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Novel Reaction of Dibutyl(cyanomethyl)telluronium Chloride with Carbonyl 
Compounds Mediated by Organolithium Reagents: Highly Efficient Synthesis 
of p-Hydroxy Nitrilest 
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Dibutyl(cyanomethyl)telluronium chloride, a precursor of stabilized telluronium ylides, after being 
treated with organolithium reagents reacted with carbonyl compounds to afford j3- hydroxy nitriles 
instead of a,p-unsaturated nitriles in excellent yields. 

Recently there has been a remarkable interest in the synthetic 
application of organotellurium reagentsp3 However, little 
attention has been paid to telluronium ylides compared with 
sulphonium and selenium ylides.L6 Osuka et al. reported that 
the stabilized and moderately stabilized tellurium ylides are 
reactive towards carbonyl compounds, giving rise to alkenes 
and epoxides, re~pectively.~-' We found that diphenyl- 
telluronium methylide, the first non-stabilized telluronium 
ylide, generated from methyldiphenyltelluronium tetraphenyl- 
borate with lithium, 2,2,6,6-tetramethylpiperidide (LiTMP), 
reacted with aldehydes or ketones to form substituted 
oxiranes. ' In our previous paper we reported that the reactions 
of trimethyl- and methyldiphenyl-telluronium salts (precursors 
of non-stabilized telluronium ylides) with aldehydes gave 
secondary alcohols by the use of organolithium reagents." We 
also reported that reactions of carbonyl compounds with 
benzyldibutyltelluronium bromide (precursor of a semi-stabi- 
lized telluronium ylide) afforded homobenzylic alcohols in a 
reaction mediated by organolithium reagents.' 

In 1988, X. Huang et al. reported that dibutyl(cyanomethy1)- 
telluronium chloride 1, on treatment with potassium t-butoxide, 
gave the stabilized telluronium ylide dibutyltelluronium 
cyanomethylide, which condensed with carbonyl compounds to 
yield a,P-unsaturated nitriles in moderate yields.' In this paper 
we report a quite different result, in that dibutyl(cyanomethy1)- 
telluronium chloride 1, a precursor of a stabilized telluronium 
ylide, after being treated with a nucleophilic organolithium 
reagent, reacts with a variety of carbonyl compounds to afford 
P-hydroxy nitriles instead of a#-unsaturated nitriles in ex- 
cellent yields. 

P-Hydroxy nitriles are an important class of compounds 
because the cyano group can undergo several transformations. l 4  

Among many methods for generating nitrile  anion^,'^ the 
Reformatsky-type reaction between bromoacetonitrile and 
carbonyl compounds induced by zinc represents one of the most 
useful methods for the preparation of P-hydroxy nitriles. ' 
However, under standard conditions the expected P-hydroxy 
nitriles are produced only in moderate yield.' Although 
somewhat better yields could be obtained from the preformed 
organozinc intermediate l 8  or by the use of other metals," the 
reaction is still limited in scope. We report herein a novel 
synthesis of P-hydroxy nitriles with the advantages of easy 
availability of the reagent 1, simplicity of procedure, and 
excellent yields. 
Dibutyl(cyanomethy1)telluronium chloride 1 was easily 

prepared from the reaction of dibutyl telluride and chloro- 
acetonitrile at room temperature. The telluronium salt 1, after 

t This paper is the 92nd report on the synthetic application of elemento- 
organic compounds of the 15th and 16th groups. 

Table 1 Synthesis of P-hydroxy nitriles 3" 
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" All reactions were performed as described in the text. For the isolated 
product. 

being treated with an alkyl- or phenyl-lithium, reacted with 
carbonyl compounds 2 to give alcohols, viz. P-hydroxy nitriles 3 
in excellent yields [eqn. (l)], instead of the corresponding 
alkenes 2o or epoxides,21 the Wittig-type reaction products 
expected by analogy with the reactions of other heteroatom 
ylides. The preparation of compounds 3 has been performed 
on a variety of structurally different carbonyl compounds to 
determine the scope of the reaction. Some experimental results 
are summarized in Table 1 and illustrate the efficiency, the 
applicability, and the scope of the present method. Conversion 
of carbonyl compounds into P-hydroxy nitriles usually proceeds 
completely when the mixture was allowed to warm to room 
temperature, and the reaction works well with both enolizable 
and non-enolizable carbonyl compounds. As for the potentially 
unreactive substrates, such as 2,4-dimethoxybenzaldehyde, 4- 
(dimethylamino)benzaldehyde, and piperonal, the yields of the 
expected P-hydroxy nitriles are still excellent. It is particularly 
noteworthy that, in the absence of RLi, the reaction did not take 
place under the same conditions unless the mixture was refluxed 
in tetrahydrofuran (THF) to give a$-unsaturated nitrile.' 

