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Enamidines. Part 1. Synthesis of Enamidines and Dihydrotriaziwes by 
t h e  Reaction of Organolithium and Organornagnesium Compounds with 
Aromatic Nitriles 

By Lawrence S. Cook and Basil J. Wakefield." The Ramage Laboratories, Department of Chemistry and 
Applied Chemistry, University of Salford, Salford M5 4WT 

The reaction of alkyl-lithium compounds, possessing cr-hydrogens, or benzylmagnesium chloride with aromatic 
nitriles, followed by hydrolysis, gives ketones, E- and Z-N1-(l -arylalk-I -enyl) benzamidines, 2-alkyl-2,4,6- 
triaryldihydro-l,3,5-triazines, and 2,4,6-triaryl-I ,3,5-triazines. Conditions for preparing the enamidines in useful 
yields were established. t- Butyl-lithium and phenyl-lithium with benzonitrile gave only the ketones and dihydro- 
triazines. Phenylmagnesium bromide gave only benzophenone. 

'[HE synthesis of ketones, v ia  hydrolysis of the cor- 
responding ketimines, by the reaction of organomag- 
nesium compounds with nitriles, has been known since 
early in this century.l*2 The analogous reactions of 
organolithium compounds were reported in 1933.3 
Although these reactions are capable of giving high 
yields and form the basis of a standard synthesis of 
ketones and imines 4 7 5  (see Experimental section for some 
examples) they are susceptible to various complications. 
Complications arising from a-metallat ion (depro t onation) 
of the nitrile can be avoided by the use of a nitrile lacking 
a-hydrogens ; and complications involving deprotonation 
of products can be minimised by ensuring that the 
organometallic reagent is not present in excess. Under 
such conditions, side-reactions giving products derived 
from two or three molecules of the nitrile have been 
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reported 4 9 5  (see also refs. cited below). However, such 
products have not always been fully characterised, and 
the mechanism by which they are formed is sometimes 

obscure. We have studied the reactions of some organo- 
lithium and organomagnesium compounds with aromatic 
nitriles, confirming some of the earlier reports, re- 
interpreting others, and establishing conditions for the 
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formation of hitherto unrecognised products in useful 
yields. 

The results of some experiments on the reaction of n- 
butyl-lithium with benzonitrile are summarised in Table 
1. Experiment 1, involving equimolar amounts of the 
reactants under mild conditions and conventional work- 
up, gave valerophenone in 75% yield, thus confirming 
that under appropriate conditions the reaction is a useful 
method for synthesising ketones. In  the other experi- 
ments, when an excess of benzonitrile was used, only 
modest yields of valerophenone were obtained, even 
under mild conditions (experiment 8) and other com- 
pounds formed the majority of the product. The di- 
hydrotriazine (1) has been reported to be the main or 
only product from a reaction of n-butyl-lithium with an 
excess of benzonitrile.6 Experiment 10, under conditions 
approximately those described by Anker and Cook, did 
give the dihydrotriazine (l) ,  but only in 29(% yield and 
accompanied by the other products listed in Table 1. 
Other experiments (2 to 8) under various conditions gave 
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the same products, in varying proportions. The presence isomers. Their configurations cannot be certainly 
of va,lerophenone * was to be expected. Similarly, some assigned, but comparison with the spectra of E- (9a) and 
s-triphenyltriazine (2) is almost always formed when 2-N-prop-1-enylbenzamide (9b) suggests that the 
benzonitrile is treated with basic and organometallic solid is the 2-isomer (7a) and the gum the E-isomer (7b). 
reagents; the reaction with diethylzinc was reported Experiments 2 to 8 and 10 all gave a mixture of products, 
as long ago as 1880.s The remaining products were that required chromatographic separation. However, 

TABLE 1 
l 'ruducts from reactions of n-butyl-litliium with beiizonitrile 

Expt.  
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Ratio 
UunLi : PhCN 

1 : l  
2 : 3  
1 : 2  
1 : 2  
1 : 2  
1 : 2  
1 : 2  
1 : 2  
1 : 2  
1 : 3  

Solvent (8 

Et,O 
Et,O 
Et,O 
Et,O 
Et,O 
Et,O 
Et,O 
Et,O 
hexane 
benzene 

'Temp. 

cn. 20 
ca. 20 
cn. 20 
ca. 20 
ca. 20 
ca. 20 
ca. 20 
- 20 

ca. 20 
uncontrollcd 

("C, Ti me 
3 h  
6 h  

16 h 
2 h  
2 h  

35 inin 
15 niin 
3 11 

20 min 
10 min 

Kecovered 
benzonitrile 

4 
36 

4 
7 
3 
6 
6 
2 

36 

(74)  

c 

Products, 

1-one E (7h) 
75 c 

8 8 
40  13 
27 9 
30 11 
30 9 
3 7 6 
2 9 10 

23 7 

1 -Phenylpentan- 

c c 

yield (%) b 

z (74 (1) 
c c 

10 13 
33 20 
35 26 
35 21 
36 13  
35 16 
10 29 
72 c 
27 29 

(2) 
c 

28 
4 
2 
4 
3 
2 
c 
c 
2 

Apart from hexane solvent for butyl-lithiuni. Bascd on benzonitrile. Not isolated. 

