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N-Acylureas are common building blocks of bioactive mole- cl
cules, which have potential medical, pharmaceutical, and agro- F o o cl F o of 0
chemical applications.! N-Acylureas have found widespread use NJLN/©/ NJLNU oF
in the field of agrochemicals because of their insecticidal property. H H H H 8
Specifically, benzoylureas have proved to be potent insect growth F ) F
regulators (IGRs),!¢ for example, diflubenzuron (A), flufenooxuron F ®
(B), lufenuron (C), and novaluron (D) show interfering property F o o O>8\CF3 F o o c
in the synthesis of insects exoskeleton formed from chitin NJLNUF F N)LN/©1:></OCF3
(Fig. 1). Several N-acylurea derivatives have been found to possess H H H H 3
antiinflammatory, hypnotic, analgesic, antitumor, anthelmintic, F F
antifungal, and insecticidal properties and they are attractive © (@)
groups of compounds in chemical and biological research.! Figure 1. Some biologically active N-acylureas.

Various strategies reported for the synthesis of N-acylureas in-
clude the reaction of substituted ureas with acyl chlorides or acids
at an elevated temperature, transition-metal-catalyzed carbonyl- o)
ation, and the reaction between an amide and isocyanate, which RZ-X + CO + H NJ\NF
is toxic and difficult to isolate (Scheme 1).2 7 H

Most of the methods available for the synthesis of N-acylurea Palladium Catalysed
are not satisfactory in terms of reaction time, substrate accessibil- Carbonylation
ity, high cost, use of hazardous chemicals, and transition metals. o o o0 o o
Cost of N-acylureas is very high, hence the development of a cost RZJ]\LG T HN N,R1 ﬁ,RLNJ\NJ\RZ Base §+ " NJ\RZ
effective and practical synthetic method utilizing easily available 7 H HoH N1 :
starting materials would be welcomed by academia and industry. TsNBr, R
Considering the above points and our ongoing efforts to develop This Work | Base .
synthetic processes from easily accessible substrates,> we have de- JOL j\ 21 : 22

R! NH, * H,N R?
* Corresponding author. Tel.: +91 532 2500652; fax: +91 532 2460533. Scheme 1. Synthesis of N-acylureas.
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Scheme 2. Synthesis of N-acylureas 4.

Table 1
Optimization of reaction conditions for the synthesis of N-acylurea 4a?
o) o TsNBr, o 0
Joooe 3 re L L,
R NH,  HN" R base, solvent, rt H N R
1a R'=R?=Ph 2a 4a
Entry  TsNBr, (equiv) Base (equiv)  Solvent Time (h)  Yield® (%)

1 1.0 Na,COs (3) EtOAc 5 78
2 1.0 Cs,C05 (3) EtOAc 5 75
3 1.0 K>CO3 (3) EtOAc 5 89
4 1.0 NaHCOs (3) EtOAc 5 71
5 1.0 DBU (3) EtOAc 7 40
6 1.0 DABCO (3) EtOAc 10 33
7 1.0 EtsN (3) EtOAc 10 21
8 1.0 K,CO5 (3) CH3CN 6 83
9 1.0 K>CO3 (3) DCM 7 75
10 1.0 K>CO5 (3) Toluene 7 81
11 1.0 K»CO5 (3) THF 10 77
12 1.0 K;CO5 (3) Dioxane 6 66
13 2.0 K>CO3 (3) EtOAc 7 89
14 0.7 K>CO5 (3) EtOAc 5 66
15 1.0 K,CO5 (2.5) EtOAc 5 84
16 1.0 K»CO3 (3.5) EtOAc 10 89
17 - K»CO5 (3) EtOAc 5 —
18 1.0 - EtOAc 5 -

3 For experimental procedure, see Ref. ©.
b Isolated yield of purified product 4a.

vised an efficient protocol for the synthesis of N-acylureas. Based
on the fact that in Hofmann bromamide reaction a small amount
of N,N-acylurea is also formed in addition to primary amine as
the major product, we hypothesized that a slow release of the iso-
cyanate intermediate in the reaction mixture, would afford N-
acylureas as the main product. N,N-dibromo-p-toluenesulfonamide
(TsNBr,), first discovered by Kharasch,*® has been utilized for car-
rying out a variety of organic transformations. Recently, Phukan
et al. have developed a method for the synthesis of carbamates
via isocyanates generated in situ by the reaction of amides using
TsNBr,.* Thus, for the present study, we examined N,N-dibromo-
p-toluenesulfonamide and found that it worked well. Herein, we
report the first synthesis of N-acylureas 4 using carboxamides 1,
2, and N,N-dibromo-p-toluenesulfonamide 3 in the presence of
K>COs3 in ethyl acetate at rt (Scheme 2).

