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Abstract—Tertiary alcohols as well as primary and secondary benzylic alcohols react efficiently with nitriles to give the correspond-
ing amides in good to excellent yields in the presence of P,Os/SiO, (60% w/w).

© 2007 Elsevier Ltd. All rights reserved.

The Ritter reaction is an important carbon-nitrogen
bond forming reaction used to prepare N-tert-butyl
amides which are important amine precursors and phar-
maceuticals.!> The reaction of tertiary or benzylic alco-
hols with nitriles in concentrated sulfuric acid is known
classically as the Ritter reaction. Some alternative acidic
reagents used for this purpose are (CF3SO,),0,> BF5
Et20,4 Fe(ClO4)3/8102,5 MCSO3H/A1203,6 1\18.1:1011-H,7
CoCl,/Ac,0.% Fe*'-K10 montmorillonite,’ heteropoly
acids,!? zeolites!! and triflic anhydride.!? Recently, mod-
ified Ritter reactions of nitriles have been reported using
Ph,C"CISbCl,~,'? tertiary esters,'* or trimethylsilyl cya-
nide'> instead of alcohols or nitriles, respectively. How-
ever, disadvantages include limited applications of the
reported methods and therefore, new versions of the
Ritter reaction have been developed to overcome these
drawbacks.

Heterogeneous organic reactions have been recently per-
formed with immobilized reagents on solid supports.
These procedures have advantages such as cleaner reac-
tions, easier work up, reduced reaction times and eco-
friendliness. These considerations are currently driving
our efforts to develop heterogeneous organic transfor-
mations,'® and herein we report a simple alternative pro-
cedure for the Ritter reaction to provide various amides
using a mixture of (60% w/w) P,Os and SiO, (Scheme 1).

P,05/Si0, is more stable, less hygroscopic with much
more activity than unsupported P,Os, and has been pre-
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R=Ph,Me,C=C R'=Ph, -Bu 68-96%

Scheme 1.

pared via grinding 1.2 g of P,O5 and 0.8 g of preheated
SiO, in a mortar for 1 min to give a homogeneous mix-
ture. P,Os/silica gel has been used in acylation,!”!8
Fries-rearrangements,'® protection and deprotection of
aldehydes?® or alcohols,?' nitration,>?> oxidation?® and
Beckmann or Schmidt rearrangements.?*2°

Initially, in order to evaluate the efficiency of various
acidic reagents in the Ritter reaction, we investigated
their activities in a model reaction between acetonitrile
(1.1 equiv) and benzyl alcohol (1 equiv) at 100 °C (Table
1). Among the acids screened, a mixture of P,Os and
silica gel (60% w/w) was found to be superior (Table
1, entry 11). The applicability of the present method to
a large scale process was examined with 50 mmol of benz-
yl alcohol and acetonitrile which gave N-benzylacet-
amide in 88% yield.

The generality and scope of this new protocol was dem-
onstrated by subjecting a wide range of secondary and
primary benzylic alcohols, bearing both electron with-
drawing and donating substituents, and tert-butanol,
to the reaction with acetonitrile under these condi-
tions.>> In most cases, the reactions proceeded cleanly
and the desired amides were obtained in good yields
(Table 2, entries 1-9). The Ritter reaction of simple sec-
ondary alcohols with acetonitrile in the presence of
P,05/Si0, (60% w/w) afforded the corresponding


mailto:ftamaddon@yazduni.ac.ir

3644

Table 1. Ritter reaction of benzyl alcohol with acetonitrile in different
acidic media

(6]
Me—C=N 4 PhCH,OH Acid, 100 © Me)J\NHCHQPh
Entry Acid Time (h) Yield™® (%)
1 H,SO, 5 50
2 BF;Et,O 8 53
3 CH;SOz;H 8 60
4 CH;SO;H/AlL,O4 5 82
5 NH,SOsH 5 55
6 Silica sulfuric acid 8 67
7 H;PW 5,04 5 75
8 P05 3.5 78
9 P,Os/MeSO;H 5 75
10 P,05/Si05(75% w/w) 2.5 91°¢
11 P,05/Si05(60% w/w) 3 93
12 P,05/A1,05 (25% w/w) 8 55¢
13 P,05/A1,05(60% w/w) 2.5 78°¢
14 P,05/A1,05(75% w/w) 2 80°
15 P,05/A1,03(50% w/w) 5 70
16 P,05/Si0,(50% w/w) 5.5 78

#Tsolated yield.

® The products were isolated by addition of water (10 ml) and extrac-
tion with ethyl acetate (10 ml).

¢ Dibenzyl ether was also formed as a side product.
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amides in moderate yields (30-68%). No Ritter reaction
took place with simple primary alcohols.