isomers, one a solid and the other a gum, with the mole- 
cular formula C1,H2,N, (i.e. BuHe2PhCN). The lH 
n.m.r. spectrum of the solid isomer, T 2.1 (in, 2 H), 2.4- 
2.8 (m, 8 H), 4.9 (t, 1 H), 7.75 (quartet, 2 H),  8.5 sextet, 

when hexane was used as tlie reaction medium in place of 
ether (experiment 9), the 2-enamidine was precipitated 
on hydrolysis, and could be isolated in good yield simply 
by filtration. 

The products obtained from the reaction of some other 
organolithium and organomagnesium compounds with 
henzonitrile are shown in Table 2. The product from the 
reaction of methyl-lithium with two molar equivalents of 
benzonitrile was an oil when freshly isolated. Its lH 
n.m.r. spectrum, (see Table 3), indicated that it was 
largely the enamidinc (lo), and tlie absence of a signal a t  
T 8.1 showed that little or none of the dihydrotriazine (11) 
was present. However, the enamidine could not be 
completely purified; a solid (56%) yield was obtained by 

Ph 
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2 H), and 0.05 (t, 3 H), was not consistent with the pre- 
dicted structure (3), formed as shown in Scheme 1. Nor 
was it consistent with a pyrazoline (4) analogous to the 
compounds (5) and (6) reported by Ectors9 and Anker 
and Cook from the reactions with benzonitrile of benzyl- 
magnesium chloride or benzyl-lithium and diphenyl- 
methylsodium, respectively. We propose structure (7), 
a tautomer of (3). The alternative tautomer (8) is 
excluded by the i.r. spectrum, since the N H  stretching 
bands, v,,,. 3 327 and 3 480 cm-l, do not fit the formula 
vSFm. = 345.53 + 0.876 vaSym. for a primary amino-group.1° 
The lH n.m.r. spectrum of the gummy isomer was 
similar to tha t  of the solid, but the signal for the olefinic 
proton was a t  T 4.45 compared with T 4.9 for the solid. 
U7e believe that the two products are geometrical 

* Some of the valerophenone may have arisen from hydrnlysis 
of the enamidines (7) on work-up; the other hydrolysis product, 
benzamide, would have escaped isolation because of its solubility 
in water. 

Pr"CH =CN HC = N t-l 
I I  

Ar Ar t  

(16) 
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I 

precipitation with Iiexane, but it reverted to an oil with 
time and cliromatograpliy or distillation gave only 
varying amounts of acetophenone, benzonitrile, and the 
dihydrotriazine (1 1) .  The last compound was also 
formed when the crude reaction product was set aside for 
several days. The anions of the enamidine (10) and the 
dihydrotriazine (1 1) may correspond to the condensation 
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products (i) and (ii) ' proposed by Ashby et aZ.12 to arise discussed above. In  1923 Ectors reported products, 
from the reaction of dimethylmagnesium with benzo- C,,H,,N, and CzlH18N2, from a similar r e a ~ t i o n . ~  For the 
nitrile. former, he suggested structure (16). 

The reaction with ethyl-lithium gave a similar range of The latter, m.p. 152 "C, was identified as 3,4,5-tri- 
products to that from n-butyl-lithium. The dihydro- phenylpyrazoline (5 )  on the basis of various reactions, 
triazine (12) had been previously reported6 Scala, including addition of bromine to give a stable dibromo- 

T A B L E  2 
I'rod uc ts from organolit hium and organomagnesium compounds and benzonitrile 

Organoinetall ic 
reagent 

MeLi 

EtLi 

I-'IiCH,NlgCl 

IZutLi 

1'1iLi 

PhMgUr 

Molar 
proportion 

of 
bciizonitrilc 

1 
2 
2 

3 

2 

3 

3 

Recovered 
Other benzonitrile 

Ketone 
13t,0, 0 "C + r . t . ,  3 h 27 PhCOMe, 68 
13t20, 0 "C r.t., 7 h u PhCOMe" 
hexane, 0 "C r. t . ,  1 11 X PhCOEt, 11 

Conditions ( '%, 1 

Bt,O, r . t . ,  15 h 23 l'hCH,COPh, 9 

62 I'hCORut, 5 2  d lCt,O, 0 "C ---t r.t., 3 h 
Et,O, 0 "C r.t., 25 PhCO13ut, 29 
overnight 
Et,O, 0 "C + r.t., 29 PhCOBut, 2 
overnight 

overnight 
Et,O, uncontrolled 83 Ph,CO, 6 
few min 
1St,O, 0 "C + r . t . ,  69 Yh,CO, 65 
4 I1 

