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SYNTHESIS

A Versatile Synthesis of Novel N,N,N'-Trisubstituted Guanidines'

C.R. Rasmussen,* F.J. Villani, Jr., B.E. Reynolds, J.N. Plampin, A.R. Hood, L.R. Hecker, S.0. Nortey, A. Hanslin,?

M.J. Costanzo, R.M. Howse, Jr., A.J. Molinari

Department of Chemical Research, Janssen Research Foundation, Spring House, PA 19477-0776, USA

N.N,N"-Trisubstituted guanidines (most of them N"-aryl-N-azacyclo-
alkanecarboximidamides) are prepared in generally good yields by
S-methylation of monosubstituted thioureas with methy! iodide in
methanol or acetone and reaction of the resultant methyl carbamimido-
thioate hydroiodides with secondary amines in boiling zerr-butyl alco-
hol or acetonitrile.

In the preceding article,® we described modifications of proce-
dures for obtaining monosubstituted thioureas 1 in improved
yields. Thioureas 1 serve as convenient starting materials for
synthesis, via methyl N'-substituted carbamimidothioate (iso-
thiouronium) salts 2. of a wide variety of novel trisubstituted
guanidines 4 (Scheme A), which are useful as intermediates for
preparation of a new class of oral hypoglycemic agents 5.*
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Only a few guanidines 4, wherein R'-N-R? forms a ring, have
been reported; these having been prepared either by hydro-
chloric acid hydrolysis of carbamimidoyl isothiocyanates 8
(Scheme B)™® or reaction of either a cyclic cyanamide 9 with an
aniline hydrochleride 10 or an aromatic cyanamide 11 with an
amine 3 hydrochloride (Scheme C).”5-°
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Scheme B

We elected to examine the synthesis of cyclic amine-containing
guanidines 4 as shown in Scheme A. Treatment of thioureas 1
with methyl iodide in methanol or acetone gave their respective
methyl carbamimidothioate (isothiouronium) salt derivatives 2
(Table 1). Reactions of 2 with various cyclic amines 3 in
refluxing ferz-butyl alcohol gave a wide variety of guanidines 4
(Table 2) in generally fair to good yields (unoptimized). Fur-
thermore, amines 3 in which one of the groups R* and R* is a
bulky cycloalkyl ring may also be successfully employed (Table
2, entries 6, 8, 48, 83, etc.) Scheme A accommodates phenyl
substituents which range from strongly electron-withdrawing
(Table 2, entries 22 and 53) to strongly electron-donating
(entries 42 and 54), as well as bulky substituents on a ortho
position (entries 35-38). In addition to the broad array of
substituted phenyl moieties, R® may be comprised of groups
such as bicyclo[2.2.1]heptan-2-yl, diphenylmethyl, 9H-fluoren-
9-yl, 1- and 2-naphthyl, and heteroaryl (c.f. entries 88-99).
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We have determined that one of the Scheme A reactants (2 or
3) should be in a salt form which is soluble in the reaction me-
dium in order for these reactions to proceed at satisfactory rates.
This observation was made when morpholine (2 mol) was add-
ed to methyl N'-phenylcarbamimidothioate hydroiodide (2,
R? = C,Hs; (1 mol), causing an immediate separation of mor-
pholine hydroiodide. This precipitation effectively removed
most of the soluble proton source from the reaction mixture,
thereby causing a significant slowing of the reaction rate (Table
2, entries 2, 12, 25). We found that addition of ~ 1 mol of
triethylamine allowed the reaction mixtures to remain homo-
geneous, permitted reduction of the quantity of morpholine
employed, and gave satisfactory reaction rates (entries 11, 14, 19,
etc.). Thus, a readily available proton source appears to be
required to allow more efficient displacement and evolution of
methanethiol, since an attempted reaction of 2 (R? = C¢Hs) in
free base form with morpholine under the same conditions gave
tittle or no result. In addition, we also found triethylamine to be
a useful adjunct in reactions which employed expensive amines
(entries 3, 6, 8, etc.). Reactions in which compounds 2 as free
bases were treated with either an amine salt (entry 15) or with the
amine plus added acid (1 equiv; entry 78) gave the expected
products 4 in yields similar to those obtained from salts of 2 with
amines.

Downloaded by: NYU. Copyrighted material.



