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PHENYLTHIOUREAS UNDER
MICROWAVE IRRADIATION AND
PHASE TRANSFER
CATALYSIS CONDITIONS

Lin Bai,"* Shengying Li,” Jin-Xian Wang,"*
and Mingkai Chen?

"Department of Chemistry, Northwest Normal
University, Lanzhou, 730070, P. R. China
“Department of Chemistry, Lanzhou Teachers
College, Lanzhou, 730070, P. R. China

ABSTRACT

A simple, rapid and efficient method for the synthesis of
benzoyl-N-phenylthioureas under microwave irradiation is
reported. The effect of microwave irradiation power, times
and phase transfer catalyst on the reaction is investigated.

Many methods have been described for the preparation of both acyl
and aroyl isothiocyanates,' 7 which are important for the synthesis of acyl
phenylthioureas. The reaction of acyl chloride with thiocyanate under phase
transfer catalysis is a good method for the preparation of acyl isothio-
cyanates,®” which react with aniline to afford the acyl phenylthioureas.

*Corresponding author.
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The applications of ultrasound in organic synthesis have been rapidly
developed. Li and coworkers® have shown that phenylacetyl arylthioureas
can be obtained from the corresponding acyl chlorides under ultrasound
condition. Using polyethylene glycol-400 as phase transfer catalyst the
phenylacetyl arylthioureas can produce high yield, but the reaction requires
long time.

Microwave heating has been used for a wide variety of applications
including the rapid synthesis of organic compounds and some important
reviews have been published.” There are a variety of methods for carrying
out microwave assisted organic reactions using domestic or commercial
ovens. We have reported the use of this technology in the synthesis of the
substituted glycerol selenide ethers,'® diaryl diselenides,'' chiral glycerol
sulfide ethers'? and 8-quinolinyl ethers."?

Recently, we have found that benzoy phenylthioureas 4 can be
obtained from the reaction of substituted benzoyl chloride 1 with first
ammonium thiocyanate and then aniline 3 in a two-phase system, at poly-
ethylene glycol-400 as the catalyst under microwave irradiation condition.
This method is very simple, rapid and affords good yields of benzoyl-N-
phenylthioureas. The reactions are shown in the Scheme and the results for
the compounds prepared are listed in Table 1. All products were charac-
terized by "HNMR and IR spectra.

MW, 10min
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daf. R=H, 2:Cl, 3-CH, 4-CH, 4OCH, 35-(OCH,),
dg: PhR=CHCH=CH, CHCH, a-CH, B-CH,

Scheme.

RESULTS AND DISCUSSION

Using the reaction of benzoyl chloride with NH4SCN and C¢HsNH,
as an example, we investigated the effect of the power and time of
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Table 1. Benzoyl-N-phenyl Thioureas 4a—j Prepared®

Entry Product M.P./°C Lit. M.P./°C  Yield/%
3a C¢HsCONHCSNHC¢H5 1358 136 92
3b 2-CIC¢H,CONHCSNHCH5 1532 153! 85
3¢ 3-CH;C4H,CONHCSNHCH5 112.6 113! 86
3d 4-CH;C4H,CONHCSNHC¢H; 1325 132-1333 84
3e 4-OCH;C4H,CONHCSNHC4H; 84.4 84! 80
3f 3,5-(0CH;),C¢H;CONHCSNHCGHs ~ 125.8  125.53 72
3g C¢HsCH=CHCONHCSNHCH; 163.6  163,' 163-164° 85
3h C¢HsCH>,CONHCSNHCgH s 1084  107-108° 93
3i o-C1oH;CONHCSNHC¢H5 1547 154 66
3] B-C1oH,CONHCSNHCGH 5 149.3  148,' 148.5° 65

*Time/Power: 14min, 750 W.

microwave irradiation on the reaction. The results are summarized in Table 2
and Table 3. The result shown that the highest yield for compounds 4 can be
obtained at 750 W power with 14min reaction time under microwave
irradiation conditions.

