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Abstract

An efficient method for the addition of trimethylsilyl cyanide (TMSCN) to various aldehydes and ketones has been described using
Fe(Cp),PF¢ (2.5 mol%) as a catalyst under solvent free condition. Excellent yields of trimethylsilylether of cyanohydrin up to (94%) was

achieved within 10 min.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Cyanohydrins are versatile intermediates, which can eas-
ily be converted into wide variety of valuable classes of
compounds, such as o-amino acids, o-hydroxy acids,
B-amino alcohols, vicinal diols, a-hydroxy ketones [1] for
their application in pharmaceuticals, agrochemicals and
insecticides [2]. Cyanohydrins are typically prepared by
the interaction of carbonyl compound with a cyanide
source serving as nucleophile. Several useful cyanation
reagents have been reported in the literature [3], among
them, trimethylsilyl cyanide (TMSCN) seems to be one of
the most effective and safe cyanation source for nucleo-
philic addition to carbonyl compounds. Generally, in the
absence of a catalyst, no reaction occurs between TMSCN
and carbonyl compounds. Frequently, Lewis acids such as
Yb(CN); [4], Yb(OTf); [5], Cu(OTf), [6], Znl, [7],
KCN:18-crown-6 [8], LiClOy4 [9], R,SnCl, [10], Zr(KPOy),
[11], MgBr, - Et,0 [12], CsF [13], VO(OTF), [14], N-het-

" Corresponding author. Tel.: +91 0278 2567760; fax: +91 0278
2566970.
E-mail address: khan2593@yahoo.co.in (Noor-ul H. Khan).

0022-328X/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jorganchem.2007.07.011

erocyclic carbene [15], P(RNCH,CH,)N [16], InBrj3 [17],
and FeCl; [18] both in stoichiometric and catalytic
amounts have been used to catalyze the cyanation of car-
bonyl compounds. Besides, in situ generated catalyst con-
taining various Lewis acid and N,N-dimethyl-N-oxide [19]
have also been used for the generation of cyanohydrins.
Nevertheless, these procedures often require drastic reac-
tion conditions, with a tedious work up procedures under
potentially hazardous solvents such as CH,Cl,, CH;CN
and THF. In continuation of our current interest in cyana-
tion of aldehydes [20] and meeting the growing challenges
for developing solvent-free [21] and environmentally
benign synthetic protocol, we report here the addition of
TMSCN to carbonyl compounds using Fe(Cp),PF¢ as a
readily available catalyst to give cyanohydrintrimethylsilyl
ethers in excellent yields under solvent-free conditions at
room temperature.

2. Results and discussion

Addition of TMSCN to benzaldehyde used as a
representative substrate was carried out with Fe(Cp),PFg
(1-2.5 mol%) as a catalyst under solvent-free condition at
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room temperature and the results are summarized in Table
1. The best result in terms of yield (94%) for the formation
of cyanohydrintrimethylsilylether was achieved with the
catalyst loading of 2.5 mol% within 10 min (Table 1, entry
3).

Based on the above observations we extended this cata-
lytic system (Fe(Cp),PFg; 2.5 mol%) for the cyanation of a
variety of aromatic and aliphatic aldehydes under identical
reaction conditions where good to excellent yield (65-94%)
for the corresponding cyanohydrintrimethylsilylethers was
achieved within 10 min (Table 2). The present catalytic
protocol is quite general in nature (Yield; 72-94%) for
the cyanation of 1-, 2-, and 3-substituted benzaldehydes
(Table 2, entries 1-10) and works equally well (Yield; 75—
92%) for the aliphatic terminal aldehydes (Table 2, entries
13-15). While aldehydes with heterocyclic ring system
(Table 2, entries 16 and 17) gave moderate yields. Further,
we have found that this catalytic system is reasonably effec-
tive for the bulkier aromatic aldehyde like naphthaldehyde
(entry 11) conjugated and non-conjugated aldehydes viz.,
E-cinnamaldehyde and hydrocinnamaldehyde, respectively
(entries 18 and 12, respectively). Furthermore, cyanation of
4-bromobenzaldehyde which is solid at room temperature
gave corresponding cyanohydrintrimethylsilylether in high
yield (90%) under our solvent free catalytic system in
10 min (entry 19). However, when the same reaction was
conducted in CH,Cl, as solvent the yield (61%) dropped
considerably (entry, 20).