This RLi-promoted condensation of dibutyl(cyanomethy1)- 
telluronium chloride with carbonyl compounds giving rise to 
P-hydroxy nitriles is novel. Various lithium reagents such as 
BuLi, MeLi, p-MeC6H4Li and PhLi could promote the reaction 
effectively. Instead of formation of a telluronium ylide, as in the 
case of phosphonium 2o or arsonium 21 analogues, an unstable 
tetraorganyltellurium intermediate 4 may be formed, as in the 
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Scheme 1 Reagents: i, RLi; ii, 2; iii, water 

solution of dibutyl(cyanomethy1)telluronium chloride (1.5 
mmol) in dry THF at -70 "C under nitrogen. After 1 h, a 
solution of a carbonyl compound (1.0 mmol) in THF (2 cm3) 
was added. After the reaction was complete (monitored by 
TLC), ethyl acetate was added. The resulting mixture was 
filtered through a short column of silica gel. The solvent was 
evaporated off under reduced pressure, and flash chromato- 
graphy gave the pure product. 
3-Hydroxy-3-phenylpropanenitrile 3a (9573, b.p. 165- 

166"C/2 mmHg (lit.,24 154-155"C/1 mmHg); 6, 2.53 (2 H, 
d, J 6), 3.65 (1 H, br), 4.75 (1 H, t, J 6) and 7.20 (5 H, s); 
v,,,(neat)/cm-' 3450vs and 2230m; m/z  (%) 147 (M', 3), 130 (9, 
107 (94) and 77 (100). 

OH 
I 1 

i'i R'R'C-CH,CN ii R ' R 2 C 0 2  I Bu,?'eCH,CN C1- 
1 

2a; R' = Ph R2 = H 
2b; R' = 4-C1C6H4, R2 = H 
2 ~ ;  R' = 2-ClC6H4, R2 = H 
2d; R' = 4-FC,H4, R2 = H 
2e; R' = 4-BrC6H,, R2 = H 
2f; R' = 2-Naphthyl, RZ = H 
2g; R' = 4-MeOC6H4, R2 = H 
2h; R' = 4-MezNC6H4, R2 = H 

2i; R' = 2,4-(MeO),C,H, R2 = H 
n 

2j; R' = 3,4-OCHzOC6H3 R2 = H 
2k; R' = Cyclohexyl, R2 = H 

R2 = H 
2m; R' = Pentyl, R2 = H 
2n; R' = Ph, R2 = Ph 

21; R' = Pr, 

20; R' = Ph, R2 = Me 

Reagents and conditions: i, RLi, THF, - 70 "C; ii, - 70 "C to room temp.; ii, water 

case of B u , T ~ I . ~ ~  Owing to the weakness of the Te-C bond 
which is polarized in the presence of Li+, species 4 underwent 
nucleophilic addition to carbonyl compounds through cleavage 
of one of the substituents as shown in Scheme 1. The 
cyanomethyl group is transferred preferentially, so we obtained 
only the P-hydroxy nitriles and no other alkylated alcohols. 

In addition to the synthetic utility for the preparation of 0- 
hydroxy nitriles, this reaction is of mechanistic interest in view 
of the first demonstration that dibutyl(cyanomethy1)telluronium 
chloride, a precursor of a stabilized telluronium ylide, reacts 
with carbonyl compounds to give exclusively P-hydroxy nitriles 
when treated with strong nucleophilic bases, a result quite 
different from that obtained with phosphonium and arsonium 
analogues. 

