 (m, 2H), 7. H. 5.77: N. 8.91. Found: C, 64.89: H. 5.85: N, 8.85.

7.30 (m, 1H), 7.36-7.32 (m, 1H), 11.69 (br s, 1H}*C NMR , ,
(CDCl) 6 13.7, 19.7, 19.9, 32.0, 34.1, 34.9, 48.3, 48.7, 126.5,  \-(4-Methoxybenzoyl)N'-(4-methoxybenzyl)thiourea (91).

128.6, 128.7, 138.6, 182.1, 184.4. HPLC: 96%. vellow oil, 60%.*H NMR (CDCk) 0 3.81 (s, 3H), 3.88 (s,

General Procedure for the Preparation of Resins 8a 3H), 4.83 (d.J = 5.2 Hz, 2H), 6.90 (dJ = 8.6 Hz, 2H),

e. A solution of an appropriate isothiocyanate (5.34 mmol, 6'27 (d,J = 8.7 Hz, 2H), 7.32 (d) = 8.4 Hz, 2';2’ 7.80 (d,
10 equiv) and triethylamine (0.76 mL, 5.34 mmol) in dry J = 8.8 Hz, 2H), 8.9 (br s, 1H), 10.99 (br s, 1HC NMR

THF (20 mL) was added to resifs—e (3 Tea-bag, 0.534 (CDCly) 6 49.3,55.3,55.6,114.2, 114.4, 128.3, 129.0, 129.4,

mmol) and the mixture was shaken at rt for 24 h. After 129.6, 159.3, 163.9, 166.2, 179.8. HPLC: 79%.
removal of the solution, resinga—e were washed. The General Procedure for the Preparation of Resins 10&
washing sequence was as follows (10 mL of a solvent was d. A solution of iodomethane (0.33 mL, 5.34 mmol) in dry
used for each 200 mg of a resin): THEW® THF/HO (2x), DMF (20 mL) was added to resirga—d (3 Tea-bag, 0.534
H,O (2x), THF (2x), DCM (2x), MeOH (2x), DCM (2x), mmol), and the mixture was shaken at rt for 24 h. After
MeOH (2x), DCM (2x), MeOH (2x), DCM (2x), MeOH removal of the solution, the resin was washed. The washing
(4x). After washing, the resin was dried in a vacuum for 24 sequence was as follows (10 mL of a solvent was used for
h. The obtained resinga—e were cleaved with 20% TFA  each 200 mg of a resin): DMF {4, THF (2x), DCM (2x),
in DCM for 40 min to give compound8a—e, which were ~ MeOH (2x), DCM (2x), MeOH (2x), DCM (2x), MeOH
purified on silica gel with ethyl acetate/hexanes 1:5 as eluent.(2x), DCM (2x), MeOH (4x). After washing, the resin was
Compounds9a—e were additionally recrystallized from  dried in a vacuum for 24 h. Cleavage of the resin with 20%
MeOH. TFA solution in DCM for 30 min gave compoundda—d.
N-BenzoylN'-butylthiourea (9a). White prisms, 80%; mp ~ Compoundl1bwas purified on silica gel with a mixture of
48-50 °C. H NMR (CDCly) 6 0.98 (t,J = 7.3 Hz, 3H), AcOEt/hexanes 1:5 and was additionally recrystallized from
1.39-1.53 (m, 2H), 1.641.77 (m, 2H), 3.66:3.76 (m, 2H), =~ MeOH.
7.52 (t,J= 7.5 Hz, 2H), 7.63 (tJ = 7.4 Hz, 1H), 7.84 (d, S-Methyl- N'-benzoyl-N-butyl- N-(4-methoxyphenethyl)-
J=7.4Hz, 2H), 8.99 (br s, 1H), 10.73 (br s, 1MJC NMR isothiourea (11a).Colorless oil, 95%!H NMR (acetone-
(CDCl) 0 13.7,20.1, 30.2, 45.7, 127.4,129.1, 131.8, 133.5, dg) 6 0.89 (t,J = 7.3 Hz, 3H), 1.23-1.40 (m, 2H), 1.66-
166.8, 179.6. HPLC: 100%. 1.71 (m, 2H), 2.33 (s, 3H), 3.55 @,= 7.8 Hz, 2H), 4.82 (s,
N-BenzoylN'-phenethylthiourea (9b). White prisms, 2H), 6.84 (d,J = 8.4 Hz, 2H), 7.26 (dJ = 8.5 Hz, 2H),
80%; mp 906-92 °C. 'H NMR (CDCl) 6 3.00-3.07 (m, 7.38-7.50 (m, 3H), 8.10 (dJ = 6.7 Hz, 2H);3C NMR
2H), 3.93-4.01 (m, 2H), 7.22-7.38 (m, 5H), 7.467.56 (M,  (acetoneds) 6 14.1, 16.1, 20.7, 30.3, 50.6, 53.9, 116.4, 127.9,
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128.8, 129.2, 129.4, 130.2, 131.8, 158.1, 169.2, 171.9.
HPLC: 94%.

