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Synthesis of Thioamidoguanidine Derivatives under
Solvent-Free Grinding Conditions

Liu, Tianbao™ Peng, Yanfen Wang, Yajie Yong, Jiayuan Wang, Xin
(Department of Chemical and Material Engineering, Chizhou University, Chizhou 247000)

Abstract The in situ generated aryl-alkyl unsymmetrical thioureas were prepared by the reaction of aryl isothiocyanate with
cyclic aliphatic secondary amine. Then, the thioamidoguanidino derivatives instead of the expected Hugerschoff product
2-aminobenzothiazole were obtained from unsymmetrical thioureas using iodosobenzene diacetate and Et;N under solvent-free
grinding conditions. The advantages of this procedure are simple operation, mild reaction conditions, and solvent-free. The
products were identified by IR, HRMS, "H NMR and *C NMR. The reported method is an efficient approach for the synthesis

of thioamidoguanidine derivatives.

Keywords solvent-free; thioamidoguanidine; iodosobenzene diacetate; aryl isothiocyanate
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2-% FE IR I MEME (hugerschoff F=47), &S 2] T AR
M (anti-hugerschoff f=47). At A1 Tk — 2 O BHF 58
B, FRLO s ) CuBn M AL AT DAAS B[
FEEE R, X B T7 R B A ) G i 2 IR . L 2
CuBr, #i 0 M EEIE 54, HAHEAIEANZS 5.
Rk, FF R —FE 771k E AR IR &4
BRI EE, R (BD)E N —Ff ELELR A
BRI RBE A AR, EA HLA R R 52 6
T, RN H T ARG RN &, JR WARIE.
e, FRATHRE 7 — i DL R MR D i 4057, AR R
A 590 AT T A R AR IR AL & P ) T v
(Scheme 1).
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Scheme 1 A grinding-induced solvent-free preparation of thi-
oamidoguanidine
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BT IBD & —Fh i REMR R IIR A kAR ix —
A, FRATUOR I R iR ER (1)« WRIE (2a) AT AG UK},
BEREA 3a AT AR E BT T =N, PA
FBNCFA =Y 2-WRIE HE IR TF e, 5, DLPY Sk
(THF) A5, 1BD A 1.0 equiv., fEREIRZMFT,
SV 30 min Ji5, I SRR, R AR RAFAEVEZ B
Y, MATERATHE M B (ER 1, Entry 1), FREAHEH
RS m A FEUR RS TR, N, iR R ER
F29 C), TILERIFARMBLHGE 1, Entry 2); &
130K IBD FHERKEZE 0.5 equiv., FEYIHILEIZ (K 1,
Entry 3). #F—5%{¥% CH,Cl,~ CHCl;. CCly. C,H;OH
SR NER, AR R S NSRS R |1,
Entries 4~7). B, FRATIA IR BLIASE & 7L 7
AT

¥ 1a A 2a BT HIGHHET, AERER, BT
TR EE B, IBD FIEAN 1.0 equiv., FE¥IIUE N
21%(# 1, Entry 8). @I 5. HRMS PASAZ 1 B 1)
GERRE IR BN HUAR =Y, 2R3 7 amAE T
AT A ——N-KIE-N-[(E)-(CRIE T2 ) (WRIE - 1-55)
FE IR e - 1-BRAR e % (d4a). 3E— 203612 5 0L 1) 4% A 3R AT
ik, KIFFKIBD A&, ZRMNRSB R EGEE
1, Entry 9). 18 E80Z RSN R I, 76 B 1 2
A BRRR AL, I S 2R AT K,CO, 51 AF
AR, SR P m A E AR, 0 31%~
56%(F 1, Entries 10~13); fEHI%4 Na,CO; J&, 45 R A
ZAKGER 1, Entry 14). FATN I E AT AT BETE WA
F R ARRAR G o Hl,  DABUR B e B b I AT A2 s 1) T
g, I -FE =PSRN S D, RA LR G2
RNARZ, KR NWCEARNR K SEGR 1, Entries
15~18), H, EuN TENIIRR BT, &fa, B8 T
BN IBD 2 J B s i g R itisem, Ml 29~

solvent-free grinding
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35 CH, FEMICEAZAR KGR 1, Entries 19~21),
FE ALK T = U e A 4 B 2, KT 24 CH
SN AR A2 (% 1, Entries 22~25), NIHBRATIE M R
PEEN 29 C. gE bR, WWGE E R BN 1a
(1.52 mmol), 2a (1.52 mmol), IBD (0.5 equiv.), Et;N (1.0
equiv.), IR 29 C.