The general procedure was first optimized with respect to sol-
vents, bases, and amount of N,N-dibromo-p-toluenesulfonamide
using benzamide (1a) as a model substrate for the synthesis of a
representative N-acylurea 4a (Table 1). We initiated our investiga-
tion by optimization of bases and found that K,CO3; was the best
among Na,COs3, Cs,C0O3, NaHCO3, DBU, DABCO, and Et3N (Table 1,
entry 3). Then we focused on the quantitative optimization of
K,CO3 and N,N-dibromo-p-toluenesulfonamide. It was found that
the best yield of N-acylurea 4a was obtained with 3.0 equiv of
K,COs3 (Table 1, entry 3). The yield of 4a decreased in the presence
of 2.5 equiv of K,CO3 in comparison to 3.0 equiv of K,CO5 (Table 1,
entry 15). In the presence of 3.5 equiv of K,CO5 the yield of 4a did
not change even when the reaction time was extended up to 10 h
(Table 1, entry 16). The optimum loading of N,N-dibromo-p-tolu-
enesulfonamide 3 for the reaction was found to be 1.0 equiv (Ta-
ble 1, entry 3). The use of 2.0 equiv of 3 did not increase the

Table 2
Synthesis of N-acylureas 4*

TstBr2 o o

0 o
Mt H NJ\RZ R1‘NJ\NJ\RZ
R™ 'NH, 2 K,CO;, EtOAc, rt H OH
1 2 4

Entry R R? Product®  Time (h)  Yield® (%)

1 CgHs CeHs 4a 5 89

2 4-CICgH, 4-CICgH,4 4b 6 94

3 3-CICgH, 3-CICgH, 4c 6 84

4 2-CICsH, 2-CICsH, 4d 5 86

5 4-MeOCgHs  4-MeOCgH,  4e 6 87

6 3-MeOCgH,  3-MeOCgH,  4f 6 81

7 4-NO,C¢H,  4-NO,C¢H,  4g 5 94

8 4-BrCgH,4 4-BrCgH,4 4h 6 92

9 2-BrCgH, 2-BrCgH, 4i 5 89
10 4-MeCgH,4 4-MeCgH,4 4j 5 92
11 3-MeCgH,4 3-MeCgH, 4k 6 87
12 2-MeCgH,4 2-MeCgH, 41 5 90
13 CeHs(CH3);  CeHs(CHp),  4m 6 82
14 CeHs CHs 4n 5 784
15 CgHs C,Hs 40 6 764
16 4-CICgH4 CH; 4p 6 734
17 4-CICgH,4 C,Hs 4q 6 679

3 For experimental procedure, see Ref. ©.

b All are new compounds except 4a.?

¢ Isolated yield of purified product 4.

9 In addition to unsymmetrical N-acylureas 4m, 4n, 40, and 4p, the corre-
sponding symmetrical N-acylureas 4a, 4b, were isolated in 5%, 6%, 6%, and 8% yield.
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Scheme 3. A plausible mechanism for the formation of N-acylureas 4.
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Figure 2. H-bonding organocatalysis of N-acylureas 4.

yield of 4a but on using 0.7 equiv of 3, the yield was considerably
decreased (Table 1, entries 13 and 14). For comparison purposes,
the reaction was also performed in various solvents, and EtOAc
was found to be the best in terms of the yield and reaction time
(Table 1, entry 3).

After optimizing the reaction conditions, the process was ex-
tended to a variety of aromatic carboxamides and a wide range
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Table 3
N-Acylurea catalyzed ring-opening of styrene oxide in aqueous media®
0o OH Nu
L e NU(j)vOH
I/ Pz water, rt % G
R R
9 10 11
Entry R NuH Time Product  Yield” Regioselectivity®
(h) (%) 10:11
1 H PhNH, 22 10a:11a 90 20:80
2 H PhSH 22 10b:11b 78 22:78
3 H PhOH 22 10c:11c 75 25:75
4 Cl PhNH, 30 10d:11d 82 22:78
5 Cl PhSH 30 10e:11e 73 23:77
6 Cl PhOH 30 10f:11f 70 25:75
7 Me PhNH, 18 10g:11g 88 21:79
8 Me PhSH 18 10h:11h 79 24:76
9 Me PhOH 18 10i:11i 75 26:74
10 H PhNH, 22 10a:11b — —d
3 For experimental procedure, see Ref. 7.
b Isolated yield of purified product.
¢ As determined by 'H NMR.
d

The reaction was performed in the absence of catalyst 4a.

