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Abstract —— FEighteen N-substituted and N,N-disubstituted
N',N'"'-bis(4-methyl-2-thiazolyl)guanidines were prepared by
the reaction of N,N'-bis{i-methyl-2-thiazolyl)-S-methyliso-
thioures with amines. Their ultraviclet, infrared, TH- and
1BG-nuclear magnetic resonance and mass spectral data

supported the structures.

Our previous gtudies'~® have shown that 2-thiazolylthioureas are potentially
useful chelating agents for spectrophotometric determination of metal icns. In
the course of the studies, we found’® that the pyrolysis of HN-methyl-N'-(4~
methyl-2-thiazolyl)-S-methylisothiourea afforded N-methyl-N',N''-bis(4-methyl-2-
thiagolyl)guanidine (1}. Similarly the pyrolytic product of N-ethyl-N'-(4-
methyl—Z-thiazolyl)—Sumethylisothiourea was N-ethyl-N',N'’'-bis(4~methyl-2~
thiazolyl)guanidine (2}. For the identification of the compounds, they were
prepared separately by the reaction of N,N'-bis(4-methyl-2-thiazolyl)-S-methyl-
isothiourea with methylamine or ethylamine. Use of other mono- or di-
substituted amines in the place of methylamine or ethylamine in the reaction
gave N-mono- or N,N-disubstitued analogs of 1 and 2. This provides a means of
facile synthesis of N,N'-bis{2-thiazolyl}guanidines,

Since there are many guanidine derivatives of biclogical and medical interests,
we prepared a number of bis{4i-methyl-2-thiazolyl)guanidines by the reaction and
exanined their biological activities. This paper describes their physicoe-

chemical properties.
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EXPERIMENTAL

N,N—bis(AaMethyl—Z—thiazolyl)-S-methylisothiourea was prepared by the method of
Ledovskikh and Shapovalova.10 The amin%s used in the reaction were obtained
from commercial sources., Two reactants were mixed without solvent and heated at
120-160°¢C. Heating was kept for 3-10 min for aliphatic amines and 2-6 h for
aromatic amines. Upon cooling to room temperature, part of the products crys-
tallized out of solution. The products were purified through chromatography on
silica gel and recrystallization. Yields were in the range of 40-70 Z.

A JEOL JMS-D100 wmass spectrometer, a JEQL JNM-FX200A FT-nuclear magnetic
resonance (NMR) spectrophotometer [270 MHz]l, a Shimadzu UV-200s double-beam
spectrometer and a Hitachi EPI-G3 infrared (IR) spectrometer were used through-

out the present study.
RESULTS AND DISCUSSION

Eighteen guanidines were prepared. Compounds 1 and 2 were deseribed in the
previous paper.9 Other gixteen guanidines (3-18) have not been described in
the literature. Table 1 lists the compounds with analytical data and the ab-
gorption maxima iIn the ultravioclet (uv) region. Ir and 'H-nmr data are tabu-
lated in Table 2. 13¢_Nor and nass spectral data are summarized in Tables 3
and 4, respectively.

The '3C-Nnr spectra were measured in dimethylsulfoxide-dg (DMS0-dg). The as-

signments of the chemical shifts were confirmed by long-range selective protoﬁ

decoupling experiments. In mess spectra, all compounds showed the peak as-
signable to the molecular ion (MY}, The fragmentations characteristic of the
series of the compounds are sghown in Chart 1. The analytical results and

spectral properties shown in Tables support the proposed structures.

Biclogical activities of the compounds examined were toxicity, metabolism, phar-
macological activities on central nervous system, cardiovascular system,
gastrointestinal tract and inflammation in experimental animals and antirmicro-

bial activities. The results will be described elsewhere.
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Table 1.