The use of phase transfer catalysis for nucleophilic substitution reac-
tion is well documented.'*'> The mechanism of synthesis of benzoyl
isothiocyanate under phase transfer catalysis has been discussed.” We
studied the effect of different phase transfer catalyst on the reaction. It
was found that the activities of the catalysts are in the following sequence:
PEG-400 > PEG-600 > BuyNBr > C¢HsCH,N(CH3);C1 > BuyNI. The results
shown in Table 4.

The heating effect utilized in microwave assisted organic transforma-
tions is due to the dielectric constant of solvent. The larger the dielectric
constant, the greater the coupling with microwaves.'®'* We found when
power at 750 W, a reaction time of 14min and using CHCI; which has
large dielectric constant and high boiling point, as solvent, the yield of
the one-step transformation of compound 1 to benzoyl phenylthiourea 4 is
very good.

The quantity of dimethylformamide is very important in the reaction.
When a small amount of dimethylformamide is added to the hetero-
geneous reaction mixture, rapid reaction occurs between dimethylformamide
and NH4SCN to produce dimethylformamide ammonium ion pairs,
(CH;),NCHO™NHj, which is distributed into the chloroform layer. Which
eventually facilitates the nuoleophilic displacement reaction.'” Experiment
results showed that 2 drops dimethylformamide was added into the
heterogeneous mixture, the efficiency were very good. In the absence of
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Table 2. Effect of the Time of Microwave Irradiation
on the Formation of Benzoyl Isothiocyanate 2a and
Benzoyl-N-phenyl Thiourea 4a™°

Synthesis Synthesis Yield®

Entry of 2a (min) of 4a (min) (%)
1 9 3 78
2 10 3 80
3 11 3 82
4 12 3 84
5 8 4 83
6 9 4 87
7 10 4 92
8 10 5 90
9 11 4 91
10 10 6 38

#Molar ratio: CcHsCOCI: NH4SCN : p-CICsH4NH,
PEG-400=1.2:1:1.8:0.1.

"The power of microwave irradiation is 750 W.
“Isolated yield of the one-step transformation of com-
pound la to 4a.

Table 3. Effect of the Power of Microwave Irradiation on the Formation of
Benzoyl-N-phenyl Thiourea 4a®®

Power (W) 375 525 600 675 750 800 850
Yield (%)° 80 82 86 90 92 90 87

Molar ratio: C¢dHsCOCI: NH4SCN : CgNsNH, : PEG-400=1.2:1:1.8:0.1.
"The time of microwave irradiation is 14 min.
“Yield of isolated product.

Table 4. Effect of the Phase Transfer Catalyst on the Formation of Benzoyl-
N-phenyl Thiourea 4a®®°

Power (W) PEG-400 PEG-600 Buy,NBr Bu,NI  C¢HsCH,N(CH;);Cl
Yield (%)° 92 87 84 76 80

#Molar ratio: C¢qHsCOCI: NH,SCN : C¢gHsNH, : PEG-400=1.2:1:1.8:0.1.
bTime/Power: 14 min, 750 W.
“Yield of isolated product.
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dimethylformamide the reaction of CcHsCOCI with SCN™ will require
long time.

EXPERIMENTAL

The melting points were determined on a WRS-1A digital melting
point apparatus. IR spectra were measured for KBr discs using an Alpha
Centauri FT-IR spectrophotometer. 'HNMR spectra (80 MHz) were
recorded in CDCl; using a FT-80 spectrometer. J values are given in Hz.
Microwave irradiation is carried out with an improved reflux Galanz WP
750B commercial microwave oven at 2450 MHz.

General Procedure

In a typical experiment, the ammonium thiocyanate (4.5mmol),
benzoyl chloride (3mmol), PEG-400 (0.25mmol), DMF (2 drops) and
trichloromethane (20mL) were added in a bottle (50 mL), and refluxed
under microwave irradiation at 750 W for 10 min. Then a mixture of aniline
(2.5 mmol) and trichloromethane (5 mL) was added dropwise over a period of
2 min and irradiated continued for 2 min. After cooling to room temperature
and water (15mL) was added. The organic layer was separated, the aqueous
phase was washed with trichloromethane (2 x SmL). The combined
trichloromethane layer was dried over anhydrous MgSQy. The solvent was
removed by evaporation under reduced pressure to afford the benzoyl-N-
phenylthiourea 4. Recrystallization from ethanol gave the analytically pure
product.