Experimental 
M.p.s and b.p.s are uncorrected. M.p.s were measured on a 
Thiele apparatus. 'H NMR spectra were determined in 
CDC13 on a Varian EM-360L (60 MHz) spectrometer with 
SiMe, as the internal standard; J-values are given in Hz. IR 
spectra were recorded on a Shimadzu IR-400 instrument. Mass 
spectral data were obtained by electron ionization (EI) on a 
Finnigan 4021 spectrometer. 

All the reactions were carried out under nitrogen. All solvents 
and materials were dried and redistilled before use. Dibutyl 
telluride was prepared according to the procedure reported by 
Balfe et al.23 

Synthesis of Dibutyl(cyanomethyl)telluronium Chloride 1 .- 
Dibutyl telluride (1 2 mmol) was syringed into chloroacetonitrile 
(12 mmol) under nitrogen. The mixture was stirred for 4 h to 
afford a crystalline product (9573, m.p. 93-94 "C (lit.,13 92- 
93 "C); ~ 5 ~ 1 . 0 5  (6 H, t, J4),  1.50 (4 H, m), 2.10 (4 H, m), 3.10 (2 H, 
s) and 3.15 (4 H, t, J4);  v,,,(KCl)/cm-' 2230. 

Synthesis of p-Hydroxy Nitriles 3. General Procedure.-A 
solution of RLi (1.5 mmol) in hexane was syringed into a 

3-(4-Chlorophenyl)-3-hydroxypropanenitrile 3b (98%), oil;2 
~ 5 ~ 2 . 6 3  (2 H, d, J6), 3.62 (1 H, br), 4.90 (1 H, t, J 6 )  and 7.22 (4 H, 
s); v,,,(neat)/cm-' 3450s and 2240m; m/z  (%) 182 (M + 1,22), 
181 (M+,  8), 165 (37) and 142 (100). 
3-(2-Chlorophenyl)-3-hydroxypropanenitrile 3c (9573, oil; 2 5  

6, 2.65 (2 H, d, J6),  3.60 (1 H, br), 4.92 (1 H, t, J 6 )  and 7.45 (4 H, 
m); v,,,(neat)/cm-' 3455s and 2235m. 

3-(4-FZuorophenyl)-3-hydroxypropanenitriIe 3d (96%), b.p. 
150-152 "C/l mmHg; 6, 2.53 (2 H, d, J 6), 3.59 (1 H, br), 4.77 
(1 H, t, J 6) and 6.97 (4 H, m); v,,,(neat)/cm-' 3450s and 2240m; 
m/z (%) 165 (M', ZO), 148 (9,125 (48), 123 (55),95 (55) and 71 
(100) (Found: C, 65.1; H, 5.15; N, 8.45; F, 11.5. C,H,FNO 
requires C, 65.45; H, 4.88; N, 8.48; F, 11.50%). 
3-(4-Bromophenyl)-3-hydroxypropanenitrile 3e (9773, b.p. 

159-160 "C/l mmHg (lit.," 147-148 "C/0.49 mmHg); 6, 2.60 
(2 H, d, J 6), 3.67 (1 H, br), 4.82 (1 H, t, J 6) and 7.27 (4 H, m); 
v,,,(neat)/cm-' 3440s and 2245m; m/z (%) 227, 225 (M+, 5) ,  
210,208 (Z), 187, 185 (100) and 157 (23). 

3-Hydr oxy -3 -( 2-naph t hy1)propanenit rile 3f (98%), m. p. 68- 
70 "C; 6, 2.40 (2 H, d, J 6), 3.73 (1 H, br), 4.73 (1 H, t, J 6) and 
7.38 (7 H, m); v,,,(KCl)/cm-' 3430s and 224Om; m/z (%) 197 
(M +, 43), 180(5), 157 (83), 129 (100) and 127 (60) (Found: C, 79.2: 
H, 5.6; N, 6.9. Cl3Hl1NO requires C, 79.17; H, 5.62; N, 7.10%). 
3-Hydroxy-3-(4-methoxyphenyl)propanenitrile 3g (9773, b.p. 