F1 N-EIEN[(E)-GFRIE T EIE)(WRIE-1-38) FF L IR 0E- 1-553
ARBE i (4a) & AR RIHRAL P

Table 1 Optimization of reaction conditions on the synthesis of
N-phenyl-N-[(E)-(phenylimino)(piperidin-1-yl)methyl]piperidine-

1-carbothioamide (4a)
N H
N N I\O
NCS + Q — e
S
1a 2a 3a

o

IBD, EtzN, 29 C

solvent-free grinding

Entry IBD/equiv. Base/equiv. Solvent Temp./C Yield/%
1 1.0 None THF 64 IR
2 1.0 None THF 29 PSR
3 0.5  None THF 29 PEMIEIR
4 0.5 None CH,Cl, 29 FEYIE I
5 0.5 None CHCl;4 29 FEUIE AR
6 0.5 None CCl, 29 FEUIE AR
7 0.5 None C,H:OH 29 =¥k
8 1.0 None None 29 21
9 0.5 None None 29 30
10 0.5 K,CO; (0.5)  None 29 43
11 0.5 K,COs (0.75) None 29 56
12 0.45 K,CO; (0.68) None 29 48
13 0.3 K,COs (0.45) None 29 31
14 0.5 Na,COs (0.75) None 29 46
15 0.5 Et;N (0.75) None 29 66
16 0.5 Et;N (1.0) None 29 87
17 0.5 ERE (1.0) None 29 60
18 0.5 K (1.0) None 29 74
19 0.5 Et;N (1.0) None 31 84

20 0.5 Et;N (1.0) None 34 86
21 0.5 Et;N (1.0) None 35 82
22 0.5 Et;N (1.0) None 28 50
23 0.5 Et;N (1.0) None 24 0
24 0.5 Et;N (1.0) None 15 0
25 0.5 Et;N (1.0) None 13 0

© 2018 Chinese Chemical Society & SIOC, CAS

¢ [ B Gt (Entries 1~7): ZKE: R EL(1a) (1.52 mmol), NRIE(2a) (1.52
mmol), ¥ 72 mL)F1 IBD 7E B KBS mL)H B, )2 G (TLC)FRER
SR, PR A (Bntries 8~25): 3R FERRE(1a) (1.52 mmol), WRIE
(2a) (1.52 mmol), IBD FWRE 2 U i8S, TLC BRER SN © 43 847 4.
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Table 2 Synthesis of thioamidoguanidine 4
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Scheme 2 A plausible mechanism for the formation of thioamidoguanidine
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3 SEES

31 X5

'H NMR #1 *C NMR */ AVANCE III HD 500
MHz %048 030G 8 (W AR 8 TMS), %774 CDCls;
HRMS KA Q-Exactive B AH t 1% — 5123 ¥ o 1 5 FH AX
(B 7V ESHIISE; IR F Nicolet iS10 HUf# 37 - A5 #4741
FEREACIN 78 (KBr i F7); 44 mK H XT-4 B0 H A%
D58 A CIRLFE AR AR I ) 5E . SE 56 BT 25 iRk 725 i
BB 4k 7).
3.2 kA 4a~4 AR

EER T, #4055 R ERRIE(1.52 mmol) MIFRIRNE
G AT Z(1.52 mmol) I A\ BIFSEGH R R BE 5 min, F
# IBD (0.76 mmol) = ZJi%(1.52 mmol)f& 0\ Ef 4k
W, B = SRR 350 B AR TR A AL RO
AR, P BS 5 MR O A A8 ik B by R, 4k ek
TEZE THEE 30~45 min, MNEEHR(TLC &S, H
LR BE(10 mL)¥ R, AHLAHHZK(10 mL X 3)Beik)E,
KRB T4, R JEW4d, MY L2 Clafa
THEEIEATAE ZE 8T, >S54l 4a~41.