Table 4
N-Acylurea catalyzed solvent-free ring-opening of styrene oxide?®
Q OH Nu
N -+ NUH 4a (5 mol %) N Nu N OH
l// solvent-free, 60 °C l// ’ Y&
R R R
9 10 1
Entry R NuH Time Product  Yield” Regioselectivity©
(h) (%) 10:11
1 H PhNH, 2.5 10a:11a 96 12:88
2 H PhSH 2.5 10b:11b 80 20:80
3 H PhOH 2.5 10c:11c 78 24:76
4 Cl  PhNH, 34 10d:11d 90 13:87
5 Cl  PhSH 4.0 10e:11e 76 22:78
6 Cl  PhOH 35 10f:11f 70 25:75
7 Me PhNH, 04 10g:11g 93 10:90
8 Me PhSH 0.5 10h:11h 75 16:84
9 Me PhOH 0.4 10i:11i 74 20:80
10 H PhNH, 18 10a:11b 82 30:70¢

For experimental procedure, see Ref. .

Isolated yield of purified product.

As determined by 'H NMR.

The reaction was performed in the absence of catalyst 4a.

of symmetrical N-acylureas 4 were readily synthesized in excellent
yields. Results are summarized in Table 2, entries 1-12. After being
successful in the case of aromatic carboxamides, the procedure was
also tried with aliphatic carboxamides. It was observed that acet-
amide and propionamide failed to give the corresponding symmet-
rical N-acylureas 4 and were recovered as such even after 15 h.
However, 3-phenylpropanamide afforded the corresponding sym-
metrical N-acylurea in good yield (Table 2, entry 13). Further, the
process was extended to the synthesis of unsymmetrical N-acylu-
reas using a mixture of aromatic and aliphatic carboxamides, the
corresponding unsymmetrical N-acylureas 4 were readily synthe-
sized in good yields as the sole product derived from the aryl iso-
cynate and acetamide or propionamide (Table 2, entries 14-17).
This is probably because acetamide and propionamide failed to
form the corresponding isocyanate under the optimized reaction
conditions. The important feature of this procedure is the compat-
ibility of the reaction conditions with a broad range of functional
groups including ether, nitro, and halo groups.

On the basis of the above experimental results, a plausible
mechanism for the formation of N-acylureas 4 is depicted in

Scheme 3. Initially, the non-nucleophilic base K,CO5; deprotonates
the NH, group of amide 1 to generate the anion 5 which subse-
quently picks up Br* from TsNBr;, resulting in the facile formation
of N-bromamide 6. Again, K,CO3 promoted proton loss from 6 gen-
erates bromoamide anion 7 which undergoes the Hofmann rear-
rangement to form the corresponding isocyanate 8. After the
formation of isocyanate, it is immediately attacked by the NH,
group of carboxamide to form the N-acylurea 4.

The H-bonding organocatalytic ability of ureas and thioureas is
well established,” which led us to investigate the catalytic activity
of the synthesized N-acylurea 4 in the nucleophilic ring-opening of
epoxides. Interestingly, it was observed that N-acylurea 4a served
as a better H-bonding organocatalyst than the earlier reported
ureas® in terms of time for the epoxide ring opening with various
nucleophiles. To the best of our knowledge this is the first report
on using an N-acylurea as a H-bonding organocatalyst (Fig. 2).
We commenced our study with the reaction of styrene oxide with
different nucleophiles in water at rt using 10 mol % of representa-
tive N-acylurea 4a. N-Acylurea was found to be an efficient regio-
selective catalyst for the ring-opening of epoxides with various
nucleophiles and the results are summarized in Table 3, entries
1-9. In the absence of catalyst 4a, the products 10a and 11a were
not formed (Table 3, entry 10).

Next, we studied the catalytic activity of N-acylurea 4a under
solvent-free conditions. At 60 °C under solvent-free conditions,
catalytic activity of N-acylurea was increased in comparison to
water and the results are summarized in Table 4, entries 1-9. In
the absence of catalyst 4a, the products 10a and 11a were formed
in lower yield and regioselectivity (Table 4, entry 10).

In conclusion, we have developed a novel, efficient, and opera-
tionally simple one-pot synthesis of N-acylureas using carboxam-
ides and in situ generated isocyanates (from N,N-dibromo-p-
toluenesulfonamide) in the presence of a mild base at rt. The pro-
tocol avoids the isolation and purification steps of hazardous isocy-
anates, which makes it a superior alternative for the synthesis of N-
acylureas. The synthetic potential of the synthesized N-acylureas
has been demonstrated by their effective catalytic activity for the
nucleophilic ring-opening of epoxides.