The present catalyst system was further tested for its effi-
cacy for the cyanation of ketones. The results as given in
the Table 3 clearly suggest that this system is excellent
(94% yield of cyanohydrintrimethylsilylether) for the cya-
nation of a variety of ketones tested. Further, as compared
to other solvent free protocols for the addition of TMSCN
to ketones (acetophenone, for example) our catalytic sys-
tem is far superior in terms of low catalyst loading and
shorter reaction time (Table 4). The cyanation of ketones
is considered as problematic due to more steric hindrance
around the carbonyl group of ketones than of aldehydes.
It was surprising that our catalytic system showed nearly
similar activity both for aldehydes and ketones (reaction
completes in 10 min). To investigate the time profile of cat-

Table 1
The effect of catalyst loading on addition of TMSCN to benzaldehyde
under solvent-free condition®

(0] OTMS
@)’LH L TMSCN 1-2.5 mol% Fe(Cp)zPFﬁ ©)\CN
It
Entry Mol (%) Time (min) Yield® (%)
1 1 10 79
2 2 10 88
3 2.5 10 94

* The Fe(Cp),PFs (1-2.5 mol%) was dissolved in aldehydes (1 mmol)
and TMSCN (1.3 mmol) was added in small fractions over period of
S min.

® Isolated yield.

Table 2
Addition of TMSCN to various aldehydes catalyzed by Fe(Cp),PFsunder
solvent free condition®

Entry  Substrate Product Time (min)  Yield® (%)
1 o N 10 91
MeO /©)\oms
MeO
2 “ o 10 90
Qﬂ OTMS
OMe
OMe
3 Cr o 10 9
OMe d\ OTMS
OMe
4 /@Ao o 10 87
E(O /©)\ OTMS
EtO
5 o o 10 74
F @OTMS
F
6 Cr o 10 9%
F @OTMS
F
7 - o 10 73
©/\ OTMS
al
a
8 o o 10 87
a ﬁOTMS
a
9 o o 10 9
Me /©/J\OTMS
Me’
10 @O o 10 72
Me @OTMS
Me
11 Y o 10 85
OTMS
12 10 74

CN

3
4

OTMS
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Table 2 (continued)

Entry Substrate Product Time Yield®
(min) (%)
13 CHj;(CH,),CHO /CN 10 89
CH;(CH,);,CH
OTMS
14 CHj;(CH,),CHO cN 10 92
CH3(CH2)4C{I
OTMS
15 CHj;(CH,);CHO /CN 10 75
CH;(CH,),CH
OTMS
16 10 68
[}\\ [B\\/OTMS
S \ S
o CN
17 10 65
@ [B\(OTMS
O \ ]
o CN
18 10 70
@MO CN
©A\/J\OTMS
19 ~o oN 10 90

D)\ 10 61°
Br OTMS
Br

# The Fe(Cp),PFs (2.5 mol%) was dissolved in aldehydes (1 mmol) and
TMSCN (1.3 mmol) was added in small fractions over period of 5 min.

® Isolated yield.

¢ Using CH,Cl, (0.2 ml) as a solvent.

alytic activity our catalyst, we monitored the cyanosilyla-
tion of acetophenone and benzaldehyde at an interval of
30s. To our surprise acetophenone reacted more rapidly
than benzaldehyde. To further understand the role of steric
crowding (as reported in the literature [1e]), we further con-
ducted the cyanosilylation reaction using benzophenone as
a substrate. The results were still surprising; the rates were
highest for benzophenone among the three substrates used
here (Fig. 1). This behavior of catalyst may be due to the
stacking interaction between the phenyl rings of the sub-
strate and the catalyst which in turn is responsible for the
activation of the substrate. As the availability of m-elec-
trons in the case of benzophenone and acetophenone is
more than benzaldehyde, stacking interaction would also
be stronger for the former making it more active to react
with TMSCN.

