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Abstract

The reaction of bis(1,3,4-thiadiazolo)-1,3,5-triazinium halides
with primary aromatic amines in CHCl3/Et3N
yields new highly substituted aromatic guanidines (up to 90% yield).
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16.6, 21.2, 31.3, 34.4, 72.0, 122.1, 125.5, 126.4, 129.4, 136.3,
137.8, 138.6, 147.4, 147.8, 149.2, 158.7, 173.0. MS (DCI/H2O): m/z (%) = 465(100) [C24H29N6S2]+.
Anal. Calcd for C24H28N6S2 (464.65):
C, 62.04; H, 6.07; N, 18.09; S, 13.80. Found: C, 61.98; H, 6.47; N,
18.40; S, 13.93.

            
5-Methyl-2-(4-methylphenyl)-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -(4-methoxyphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6e): Recrystallized from EtOAc. 1H
NMR (250 MHz, CDCl3): δ = 2.10
(s, 3 H, CH3), 2.32 (s, 3 H, CH3), 2.54 (s,
3 H, CH3), 3.81 (s, 3 H, OCH3), 6.78-7.00 (AA′/XX′,
4 H, CHph), 7.11 (s, 1 H, 2-CH), 7.15-7.26 (AA′/XX′,
4 H, CH), 10.08 (br s, 1 H, NH). 13C
NMR (62.9 MHz, CDCl3): δ = 16.5,
17.0, 21.5, 55.8, 72.4, 114.2, 124.9, 126.9, 129.7, 132.5, 138.3,
139.0, 147.9, 150.0, 157.1, 159.1, 173.7. MS (DCI/H2O): m/z (%) = 439
(439) [C21H23N6OS2]+.
Anal. Calcd for C21H22N6OS2 (438.56):
C, 57.51; H, 5.06; N, 19.16; O, 3.65; S, 14.12. Found: C, 57.47; H,
5.31; N, 19.10; S, 14.24.

            
5-Methyl-2-(4-methylphenyl)-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -(2-methoxyphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6f): Recrystallized from EtOAc. 1H
NMR (250 MHz, CDCl3): δ = 2.12
(s, 3 H, CH3), 2.38 (s, 3 H, CH3), 2.53 (s,
3 H, CH3), 3.88 (s, 3 H, OCH3), 6.76-7.29 (m,
8 H, CHph, 1 H, 2-CH), 9.71 (br s, 1 H, NH). 13C
NMR (62.9 MHz, CDCl3): δ = 16.1,
16.5, 21.5, 56.1, 72.2, 110.9, 120.6, 122.9, 125.0, 126.7, 128.5,
129.7, 138.3, 138.9, 148.3, 149.2, 151.2, 159.2, 172.8. MS (DCI/H2O): m/z (%) = 439
(100) [C21H23N6OS2]+.
Anal. Calcd for C21H22N6OS2 (438.56):
C, 57.51; H, 5.06; N, 19.16; S, 14.12. Found: C, 56.91; H, 5.32;
N, 18.67; S, 14.04.

            
2-Butyl-5-methyl-2-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -phenyl-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6g): Purified by column chromatography. 1H
NMR (250 MHz, CDCl3): δ = 0.91
(t, 3 H, CH3), 1.21-1.40 (m, 4 H, CH2),
1.89-2.21 (m, 2 H, CH2), 2.06 (s, 3 H, CH3),
2.57 (s, 3 H, CH3), 6.18-6.22 (t, 1 H, 2-CH),
7.02-7.29 (m, 5 H, CHph), 9.86 (s, 1 H, NH). 13C
NMR (62.9 MHz, CDCl3): δ = 14.3,
16.5, 17.2, 22.4, 27.1, 36.7, 71.7, 122.6, 124.7, 129.0, 139.5,
149.5, 150.1, 159.1, 173.4. MS (DCI/H2O): m/z (%) = 375
(100) [C17H23N6S2]+.
Anal. Calcd for C17H22N6S2 (374.52):
C, 54.52; H, 5.92; N, 22.44; S, 17.12. Found: C, 54.59; H, 6.31;
N 22.60; S, 16.75.

