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Resin-bound amine4éa—m condense with di(benzotriazol-1-yl)methanimi@do give 1H-benzotriazole-
1-carboximidamide resiriga—m, which subsequently react with thiddsl —g' followed by cleavage affording
nonprotected isothiouredsid —mg' in high yields and with good purities. Analogous reactions with secondary
amines activated with EtMgBr lead to guanidirgssb,e—g in moderate yields. Resin-bound isothiouréas
are converted by acyl chlorides or carboxylic acids into acyl derivathi#&s-n in high yields and with
good purities.

Introduction Scheme 2

and unique mediator of diverse physiological processes; thus,
NO generated from endothelial cells plays a critical role in
the regulation of blood pressure by controlling the dilatation

of blood vessels.In activated macrophages, NO acts as a RsHoag
cytostatic and cytotoxic agent and thus is an important part - &! ‘g"
oG-

. . e
of the host defense system. NO is also thought to act as a o @‘O—Qjmm‘ LR N@_o

Recently, nitric oxide has been identified as an important ' R A
|
{
i

messenger molecule in the brain and a neurotransmitter in B}— -

the peripheral nervous systém. 3 (Wang-resin) | dam 7a-m
Isothioureas are potent and relatively specific inhibitors if [f

of inducible nitric oxide synthaske? potent and specific

fibrinogen receptor antagonist and antivirals for AIDS. o C HN @OH

Isothioureas were also evaluated for acaricidical actiatyd NHR' B}_N\w

as selective herbicides in regard to plantation crops such as Sam ga-m

sugarcane, coffee, citrus fruits, mangoes, and the’like. ? (@) PhPBr, DCM, room temp; (b) 4-HO CeH4CHO, t-BUOK, DMA,

. L . . . . 80°C, 4 h, 40°C, 15 h; (c) RNHz, NaBH(OAc), DCE, room temp; (d)
The growing application of combinatorial organic synthesis g 7 h, room temp; () THF, room temp, 424 h; (f) 20% TFA/DCM,
on solid phase suppoftsis reflected in the rapidly increasing 0.5 h; (g) RRENH/EtMgBr, THF, room temp.

range of reaction types and strategies utilized. Following our
recent solution-phase preparation of polysubstituted guanidine
and isothioureas using difftbenzotriazolyl)methaniminé

as a new guanidylating ageitywe now report the successful
adaptation of this methodology to the solid-phase synthesis
of Saryl-N,N-dialkylisothioureasl and some tri- and tetra-
substituted guanidinea

known'!2 conversion of the resiB to the brominated resin
Jollowed by the nucleophilic substitution with 4-hydroxy-
benzaldehyde in the presence of potassiaributoxidée®
and standard reductive amination protocol in the presence
of amines and sodium triacetoxyborohydrid®esin-bound
amines4a—m were cleaved, and the corresponding free
aminesba—m were obtained and characterized'byNMR
and evaporative light-scattering detector (ELSD)-1\@S
analysis (Table 1).

The overall synthetic strategy for the synthesis of isothio-  |n most cases amines(as TFA salts) were obtained in
ureasl and guanidine is outlined in Scheme 1. almost quantitative yields when reductive aminations of 12

We selected Wang ressifor the elaboration of our library 24 h were used to make the precursdes-m. The only
because of the ease of cleavage of the linker from this supportexception was sterically hindereteoAm derivative 5d,
with trifluoroacetic acid (TFA). Resin-bound aminés—m which required prolonged treatment (36 h) in the reductive
were obtained in a three-step procedure involving the amination for a quantitative yield. Decreasing the reaction
time to 12 h did not affect the yield and purity of amines

* To whom correspondence should be addressed. E-mail: katritzky@ 5g,h,j,I,m bearing such weakly electron-withdrawing sub-
chem.ufl.edu. stituents R as Bn, PBCHCH,, and Ar(CH),. In contrast,

§ University of Florida.
*Lion Bioscience, Inc. unreacted 4-hydroxybenzaldehyde was detected in cleaved
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Table 1. Reaction Times for the Preparation of Res#ias-m and Yields and Purities of TFA Salts of Respective Amines
5a—m