Based on the product distribution it is expected that the
cyanation reaction would follow the reaction mechanism as
depicted in Scheme 1. Ferrocenium ion is reported [23] to
be Lewis acid; hence, it is expected to polarize the carbonyl
group through weak interaction between oxygen of

Table 3
Addition of TMSCN to various ketones catalyzed by Fe(Cp),PF; under solvent free
condition®

2.5 mol% Fe(Cp),PF, OTMS

o
o+ sy, ——————— /f\
rt R, CN

R, R, R,
Entry Substrate Product Time (min) Yield® (%)
1 o oN 10 93
o g
2 o N 10 89
Me Me
3 o oN 10 90
Sols
OMe OMe
4 o o~ 10 91
sl et
OMe OMe
5 o oN 10 94
cooo
F F
6 o oN 10 92
/©)K mOTMS
F F
7 ° oN 10 93
Ll
Br Br
8 o oN 10 80
SIS Gin
OH OH
9 o oN 10 91
(:f‘\ @\OTMS
cl cl
10 10 93
‘ A 0 orms
) Y
11 10 90
Q %TMS
12 o NG oTMS 1.5 100

&
%

% The Fe(Cp),PF¢ (2.5 mol%) was dissolved in ketones (1 mmol) and TMSCN
(1.3 mmol) was added in small fractions over period of 5 min.

® Isolated yield.

¢ GC conversion.
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Table 4

The comparison of various catalysts towards addition of TMSCN to acetophenone

Entry Catalyst Mol (%) Solvent Time (min) Yield® (%)
1 Fe(Cp),PF; 25 - 10 93
2 InBr3 1 CH,Cl, 180 90 [17]
3 Cu(OTH), 5 CH,Cl, 1200 85 [6]
4 R,SnCl, 10 - 2700 93 [10]
5 LiClO,4 100 - 180 86° [9b]
6 CsF 10 CH;CN 60 95 [13b]
7 N-Methylmorpholine N-oxide 30 - 480 98 [22]
8 N-Oxide Ti(OPr), [2/1] 10 CH,Cl, 3720 82 [19b]
9 N-Heterocyclic carbene 0.5 DMF 60 80 [15a]
10 VO(OTf), 1 CH;CN 240 92 [14]
11 P(RNCH,CH,)N 3 THF 60 90 [16]
12 (CH;CH,)3N 20 - 120 90 [21c]
4 Isolated yield.
® GC conversion.
100+ 3. Experimental
3.1. General
804
S ’/o——‘/’/’/‘ NMR spectra were obtained with a Bruker F113V spec-
% 60 trometer (200 MHz and 50 MHz for 'H and '’C, respec-
2 tively) and are referenced internally with TMS.
s —e— Benzaldehyde Microanalysis of the products was carried out by a CHN
g 407 —=— Acetophenone analyzer (Perkin—Elmer Series II, 2400).The purification
© —a— Benzophenone of the products was performed by silica gel (60-200 mesh)
20 flash chromatography. The conversion was determined by
capillary GC column SPB-5 (60 m) at 150 °C isotherm on
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ a Shimadzu GC 2010. TMSCN, Acetophenone, 4-methyl
0 0.5 1 1.5 2 25 3 3.5 acetophenone, 4-fluoro acetophenone, 2-chloro acetophe-

Time [Min.]

Fig. 1. Time dependent formation of cyanosilylether with Fe(Cp),PFg.