Acknowledgments

We sincerely thank SAIF, Punjab University, Chandigarh, for
providing microanalyses and spectra. One of us (A.K.S.) is grate-
ful to CSIR, New Delhi, for the award of a Junior Research
Fellowship.

References and notes

1. (a) Ramise, A.; Schenone, S.; Bruno, O.; Bondavalli, F.; Filippelli, W.; Falcone, G.;
Rivaldi, B. Il Farmaco 2001, 47, 647; (b) Karmouta, M. G.; Miocque, M.; Derdour,
A.; Gayral, P.; Lafont, O. Eur. J. Med. Chem. 1989, 24, 547; (c) Ware, G.; Whitcare,
D. The Pesticide Book, 6th ed.; Media Worldwide: Willoughby, OH, 2004.

2. (a) Bjerglund, K.; Lindhardt, A. T.; Skrydstrup, T. J. Org. Chem. 2012, 77, 3793; (b)
Liptrot, D.; Alcaraz, L.; Roberts, B. Adv. Synth. Catal. 2010, 352, 2183.

3. (a)Singh, A. K;; Chawla, R.; Rai, A.; Yadav, L. D. S. Chem. Commun. 2012, 3766; (b)
Chawla, R.; Kapoor, R.; Singh, A. K.; Yadav, L. D. S. Green Chem. 2012, 14, 1308; (c)
Singh, A. K.; Yadav, L. D. S. Synthesis 2012, 591; (d) Chawla, R.; Singh, A. K.;
Yadav, L. D. S. Tetrahedron Lett. 2012, 53, 3382; (e) Singh, A. K.; Chawla, R.;
Yadav, L. D. S. Synthesis 2012, 2353; (f) Chawla, R.; Singh, A. K.; Yadav, L. D. S.
Tetrahedron 2013, 69, 1720.

4. (a) Kharasch, M. S.; Priestley, H. N. J. Am. Chem. Soc. 1939, 61, 3425; (b) Phukan,
P.; Chakraborty, P.; Kataki, D. J. Org. Chem. 2006, 71, 7533; (c) Saikia, I.; Phukan,
P. Tetrahedron Lett. 2009, 50, 5083; (d) Saikia, I.; Chakraborty, P.; Phukan, P.
ARKIVOC 2009, 281; (e) Saikia, I.; Kashyap, B.; Phukan, P. Synth. Commun. 2010,
40, 2647, (f) Saikia, I.; Kashyap, B.; Phukan, P. Chem. Commun. 2011, 2967; (g)
Saikia, I.; Rajbonshi, K. K.; Phukan, P. Tetrahedron Lett. 2012, 53, 758; (h) Borah,
A. ].; Phukan, P. Chem. Commun. 2012, 5491; (i) Borah, A. ]J.; Phukan, P.
Tetrahedron Lett. 2012, 53, 3035; (j) Shen, R.; Huang, X. Org. Lett. 2009, 11, 5698;
(k) Chawla, R.; Singh, A. K.; Yadav, L. D. S. Synlett 2013, 24, 1558.

5. (a)Kleiner, C. M.; Schreiner, P. R. Chem. Commun. 2006, 4315; (b) Chimni, S. S.;
Bala, N.; Dixit, V. A.; Bharatam, P. V. Tetrahedron 2010, 66, 3042.


http://refhub.elsevier.com/S0040-4039(13)01184-2/h0005
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0005
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0010
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0010
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0015
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0015
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0020
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0025
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0025
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0030
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0035
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0035
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0040
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0040
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0045
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0045
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0050
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0050
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0055
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0055
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0060
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0065
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0065
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0070
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0070
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0075
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0075
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0080
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0080
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0085
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0090
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0090
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0095
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0095
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0100
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0100
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0105
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0110
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0115
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0120
http://refhub.elsevier.com/S0040-4039(13)01184-2/h0120

5102

6. General procedure for the synthesis of N-acyl-N'-arylureas 4: To a solution of

carboxamide 1 (1 mmol) and 2 (1 mmol) in EtOAc (12 mL), N,N-dibromo-p-
toluenesulfonamide 3 (1 mmol) and K,COs (3 mmol) were added and the
mixture was stirred under nitrogen at room temperature for 5-6 h (Table 2).
After completion of reaction (monitored by TLC), water (10 mL) was added, and
the mixture was extracted with EtOAc (3 x 5 mL). The combined organic phase
was dried over anhyd Na,SOy, filtered, and evaporated under reduced pressure.
The resulting crude product was purified by silica gel column chromatography
using a mixture of EtOAc-n-hexane (1:9) as eluent to afford an analytically pure
product.