Compound R! Reaction | Yield, | 'THNMR | LC-MS | Additional | Final
Time, % purity, purity, Treatment, | 'H NMR
h % % h purity,
%
5a Bu 12 94 75 95 12 99
5b i-Bu 24 98 95
5¢ Am 24 ~100 99
5d neo-Am 24 9% 80 90 12 99
Se EtO(CHa), 12 98 80 85 12 99
sf MeO(CH,); 24 99 99
5g Bn 12 ~100 99 99
5h Ph(CHy), 12 97 90 95
5i Ph(CH,); 24 99 98
5j Ph,CHCH, 12 ~100 95 99
sk Me,N(CH,), 24 98¢ 98
51 &\ 12 ~1007 95 95
5m O\/\ 12 974 95 95

a Calculated for double TFA salts.

Scheme 2 at room temperature, cyanamide res0abecame the main
RLL G W, product after 5 days at the same temperature and was
O TL O‘®_\N_§’ obtained as the sole pure compound after reflux for an
o~©——\ Bt g B 76 AM NH additional 24 h. By monitoring the loss of benzotriazole (TLC
o AT control of the solutions) during the condensations, we
240 7c s determined that this side reaction could be avoided by

it

Am
O, (o=
o
10a

samples of the Biba and EtO(CH),-5e substituted amines
after 12 h. An additional treatment over 12 h allows
compoundsb5a,e to be prepared in quantitative yields
(Table 1).

Condensations of resin-bound aminda—m with a
suspension of di-benzotriazolyl)methaniminé in THF
over 7 h followed our previously developed solution-phase
protocol’® According to the gel-phase (G NMR spectra isothioureas, we prepared a trial library of isothiourkag—
of resin7c and according to both the LLEMS and'H NMR mi' using a set of 13 pafsubstituted resinga—m, nine
analyses of the cleaved sample, the reaction conditions@romatic thiols9a—i’, three heterocyclic thiolSj'—I", and
afforded almost quantitative yield of the desired compound Penzylthiol 9m'. After removal of all TFA, each cleaved

8c. As observed by GPC NMR, extension of the reaction ~Sample was weighed out on precision balances to determine
time to 24 h caused resific to be contaminated with the yield and was characterized with b&thNMR and LC~

performing the addition for only 56 h. Following this
procedure, the expectetiidbenzotriazole-1-carboximidamide
resins7a—m were obtained in high yields and with good
purities. However, attempts to carry out an analogous
condensation with a resin-boufdarylamine failed, probably
because of the reduced nucleophilicity of aromatic amines
compared to the aliphatic derivativda—m.

To characterize the influence of a substituedtiiRthe
amino group of7 and of R in thiol 9 on the formation of

cyanamide resiiOa (Scheme 2).
We believe that fast addition of diltbenzotriazolyl)-
methanimines to resin4a was followed by the subsequent

MS analyses (Scheme 1, Table 2).

For most combinations of the substituents uset=MBu,
i-Bu, Am,neaAm, EtO(CH,),, MeO(CH,)s, Bn, GHs(CHy),,

loss of a molecule of benzotriazole, resulting in the formation CsHs(CHaz)s, (CsHs):CHCH,, 2-(2-pyridyl)ethyl; R = Ph,
of the cyanamide resihOa This hypothesis was confirmed  2-Me—CgHa, 4-Me—CgHy, 4-Cl—CgHa, 4-MeO—CgHa, 2-Cyo-
by extension of the reaction time to 48 and 120 h and an H, 2-benzothienyl, 4-N©-CgHa4, 2-NH,—CgH,) the corre-

increase in the temperature. While &2 NMR of the resins
obtained showed that the desired carboximidamide résin
was still the major component of the mixtures after 2 days

sponding isothioureat were obtained in very good yields
and with high purities (Table 2). Nevertheless, some limita-
tions were recognized for usage of bothdd R groups.
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Table 2. Yields and LC-MS Purities of Isothioureasad —mg'@

a’ b’ < d e f g
R? Ph | 2-Me-CH, | 4-Me-C¢H,y | 4-CI-CeH, | 4-MeO-CgHy | 2-CioHy | 2-CsHsS
Rl