S-Methyl- N'-benzoylN-(4-hydroxybenzyl)-N-pheneth-
ylisothiourea (11b).White needles, 50%; mp 1443°C.
IH NMR (CDCl3) 6 2.55-2.70 (m, 3H), 2.86-2.90 (m, 2H),
3.76-3.90 (m, 2H), 4.624.80 (m, 2H), 6.76:6.90 (m, 2H),
6.93-7.15 (m, 4H), 7.167.37 (m, 3H), 7.43-7.54 (m, 2H),
7.55-7.66 (m, 1H), 8.09 (dJ = 7.5 Hz, 2H), 10.41 (br s,
1H). HPLC: 81%.

S-Methyl-N'-benzoylN-(4-hydroxybenzyl)-N-(4-meth-
oxybenzyl)isothiourea (11c).Yellow oil, 93%. *H NMR
(CDCls) 6 2.59 (s, 3H), 3.80 (s, 3H), 4.71 (s, 2H), 4.74 (s,
2H), 6.81 (d,J = 8.5 Hz, 2H), 6.87 (d,J) = 8.5 Hz, 2H),
7.08 (d,J = 8.5 Hz, 2H), 7.15 (dJ = 8.7 Hz, 2H), 7.46 (t,
J=7.5Hz, 2H), 7.56 (tJ = 7.2 Hz, 1H), 8.11 (dJ = 7.8
Hz, 2H), 8.56 (br s, 1H)**C NMR (CDCk) 6 16.2, 53.9,

54.0, 55.3, 114.6, 116.1, 125.0, 125.3, 128.3, 129.3, 129.6,

129.8,132.4,134.1, 156.5, 160.0, 167.8, 176.6. HPLC: 95%.
S-Methyl- N-(4-hydroxybenzyl)N'-(4-methoxybenzoyl)-
N-(4-methoxyphenethyl)isothiourea (11d).Colorless oil,
98%.'H NMR (CDCl) 6 2.62 (s, 3H), 2.862.87 (m, 2H),
3.75 (s, 3H), 3.7#3.85 (m, 2H), 3.86 (s, 3H), 4.73 (s, 2H),
6.82 (t,J = 8.7 Hz, 4H), 6.98 (dJ = 7.7 Hz, 4H), 7.10 (d,
J=8.5Hz, 2H), 8.06 (dJ = 8.7 Hz, 2H), 9.45 (br s, 1H).
HPLC: 89%.
S-Methyl-N'-benzoylN-(4-hydroxybenzyl)-N-(4-meth-
oxyphenethyl)isothiourea (11e)Yellow oil, 96%.'H NMR
(CDCls) 6 2.63 (s, 3H), 2.822.89 (m, 2H), 3.76 (s, 3H),
3.80-3.85 (m, 2H), 4.74 (s, 2H), 6.83 @,= 8.3 Hz, 4H),
6.98 (d,J = 7.9 Hz, 2H), 7.10 (dJ = 8.2 Hz, 2H), 7.48 (t,
J=17.7 Hz, 2H), 7.60 (tJ = 7.3 Hz, 1H), 8.08 (dJ = 7.9
Hz, 2H), 9.39 (br s, 1H). HPLC: 95%.
General Procedure for the Preparation of Resins 12a
d. A solution of an appropriate hydrazine (5.34 mmol, 10
equiv) in dry acetonitrile (20 mL) was added to resl@s—d
(3 Tea-bag, 0.534 mmol), and the mixture was refluxed for
24 h. After removal of the solution, the resins were washed.

