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Thermal Rearrangement of 2-(N-Alkylthiocarbamoyl) or 

2-(N-Arylthiocarbamoyl) alkylamino-4-alkylthiazole 

Yuichi Y AMAMOTo, Reiko Y onA, Keiko Kocucm, 

Tomoko TAKAHASHI, and Naoko MoTOMURA 

直子

E妊ectof a substituent, solvent, reaction temperature, and presence or absence 
of a base on the thermal rearrangement of払［N-alkyl(oraryl)thiocarbamoyl]alkyl(or 
aryl)amino-4・”alkyl(oraryl)thiazole was examined. The presence of an alkyl group 
in the amino group at 2鞠positionand that of an alkyl (or phenyl) group in the 4・position
of the thiazole ring were found to be essential for the rearrangement of the thiocarbamo・
yl group. The presence of a pyridine base markedly enhanced the reaction rate of 
the thermal rearrangement but was not specific to this reaction. On the other hand, 
several kinds of carbamoyl derivatives showed there was no rearrangement of the 
carbamoyl group. 

智子，本村敬子，高橋玲子，小口有一，与田山本

We have already reported1> that thermal reaction of ιmethyl-2-methylaminothiazole 

and methyl isothiocyanate in toluene in the presence of pyridine afforded 4-methyl恒与

(N闇methylthiocarbamoyl)methylaminothiazole2f andもmethyl-2-methylamino-5-(N叩 .eth-

ylthiocarbamoyl)thiazole 3f, while refluxing of 2f in pyridine resulted in its thermal rear-

rangement to 3f, and that the solvent pyridine played an important role in this thermal 

rearrangement reaction. 

Scheme 1 

l'IJ_/1γF s M 一一／R
H- ~~~s3 + R'N=C=S - H－守－c －~~~53
R R’ R 

2 

l'IJ_/R" 

H-N一~（；：}-C-Nくな
R '"' s 抗

1 

3 

In the present series of work, we examined the e妊ectof substituents, R,R’， and R" 
in the general formula, 2-(N-alkyltl山carbamoyl)or与（N”arylthiocarbamoyl)alkylamino帽

4-alkylthiazole 2, on the thermal rearrangement, and the e妊ectof the solvent, base, and 

reaction temperature on the rearrangement reaction was also examined. 

First, in order to examine the e妊ectof a substituent on the thermal rearrangement of 

2 to 3, 2 was refluxed in pyridine and the presence or absence of the rearrangement reaction 

was examined by thin-layer chromatography (TLC). Its result is summarized in Table 1. 

It was found that 2a, b, c (R=H) did not undergo the rearrangement reaction and that, 

Y. Yamamoto, R. Yoda, and C. Tamura, Chemistry Letters, 1147-1148 (1975). 
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Table 1. The e宜ectof substituents for the thermal 
rearrangement (R, R’and R") 

s M 一一ノR"
R＇ーやーと－守ス sfl
H R 2 

co;Jd・ 11 R R’ 

R 

2 a H CH3 Cl王s

2 b H ＼／スど＼／ CH3 

2 c H CH3 H 

2 d CH3 CH3 H 

2 e CH3 ／＼スど＼／ H 

2 f CH3 CH3 CH3 

2 g CH3 C2H5 CH3 

2 h Cl王3

2 i CH3 

2 j CH3 

2 k CH3 

2 I CH3 

2 m CH3 

2 n I' ／＼スど＼／ 

* decomposition before rearrangement 

R 

m ρlv 
Fb 
n 
a vA 

VA 

a ρU 

一

一

一

一

＋ 

＋ 

＋ 

＋ 

＋ 

＋ 

一

十

ーー＊

4L 
n AU 

even when R is methyl, the rearrangement reaction did not take place when there was no 

electron-donating group like methyl in the 4-position (Rつof the thiazole ring, i.e・ヲ 2c, d, e, 
with R" =H. In other words, when R or R" is H, the rearrangement does not take place, 

irrespective of the kind of a substituent at R’. The rearrangement does take place when 

R=R"=methyl, i.e., 2f to 2k. In this case, the rearrangement occurs faster when R’ 

is an aromatic group than when it is an aliphatic group, and relatively faster when the 

aliphatic group is smaller in molecular weight, such as the methyl group. The rearrange-

ment tended to occur more easily in the order of aralkyl, alkyl, and aryl group. With 

R =methyl and R" =phenyl 21, m, as in the case of R" =methyl, the rearrangement reaction 

occurs faster when R’is phenyl than when it is methyl (2m)>21). 