a | Bu ~100/95
b | iBu 90/99 89/95 ~100/99 93/95 88/95 85/95 | ~100/85
¢ | Am 87/99 ~100/95 ~100/90
d | Neo-Am 70/95 85/95 ~100/90 86/97 83/95 82/90 83/85
e | EtO(CH,), 96/99
f | MeO(CHy); 80/90 78195 ~100/97 83/90 79/95 78/90 99/85
g | Bn ~100/950
h | Ph(CHy), ~100/957
i | Ph(CH); 86/95 98/95 ~100/98 88/95 80/95 89/90 92/85
j | PhCHCH, ~100/95
k | Me;,N(CHy), 73/50 80/40 N/d N/d N/d N/d
1 @N\/\ ~100/95
m »@\/\ N/d

aN/d = product is not detected.Determined by*H NMR.

Table 3. Condensations of Amines with Resifa,b in the

Desired isothioureakk,m were obtained not at all or in very . .
Presence of Ethylmagnesium bromide

low yields from resin-bound aminedk,m, bearing the
nitrogen-containing substituents 2-dimethylaminoethy! or LC—MS

2-(4-pyridyl)ethyl. In contrast, 2-(2-pyridyl)ethyl-substituted ENY_resin amine product purity of 2 (%)
compoundLic’ was prepared quantitatively with 95% purity. 1 7b  piperidine 2a 40

The reason for this behavior is not (?Iear. Thiols WiFh redgced g ;E :;;?}f’r']?")neecotate 32 ggmpl ex mixture
nucleophilicity caused by electronic effects (as in 4-nitro- 4 7p  4-nitroaniline 2d  complex mixture
thiophenol9h'), thiols with intramolecular coordination (as 5 7c tetrahydroisoquinoline 2e  ~41

in 2-aminothiophenodi'), and heteroaromatic thiogj'—I' 6  7c  morpholine 2t ~40

existing predominantly as thione tautonféiid not formed 7 7c anisidine 29 49

the desired isothioureas even in low yields. The yield of Scheme 3

benzylisothiourealbm’ (40%) was strongly reduced in
comparison with aromatic derivatives.
Since H-benzotriazole-1-carboximidamides resihare

. Q4
sensitive toward an increase in the temperature, condensa- __ RP-COOH N>_S
7
d ,

tions of resinsrb,c with various amines were performed at DIC, HOBY, DIEA, rt, 24 h N
20 °C for 24 h in the presence of equimolar amounts of _ O)—H
ethylmagnesium bromide as an activating agent (Scheme 1). ‘

After the usual cleavage protocol (20% solutions of TFA in to Ham
dry CHCI, for 1 h), the guanidinea—g obtained were TEA/ DOM

characterized as their TFA salts by E®IS analysis. Two

distinct signals were observed in the @IS spectra,

corresponding to the desired produ@iesb,e—g and unre- Me
acted starting materialgh,c. Extension of the reaction time Q
does not affect the yields and purities of the guanidine

products2a,b,e-g (Scheme 1, Table 3).