June 1988

Table 1. Methyl N'-Arylcarbamimidothioates 2 Prepared
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Entry R3 mol mol Solvent  Time Yield? mp (°C)" Molecular Formula®
thiourea 1 CH,l (h) (%) (solvent) or Lit. mp (°C)
1 CoHs 0.55 0.55 MeOH 17 94 145-147 14712
(i-PrOH/Et,0)
2 4-FC,H, 0.68 0.75 MecOH 2 70 149.5-150.5 147-15013
(+-BuOH/Et,0)
3 2-CIC¢H, 0.82 0.90 MeOH 3 96 162.5-166 15415614
(--BuOH)
4 3-CIC¢H, 0.20 0.22 MeOH 18 82 129-131 CgHoCIN,S - HI
(--BuOH/Et,0) (200.7/328.6)
5 4-CIC H, 0.47 0.51 MeOH 3 89 165-168 16316515
(i-PrOH/Et,0)
6 2-BrC,H, 0.49 0.54 MeOH 3 98 154156 CgHgBrN,S - HI
(--BuOH/Et,0) (245.1/373.0)
7 3-CF,C.H, 0.054 0.10 acetone 1 92 120-122 CyHyF3N,S - HI
(acetone/Et,0) (234.2/362.2)
8 4-CF,C4H, 0.45 0.49 MeOH 18 36¢ 126-190 dec CoHoF;N,S-HI
(--BuOH/Et,0) (234.2/362.2)
9 2-CH,CgH, 0.79 0.87 MeOH 2 94 128-129 127.5-130
(--BuOH/Et,0)
10 3-CH,C H, 0.79 0.95 acetone 2 85 149-152 CoH,,N,S-HI
(acetone) (180.3/308.2)
11 4-CH,CH, 1.0 1.0 acetone 18 94¢ 129-130.5 128-13013
(i-PrOH/Et,0)
12 2-C,H,C,H, 0.71 0.83 MeOH 4 90 125-128 (Et,0) (C11931,H31/3§(§§3) HCI
13 4-C,H,CcH, 0.58 0.63 MeOH 1 69 110-111 CyoH{,N,S-HI
(+-BuOH/Et,0) (194.3/322.2)
14 2-[H,C=C(CH;)]CcH, 0.31 0.35 MeOH 18 100 152154 C H4N,S-HI
(crude)  (+-BuOH/Et,0) 206.3/334.2
15 2-(i-C3H,)C4H, 0.55 0.61 MeOH 18 85 107-109 CyH ¢N,S-HI
(MeOH/Et,0) (208.3/336.2)
16 4-(i-C3H;)CeH, 0.46 0.5 MeOH 1 73 140-142 C1H ¢N,S-HI
(+-BuOH/Et,0) (208.3/336.2)
17 4-(t-C,Hq)CoH, 0.124 0.136 MeOH 3 63 185-187 Cy,H gN,S - HI
(acetone/Et,0) (222.4/350.3)
18 4-C,H,C,H, 0.05 0.05 acetone 18 65 77-79 C,,H gN,S-HI
(+-BuOH/Et,0) (222.4/350.3)
19 4-OHC¢H, 0.62 0.70 MeOH 3 76 174-176 176-18116
(-BuOH/Et,0)
20 2-CH,0C¢H, 0.38 0.42 MeOH 1 92 123-125 125 (dec)'?
(i-PrOH/Et,0)
21 3-CH,0C¢H, 0.10 0.15 acetone 10 95 119-123 CoH,,N,0S-HI
(acetone/Et,0) (196.3/324.2)
22 4-CH,0C¢H, 0.77 0.92 MeOH 18 92 162-163 164-165'8
(MeOH/Et,0)
23 3-(C¢HsCH,0)CH, 0.23 0.28 MeOH 5 93 103-105 C,5H(N,OS HI
(--BuOH/Et,0) (272.4/400.3)
24 4-(C¢H;,CH,0)C¢H,, 0.18 0.31 acetone 1 (reflux) 88 199--201.5 C,sH gN,0S-HI
(acetone/Et,0) (272.4/400.3)
25 4-CH,SCcH, 0.43 0.50 MeOH 18 91 165-167 CyH,,N,S, -HI
+-BuOH 212.3/340.3
26 4-NO,C.H, 0.12 0.24 MeOH 48 76 290—197 )dec §88—140‘5 :
(i-PrOH)
27 4-[N(CH;),1C¢H, 0.43 0.43 MeOH 6 85 166168 CoHsN;S-HI
(+-BuOH/Et,0) (209.3/337.2)
28 2,3-Cl,CeH, 0.77 0.85 MeOH 2 85 151-152 CgH3Cl,N,S-HI
(+-BuOH/Et,0) (255.1/363.0)
29 2,6-C1,CH, 0.064 0.064 acetone 2 71 184187 1701°
(acetone/EtOAc)
30 3,4-C1,CeH, 0.89 0.98 MeOH 3 73 156-158 168-1712°
(--BuOH/Et,0)
31 2-C1-4-CH;C¢H, 0.31 0.36 MeOH/ 4 84f 150-152 CoH,,CIN,S-HI
acetone (MeOH/Et,0) (214.7/342.6)
32 3-C1-2-CH;Cg¢H, 0.77 0.85 MeOH 18 80 158-160 CyoH,,CIN,S-HI
(-BuOH/Et,0) (214.7/342.6)
33 3-C1-4-CH,CgH, 0.35 0.38 MeOH 18 88 137-140 CoH,,CIN,S-HI
(MeOH/-BuOH/ (214.7/342.6)
Et,0)
34 4-Cl-2-CH;C¢H, 0.65 0.72 MeOH 18 100 137-140 CoH,CIN,S - HI
(crude) (214.7/342.6)