(0]

R™ Ry

Substrate
FeJr PFg /_&

R;
R,
Catalyst @ o
Catalytic Cycle I @ PE¢
OSI(CH 3)3
Pl'OdllCt "% jQSI(CH 3)3
Fe NCSi(CH3);

@ PF4

Scheme 1. Proposed mechanism for cyanosilylation of carbonyl
compound.

carbonyl group and Fe. The nucleophilic attack of cyanide
ion on thus activated substrate would give the product and
set free the catalyst for the next catalytic cycle.

none, propiophenone (across organics), 2-methoxy ace-
tophenone, 3-methoxy acetophenone, 2-fluoro
acetophenone (Alfa Aesar), cyclohexanone (National
Chemical India), 2-hydroxy acetophenone, 2-methyl benz-
aldehyde, 4-methyl benzaldehyde (Merck), Fe(Cp),PFg,
2-bromo acetophenone, benzaldehyde, 4-methoxy benzal-
dehyde, 3-methoxy benzaldehyde, 2-methoxy benzalde-
hyde, 4-ethoxy benzaldehyde, 4-fluoro benzaldehyde,
2-fluoro benzaldehyde, 4-chloro benzaldehyde, 3-chloro
benzaldehyde, naphthaldehyde, 2-thiophene-carboxalde-
hyde, 2-furan-carboxaldehyde, E-cinamaldehyde, hydro-
cinnamaldehyde, pentanal, hexanal, nonanal were
purchased from Aldrich Chemicals and were used as
received.

3.2. Typical experimental procedure for addition of TMSCN
to aldehydeslketones

To a mixture of catalyst Fe(Cp),PF4(2.5 mol%) and
aldehydes/ketones (1 mmol) was added TMSCN (CAU-
TION: Toxic!, 1.3 mmol) in small fractions over a period
of 5 min. The reaction was monitored on GC using a cap-
illary column SPB-5 (60 m) at 150 °C isotherm and the
product quantification was done by comparison of peak
area with respect to dodacane used as an internal standard.
The product was purified by flash column chromatography
on silica gel (eluted with hexane/ethyl acetate = 95:5). The
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purified products were characterized by '"H and '*C NMR
and were in agreement with the reported values
[13b,15,19b].

3.3. Characterization data of product

2-Hydroxy-2-phenylacetonitrile (derived from Table 1,
entry 3). '"H NMR (200 MHz, CDCl;): d =4.14 (br s,
1H), 544 (s, 1H), 7.35-7.43 (m, 5H); '*C NMR
(50 MHz, CDCl3): 6 =63.9, 119.8, 127.3, 129.7, 130.5,
134.2, 135.9 ppm. Elemental analysis. Anal. Calc. for
CsH,NO: C, 72.16; H, 5.30; N, 10.52. Found: C, 72.08;
H, 5.32; N, 10.48%.

2-Hydroxy-2-(4-ethoxyphenyl)  acetonitrile  (derived
from Table 2, entry 4) '"H NMR (200 MHz, CDCI):
0=147 (t, J=1.2, 3H), 3.67 (br s, 1H), 4.14 (q, J = 6.0,
2H), 5.54 (s, 1H), 6.94-7.42 (m, 4H); '*C NMR
(50 MHz, CDCl;): 6=154, 62.0, 65.1, 112.8, 115.1,
121.8, 131.9 ppm. Elemental analysis. Anal. Calc. for
CioH11NO,: C, 67.78; H, 6.26; N, 7.90. Found: C, 67.82:
H, 6.24; N, 7.88%.

2-Hydroxy-2-(1'-naphthyl) acetonitrile (derived from
Table 2, entry 11) '"H NMR (200 MHz, CDCl5):6 = 3.87
(br s, 1H), 6.03 (s, 1H), 7.37-8.06 (m, 7H); '*C NMR
(50 MHz, CDCly): 6 =62.7, 115.8, 119.5, 123.5, 125.7,
126.2,127.1,127.9, 129.6, 130.9, 131.4, 134.6 ppm. Elemen-
tal analysis. Anal. Calc. for C;;HyNO: C, 78.67; H, 4.95;
N, 7.65. Found: C, 78.62; H, 5.02; N, 7.68%.