            
2-Butyl-5-methyl-2-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -(2-hydroxyphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6h): Purified by column chromatography. 1H
NMR (250 MHz, CDCl3): δ = 0.91
(t, 3 H, CH3), 1.28-1.40 (m, 4 H, CH2),
2.07-2.21 (m, 2 H, CH2), 2.16 (s, 3 H, CH3),
2.56 (s, 3 H, CH3), 6.75-6.81 (t, 1 H, 2-CH),
6.93-7.07 (m, 4 H, CHph), 6.17 (s, 1 H, NH), 8.94 (s,
1 H, OH). 13C NMR (62.9 MHz, CDCl3): δ = 14.1,
16.5, 17.1, 22.7, 26.9, 36.4, 71.3, 117.6, 120.3, 125.3, 126.9,
127.5, 150.8, 151.2, 151.3, 159.6, 172.7. MS (DCI/H2O): m/z (%) = 391(100) [C17H23N6OS2]+.
Anal. Calcd for C17H22N6OS2 (390.52):
C, 52.29; H, 5.68; N, 21.52; O, 4.10; S, 16.42. Found: C, 51.76;
H, 5.88; N, 21.53; S, 16.29.

            
5-Methyl-2-naphthyl-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -phenyl-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6i): Purified by column chromatography. 1H
NMR (250 MHz, CDCl3): δ = 2.10 
(s,
3 H, CH3), 2.44 (s, 3 H, CH3), 7.09-7.95
(m, 12 H, CHph;naphthyl), 7.95 (s, 1 H, 2-CH), 10.03
(s, 1 H, NH). 13C NMR (62.9 MHz, CDCl3): δ = 16.4,
17.1, 69.8, 123.0, 123.1, 124.2, 124.8, 125.9, 126.3, 126.9, 129.0,
129.5, 129.6, 129.8, 134.4, 136.1, 139.5, 149.3, 149.8, 159.4, 173.3.
MS (DCI/H2O): m/z (%) = 445
(100) [C23H21N6S2]+. Anal.
Calcd for C23H20N6S2 (444.57):
C, 62.14; H, 4.53; N, 18.90; S, 14.42. Found: C, 61.90; H, 4.60;
N, 19.25; S, 14.32.

            
5-Methyl-2-naphthyl-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -(4-
            t
            -butylphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6j): Purified by column chromatography. 1H
NMR (250 MHz, CDCl3): δ = 1.33
(s, 9 H, CH3), 2.09 (s, 3 H, CH3), 2.42 (s,
3 H, CH3), 7.08-7.29 (AA′/XX′,
4 H, CHph), 7.48-7.93 (m, 7 H, CHnaphthyl),
7.91 (s, 1 H, 2-CH), 9.98 (s, 1 H, NH). 13C
NMR (62.9 MHz, CDCl3): δ = 16.2,
17.0, 31.8, 34.8, 69.7, 122.4, 122.7, 123.5, 125.5, 125.6, 125.9,
126.3, 126.8, 129.1, 129.2, 134.4, 136.1, 136.6, 147.9, 149.5, 149.8,
159.7, 173.2. MS (DCI/H2O): m/z (%) = 501
(100) [C27H29N6S2]+.
Anal. Calcd for  C27H28N6S2 (500.67):
C, 64.77; H, 5.64; N, 16.79; S, 12.81. Found: C, 64.53; H, 6.14;
N, 16.51; S, 12.39.

            
5-Methyl-2-naphthyl-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -(4-methoxyphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6k): Recrystallized from EtOH. 1H NMR
(250 MHz, CDCl3): δ = 2.10
(s, 3 H, CH3), 2.44 (s, 3 H, CH3), 3.83 (s,
3 H, OCH3), 6.81-7.08 (AA′/XX′,
4 H, CHph), 7.48-7.93 (m, 7 H, CHnaphthyl),
7.89 (s, 1 H, 2-CH). 13C NMR (62.9
MHz, CDCl3): δ = 16.3,
17.1, 55.9, 69.8, 114.2, 123.1, 124.2, 125.2, 126.0, 126.3, 126.8,
129.4, 129.5, 129.6, 132.4, 134.4, 136.3, 149.3, 150.0, 157.3, 159.2,
173.5. MS (DCI/H2O): m/z (%) = 475
(100) [C24H23N6OS2]+.
Anal. Calcd for C24H22N6OS2 (474.57):
C, 60.74; H, 4.67; N, 17.71; O, 3.37; S, 13.51. Found: C, 60.57; H,
4.87; N, 17.90; S, 13.20.