To increase the diversity of isothiourehswe tested their HA o}' :
acylations with toluoyl and propionyl chlorides in the 12a-m
presence of a base (DMAP) and also used the corresponding
carboxylic acids under the following conditions: (i) DIC (10 (10 equiv), DCM/DMF (1:1), 48 h, 2€C. 3-Acylisothioureas
equiv), HOBT (10 equiv), DIEA (10 equiv), carboxylic acid 12a—m were obtained in 54100% yields and with purities
(10 equiv), DCM/DMF (1:1), 24 h, 20C; (ii) HBTU (10 of 80—99% according tdH NMR (Scheme 3, Table 4). In
equiv), DMAP (10 equiv), DIEA (10 equiv), carboxylic acid contrast, an attempt to acylate resin-bound isothioureas using
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Table 4. Preparation ofN-Acyl-S-arylisothiouread2a—n mm) with a gradient of 5% AcCN/KD to 90% AcCN in
By | Compomnd 12 | R°C=0 | THNMR | LCMS Purity, | Yield, 5.4 min, a flow rate of 2.64 mL/min, and UV detection at
Purity, % % % 254 nm. The results were confirmed by mass spectra (ESI).
! 12a @@J’" 80 80 4 Tetrahydrofuran (THF) was distilled under nitrogen im-
¢ mediately before use from sodium/benzophenone. All other
) 12b 5 95 150 5 reagents and solvents were obtained from commercial sources
o’ and were used without purification.
3 12¢ 0 95 100 100 . .
N Procedure for the Preparation of the Resin-Bound
4 12d Q-'/O 80 95 66 Aldehyde. Brominated Wang resin was prepared following
o a described protocdlA solution of 4-hydroxybenzaldehyde
5 12e O 90 10 55 (4.58 g, 37.5 mmol) in dry DMA (150 mL) was reacted with
o potassiuntert-butoxide (4.21 g, 37.5 mmol) under an inert
o 1 ij‘p‘\-o % 20 o atmosphere for 10 min. The solution obtained was added to
7 22 — o 5 2 o4 the brominated resin (2.4 g, 0.81.3 mmol/g), and the
QF—" mixture was heated to 70C for 4 h before being allowed
8 12h O~ 95 10 100 to react for an addi';ional 15 h at 4C. Aftgr removal of
5 o - °/O 5% o < the solution, the resin was washed and dried under vacuum
T for 24 h. A standard washing procedure was used as follows
10 12§ P 100 95 79 (5 mL of solvent was used for each 100 mg of a resin):
o DMA x 2, THF x 2, THF/H,O x 2, THF x 4, DCM x 2,
11 12k 3“”3"’0 90 5 >100 MeOH x 2, DCM x 2, MeOH x 2, DCM x 2, MeOH x
> i T 00 %0 = 4. The obtained resin was cleaved with 20% TFA solution
@Q‘/’ in CH,CI; for 30 min, and the isolated residue was character-
13 12m o 95 99 69 ized by the'H NMR, 3C NMR, and LC-MS spectra.
3 12n c§3c=o ) 1 ) Procedure for the Preparation of Resins 4am. The

resin-bound aldehyde, prepared as described above (0.1 g,
loading of 0.871.3 mmol/g), was placed in dichloroethane
(20 mL), and an appropriate amine (I0 equiv) was added to
the solvent followed by sodium triacetoxyborohydride (10
equiv). The reaction mixture was shaken overnight (for
~12—14 h). After that the solution was removed, and the
resin was washed. The washing sequence was used as follows
(5 mL of a solvent was used for each 100 mg of a resin):
THF x 4, THF/H0 (1/1) x 2, THF x 2, THF/HO (1/1) x
2, H,O x 2, THF x 4, DCM x 2, THF x 2, DCM x 2,
MeOH x 2, DCM x 2, MeOH x 2, DCM x 2, MeOH x
4. After being washed, the resin was dried in a vacuum for
15 h. Cleavage ola—m gave amine®a—m as their TFA
salts.

General Procedure for the Preparation of Resins 7a

The preparation of resin-boundHibenzotriazole-1-car- . Resin4 (loading of 0.87-1.3 mmol/g) was placed in a
boximidamides’a—m by the reaction of resin-bound amines ot solution of bis(benzotriazolyl)methanimifé10 equiv,
4a—m with a solution of di(benzotriazol-1-yl)methanimine  cgoncentration of 0.25 mmol/mL) in THF and shaken feres
6 for a short reaction time has been described. The p gt room temperature. Afté h the solution was removed
condensation of the obtained resifia—m with aromatic ~ and the resin was washed and dried. The washing procedure
thiols followed by the appropriate cleavage affords desired a5 ysed as follows«(5 mL of a solvent was used for each
isothioureadad—mg' in high yields and with good purities. 190 mg of a resin): THFx 4, DCM x 2, THF x 2,
Condensation of resinéb,c with amines in the presence of pcM x 2, THF x 2, DCM x 4, MeOH x 2, DCM x 2,
ethylmagnesium bromide affords guanidinggb,e—g in MeOH x 2, DCM x 2, MeOH x 4.

moderate yields. After being washed, the resin was dried in a vacuum for
15 h.

