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Summary : Isothiocyanates 2a-I were prepared in excellent yields in a one-pot reaction from aldoxime 
derivatives la-I by successive treatment of aldoxime with N-chlorosuccinimide (NCS), thiourea, and 
triethylamine. The use of HC1 / DMF / Oxone system in the reaction instead of NCS was equally 
effective. © 1997 Elsevier Science Ltd. All rights reserved. 

Isothiocyanates have been used extensively in organic synthesis,l particularly in the synthesis of 

various heterocyclic compoundsla as well as for the synthesis of various agrochemicals that have antifungal 

and anthelmintic activities.2 Some isothiocyanates such as sulforaphane and phenethyl isothiocyanate (PEITC) 

have antitumor activities,2 and several sesquiterpene isothiocyanates have been isolated from marine natural 

products.3 

There have been reported numerous methods for the synthesis of isothiocyanates.4-7 Most of the 

reported methods involve the use of amines or amine derivatives as starting materials.4 Synthesis of 

isothiocyanates from isocyanides,5 organic halides,6 or olefins7 have also been reported. However, these 

methods suffer from low yields, the use of toxic materials, and/or contaminations with isocyanate derivatives. 

In these regards development of a facile synthetic procedure for the preparation of isothiocyanates is 

important. 

Recently, we have reported a useful method for the preparation of isothiocyanates from nitrile oxides,8 

which use hydroximoyl chloridesSa or primary nitroaikanesSb as nitrile oxide precursors. In the reactions, 

nitrile oxides reacted with thiourea to afford unstable 1,4,2-oxathiazolines, which decomposed instantaneously 

to urea and the corresponding isothiocyanates. Thus we envisioned that isothiocyanates could be prepared 

from the easily prepared aldoximes and thiourea in a one-pot reaction. Firstly, we tried the reaction of 2,6- 

dichlorobenzaldoxime ( ld)  and thiourea in the presence of various oxidizing agents such as MnO2, Ag2CO3, 

chloramin-T, Pb(OAc)4 in order to oxidize aldoxime into nitrile oxide in situ. However, all attempts have 

failed presumably due to oxidative decomposition of thiourea. Secondly, we examined the possibility that in 

situ generated hydroximoyl chlorides from aldoximes could be used efficiently as nitrile oxide precursors in 

the above reaction. 2,6-Dichlorobenzaldoxime ( ld,  10 mmol) in N,N-dimethylformamide (10 mL) was treated 

with N-chlorosuccinimide (1.34 g, 10 mmol) in water bath to afford the corresponding hydroximoyl chloride 

(Method A). 9 After 30 min the reaction mixture was diluted with tetrahydrofuran (50 mL), and treated with 

thiourea (0.85 g, 11 mmol) and triethylamine (1.2 g in 5 mL THF, 11 mmol). The reaction mixture was poured 

into cold water (200 mL) after 10 min and extracted with ether (2 x 200 mL). 2,6-Dichlorophenyl 

isothiocyanate (2d) was obtained after usual workup process without any detcetable side products on TLC. 

Analytically pure product was obtained in excellent yield (99%) by passing through short path silica column, 

During the course of the reaction we found that DMF was the best solvent for the praration of hydroximoyl 

chlorides, and in the second manipulation step dilution with THF was necessary to obtain the highest yield of 

the products. Without THF decomposition of the oxathiazoline was somewhat retarded. The use of HCI / 

DMF / Oxone system (Method B)10 to prepare the corresponding hydroximoyl chlorides was found to be 
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equally effective : higher yields of products were obtained in most of the cases, however, longer reaction time 
(5-8 h) was required. The representative results were summarized in Scheme 1 and Table 1. 

In conclusion, we developed an efficient one-pot synthetic procedure for the preparation of 
isothiocyanates from easily available aldoximes. The reaction have some merits over the published methods 
such as one-pot reaction from aldoximes, short reaction time, high yields, mild reaction conditions, and the 

ease of separation. 
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Table 1. Synthesis of  Isothiocyanates from Aldoximes.  

Entry Product R Yield (%, Method A) Yield (%, Method B) 
1 2a C6H5 - 94 92 
2 2b 2-C1C6H4 - 92 95 
3 2c 4-CIC6H4- 93 98 
4 2d 2,6-C12C6H3- 99 99 
5 2e 4-CH3C6H4- 93 94 
6 2f 2,4,6-Me3C6H2- 99 99 
7 2g 4-CH3OC6H4- 94 88 
8 2h 4-CF3C6H 4- 97 97 
9 2i C6H 4-1,4-(NCS)2 84 61 

10 2j C6H5-CH(CH3) - 85 90 
11 2k (C6H5)2CH- 91 98 
12 21 CH3(CH2)4- 76 89 

References and Notes 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

8. 

9. 
10. 

(a) A. K. Mukerjee and R. Ashare, Chem. Rev., 1991, 91, 1-24. (b) S. R. Sandler and W. Karo, Organic 
Functional Group Preparations, 2nd Ed, Academic Press: New York, 1983; pp 359-376. 
(a) G. H. Posner, C.-G. Cho, J. V. Green, Y. Zhang, and P. Talalay, J. Med. Chem., 1994, 37, 170. 
(b) J. T. Arnold, B. P. Wilkinson, S. Sharma, and V. E. Steele, Cancer Res., 1995, 55, 537. (c) E. 
Lieber and R. Slutkin, J. Org. Chem., 1962, 27, 2214. 
(a) H. He and D. J. Faulkner, J. Org. Chem., 1989, 54, 2511. (b) H. He, J. Salva, R. F. Catalos, and D. 
J. Faulkner, J. Org. Chem., 1992, 57, 3191. 
(a) S. Kim and K. Y. Yi, Tetrahedron Lett., 1985, 26, 1661. (b) J. E. Hodgkins and W. P. 
Reeves, J. Org. Chem., 1964, 29, 3098. (c) S. Sakai, T. Fujinami, and T. Aizawa, Bull. Chem. Soc. 
Jpn., 1975, 48, 2981. (d) P. Molina, M. Alajarin, and A. Arques, Synthesis, 1982, 596. (e) T. 
Shibanuma, M. Shiono, and T. Mukaiyama, Chem. Lett., 1977, 573. 
(a) S. Fujiwara, T. Shin-Ike, N. Sonoda, M. Aoki, K. Okada, N. Miyoshi, and N. Kambe, Tetrahedron 
Lett., 1991, 32, 3503. (b) S. Tanaka, S. Uemura, and M. Okano, Bull. Chem. Soc. Jpn., 1977, 50, 2785. 
T. Kitamura, S. Kobayashi, and H. Taniguchi, J. Org. Chem., 1990, 55, 1801. 
(a) C.-G. Cho and G. H. Posner, Tetrahedron Lett., 1992, 33, 3599. (b) A. Toshimitsu, S. Uemura, M. 
Okano, and N. Watanabe, J. Org. Chem., 1983, 48, 5246. 
(a) J. N. Kim and E. K. Ryu, Tetrahedron Lett., 1993, 34, 8283. (b) J. N. Kim, J. H. Song, and E. 
K. Ryu, Synth. Commun., 1994, 24, 1101. 
K.-C. Liu, B. R. Shelton, and R. K. Howe, J. Org. Chem., 1980, 45, 3916. 
J. N. Kim and E. K. Ryu, J. Org. Chem., 1992, 57, 6649. 

(Received in Japan 10 December 1996; revised 8 January 1997; accepted 16 January 1997) 