ANALYTICAL AND ABSORPTION SPECTRAL DATA

Compd. mp{°C) Elementsl analysis Absorption
R solvent{recryst) Caled. maxima®’
Mol. Formula - (Found.) nm (e}
3 (CHy)oN 163 L6.95 5.37 24.89 22.79 240sh {6,800)
acetone-cyclohexane (46.93 5.36 24.58 22.91) 277sh (9,700)
CqqHy5N55; 313 (15,200)
4 (CyHg) N 144 50.46 6.19 22.63 20.72 243sh (6,310)
EtCH {(50.49 6.08 22.58 20.92) 270sh (6,100)
Cqy3H1N55, 317 (11,800)
5 (CHg)NCHyCH,NH 80 48,12 6.21 25.90 19.76 271 {11,800)
' acetone-Ho0 (48.05 6.12 25.95 19.67) 280sh(11,100)
Cq38,00g5, 318 (21,000)
6 (CyHg) o NCH,CHoNH 58 51.11 6.86 23.84 18.20 271 {14,000)
acetone-H,0 (51.10 6.82 23.88 18.49} 280s8h{13,000)
Cr5Ha, 865, 318 (25,000)
7T N 148-150 49.16 6,05 22.93 17.50 271 (11,600)
4] CHoCHoNH  acetone-H50 (49.22 6.05 22.91 17.55) 280sh{10,600)
— Cq5Hap¥08, 318 {20,500)
8 CgHgNH 123 54.69  4.59 21.26 19.47 238sh {7,900}
ELOH-Ho0 (54.51 4.44 21.14 19.55) 288sh(16,200)
Cq5Hy5N58, 324 (22,500)
9 p-F-CgH, KH 167 51.85 4.06 20.16 18.46 240 {7,300}
2-ProBE  (52.05 4.13 20.10 18.65) 300sh (47,500}
Cq 5l NsS,F 326 (21,400)
10 p-CF3-CeH,NE 175 48.35 3,55 17.62 245 (8,600)
2-ProH  (48.53 3.72 17.61) 325 17 500)
11 p-C1-CgH, NH 164 49.51 3.88 19.25 243 (9,000)
2-PrOH  (49.61 3.99 19.09) 300sh{19,400)
€qgHq4N55,C1 327  {24,200)
12 p-(CH3)5CgH3NH 147 57.11 5.36 19.59 240sh (8,500)
2-PrOH-H,0 (57.25 5.28 19.32) 280 (16,200)
Cq7H1gNs5, 32z (23,400)
13 o,m-{CHg),04H3NH 133 57.11 5,36 19,59 17.94 279 (13,900)
Et0H-H,0 (57.06 5.44 19.54 17.69) 318 (19,600)
. C17H198552 _
14 p=(CHq)=m-(N0,)- 192-193  49.47 4.15 21.63 237 (11,000)
36H3NH acetone~H,0 {49.38 4.03 21.45) 323  (20,000)
C16H16Ng0252 358 (13,000)
15  0=(CHq)=m-(N05)- 182-183  49.47 4.15 21.63 240 (11,000)
BBHBNH acetone-Ho0 (49.16 4.10 21.06} 321 (21,000)
CqgHy 6N60252 356  (16,000)
16 HsC N 197 44.55 4.03 23.98 250 (4,900)
gt acetone (44.39 4.06 23.27) 331 (20,300)
17 E::]TTUCH2CHZNH 144-146 57.55 5.08 21.19 16.17 273 (16,700)
EtOH-H,0 (57.35 5.03 21.22 16.12) 280 (16,700)
HiC H 318 (20,500)
18 -1=fjrq 201 54,65 4.82 22.31 14.59 2.8 (11,400
H.cN Ao acetone-H;0  (54.57 4.8% 22.37 14.72) 298 (20,700)
E , Coolip 08, 323 (18,600)
efls