(MeOH/:-BuOH)
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Table 1. (continued)

SYNTHESIS

Entry R’ mol mol Solvent  Time Yield®  mp (°C)® Molecular Forrula®
thiourea 1 CH,l (h) (%) (solvent) or Lit. mp (°C)
35 5-C1-2-CH,C¢H; 0.62 0.69 MeOH/ 3 83 173-176 CoH, CIN,S-HI
acet]()ne (MeOH/Et,0) (214.7/342.6)
:1)
36 2,3-(CH;),CeH;, 0.65 0.72 MeOH 18 82 160-162 CyoH 4N,S-HI
(¢-BuOH/Et,0) (194.3/322.1)
37 2,4-(CH;),CcH, 0.35 0.38 MeOH 18 87 124-127 13421
(+-BuOH/Et,0)
38 2,5-(CH;3),CeH, 0.64 0.69 MeOH 18 91 - 146%!
(MeOH/Et,0)
39 2,6-(CH;),CsH; 0.38 0.38 acetone 18 84 156-158 164!
(acetone/EtOAc)
40 3,4-(CH,),C4H,; 0.66 0.73 MeOH 4 73 128-131 C,oH 4N,S-HI
(polymorph), (194.3/322.1)
144-146
(+-BuOH/Et,0)
41 3,5-(CH;),C¢H; 0.61 0.67 MeOH 4 81 163-164 CoH 4N,S-HI
(--BuOH/Et,0) (194.3/322.1)
42 3,4-(CH,);C.H; 0.75 0.83 MeOH 18 77° 138-140 CH 4N,S-HI
(+-BuOH/Et,0) (206.3/334.2)
43 5-C1-2-CH,0C¢H,; 0.65 0.90 MeOH 5 84 157.5-159.5 CoH, ,CIN,OS - HI
(--BuOH) (230.7/358.6)
44 2-Cl-4-(C¢H;CH,0)C;H; 0.1 0.11 MeOH 18 88 126-127.5 C;sH,;sCIN,08
306.8)
45 3,4(OCH,0)C¢H; 0.45 0.49 MeOH 18 95 138-140 (C‘,Hi .N,0,S8-Hi
(MeOH/t-BuOH;/ (210.2/338.1)
Et,0)
46 3,4-(0CH3),CcH, 0.30 1.2 MeOH 96 88 186-193 dec Ci6H4N,0,S - HI
(i-PrOH) (226.3/354.2)
47 2,4,5-(CH;),CH, 0.67 0.74 MeOH 18 79 174-176 C,H,¢N,S-HI
(--BuOH/Et,0) (208.3/336.2)
48 2,5-(CH;),-4-CH,0C¢H,  0.28 0.35 MeOH 72 89 127.5-129 C,H,(N,0S-HI
(--BuOH/Et,0) (224.3/352.2)
49 2-pyrimidinyl 0.63 0.95 MeOH 18 (reflux) 54 174-176 dec 22822
(EtOH)
50 2-pyridiny! 0.34 0.35 acetone/ 4 91 136--139 C,HN,S-HI
MeOH (MeOH/i-PrOH) (167.2/295.2)
51 3-pyridinyl 0.56 0.58 acetone 1(25°C), 64 98-100 C,HgN;S
0.5 (reflux) (toluene) (167.2)
52 exo-bicyclo[2.2.1]- 0.2 0.24 acetone 3 (reflux) ~100 viscous oilf CoH, ¢N,S - HI
heptan-2-yl (crude) (184.3/312.2)
53 1-naphthalenyl 0.2 0.2 CH,Cl,/ 18 73 191-192 182-183%*
MeOH (i-PrOH)
4:1)
54 9 H-fluoren-9-yl 0.15 0.19 acetone 72 97 208-210 C,sH4N,S-HI#
(acetone) (254.3/382.3)
55 CH(C¢Hs), 0.05 0.05 MeOH 18 76 177-182 178-180%
(McOH)
* Yields are not maximized. ¢ Qverall yield from 4-methylaniline. See preceeding paper.®
» Uncorrected, measured on a Thomas-Hoover apparatus. f Not analyzed, see corresponding entry(ies) in Table 2.
¢ Satisfactory microanalyses obtained: C +0.16, H £0.08, N £0.16. ¢ Microanalysis: calc. S 8.39
d found 8.32