N-ZRFE-N-[(E)-(ZR 5= W2 58 ) (DR WE - 1 -8 ) H 2 10k
WE-1-BiACEEZ (4a): HEFEER, P23 87%. mp. 186~
188 C (Lit.”) m.p. 186~188 C); '"H NMR (500 MHz,
CDCly) 6: 7.31 (br s, 2H), 7.17 (t, J=7.50 Hz, 2H), 7.09 (t,
J=17.50 Hz, 1H), 7.04 (d, J=5.00 Hz, 3H), 6.91 (t, J=
7.50 Hz, 2H), 2.81~3.92 (m, 8H), 0.86~1.45 (m, 12H);
3C NMR (125 MHz, CDCl;) d: 185.1, 150.0, 149.7, 143.8,
129.2, 128.4, 124.1, 122.3, 122.1, 51.5, 47.5, 24.9, 24.6,
24.5, 23.7; IR (KBr) v: 2979, 2940, 2855, 1630, 1591,
1483, 1454, 1421, 1273, 763, 751, 695 cm™'; HRMS (ESI)
calcd for Co4H3N4S [M—l—H]+ 407.2269, found 407.2252.

N-[(E)- " Wbk I (% 5 IV 5 2k ) F i ]- V-2 5 N -4
AR (4b): AR, 3 81%. m.p. 162~164 C
(Lit."" m.p. 163~165 °C); '"H NMR (500 MHz, CDCl;) ¢:
7.29~7.38 (m, 2H), 7.21 (t, J=7.50 Hz, 2H), 7.14 (t, J=
7.50 Hz, 1H), 7.03 (d, J=5.00 Hz, 3H), 6.98 (t, J=7.50
Hz, 1H), 6.80 (br s, 1H), 2.95~3.82 (m, 16H); *C NMR

972 http://sioc-journal.cn/
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(125 MHz, CDCly) §: 185.1, 149.3, 149.2, 142.8, 129.7,
128.7, 124.7, 123.3, 122.7, 122.0, 66.1, 65.4, 50.6, 46.7; IR
(KBr) v: 2968, 2888, 2865, 1652, 1584, 1483, 1420, 1279,
757, 745, 695 cm '; HRMS (ESI) caled for C,,H»7N40,S
[M+H]" 411.1854, found 411.1840.

N-[(E)-Tr A P I I (% 25 TP 2 38 ) Y 26 - V- 5 i AR
N pR-4-B AR e (4e): I EEA, 773 82%. m.p. 189~
191 C (Lit m.p. 188~190 C); '"H NMR (500 MHz,
CDCly) 0: 7.33~7.41 (m, 2H), 7.23 (t, J=7.50 Hz, 2H),
7.16 (t, J=7.50 Hz, 1H), 6.97~7.02 (m, 4H), 6.82 (br s,
1H), 2.04~3.63 (m, 16H); °C NMR (125 MHz, CDCl;) ¢:
186.3, 149.3, 149.1, 143.2, 129.7, 128.8, 125.0, 123.0,
122.7, 122.0, 52.9, 48.9, 26.5, 26.4; IR (KBr) v: 2957,
2906, 2861, 1630, 1584, 1488, 1471, 1421, 1273, 763, 751,
695 c¢cm '; HRMS (ESI) caled for CpH,;N,S; [M+H]"
443.1398, found 443.1386.

N,4-Z R B -N-[(E)-(RHE W20 ) (4- R FL IR IR - 1 -
J) F L VIR R - 1-FRAR BEZ (4d): A E K, 77 % 62%.
m.p. 202~204 C (Lit.” m.p. 200~201 C); 'H NMR
(500 MHz, CDCLy) 6: 7.21~7.34 (m, 8H), 7.06~7.11 (m,
4H), 6.95 (t, J=5.00 Hz, 1H), 6.84 (d, J=5.00 Hz, 5H),
6.70 (d, J=10.00 Hz, 2H), 2.75~3.67 (m, 16H); *C NMR
(125 MHz, CDCLy) ¢: 185.3, 151.1, 150.2, 149.4, 149.3,
143.1, 129.6, 129.2, 129.1, 128.7, 124.7, 122.8, 122.2,
120.2, 119.9, 116.2, 116.0, 49.9, 48.5, 47.8, 46.2; IR (KBr)
v: 2905, 2855, 2815, 1636, 1591, 1471, 1409, 1234, 757,
689 cm'; HRMS (ESI) caled for CyHsNgS [M+H]"
561.2800, found 561.2789.