Katritzky et al.

3-Butylamino-1,5-diphenyl-1H-1,2 4-triazole (13c)White
needles, 88%; mp 169111 °C. *H NMR (CDCl) ¢ 0.96
(t,J=7.2 Hz, 3H), 1.39-1.51 (m, 2H), 1.66-1.70 (m, 2H),
3.36 (br s, 2H), 4.18 (br s, 1H), 7.27.40 (m, 8H), 7.42
7.47 (m, 2H);C NMR (CDCk) ¢ 13.9, 20.1, 32.1, 43.4,
125.3,128.1,128.2, 128.4, 128.8, 129.2, 129.7, 138.4, 152.8,
164.2. Anal. Calcd for @HyoN4: C, 73.94; H, 6.89; N,
19.16. Found: C, 73.66; H, 7.27; N, 18.77.

3-(4-Methoxyphenethyl)amino-5-(4-methoxyphenyl)-1-
phenyl-1H-1,2 4-triazole (13d). Yellow solid, 76%; mp
154-156°C. 'H NMR (CDCls) 6 2.94 (t,J = 7.3 Hz, 2H),
3.56 (t,J = 7.3 Hz, 2H), 3.78 (s, 3H), 3.83 (s, 3H), 6:80
6.91 (m, 4H), 7.18 (dJ = 8.5 Hz 2H), 7.32-7.40 (m, 4H),
7.42-7.49 (m, 3H), 7.60 (br s, 1H%:3C NMR (CDCk) ¢
34.8, 44.7, 55.2, 55.5, 113.9, 114.7, 115.4, 125.5, 129.6,
129.7,129.8, 130.5, 131.0, 137.1, 149.2, 158.2, 158.6, 162.1.
HPLC: 98%.

General Procedure for the Preparation of Resins 14a
e. A solution of an appropriate 2-bromoacetophenone (5.34
mmol, 10 equiv) and triethylamine (1.52 mL, 10.68 mmol,
20 equiv) in dry acetonitrile (30 mL) was added to resins
8a—c (3 Tea-bag, 0.534 mmol), and the mixture was refluxed
overnight. For resin8d—e, the mixture needed to be refluxed
for 36 h. After removal of the solution, the resin was washed.
The washing sequence was as follows (10 mL of a solvent
was used for each 200 mg of a resin): Ml (4x), THF
(2x), DCM (2x), MeOH (2x), DCM (2x), MeOH (2x),
DCM (2x), MeOH (2x), DCM (2x), MeOH (4x). After
washing, the resin was dried in a vacuum for 24 h. Cleavage
of Wang resinsl4a—d with 20% TFA gave compounds
15a—d and16c For the Merrifield resirlde 95% TFA was
used for the cleavage. Compouridsa—e were purified by
flash column chromatography and additionally recrystallized
from MeOH.