Benzonitrile and acrylonitrile gave the desired products
in good yields under similar conditions (Table 2, entries
10-18). Similarly, we have applied the present methodol-
ogy for the amidation of malononitrile and found that
the conversion to the corresponding bisamides was
highly dependent on steric factors due to the alcohols.
Thus, tert-butyl alcohol gave the desired bisamide,
whereas benzyl alcohol afforded a mixture of four prod-
ucts containing both mono and bismalonoamides (Table
2, entries 19 and 20). Heterocyclic nitriles such as 3 or 4-
cyanopyridine remained completely unreactive and no
amides were formed even after 12 h.

The feasibility of microwave assisted?® Ritter reactions
of various alcohols in the presence of 60% w/w P,Os/
SiO, was also demonstrated (Table 2, entries 1-4 and
11-14) under microwave irradiation using an unmodi-
fied domestic MW oven at 475 W for 120 s. Almost all
of the alcohols were rapidly converted into the corre-
sponding amides in yields comparable to the thermal
conditions in very short times. The acceleration of the
reaction under microwave irradiation may be rational-
ized on the basis of the high polarity of the reaction mix-

Table 2. P,Os/SiO, mediated Ritter reaction of alcohols with nitriles at ambient temperature®

R-C=N + R'OH

P,05/8i0; (60% wiw)

[0}

>

80-100 °C NHR'

Entry R R’ Temperature (°C) Product Time (h)/yield® (%) References
1 CH,’ @ CH, 100 @ CH,NHCOCH;* 2.5/92 6
2 CH;" McO@CH2 90 Meo@ CH,NHCOCH;¢ 2/91 5
3 CH;" Cl@ CH, 90 cl @CHzNHCOCH3d 3/88 27

d
4 CH,® @ CH, 90 @ CH,NHCOCH; 3/85 57
MeO MeO
5 co, 9 <:2 CH, 100 ClQCHZNHCOCH3 2.5/78 28
cl Cl

6 CH;® Ho—@- CH, 90 HO -@-CHZNHCOCH3 1.5/91 27
7 CH;® (CHy):C -@CHz 100 (CHQﬁ‘@’ CH,NHCOCH;, 3/91 28
8 CH,® (CHj3);C- 100 (CHj3);C-NHCOCH; 2.5/90 28
9 CH;">  Ph,CH 100 Ph,CH-NHCOCH; 3/96 5
10 Ph Ph,CH 80 Ph,CH-NHCOPh 3/68 5
1 Ph ©— CH, 90 @ CH,NHCOPH? 3.5/90 29
12 Ph MeO'@CHZ 80 MeO @ CH,NHCOPh! 3.5/73 29
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Table 2 (continued)

Entry R R’ Temperature (°C) Product Time (h)/yield® (%) References
13 Ph C]@CHZ 90 c1@cnzNﬁcophd 4.5/84 5
14 Ph (CH3);C- 100 (CH3);C-NHCOPh 2.5/92 30
15 C= (CH3);C- 90 (CH3);C-NHCOCH=CH, 3/88 28
16 C=C PhCH, 90 PhCH,NHCOCH=CH, 3/90 6

17 C= MeO —@ CH, 380

18 C=C C]@CHZ 90
19 CNCH,- (CH3),C 80
20 CNCH,~ PhCH, 80

MeO @ CH,NHCOCH=CH, 3/89 28
cl @ CH,NHCOCH=CH, 4/93 28

(CH3);CNHCOCH,CONHC(CH3); 3/89 28
Mixture of products — —

#The alcoholic substrate (1 mmol) was stirred with nitrile (1 mmol) in the presence of 0.2 g of freshly prepared P,Os/SiO, (60% w/w) under neat

conditions at 50-100 °C.
® Acetonitrile (1.2 mmol) was used.
“Isolated yields.

9These alcohols underwent microwave assisted Ritter reaction using an unmodified domestic MW oven at 475 W for 120 s and produced the
corresponding amides in comparable yields to thermal conditions. All products are known and were identified by their melting points, IR and in

some cases 'H NMR spectra.

0
H;C-C=N o CH;CNHCH,Ph (0%)
Immol | PhCH,OH 80 C > 0
_ 1 mmol 5h. |
Ph-C=N PhCNHCH,Ph (85%)
1 mmol
Scheme 2.

tures. The results obtained show that P,Os/SiO, (60%
w/w) provides an excellent heterogeneous media for
the Ritter reaction both under thermal conditions or
microwave irradiation.

Additionally, the chemoselectivity of the reaction was
evaluated via competitive P,Os/SiO,-catalyzed Ritter
reaction of benzyl alcohol (1 mmol) with a mixture of
benzonitrile and acetonitrile. It was found that benzonit-
rile reacted with benzyl alcohol in high yield and selec-
tively in the presence of acetonitrile and that the
reaction temperature extensively affected the chemo-
selectivity (Scheme 2). However, no chemoselectivity
was observed for benzyl alcohol versus benzhydrol.

In conclusion, this simple efficient P,Os/SiO,-catalyzed
Ritter reaction offers several advantages including gen-
erality and simplicity, easy work up, clean reactions,
scale up, selectivity and improved yields.
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