In order to examine the di妊erence,if any, in the rate of rearrangement between methyl 

and phenyl groups in R", when R is methyl, the reaction was compared with 2f, 2i, 21, 

and 2m. The time required for the rearrangement product 3 to be formed was found to 

be 5 min for 2i, 10 min for 2m, 4 hr for 託 and5-6 hr for 21. These results indicated 

that the rearrangement occurred faster when R’is phenyl than when it is methぅァ1,irrespec-
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tive of whether R" is methyl or phenyl. 

Comparison of R口 methyl2f and R =phenyl 2n, when R’＝R＂口 methylshowed that 

heating of 2n (R=phenyl) in pyridine resulted merely in its decomposition into 4-methyl“ 

2”phenylaminothiazole and methyl thiocyanate, and the rea町angementproduct 3n was 

not formed even on heating for 12 days. 

Next, the reaction of 2b and 2e, whose rearrangement reaction was negative from TLC 

follow田up,was examined by ultraviolet (UV) spectra. Heating of 2b or 2e (2.9 mM con-

centration) in pyridine, at a bath temperature of 142°C, resulted in the disappearance of 2b 

and 2e absorptions already 15 min after the start of heating, and the absorption at 300 

nm increased with time. Measurement of infrared (IR) absorption spectra (KBr sandwich 

method) of the reaction solution showed the presence of a specific absorption of v N諸C=Sat 

2080 cm-1 about 15 min after the start of heating in both compounds. These spectral 

evidence indicate that 2b and 2e undergo only the decomposition reaction and do not form 

the ふthiocarbamoylcompound 3. 

The same UV and IR spectral examinations were made with the reaction of 2i and 2k 

respectively, which undergo a very fast rearrangement reaction. First, the effect of a 

substituent at R’was examined at a constant temperature (68°C), constant concentration 
(1 mM), and with pyridine as a solvent. As shown in Fig. 1, decreasing rate of absorbance 

0.50 

2.9×10 2M 

02N－－｛去、..,H 

SJ~~)lゴCH,
C自3 2 k 
3.0×10-3M 

0.70 n
 
m
 

nu 

Q.___¥:,,11引，H

SJ、苅13"'
d1, 2 i 

n
 
m
 

nu 

0.30 

ロ。一三』。
ω円
引
〈

0.10 

300 350 400nm 300 

Wavelength 

350 400nm 

Fig. 1. The effect of substituents (R’＝ Phenyl, p-Nitrophenyl) in pyridine at 68土 0.1°. 
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of 2, i.e., disappearance rate of 2, was greater when R’＝phenyl 2i than when it was p-
nitrophenyl 2k. In both 2i and 2k, the specific absorbance for v N =C-S appeared at 2080 

cm-1 in their IR spectra 10 min after the start of the reaction, showing decomposition 

of 2, indicating that the disappearance rate of 2 equals decomposition rate of 2. The 

specific absorption of Y N =C=S in IR spectrum of 2i did not disappear even after heating 

for 8 hr, and the absorption at 366 nm 3i did not appear in its UV spectrum. In the 

case of 2k, absorption of v N圃C=Sdisappeared after heating for 5 hr, absorption of 3k began 

to appear at 381 nm after 30 min of heating, and the rearrangement reaction seemed 

to be completed between 7 and 8 hr of heating. Decomposition reaction of 2 seemed to be 

greater in 2i than in 2k but the rearrangement reaction was found to be faster in 2k. 