2-[N-Butyl-N-(4-hydroxybenzyl)amino]-4-phenyl-5-ben-
zoyl-1,3-thiazole (15a)Yellow prisms, 80%; mp 177179
°C. 'H NMR (CDCls) 6 0.94 (t,J = 7.3 Hz, 3H), 1.36-
1.41 (m, 2H), 1.66-1.73 (m, 2H), 3.43-3.54 (m, 2H), 4.74

The washing sequence was as follows (10 mL of the solvent (s 2H) 5.07 (br s, 1H), 6.80 (d, = 8.5 Hz, 2H), 7.0%+

was used for each 200 mg of a resin): &M (4x), THF
(2x), DCM (2x), MeOH (2x), DCM (2x), MeOH (2x),
DCM (2x), MeOH (2x), DCM (2x), MeOH (4x). After

7.15 (m, 5H), 7.167.24 (m, 3H), 7.277.32 (m, 2H), 7.43
(d, J = 7.4 Hz, 2H);'3C NMR (acetoneds) 6 13.8, 20.1,
28.7, 50.8, 53.4, 115.6, 122.2, 127.4, 127.5, 127.8, 128.5,

washing, the resin was dried in a vacuum for 24 h. Cleavage 129 1, 129.3, 130.0, 131.1, 135.0, 138.4, 155.6, 160.1, 171.7,

of the resin with TFA gave compound8a—d, which were
purified on silica gel with ethyl acetate/hexanes as eluent.
Compoundsl3c—d were additionally recrystallized from
MeOH.
3-Butylamino-5-phenyl-1H-1,2,4-triazole (13a):® Yellow
oil, 80%.*H NMR (CDCls) ¢ 0.85 (t,J = 7.3 Hz, 3H), 1.24
1.38 (m, 2H), 1.5%1.62 (m, 2H), 3.22 (tJ = 7.2 Hz, 2H),
7.36-7.49 (m, 3H), 7.83 (dJ = 7.6 Hz, 2H), 8.80 (br s,
1H); 23C NMR (CDCh) 6 13.4, 19.7, 30.9, 43.3, 124.8, 126.1,
129.2, 131.3, 152.9, 164.1. HPLC: 90%.
3-Phenethylamino-5-phenyl-H-1,2,4-triazole (13b).Yel-
low oil, 69%,*H NMR (CDCly) 6 2.87 (t,J = 6.9 Hz, 2H),
3.47 (t,J = 6.8 Hz, 2H), 6.25 (br s, 1H), 7.147.16 (m,
2H), 7.16-7.30 (m, 3H), 7.357.44 (m, 3H), 7.827.89 (m,
2H); 3%C NMR (CDCk) 6 35.7, 45.1, 126.2, 126.9, 128.6,
128.7,128.8, 129.0, 130.6, 138.1, 154.4, 163.7. HPLC: 90%.

189.0. Anal. Calcd for €HsaN4OsS,: C, 71.81; H, 6.03;
N, 6.20. Found: C, 72.12; H, 6.28; N, 6.21.
2-[N-(4-Hydroxybenzyl)-N-phenethylamino]-4-phenyl-
5-benzoyl-1,3-thiazole (15b).Yellow prisms, 75%; mp
187-189°C. 'H NMR (CDCls) 6 3.04 (t,J = 7.6 Hz, 2H),
3.80 (t,J = 7.6 Hz, 2H), 4.72 (s, 2H), 6.86 (d,= 8.4 Hz,
2H), 7.06-7.17 (m, 5H), 7.2%7.33 (m, 8H), 7.38 (dJ =
7.0 Hz, 2H), 7.45 (dJ = 7.4 Hz, 2H);°C NMR (acetone-
ds) 0 33.0, 52.7, 54.2, 115.6, 122.1, 126.6, 127.3, 127.6,
127.8,128.5,128.7,129.0, 129.1, 129.7, 130.2, 131.2, 135.6,
139.0 (2), 157.4, 159.0, 170.9, 187.8. Anal. Calcd for
CeHsaN4OsS,: C, 74.52; H, 5.45; N, 5.61. Found: C, 74.72;
H, 5.54; N, 5.52.
2-[N-(4-Hydroxybenzyl)-N-(4-methoxybenzyl)amino]-
4-phenyl-5-benzoyl-1,3-thiazole (15c)ellow prisms, 62%;
mp 180-182°C. *H NMR (CDCl;) 6 3.79 (s, 3H), 4.61 (s,
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2H), 4.65 (s, 2H), 5.73 (br s, 1H), 6.79 (@= 8.3 Hz, 2H),
6.87 (d,J = 8.6 Hz, 2 H), 7.0+7.15 (m, 7H), 7.177.25
(m, 3H), 7.32 (d,) = 6.8 Hz, 2H), 7.45 (dJ = 7.2 Hz, 2H);
13C NMR (CDCk) ¢ 52.7, 53.0, 55.3, 114.1, 115.7, 116.0,