N-ZRFE-N-[(E)-( 7 J I 2 5 ) (ML s Joe- 1 -6 ) Y ikt
ngbe-1-BiARBE i (de): ETEL[EA, 722 70%. m.p. 154~
156 C (Lit.! m.p. 153~155 "C); '"H NMR (500 MHz,
CDCly) 6: 7.33 (t, J=7.50 Hz, 1H), 7.23~7.27 (m, 1H),
7.14~7.17 (m, 2H), 7.03~7.09 (m, 3H), 6.99 (d, J=5.00
Hz, 1H), 6.90 (t, J=7.50 Hz, 1H), 6.82 (d, J=5.00 Hz,
1H), 3.50~3.90 (m, 4H), 1.18~2.48 (m, 12H); *C NMR
(125 MHz, CDCl;) §: 181.0, 150.0, 147.6, 141.8, 129.7,
129.2, 128.3, 123.7, 123.1, 122.0, 120.9, 53.6, 51.8, 48.4,
26.1, 24.2; IR (KBr) v: 2968, 2928, 2866, 1630, 1591,
1494, 1443, 1290, 763, 695 cm™'; HRMS (ESI) calcd for
CH»7N,S [M+H]" 379.1956, found 379.1940.

N-[(E)-(hF 2% 256 WP 22 58 ) (P Ik 256 ) FR 26 1- V- %) F
B 0k -4- T AR BE B (af): A BB AR, P2 80%. mup.
138~139 C (Lit.”" m.p. 140~141 C); '"H NMR (500
MHz, CDCl;) 6: 7.15 (br s, 2H), 7.00 (d, J=10.00 Hz,
2H), 6.92 (d, J=5.00 Hz, 3H), 6.67 (br s, 1H), 2.89~3.57

Chin. J. Org. Chem. 2018, 38, 969~974
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(m, 16H), 2.33 (s, 3H), 2.25 (s, 3H); °C NMR (125 MHz,
CDCly) d: 185.3, 149.4, 146.7, 140.3, 134.4, 131.8, 130.2,
129.2, 121.8, 66.2, 65.4, 50.6, 46.7, 20.8, 20.7; IR (KBr) v:
3030, 2962, 2912, 2855, 1630, 1608, 1477, 1432, 1296,
825, 813 cmfl; HRMS (ESI) caled for C,4H3N40,S [M+
H]" 439.2167, found 439.2152.

N-[(E)-ORF I 2R 28 7. 22 22 ) (i A ) b ) FE ik ]- V-0
F 2R B AR M pk-4- B AR I (4g): A LA, P23 77%.
m.p. 160~162 C (Lit" m.p. 161~162 C); 'H NMR
(500 MHz, CDCl;) 0: 7.19 (br s, 1H), 7.12 (br s, 1H), 7.02
(d, J=5.00 Hz, 2H), 6.90 (d, J=10.00 Hz, 3H), 6.69 (br s,
1H), 2.38~4.13 (m, 13H), 2.33 (s, 3H), 2.26 (s, 3H),
2.04~2.21 (m, 3H); “C NMR (125 MHz, CDCl;) o:
186.4, 149.6, 146.6, 140.7, 134.8, 131.9, 130.2, 129.2,
121.8, 52.9, 48.8, 26.6, 26.4, 20.9, 20.8; IR (KBr) v: 3019,
2951, 2911, 2855, 1636, 1602, 1506, 1471, 1425, 1278,
831, 820 cm™'; HRMS (ESI) calcd for Cp4H;3N,S; [M—+
H]" 471.1711, found 471.1691.

N-X B B -N-[(E)- (6 B R 2 WP 0 58 ) (1- K SRR
B -4- 38 ) i 3 ]-4- 2R SR IR R - 1 - B AR DR % (4h): 1 0 ] 4,
FAER 72%. mp. 213~214 C (Lit" m.p. 215~216 C);
'H NMR (500 MHz, CDCly) d: 7.06~7.22 (m, 6H),
6.94~7.00 (m, 5H), 6.82~6.90 (m, 5H), 6.71 (d, J=5.00
Hz, 2H), 2.75~3.99 (m, 16H), 2.30 (s, 3H), 2.17 (s, 3H);
C NMR (125 MHz, CDCl;) d: 185.2, 151.2, 150.3, 149.5,
146.8, 140.6, 134.4, 131.8, 129.3, 129.2, 129.1, 123.5,
122.0, 120.1, 119.8, 116.1, 115.9, 49.9, 48.5, 47.8, 46.1,
20.8, 20.7; IR (KBr) v: 3020, 2968, 2917, 2849, 1642,
1596, 1506, 1454, 1437, 1284, 831, 791, 751, 683 cm™';
HRMS (ESI) caled for CigHuNeS [M+H]" 589.3113,
found 589.3097.