E妊ectof the solvent on the rearrangement reaction of 2i and 2k respectively, was ex-

amined at a constant reaction temperature (68°C) and constant concentration (10-2 mM), 

using pyridine, cyclohexane, or toluene as a solvent. In the same solvent, decomposition 

reaction of 2i was faster than that of 2k. The decomposition became slower in the order 

of pyridine, cyclohexane, and toluene in both 2i and 2k. When cyclohexane or toluene 

was used as a solvent, the rearrangement product 3 was not formed even 8 hr after the 

start of heating. By the use of pyridine as a solvent, only 3k (R' ＝少nitrophenyl)was 

began to be formed after 46 min, and the rearrangement was cmLpleted after 17 hr. 

Decomposition of 2 seems to take place irrespective of the rnlvent but its rearrangement 

to 3 seems to require the presence of pyridine. 

E妊ectof reaction temperature on the rearrangement reaction was then examined at a 

constant concentration (1 mM), using pyridine as a solvent, with a reaction temperature 

of 68°C and 142°C. As shown in Table 2, absorption of 2i at 340 nm disappeared faster 

when reacted at 142°C, this being more than 12-fold of the rate at 68°C, although the 

absorption for the rearrangement product 3i at 366 nm was not detected. In the case of 

2k, disappearance of the absorption at 322 nm and appearance of the absorption of the 

rearrangement product 3k at 381 nm were faster at 142°C, being 13-fold of those at 68°C. 

These results indicate the marked dependence of the rearrangement reaction on the reaction 

temperature. 

Table 2. The effects of reaction fomperature in pyridine 
(detected by UV Absorption in pyridine) 

：〈
2i R' 一－ ＼／スど＼／ 2k R’一一一／＼スニ）－N02

340 nm 366 nm 322 381 
disappearance appearance disappearance appearance 

68土0.1° (every 10 min) 180 min 40 min 

142+0.5° 15 13 3 ( every 2 min) 
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Since the foregoing experimental results seemed to indicate that pyridine was indis” 

pensable for this rearrangement reaction, examinations were made to see whether pyridine 

worked specifically for this reaction or whether it worked as a base. First, solvents with 

di妊erentbasicity were selected; pyridine (pKa 5.17), quinoline (pKa 4.80), and triethylamine 

(pKa 10.67). Di妊erencein the reactivity was examined by using one of these as a solvent 

or a catalyst (equimolar amount with 2). With 2k at a concentration of 10 mM and 

reaction temperature of 68°C, the rearrangement reaction was followed by TLC. 羽な1en

the above solvents were used as a basic solvent, decomposition rate of 2k was constant, 

irrespective of pKa but the formation rate of the rearrangement product 3k was the fastest 

with pyridine, and the rate decreased in the order of the size of pKa (triethylamine, 

quinoline). TLC result suggested that p-nitrophenyl isothiocyanate formed by thermal 

decomposition of 2k was further decomposed in any of these solvents to form p-nitro-

aniline 6 which was obtained in a crystalline form when pyridine was used. 

Then the reaction was carried out in toluene, which was the most difficult solvent to 

cause the rearrangement reaction, and the three kinds of foregoing bases was used as a 

catalyst. This resulted in shorter time for decomposition of 2k and the rearrangement 

product 3k appeared after 4-4.5 hr while the appearance of the decomposition by-product 

6 became slower. This was the same for all three kinds of bases. 

As shown in Table 3, reaπangement reaction of 2 to 3 is not characteristic to pyridine 

but is a general reaction in the presence of a base, although the rea口angementwas most 

facilitated by the use of pyridine. The use of triethylamine as a solvent resulted in greater 

formation of the by-product, while the reaction carried out in toluene, with the use of 

triethylamine as a catalyst, facilitated the formation of the rearrangement product 3, 

with least formation of 6. 

We had thus been examining the reaπangement reaction of thiocarbamoyl derivatives 

and further examined this reaction, if any, in carbamoyl derivatives. 