175 "C/4 mmHg (lit.,26 173 "C/4 mmHg); 6 ,  2.70 (2 H, d, J 6), 
3.28(1 H,br),3.75(3HYs),4.95(1 H,t, J6),6.85(2HYd, J8)and  
7.25 (2 H, d, J 8); v,,,(neat)/cm-' 3450vs and 2240s; m/z  (%) 
177 (M', 5) ,  169 (5) and 137 (100). 
3-(4-Dimethylaminophenyl) -3-hydroxypropanenitrile 3h 

4.68 (1 H, t, J 6), 6.58 (2 H, d, J 8) and 7.11 (2 H, d, J 8); 
v,,,(neat)/cm-' 3430vs and 2235m; m/z (%) 190 (M+, 26), 173 
(8) and 150 (100). 
3-(2,4-Dimethoxyphenyl)-3-hydroxypropanenitrile 3i (9573, 

m.p. 90-91 "C (lit.,26 89.5-90.5 "C); 6, 2.75 (2 H, d, J 6), 3.20 (1 
H, s), 3.82 (3 H, s), 3.86 (3 H, s), 5.10 (1 H, t, J6 ) ,  6.49 (1 H, s), 
6.59 (1 H, d, J 7) and 7.38 (1 H, d, J 7); v,,,(KCl)/cm-' 3450s 
and 2250m. 

(9573, 6, 2.51 (2 H, d, J 6), 2.78 (6 H, s) ,  3.42 (1 H, br), 
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3-Hydroxy-3-(3,4-methylenedioxyphenyl)propanenitrile 3j 
(92%), m.p. 79-80 "C (lit.,26 80.5-81.0 "C); 6 ,  2.70 (2 H, d, J 
6), 3.64 (1 H, br), 4.89 (1 H, t, J6),  5.94 (2 H, s) and 6.85-6.95 (3 
H, m); v,,,(KCl)/cm-' 3450vs and 2250m; m/z (%) 191 (M+, 
32), 174 (5 ) ,  151 (loo), 93 (75) and 65 (52). 

3 - Cy clohexy Z- 3 - hy dr oxypr opanen it r ile 3 k (8 8 %) , b . p. 1 00- 
102"C/1 mmHg; d,., 1.26-1.73 (11 H, m), 2.60 (2 H, d, J 6), 
3.16 (1 H, br) and 3.70 (1 H, m); v,,,(neat)/cm-' 3450s and 
2245m; m/z (%) 154 (M + 1, 89), 136 (50), 113 (9), 95 (loo), 83 
(76) and 55 (80) (Found: C, 70.5; H, 9.85; N, 9.15. C,H,,NO 
requires C, 70.55; H, 9.87; N, 9.14%). 

3-Hydroxyhexanenitrile 31 (90%), b.p. 96 OC/5 mmHg (lit.,', 
114 "C/ll  mmHg); 6, 0.90 (3 H, t, J 4), 1.35 (4 H, m), 2.55 (2 
H, d, J 6), 3.25 (1 H, br) and 3.92 (1 H, m); v,,,(neat)/cm-' 
3455s and 2240m. 

3-Hydroxyoctanenitrile 3m (92%), b.p. 1 15 "C/2 mmHg 
(lit.," 83 "C/0.34 mmHg); 6, 0.88 (3 H, t, J 4), 1.33 (8 H, m), 
2.53 (2 H, d, J 6), 3.23 (1 H, br) and 3.93 (1 H, m); 
v,,,(neat)/cm-' 3455vs and 2240m. 
3-Hydroxy-3,3-diphenylpropanenitrile 3n (85%), m.p. 142- 

and 7.38 (10 H, s); v,,,(KCl)/cm-' 3450s and 2290m; m/z (%) 
223 (M+,  9 ,206  (3), 183 (loo), 105 (95) and 77 (62). 
3-Hydroxy-3-phenylbutanenitrile 30 (9473, b.p. 15&15 1 "C/4 

mmHg (lit.,24 149-150 "C/4 mmHg); 6 ,  1.63 (3 H, s), 2.78 (2 
H, s), 3.44 (1 H, br) and 7.33 (5 H, m); v,,,(neat)/cm-' 3420s 
and 2240m; m/z (%) 161 (M', 40), 144 (lo), 121 (80), 105 (100) 
and 77 (68). 

143 "C (lit.,24 141.5-143 "C); 6 ,  2.82 (1 H, br), 3.25 (2 H, S) 
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