REFERENCES

1. Reeves, W.P.; Simmons, A. Jr.; Rudis, J.A. et al. Synth. Commun. 1981,

11(10), 781-785.

Cainelli, G.; Manescalchi, F. Synthesis 1979, 141-144.

Smith, P.A.S.; Kan, R.O. J. Org. Chem. 1964, 29, 2261-2265.

Lipp, M.; Dallacker, F.; Koenen, G. Chem. Ber. 1958, 9/, 1660.

Ivanovz, Zh.M.; Kirsanova, N.A.; Derkach, C.I. Zh. Organ. Khim.

1965, 1(12), 2186; CA, 1966, 64, 11123c.

6. Reeves, W.P.; Simmons, A. Jr.; Keller, K. Synth. Commun. 1980,
10(8), 633.

7. Taibao Wei; Jichou Chen NONGYAO 1995, 34(2), 12-14.

A

MaRcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

)



Downloaded by [University of York] at 06:01 04 September 2013

132

10.

11.

12.

13.

14.

15.

ORDER | _=*_[Il REPRINTS

BAI ET AL.

Yingjun Li; Wensheng Guo; Yongting Xu; et al. YINGYONG
HUAXUE 1998, 75(1), 95-97.

(a) Caddick, K. Tetrahedron 1995, 51, 10403—-10432. (b) Strauss, C.R.;
Trainor, R.W. Australian J. Chem. 1995, 48, 1665-1692. (c) Galema,
S.A. Chem. Soc. Rev. 1997, 26, 233-238.

(a) Jin-Xian Wang; Xiaowei Wu; Yulai Hu; et al. J. Chem. Research(S)
1999, 688-689; J. Chem. Research(M) 1999, 688-689. (b) Jin-Xian
Wang; Yunsheng Xi; Xiaowei Wu; Yulai Hu; Zhengyin Du Synth.
Commun. 1998, 28(24), 4619—4627.

(a) Jin-Xian Wang; Lin Bai; Wenbo Li; Yulai Hu Synth. Commun.
2000, 30(2), 325-332. (b) Jin-Xian Wang; Lin Bai; Zhanxiang Liu
Synth. Commun. 2000, 30(5), 971-977.

Jin-Xian Wang; Yumei Zhang; Danfeng Huang; Yulai Hu J. Chem.
Res.(s) 1998, 216-217.

Jin-Xian Wang; Manli Zhang; Yulai Hu Synth. Commun. 1998,
28(13), 2407-2413.

Starks, C.M.; Liotta, C. Phase Transfer Catalysis, Academic Press:
New York, 1978.

Weber, W.P.; Gokel, G.W. Phase Transfer Catalysis in Organic
Synthesis, Springer Verlag: New York, 1977.

Received in the Netherlands February 28, 2001

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



Downloaded by [University of York] at 06:01 04 September 2013

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S.,

copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SCC120001519


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SCC&title=SYNTHESIS+OF+BENZOYL-N-PHENYLTHIOUREAS+UNDER+MICROWAVE+IRRADIATION+AND+PHASE+TRANSFER+CATALYSIS+CONDITIONS&offerIDValue=18&volumeNum=32&startPage=127&isn=0039-7911&chapterNum=&publicationDate=01%2F30%2F2002&endPage=132&contentID=10.1081%2FSCC-120001519&issueNum=1&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A24%3A39&publisherName=dekker&orderBeanReset=true&author=Lin+Bai%2C+Shengying+Li%2C+Jin-Xian+Wang%2C+Mingkai+Chen&mac=GoldUwCCTb25sbpOFiPWZw--