Table 3. Thermal rea町angement(at 68°C) of 2k to 3k 
in basic solvents and toluene solvent in the 
presence of basic catalysts. 

appearance time (detected by TLC) 

solvent N /CHa 02N叩／＼ー一o)-NH2
Clfi)x日r一~s fl 

3k 6 

pyridine 4min 10 8 
quinoline 4 70 270 
triethylamine 4 50 155 
catalyst/toluene 
pyridine/ ,, 9 260 165 
quinoline/ ,, 5 260 330 
triethylamine/ ff 7 240 1350 
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Scheme 2 

ll.T一一／R" 0 M 一一／R

H吋えs3+ R’N=C=O→ H吋ーとーポs3
R R’ R 
1 2’ 

M 一一／R”
H－守ミSfl-?i-Nく目，
R O 

3’ 

For this experiment, compounds similar to thiocarbamoyl derivatives that underwent 

relatively facile reaπangement reaction were selected; compounds with R=R"=methyl, 

and with R’＝methyl 2’f, R’＝phenyl 2'i, and R’＝P-nitrophenyl 2’k. The reaction was 

carried out by refluxing in pyridine at their concentration of 10 mM, and the reaction was 

followed by TLC. Decomposition rate of 2’decreased in the order of 2’k, 2’i, and 2’L 
and the reaπangement product 3’was obtained only from 3’i (R’＝phenyl). Heating 

of 2’f resulted in its gradual decomposition and 3’was not formed even after heating for 
8-9 days. After heating of 2’k, 1 immediately, N,N’－bis(p-nitrophenyl)urea 5, and 6 

were detected by TLC. 5 and 6 were considered to have been formed from p・nitrophenyl
isocyanate, produced by the decomposition of 2’k, in the presence of a minute amount 

of water. This p-nitrophenyl isocyanate is thought to react with water before undergoing 

above the rearrangement reaction. 

Di妊erencein the rearrangement reaction between thiocarbamoyl and carbamoyl deriva-

tives is assumed to be due to the difference in the reactivity of alkyl or aryl isothiocyanate 

and alkyl or aryl isocyanate respectively formed by the decomposition of 2 and 2’． 

Physical properties and analytical data are summarized in Table 4-7. 
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Table 4. Physical properties and analytical data of 2a-n 

;~~ry:~ 1:;;;~~:,00) I （；品川判別
245 I 255 102 I 6. 72 
(dioxane) I 292 231 I (D) 

（品） I~：！引さ！
l(E品畠0>1~~~ ~Z! I 1JJ I c~U ； 

l(EtO」ii,o)I~~： 2i~ 11·i~ I c~t: ； 
I 98 I 220 (sh) I 7 20～7 64 臼
(EtOH) I却6 262 I (D) I (52: 98 

f I 品 Im （，ν~·ir I c：~：完
2g l(EtOH~t,o)I ~お必！日； I c:rn 
h I （占H) Im  1i~ 11iJ I (~rn 
I (Et~) I~：：れir I c~t ~~ 
I (E;~) I ~: 2~! I - I 

k I （品

com pd. 
(No.) 

2a 
守
’

Q
U

F
D
』
せ

o
o
n
o
 
円。円。，，，、、

2b 

2c 

2d 

2e 

2 i 

2 j 

4.65 22.89 
4.84 22.44) 

4.07 24.26) 

5.10 22.18 
4. 84 22. 

4. 45 16. 

5. 44 20. 
5. 51 20. 

6. 13 19. 
6. 09 19. 

5. 26 15. 
5. 45 15. 

4. 84 15. 
4. 97 15. 

3. 92 14. 
4. 06 14. 

3. 74 18. 
3. 92 18. 

MS (m/e) 
fragment peak 

M+ (R.I. %) M+ -RNCS 

187(95) 114 (base) 

249(41) 114 (base) 

173(76) 100 (base) 

187(88) 114 (base) 

249(43) 114 (base) 

201 (22) 128 (base) 

215(59) 128 (base) 

277 (53) 128 (base) 

263(8) 128(61) 

297(22) 128 (base) 

308(6. 2) 181 (41) 

242 146 

2 I 
116 268 218 7.40～7.88 54.44 4.89 15.96 263 (24) 190 (base) (EtOH) ~~g ~：~~ (D) (54.72 4.98 15.95) 

128 250 139 7.01～7.65 63.45 4.87 13.06 
2m (EtOH) 282 194 (C) (62. 74 4. 65 12. 91) 325(2) 190(93. 2) 

304 195 

2n 
146 263 (12) 190 (base) (ligroin) 292 200 ( C) (54. 72 4. 98 15. 95) 

ホ Chemicalshift of the ring at position 5. 