N-XF F 2R BE-N-[(E)-(hf FE 2R JE 7. 28 B8 ) (R e - 1- ) R
FE R e -1- B ACEE B (41): A EE, PRER 73%. mop.
190~191 °C; 'H NMR (500 MHz, CDCl5) d: 7.10 (s, 2H),
6.77~6.97 (m, 6H), 2.92~4.13 (m, 8H), 2.32 (s, 3H),
2.22 (s, 3H), 0.86~1.44 (m, 12H); *C NMR (125 MHz,
CDCly) d: 185.1, 150.2, 147.2, 141.3, 133.7, 131.1, 129.7,
129.0, 122.1, 51.5, 47.4, 26.9, 25.0, 24.7, 24.5, 23.8, 20.9,
20.8; IR (KBr) v: 3013, 2940, 2917, 2849, 1630, 1602,
1506, 1471, 1415, 1272, 848, 820 cm '; HRMS (ESI)
caled for CogH3sN,S [M+H]" 435.2582, found 435.2567.

N-[(E)- M5 IR 3 (rh I8 2 356 7 2 366 ) P 6 -V X IR 2 5
o pk-4-B AR e (4)): A BB, 7R 79%. mp. 177~
179 C (Lt mp. 174~175 C); '"H NMR (500 MHz,
CDCly) d: 7.47 (br s, 2H), 7.31 (d, J=5.00 Hz, 2H), 6.87
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(d, J=5.00 Hz, 2H), 6.70 (br s, 2H), 2.96~3.84 (m, 16H);
BC NMR (125 MHz, CDCls) d: 184.7, 149.0, 148.1, 141.5,
132.8, 132.2, 131.6, 123.8, 117.9, 115.6, 66.1, 65.4, 50.8,
46.7; IR (KBr) v: 2962, 2905, 2855, 1630, 1579, 1483,
1437, 1415, 1272, 853, 831, 786 cm .

N-SHRIRFE-N-[(E)-(0F IR R JE P 20 25 ) (WR g - 1-25%) AR
TR BE-1-FRACEEIE (4k): A EE, P2% 68%. m.p.
176~178 C (Lit.) m.p. 177~179 “C); '"H NMR (500
MHz, CDCly) 6: 7.43 (d, J=5.00 Hz, 2H), 7.26 (d, J=
10.00 Hz, 2H), 6.88 (d, J=5.00 Hz, 2H), 6.76 (br s, 2H),
3.05~3.78 (m, 8H), 0.84~1.68 (m, 12H); °C NMR (125
MHz, CDCls) J: 184.5, 149.9, 148.7, 142.6, 132.3, 131.4,
125.8, 124.1, 117.2, 115.0, 51.7, 47.5, 25.0, 24.7, 24.4,
23.7; IR (KBr) v: 2934, 2849, 1630, 1573, 1483, 1443,
1426, 1272, 848, 820 cm '; HRMS (ESI) caled for
CasHaoBr>N,S [M+H]" 563.0479, found 563.0469.

NS A JE-N-[(E)-(0f Jo R 326 W S 2 ) (R i - 125 ) FH
FEUR e -1- B AR e A (41): (A E K, 75E 68%. m.p.
132~134 ‘C; '"H NMR (500 MHz, CDCl3) d: 6.99~7.00
(m, 2H), 6.95 (s, 2H), 6.84~6.87 (m, 4H), 2.87~3.32 (m,
8H), 0.84~1.49 (m, 12H); *C NMR (125 MHz, CDCl;) ¢:
185.2, 160.3, 159.7, 158.3, 157.8, 150.6, 145.6, 139.9,
123.3, 123.2, 116.2, 116.0, 115.0, 114.8, 51.6, 47.5, 25.0,
24.8, 24.4, 23.7; IR (KBr) v: 2940, 2854, 1636, 1591,
1506, 1477, 1426, 1272, 853, 831 cm '; HRMS (ESI)
caled for CHxF,N,S [M + H] " 443.2081, found
443.2082.

i B4kl (Supporting Information) 774 4a~41 () 'H
NMR Fl °C NMR 3 &, 32481 A] PL 4o 2 A 93l
(http://sioc-journal.cn/)_E T %K.
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