2-Hydroxy-4-phenyl-butanenitrile (derived from Table 2,
entry 12) "H NMR (200 MHz, CDCls): 6 = 2.08-2.19 (m,
2H), 2.78 (t, J=17.6, 2H), 3.44 (br s, 1H), 4.36 (t,
J=6.2, 1H), 7.17-7.33 (m, 5H); *C NMR (50 MHz,
CDCl;): 6 =31.3, 37.2, 60.9, 115.1, 127.2, 129.1, 129.3,
140.3 ppm. Elemental analysis. Anal. Calc. for
CioH1NO: C, 74.51; H, 6.88; N, 8.69. Found: C, 74.55;
H, 6.84; N, 9.71%.

2-Hydroxyheptanenitrile (derived from Table 2, entry
14). '"H NMR (200 MHz, CDCl;): 6 =0.87-1.90 (m,
11H), 2.80 (br s, 1H), 4.50 (m, 1H); '*C NMR (50 MHz,
CDCly): 6 =14.5, 23.1, 24.9, 31.7, 35.9, 62.1, 115.1 ppm.
Elemental analysis. Anal. Calc. for C;H;53NO: C, 66.10;
H, 10.30; N, 11.0. Found: C, 66.12, H; 10.26; N 11.02%.

2-Hydroxy-2-(2'-thiophen) acetonitrile (derived from
Table 2, entry 16). 'H NMR (200 MHz, CDCls):
6=3.68 (br s, 1H), 5.72 (s, 1H), 7.05-7.42 (m, 3H); *C
NMR (50 MHz, CDCl;): 6 =59.9, 115.1, 127.8, 128.0,
128.6 ppm. Elemental analysis. Anal. Calc. for C¢HsNOS:
C, 51.78; H, 3.62; N, 10.06. Found: C, 51.82; H, 6.60; N,
10.01%.

(E)-2-Hydroxy-4-phenyl-3-butenenitrile (derived from
Table 2, entry 18). 'H NMR (200 MHz, CDCls):
0=2345 (br s, 1H), 5.13 (d, J=5.6, 1H), 6.19 (dd,
J=10.0, 5.8, 1H), 6.86 (d, J=15.8, 1H), 7.32-7.39 (m,
5H); '*C NMR (50 MHz, CDCl;): 6 = 62.5, 114.9, 123.1,
127.7, 129.5, 129.7, 129.8, 135.8 ppm. Elemental analysis.
Anal. Calc. for C(HoNO; C, 75.45: H, 5.70; N, 8.80.
Found: C, 75.42; H, 5.73; N, 8.78%.

2-Hydroxy-2-phenyl-propionitrile (derived from Table 3,
entry 1). '"H NMR (200 MHz, CDCls): 6 = 1.84 (s, 3H),
4.02 (br s, 1H), 7.35-7.92 (m, 5H); *C NMR (50 MHz,
CDCl): 0 =31.1, 71.2, 115.1, 125.1, 129.0, 129.2, 129.7,
133.9 ppm. Elemental analysis. Anal. Calc. for CoHoNO:
C, 73.45; H, 6.16; N, 9.52. Found: C, 73.48; H, 6.13; N,
9.55%.

2-(2-chloro-phenyl)-2-hydroxy-propionitrile (derived
from Table 3, entry 9). '"H NMR (200 MHz, CDCI;):
5=1.99 (s, 3H), 4.29 (br s, 1H), 7.29-7.71 (m, 4H); *C
NMR (50 MHz, CDCl3): 6 =28.5, 69.1, 114.8, 121.2,
127.2, 128.1, 130.9, 131.9, 137.4 ppm. Elemental analysis.
Anal. Calc. for CoHgCINO: C, 59.52; H, 4.42; N, 7.71.
Found: C, 59.58; H, 4.40; N, 7.70%.
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