            
5-Methyl-2-naphthyl-
            N
            ′-(5-methyl-1,3,4-thiadiazol-2-yl)-
            N
            -(2-hydroxyphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6l): Recrystallized from EtOAc. 1H NMR
(250 MHz, CDCl3): δ = 2.14
(s, 3 H, CH3), 2.28 (s, 3 H, CH3), 6.79-7.08
(m, 4 H, CHph), 7.49 (s, 1 H, NH), 7.38-7.83
(m, 7 H, CHnaphthyl), 7.95 (s, 1 H, 2-CH), 9.13 (s, 1
H, OH). 13C NMR (62.9 MHz, CDCl3): δ = 16.2,
16.9, 69.1, 118.4, 120.4, 122.7, 123.7, 125.7, 126.1, 126.3, 126.9, 127.0,
128.0, 129.4, 129.9, 134.3, 2 × 135.3,
150.4, 150.6, 151.7, 160.0, 171.5. MS (DCI/H2O): m/z (%) = 461(94) [C23H21N6OS2]+.
Anal. Calcd for C17H22N6OS2 (460.57):
C, 59.98; H, 4.38; N, 18.25; O, 3.47; S, 13.92. Found: C, 59.57; H,
4.70; N, 18.09; S, 13.71.

            
5-
            t
            -Butyl-2-(2-hydroxyphenyl-
            N
            ′-(5-
            t
            -butyl-1,3,4-thiadiazol-2-yl)-
            N
            -(4-
            t
            -butylphenyl)-1,3,4-thiadiazole-3(2
            H
            )-carboximidamide (6m): Recrystallized from Et2O. 1H
NMR (250 MHz, CDCl3): δ = 0.99
(s, 9 H, CH3), 1.28 (s, 9 H, CH3), 1.42 (s,
9 H, CH3), 6.84-7.41 (m, 9 H, CHph,
2-CH), 11.0 (s, br, 1 H, OH), 11.16 (br s, 1 H, NH). 13C
NMR (62.9 MHz, CDCl3): δ = 28.8,
31.1, 31.7, 34.8, 36.6, 36.7, 66.4, 119.5, 121.3, 123.8, 125.7,
126.4, 129.4, 131.3, 137.0, 148.4, 150.8, 154.9, 163.8, 172.4, 174.3.
MS (DCI/H2O): 
              m/z (%) = 551(20) [C29H39N6OS2]+.
Anal. Calcd for C29H38N6OS2 (550.78):
C, 63.24; H, 6.95; N, 15.26; S, 11.64. Found: C, 63.03; H, 7.43;
N, 15.37; S, 11.43.

            
General Procedure
for the Formation of 2-(Het)arylamino-5-methyl-1,3,4-thiadiazoles
7: The suspension of 1 (5 mmol) and
amine 2 (10.1 mmol) in pyridine (60 mL)
was stirred at r.t. for 24-60 h.
   [11a]
  The reaction
mixture, changing to a nearly clear solution, was concentrated to
dryness in vacuo. The solid residue was washed off with water and
recrystallized as described in the literature.
   [14]
 
            
   [16]
  The novel compound 7e was purified by column chromatography
and fractional crystallization from CHCl3/EtOAc
to prepare crystalline material suitable for X-ray investigation.

            
N
            -(5-methyl-1,3,4-thiadiazol-2-yl)pyridin-2-amine (7e): Purified by column chromatography
and crystallized from EtOAc. 1H NMR (250 MHz,
DMSO-d
            6): δ = 2.56
(s, 3 H, CH3), 6.94 (t, 1 H, pyridine-5 H), 7.05 (d,
1 H, pyridine-3 H), 7.68 (dd, 1 H, pyridine-4 H), 8.24 (d, 1 H,
pyridine-6 H), 11.44 (s, 1 H, NH). 13C
NMR (62.9 MHz, DMSO-d
            6): δ = 14.6
(CH3), 111.0 (pyridine-5C), 116.5 (pyridine-4C), 138.3
(pyridine-3C), 146.5 (pyridine-6C), 150.9 (pyridine-2C), 156.9 (thiadiazole-5C),
159.9 (thiadiazole-2C). MS (DEI): m/z (%) = 192(100) [ C8H8N4S]+.
Anal. Calcd for C8H8N4S (192.2):
C, 49.98; H, 4.19; N, 29.14; S, 16.68. Found: C, 50.22; H, 4.18;
N, 28.83; S, 16.47.
[bookmark: RG11503ST-20]20  CCDC 210984 and 210985 contains the
supplementary crystallographic data for this paper. These data can
be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: +44(1223)336033; or deposit@ccdc.cam.ac.uk).
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