a) Absorption spectra were measured in 2-propancl (2-PrOH).
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Table 2. TR AND 'H-NMR DATA
Gompd.  IRv g, (KBr)®) VH-NMR(CDG1,, room temp.)P)
thiazole other signals
1700-1400 cm™! 4=CH4 5-H
3 1594s 14808 2.31 6.36 2.97(s,6H, {CHq)N)
1545vs 1448s d,3Hx2 d,1Hx2
14058 (I=1.0Hz) (J=1.0Hz)
4 16108 14758 2.33 6.35 1.18(t,6H,3=7,3Hz,C0H3x2)
1580vs 1400s d, 3Hx2 d,1Hx2 3. 40(q,4H J=7.0Hz,CH5x2)
15048 (J=1.0Hz} (J=1.0Hz)
5 1630s 1530m 2.29 6.22 2.29{6H, (CH,) 5N}
15608 1510m 61 6.33 2.56{2K,CH, ?
1445vs 1Hx2 3.53{2H,CH
6 1635vs 1440vs 2.28 6.25 1.07,1. 18{%H CH2)3N
1575vs 14308 3Hx2 6.35 2. 7(6H CH
1480w 1405vs 1Hx2 3.54,3. A1%2H CHoNH)
1455m
7 1625vs 1442vs 2.29 6.20-6.35 2.34=4.06(m,12H,CH,x6)
1565vs 1428vs 3Hx2 1Hx2
1525vs
8 16508 1492s 2.33 6.38 7.25-7.71(m,5H,CgHz)
16328 14508 3INxz2 1Hx2
15958 1430s
15708
9 1659vs 15038 2.33 6.31 7.25-7.65(m,4H,CgH, )}
1638vs 14508 3Hx2 6.39
1610m 14108 1Hx2
1589vs
10 1660vs 15328 2.34 6.35 7.23-7.84{m,LH,CeH,)
1640vs 15008 2.37 6.40
1614vs 1445vs 3Hx2 1Hx2
15728 )
11 1655vs 1,888 2.34 6.33 7.30—7.66(m,4H,06H4)
1635vs 14458 3Hx2 6.39
15908 14008 1HEx2
15658
12 1630vs 15008 2.28 6.36 2.28{CHqx2}
1596s 1470s 61 1Hx2 7.10-17. ZO(BH CgH3)
1548vs 1450vs
13 1640vs 1525m 2.25 6.37 2.33{CHyx2)
1620vs 1460vs 2.28 1Hx2 7.17(3H7CgH4)
1575vs 6H
14 1634vs 1490m 2.34 6.35 2.56(s,3H,CH
1614 1460m 3Hx2 6.41 7.26,7.80,8. 20(3H CeHa)
1545m 1420vs 1Hx2
1525vs
15 1650vs 1558y 2.34 6.35 2.52{s,3H,CH3)
1618s 1510vs 3Hx2 6.42 7.5A.7.57,8.a5(3H,06H3)
1584 ve 1455vs 1Bx2
16 1630m 1481m 2.38 6.34
1591vs 14628 5,3Hx3 1Hx3
15378 1451w
1521m 1420vs
17 1662vs 15258 2.96 6.20 3.12(t,2H,CH, )
15658 14408 2.29 6.42 3.83(t,2H,CHy)
3Hx2 1Hx2 7.0-8. O(m 5Hyaromatic H)
18 1635vs 1488vs 2.32 6.39 2. 36(s,3H 0H3)
15988 14328 3Hx2 1Hx2 3 (s 3H,CH
1560m 14026 7.26-7.45(m, §H Cels)
a) vaj very strong: s; strong: m; medium: w; weak.

b) Chemical shifts are given in éwvalues(ppm) downfield from tetramethylsilane
(TM8) as an internal standard. s; singlet: d; doublet: t; triplet: q; quartet:

m; multiplet.
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Table 3. 13¢-NMR DATA®)

Compd.

Thiazole Moiety N-C(=N}NH

2=C 4=C 5-C

Other signals

[C I S R XY

11

12

14

12

16
17

18

167.13 144,82 105.22{d) 152.12

167.23 144.55 105.09(d) 151.47
166,12 144.62  104.85(d) 155.54
166,03 143.46  103.76(d) 156.16
166.70  145.37  105.32(d) 151.25

166,62 145.83 103.41(d) 151.05
166.79 145.17 105.44(4) 151.17

168.36 141,73 104.94(d) 151.36

168.40 141.65 104.96(a) 151.52

168.49 141.30 105.04(d) 151.52

168.09 142.08 104.96(d}) 151.25

168.53 147 041 105.24(d} 151.43

169.24 T41.42 105.24{d} 151.56

106.55{d) 149.50
104.96{d) 151.43

165,45 143.63
167.16 144 .64

165 145.52(b} 106.41(d) 149.27

27.97(q,CH,)
15.16{q,CH;) 35.80(%,CHy)
38.57(q,CH;)
13.21(q,CHy) 42.40(%,CHy)

39.73(t,CHy) 44.80(q,CHy)
58.79(t,GH2)