General Procedure for the Preparation of Compounds
General Methods.*H, 1°C, and GPC NMR spectrawere  lad—1 mg. Resin7 was preswollen in dry THF, and an
recorded on a 300 MHz NMR spectrometer (300, 75, and appropriate arylthio® was added. The reaction mixture was
75 MHz, respectively) using CD&IDMSO-ds, and acetone-  shaken for 1214 h at room temperature. Then the reaction
ds as solvents. HPLC purity of the crude materials (confirmed solution was evacuated and the resin was washed and dried
by 'H NMR) was measured on an HP 1050 series chromato- for 15 h. The washing sequence was used as follows (5 mL
graph using a YMC-Pack Pro C18 column (75 nuré4.6 of a solvent was used for each 100 mg of a resin): THF

condition ii—DIC (10 equiv), DMAP (10 equiv), DIEA (10
equiv), a carboxylic acid (10 equiv), DCM/DMF (1:1), 24
h, 20°C—gave no positive result. Investigation of compounds
12a—m by LC—MS showed purities of 86100% in most

of the cases (Table 4). However, 3-alkylacyl-substituted
isothioureasl 2e,f,h,k,nand 2,5-difluorobenzoyl derivative
12g were found to be unstable at storage. This conclusion
was confirmed by comparison &fi NMR spectra of freshly
cleaved samples df2e,f,g,h,k,nwith those obtained after
15 days of storage in acetodg-solution at ambient
temperature.

Conclusions

Experimental Section
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4, DCM x 4, THF x 4, DCM x 2, THF x 2, DCM x 2, (3) Cooper, G. R.; Mialkowski, K.; Wolff, D. JArch. Biochem.
MeOH x 2, DCM x 2, MeOH x 2, DCM x 2, MeOH x Biophys.200Q 375, 183.

; ; 0 ; (4) Southan, G. J.; Gauld, D.; Lubeskie, A.; Zingarelli, B.;
4. Cleavage of the resin with 20% TFA in DCM gave the Cuzzocrea, S.. Salzman, A. L. Szabo, C.. Wolff, D. J.

desired compoundsad—1 mg as their TFA salts. Biochem. Pharmacoll997 54. 409

General Procedure for the Preparation of Compoupds (5) Mertens, A.; Koenig, B.; Leser, U. Preparation of (thio)-
12a—m. A mixture of HOBT, DIC, and DIEA (10 equiv of carbamidinic acid derivatives from isothioureas and (thio)-
an each component, concentration of 0.25 mmol/mL) in DMF isocyanates for antiviral pharmaceuticals. Int. Pat. WO 95/
was added to resihgc. An appropriate carboxylic acid (10 04034, 1995.Chem. Abstr1995 122, 265045).

- . - (6) Pascual, A.; Rindlisbacher, Restic. Scil1994 42, 253
equiv) was added, and the mixture obtained was shaken for (7) Kogan, M.: Dinizo. S. E.. Fancher. L. W. Preparation of

24 h. Then the reac'Fion solution was evacgated and the r_esin herbicidal N,N'-(N"-isopropylcarbamoyly”-isopropylcar-
was washed and dried for 15 h. The washing sequence is as bamoyl)S-ethylisothiourea. U.S. Patent 4,714,493, 1987.

follows (5 mL of a solvent was used for each 100 mg of a (Chem. Abstr1987 107, 111110).
resin): DMFx 2, THF x 4, DCM x 4, THF x 4, DCM x (8) Booth, S.; Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees,
2, THF x 2, DCM x 2, MeOH x 2, DCM x 2, MeOH x D. C. Tetrahedron1997 53, 5643.

(9) Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees, D. C.

2, D(?M x 2, MeOH x 4. C.Ieavage of the resin with 20% Tetrahedron1998 54, 15385.
TFA in DCM gave the desired compoundi&a—n. (10) Katritzky, A. R.; Rogovoy, B. V.; Chassaing, C.; Vvedensky,
. . . V. Y. J. Org. Chem200Q 65, 8080.
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