122.2,126.8,127.5, 127.6, 128.7, 128.8, 129.1, 129.4, 130.0,
131.3, 134.7, 138.1, 156.1, 159.3, 160.0, 172.2, 189.1.

HPLC: 93%.
2-[N-(4-Hydroxybenzyl)-N-(4-methoxyphenethyl)amino]-
4-(4-methoxyphenyl-5-(4-methoxybenzoyl)-1,3-thiazole
(15d). Yellow solid, 73%; mp 184186 °C. 'H NMR
(CDCl) ¢ 2.89 (t,J = 7.5 Hz, 2H), 3.58-3.66 (m, 2H),
3.72 (s, 3H), 3.74 (s, 3H), 3.77 (s, 3H), 4.54 (s, 2H), 6.04
(br s, 1H), 6.61 (dJ = 3.1 Hz, 2H), 6.64 (dJ = 3.0 Hz,
2H), 6.77 (d,J = 8.4 Hz, 2H), 6.83 (d,J = 8.5 Hz, 2H),
7.05-7.13 (m, 4H), 7.33 (dJ = 8.7 Hz, 2H), 7.51 (dJ =
8.8 Hz, 2H);*C NMR (CDCk) 6 32.4, 52.7, 54.6, 55.2,

55.3 (2), 113.2, 113.3, 114.3, 115.8, 121.2, 128.0, 128.1,
129.5, 129.8, 130.7, 131.4, 131.5, 131.6, 155.9, 158.3, 158.6,

160.2, 162.5, 170.9, 187.7. HPLC: 87%.
2-[N-(4-Hydroxybenzyl)-N-(4-methoxybenzyl)amino]-
4-(4-methoxyphenyl-5-(4-methoxybenzoyl)-1,3-thiazole
(15e). Yellow prisms, 80%; mp 189191 °C. *H NMR
(CDCl) 0 3.72 (s, 3H), 3.74 (s, 3H), 3.80 (s, 3H), 4.59 (s,
2H), 4.64 (s, 2H), 5.95 (br s, 1H), 6.56.68 (m, 4H), 6.79
(d,J= 8.4 Hz, 2H), 6.87 (dJ = 8.6 Hz, 2H), 7.12 (dJ =
8.4 Hz, 2H), 7.21 (d) = 8.6 Hz, 2H), 7.35 (d) = 8.6 Hz,
2H), 7.52 (d,J = 8.8 Hz, 2H);3C NMR (CDCk) d 52.6,

52.9,55.2,55.3(2), 113.0, 113.1, 114.1, 115.7, 121.0, 127.1,
127.6,127.7,129.4, 129.5, 130.8, 131.5, 131.6, 155.9, 158.6,

159.3, 159.9, 162.3, 171.7, 187.8. HPLC: 89%.

2-[N-(4-Methoxybenzyl)amino]-4-phenyl-5-benzoyl-1,3-
thiazole (16¢).Yellow semi-solid, 10%!H NMR (CDCl)
0 3.82 (s, 3H), 4.46 (dJ = 5.2 Hz, 2H), 6.94 (dJ = 8.6
Hz, 2H), 7.31 (d,) = 8.5 Hz, 2H), 7.46-7.49 (m, 3H), 7.56-
7.65 (m, 3H), 7.78 (d) = 6.8 Hz, 2H), 8.13 (dJ = 7.3 Hz,
2H), 9.98 (br s, 1H). HPLC: 76%.
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