11.47(q,0E4) 39.46(%,CHy)
46.77(t,CH;) 53.22(%,CH3)

38.68(t,CH;) 53.33(t,CHy)
58.04(t,CH;) 66.05(%,CH5)

121.59, 122.99, 128.71,
139.26 (CgHy)

115.21, 123.55, 135.58,
144.62, 156.73, 160.28

(CoH F)

122.82, 126.73, 128.51,
138.36  (CgH,C1)

18.54(q,CHq) 19.37(q,CHg)
119.71, 123.38, 129.75,
131.32, 136.50 (CgHy)

18.43(q,CHy)
116,13, 125.62, 132.64,
138.51, 149.50 (CgHs)

13.56(q,CHy)
118.40, 123.&6, 126.51,
127,83, 141.72 (CgHy)

25.39(t,CH5) 41 74{t,CHy)
111.36, 11%.48, 118.30,
120.94, 123 oo, 127,28,
136.62 (aromatic C)

10.35(q,0H3) 35.57 q,GH3)
124.73, 12; 09, 129.09
134.65, 148,88 (CgHe)
160.83(C=0)

a) The nmr spectra were measured in dimethylsulfoxide-d

at 80°C. Chemical

shifts are given in §-values(ppm)} downfield from tetraméthylsilane (TMS) as an
internal standard. d; doublet: t; triplet: g; quartet: b; broad.
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Table 4. MASS SPECTRAL DATA

Gompd. Main fragment peaks m/z (rel.int; %)
3 281(68,M%), 248(40), 237(24,M = (CH3) M), 168(100,M7-113), 153(53),
14,0033}, 114(23)
4 309(68,M%), 276(19), 237(33,M%-(Cyllg)N), 196(69,M7-113), 168(34),
140(100), 114(46)
5 324(16,M l 266(31,MY—(CH4 ) ,NCH, ), 254(97), 253(97),
23701 oo M (cﬂj}chﬂchZNﬂ), 8(92), 114(52)
6 352(3,M )4 266(16,M - (C,H: ) NCH,), 254(24), 253(22),
237(100,M7-(CoH )2NCH20ﬁ ﬁH? 20(12), 114(7), 99(94, (CyHg) pNCH,CH) ,
86(100, (CyHg) zné
7 366(7*M+), 267(47), 266(27,M"-(C,H NO)CH ), 254(86), 253(86,M*-113),
237(M"-(C,HgNO)CHyCHNH), 140( 53 B114048)) Ti3(7s)
8 229(71,M%y, 237(19 Mt_c HsNH), 217(37), 216(100,M7-113), 215(35),
189019}, 140(%), 139(14? 114(32)
9 347(37,M%), 237(11,M"=C¢H, FNH), 234(100,M7=113), 207(7), 173(5),
162(3}, 140(2), 114(32)
10 397(37,M ¥, 280(100,M%-113), 257(8), 237{8,M"-CF3CeH, NH), 212(4),
145(6), 140(3), 114(20)
1 363(34,M"), 252(36), 250(100,4"-113), 237(13,M"-C1CH,NH), 223(5)},
188(7), 140(3), 114(17)
12 357(35,M7), 244(100,M"-113), 237(8,M* -(CH3) CgHgNH), 217(3), 178(5)
140(2), 1210113}, 114(5)
13 357%2 ;M Y, 2440100,M%-113), 237(5,M7- (CHy)5CgH4NH), 217(3), 140(3),
114 (1
14 388(30,M%Y, 275(100,MY-113), 245(11), 237(14,M*-(0H3)(N02)06H3NH),
149(28), 140(6}, 114(40)
15 388(35,M%}, 275(100,M*-113), 237(11,M+-(CH3)(N02)C653NH), 229(13),
149(12), 140(6), 114(48)
16 350(58,M%), 317(34), 237(100,M%-113), 140(14), 114(37)
17 396(32,M%), 282(8), 254(92), 237(100,M"=(CoHgN)CHACH NH), 149(52),
143(57), 140(50), 130(32), 115(48), 114(37§
18 439(79.,1“1 , 326{64,M"-113), 320(33), 319(32),

237(100,M*- (C11H11N20)NH), 203{18), 141(81), 140(58), 114(43)
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