”（C): CDC13, (D): DMSO-d6. 
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No. 26 (1981) 

Experimental 

The following spectrometry was performed by applying the respective instrument. 

IR: Hitachi Infrared spectrophotometer EPI-G3, UV: Shimazu double beam spectro-

photometer UV-200S, solvent: Propanol-2 fur die Spektroskopie (MERK), MS: Nihon 

Denshi Jl¥IS-OSG (70 eV), NMR: Nihon Denshi JNM-NH-100 (100 MHz). 

General procedure 

2a, 2b 

An equimolar amount of与amino-4-methylthiazoleand methyl or phenyl isothiocyanate 

was heated on a steam bath for 1.5 hr. The crude product was recrystallized from ethanol 

solution. 

2d 

Methyl isothiocyanate (2.92 g, 0.0壬mole)was added to a solution of 2-methylamino-

thiazole （壬.8g, 0.04 mole) in dry xylene (11 ml) and then pyridine (1.5 ml) as catalyst 

was added. After heating at 85° for 6 hr, the solvent was evaporated. The crude product 

was recrystallized from ethanol-water solution (40% yield, mp 67°). 

2e 

A solution of phenyl isothiocyanate (1.3 g, 0.02 mole) in dry toluene (4 ml) was added 

to a solution of 与methylaminothiazole(2.3 g, 0.002 mole) in dry toluene (3 ml) and added 

pyridine (1.5 ml) as catalyst. After heating at 80° for 4 hr, the solvent was evaporated 

and then recrystallized from ethanol solution (46% yield, mp 98°). 

2f, 2i, 2k 

R’isothiocyanate (R’＝methyl, phenyl, p-nitrophenyl) (0.025 mole) was dropwise added 

to a solution of 4-methyl-2・叩ethylaminothiazole1 (3.14 g, 0.0025 mole) in cyclohexane 

(20 ml) with stirring at room temperature. After heating at 50° for 4-G hr, the solvent 

was evaporated. The crude product was treated with a solution of 2% HCI solution 

to remove unrnacted substance 1. The crude product was collected and recrystallized 

from ethanol solution. 

2g, 2h, 2j 

R’isothiocyanate (R' =ethyl, benzyl, p-chlorophenyl) (0.01 mole) in dry toluene (2 ml) 

was added to a solution of 1 (1.3 g, 0.01 mole) in dry toluene (15 ml) and added pyridine 

(1.5 ml) as catalyst and then heated at 80° for 4-6 hr. After the removal of solvent, 

the crude product was recrvstallized from ethanol or ethanol-water solution. 

21, 2m, 2n 

21, 2m, 2n also were yielded by the same treatment as just above mentioned (In the case 

of 2n, 2m, cyclohexane was used as the solvent). 

The rearrangement reaction of compound 2 to compound 3. 

A solution of 2 (3 mM) in pyridine was heated at 140° with the reflux. After removal 

of the solvent from the reaction mixture under reduced pressure, the resulting residue 
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was treated with 2% solution to remove compound 1 which may partially be decomposed 

from 2. The undissolved part of crude products was recrystallized from the appropriate 

solvent shown in Table 5. 

2'f, 2'i, 2’k 
R’isocyanate (0.04 mole) in dry ether (50 ml) was dropwise added to a solution of 1 

(5.1 g, 0.04 mole) in dry ether *(100 ml) at 3-5°C for 1 hr with ice cooling. After stirring 

for 1-2 hr, the solvent was evaporated and then recrystallized or purified. 

2’f: mp 121 ° (EtOH). 

2’i: The crude product was chromatographied on silica gel (100 mesh up) to give 2’i from 

the mixture solvent of chloroform and benzene (1: 2). 

*2’k: In case of 2’k, toluene instead of ether was used as the solvent. 

3'i 

A solution of 2'i (2.47 g, 0.01 mole) in dry pyridine (25 ml) was refluxed for 71 hr. Then 

the solvent was evaporated. After adding chloroform to the residue, the unsoluble sub-

stance was filtered off, and the filtrate was evaporated. The crude product obtained 

was recrystallized from ethanol solution to yield 3’i, mp 232°. 
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