Extremely hygroscopic, not analyzed. Severe losses incurred during
recrystallization.

In a few instances, new methyl carbamimidothioate hydro-
iodides 2 were not analyzed, but were instead converted into
guanidines 4 which were characterized by microanalyses. Guani-
dines 4 were generally isolated as stable, crystalline hydroiodide
salts. Those 4 hydroiodides which could not be induced to
crystallize were either converted to their respective free bases or
to other salt forms, then purified, and characterized. During the
last stages of this work, we found that reactions of 2and 3 in
boiling acetonitrile appear to proceed faster and in higher yield
(Table 2, entries 39 and 40). More comparative experiments,
however, are required to ascertain the validity and generality of
these observations.

After this study was completed, Maryanoff et al.,'® in connec-
tion with chemical development work associated with the
synthesis of N-(1-methyl-2-pyrrolidinylidene)-N'-phenyl-4-mor-
pholinecarboximidamide (E)-butenedioate (USAN linogiiride
fumarate), a novel oral hypoglycemic agent from these labora-
tories,!! recently reported a synthesis of guanidines, viz. the
guanidine of Table 2, entry 2, which obviates the evolution of the
malodorous methanethiol.

N-Substituted Methyl Carbamimidothioate Hydroiodides; General
Procedure:

These compounds are prepared by treating a stirring suspension of the
thiourea 1 in MeOH or acetone (~1L/mol) with an appropriate
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amount of CH;l at room temperature or under reflux (Table 1). The
products are isolated by solvent removal under reduced pressure fol-
lowed either by recrystallization or by conversion to free base (Table 1,
entries 44, 51) or to an alternate salt form (entry 12), and purified. TLC
is carried out on silica gel GF 1x3-inch slides with toluene/
Et,0/MeOH/28% NH,OH (4:3:1:0.1) or toluene/Et,0/MeOH
(12:8:1) as eluting solvents.

Guanidines 4; General Procedure:

A three-necked flask, equipped with an N, inlet tube, a stirrer, and a
reflux condenser with an N exit fitting and tubing connected success-
ively to an empty backup trap, two traps containing 25% aq. NaOH
and, finally, a trap containing 5% ag. NaOCl is charged with an
appropriate amount of the methyl carbamimidothioate hydroiodide 2
and a minima} amount of -BuOH. To this mixture is added the amine 3
(~1.1-1.2mol equiv) and, when appropriate, a similar amount of
EtyN. The mixture is heated under reflux, with a slow stream of N,
passing through the liquid to entrain evolved MeSH, until the reaction
is complete. The crude granidine hyroiodide salts are obtained by
dilution with Et,O, filtration, and recrystallization. bor the free bases
or other salts of 3, the mixture is taken to dryness and the residue is
converted in CH,Cl, to its respective frec base with cold 10% aq.
NaOH. The CH,Cl, phase is dried (K,CO;) and evaporated and the
base is either recrystallized or converted to another salt and purified by
recrystallization. The reactions are monitored by TLC on Silica Gel GF
(1 % 3-inch slides) with MeOH/28% NH,OH (28%) (99:1 or 95:5)
and acetone/toluenc/acetone/28% NH,OH (5:4:2:0.75) as eluting
solvents.

4-[ Amino(4-chlorophenylimino)methyl]tetrahydro-1,4-thiazine  Hydro-
chloride (Table 2, entry 15):

In this instance, methyl N'-(4-chlorophenyl)carbamimidothioate hydro-
iodide is converted to its free base with cold 10% aq. NaOH and
extracted into CH,Cl,. The organic extract is dried (K,CO,), filtered,
and the solvent removed. The free base is taken up in -BuOH and
treated successively with tetrahydro-1,4-thiazine hydrochloride and
Et3N. The reaction is then conducted as described in Table 2.
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