Characterization data of representative compounds.

Compound 4a%: White solid, yield 89%, mp 189—191 °C (lit. mp: 191-193 °C),2
TH NMR (400 MHz, CDCls) 6: 10.92 (s, 1H), 9.52 (s, 1H), 8.04-8.02 (m, 2H), 7.66-
7.58 (m, 3H), 7.55-7.51 (m, 2H), 7.39-7.34 (m, 2H), 7.17-7.13 (m, TH); '*C NMR
(100 MHz, CDCl3) ¢: 168.61, 150.98, 137.53, 132.92, 132.14, 128.95, 128.44,
128.19, 123.65, 120.32. EI-MS (m/z) 240 (M"). Anal. Calcd for Ci4H;3N,0;: C,
69.99; H, 5.03; N, 11.66%. Found: C, 69.71; H, 5.38; N, 11.54%. These observed
spectral and elemental analyses’ data compare quite favourably to those
reported in the literature.> Compound 4n: White solid, yield 78% mp
182-184°C, '"H NMR (400 MHz, CDCl3) o: 10.63 (s, 1H), 9.97 (s, 1H), 7.53-
7.51 (m, 2H), 7.35-7.31 (m, 2H), 7.15-7.11 (m, 1H), 2.23 (s, 3H); >°C NMR
(100 MHz, CDCl3) 6: 169.99, 148.06, 139.68, 128.98, 128.12, 121.85, 22.04, EI-MS
(m/z) 178 (M"). Anal. Calcd for CoHoN,0,: C, 60.66; H, 5.66; N, 15.72%. Found: C,
60.98; H, 5.83; N, 15.46%.

. General procedure for the ring-opening of styrene oxide (9) in water: A mixture of
styrene oxide 9 (1 mmol), nucleophile NuH (1 mmol), and N-acylurea 4a

A. K. Singh et al./ Tetrahedron Letters 54 (2013) 5099-5102

(0.1 mmol) was stirred in water (2 mL) at room temperature for 18-30 h
(Table 3). After completion of reaction (monitored by TLC), water (5 mL) was
added, and the mixture was extracted with EtOAc (3 x 5 mL). The combined
organic phase was dried over anhyd Na,SO,, filtered, and evaporated under
reduced pressure. The resulting crude product was purified by silica gel column
chromatography using a mixture of EtOAc-n-hexane (1:19) as eluent to afford
an analytically pure product.

. General procedure for the solvent-free ring-opening of styrene oxide: A mixture of

styrene oxide 9 (1 mmol) and nucleophile NuH (1 mmol) and N-acylurea 4a
(0.05 mmol) was stirred under solvent-free condition at 60 °C for 0.4-4.0 h
(Table 4). After completion of reaction (monitored by TLC), water (5 mL) was
added, and the mixture was extracted with EtOAc (3 x 5 mL). The combined
organic phase was dried over anhyd Na,SO,, filtered, and evaporated under
reduced pressure. The resulting crude product was purified by silica gel column
chromatography using a mixture of EtOAc-n-hexane (1:19) as eluent to afford
an analytically pure product. Compound 10c®: White solid, 'H NMR (400 MHz,
CDCls) 6: 2.85 (s, 1H), 3.98-4.10 (m, 1H), 4.16-4.18 (m, 1H), 5.11-5.18 (m, 1H),
6.96-7.02 (m, 3H), 7.29-7.48 (m, 7H); '3C NMR (100 MHz, CDCl;) 5: 158.43,
139.78, 129.63, 128.60, 128.26, 126.39, 121.36, 114.73, 73.38, 72.67. EI-MS (m/z)
214 (M*). Anal. Calcd for Cy4H140;: C, 78.48; H, 6.59%. Found: C, 78.31; H, 6.85%.
Compound 11c®: White solid, '"H NMR (400 MHz, CDCl5) §: 2.27-2.31 (m, 1H),
3.80-3.92 (m, 1H), 3.95-4.02 (m, 1H), 5.29 (dd, J = 8.3, 3.9, 1H), 6.89-6.94 (m,
3H), 7.20-7.41 (m, 7H); '*C NMR (100 MHz, CDCls) é: 157.86, 137.91, 129.49,
128.79,128.19, 126.36, 121.31, 115.98, 81.22, 67.66. EI-MS (m/z) 214 (M"). Anal.
Calcd for Cy4H140,: C, 78.48; H, 6.59%. Found: C, 78.24; H, 6.89%.

9. Fan, R-H.; Hou, X.-L. J. Org. Chem. 2003, 68, 726.
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