Et,O, 0 "C + r.t., 33 Pll,CO, 49 

Products, yield % 

Enamidine Dihydrotriazine 
b b 

(14a) 6 ;1 
(14b) 34 
(15a) 28 b 
(15b) 22 

b b 
b (19) or (214,  41 

(10) 

s-Tripheny l- 
ti iazine 

b 
b 
b 

b 

b 
5 

b (19) or (21a) e, 52 1 

b (20) 10 b 

b (20) 4 b 

b b b 

See text. Not ol~served. ~,4-l)initroyIieriylhvdrazonc, 111 p. 237-238 "C (lit , 2 2  n1.p. 237 "C). 2,4-L)initroplienylhydr- 
When iodorriethaiic w a s  added to the reaction niixturc before work-up the azone, tm 1). 192-194 "C (lit.,22 n1.p. 1$14- 105 "C). 

product was the dihydrotriazine (21b), 22%, . 

Bikales, and Becker reported a product from the reaction 
of dietliylinagnesium with benzonitrile to which they 
assigned the structure (13).13 The m.p. of their com- 
pound corresponded to that of our E-enamidine (14b), 
whose structure was confirmed by its lH n.m.r. spectrum; 
u7e believe that the compounds are identical. 

A reaction of benzylmagnesium chloride with benzo- 
nitrile gave a low yield of benzyl phenyl ketone, together 
with a mixture of enamidine isomers (15) whose stereo- 
chemistry was assigned from their n.m.r. spectra as 

derivative, m.p. 214-215 *C. Anker and Cook obtained 
a compound from a reaction of benzyl-lithium with 
benzonitrile, stated to be identical with that of Ectors, 
although its m.p. was recorded as 251 oC.6 Later, a 
rational synthesis from 1,2,3-triphenylpropenone and 
hydrazine gave 3,4,5-triphenylpyrazolineJ m.p. 101- 
104 "C, which was oxidised by bromine in carbon tetra- 
chloride to 3,4,5-triphenylpyrazole, m.p. 265 O C . 1 4  Our 
E-enamidine (15b) had m.p. 152 "C, but its lH n.m.r. 
spectrum was inconsistent with structure ( 5 ) .  

TABLE 3 
l'roperties of enamidines and dih ydrotriazines from organometallic compounds and benzonitrile 

Conipouiid no. 
(11) 

(10) 

(12) 6 

(14W 

(1 4 4  

(16h) 

( 1  5a) 

(21a) [or (19)] 

(2113) 

(20) 

M.p., "C" 
(Lit. 1n.p.) 
145- 146 

(143) 
see text 

155 

138--139 

gu 111 

152 

145- 147 

1!34 -196 

211--213 

191-194 

(155) 6 

(190) ti 

Molecular 
T formula 

1.5-2.9 (tn, 15 H), 8 .1  (s, 3 H) 

2.1-2.9 (ni, 10 H), 4.8 (s, 1 H), 5.0br CISH,,N, 
(1 H), 5.4 (s, 1 H) 

1.9- 2.7 (111, 10 H), 4.7 (<l11:I .I3<+,  1 1 I ) ,  C,,H,,N, 
5.0br, ( 1  H), 8.15 (d,  3 H) 
1.8-2.9 (m, 10 H), 4.5 (quartet, 1 H) ,  
8.35 (d,  3 H) 
2.0-3.0 (m, 15 H), 3.6 (s, 1 H), 
5.3br (2 H) 

5.0br (2 €I) 
1.5br, (1 H), 1.8-2.8 (ni, 15 H), 8.7 
and 8.9 (both s, total 9 H) 

C, ,  HIS N, 

2.0-3.0 (m. 15 H), 3.8 (s, 1 H), C21HI8N2 

C,,H,,N, 

2.0-2.9'(m, 15 H), 7.5 (s,' 3 H) ,  8.!1 

1.5-2.9 (m) 

C,,H,,N, 
(s,  9 H) 

see text 

81.4 6.9  11.76 
(81.3) (6.9) (11.9) 

84.0 
(84.5) 
84.3 

(84.5) 
81.4 

(81.7) 
81.3 

(81.8) 

9.4 

9.3 

11.4 
(11.4) 
11.0 

(9.4) 

(!3.4) 

(11.0) 

M +  

222 
(222) 

236 
(236) 

298 'fg";) 
(298) 

(367) 

(381) 

367 

381 

" From hexane-chloroforni. And/or 1,4-dihydro. See text. 



In the reaction of t-butyl- or phenyl-lithium with 
benzonitrile, tautonierisrn of a product (7) or (8) to the 
corresponding enamidine would not be possible. In fact, 
t-butyl-lithium gave the dihydrotriazine (19) as the main 
product, and phenyl-lithium gave a low yield of the di- 
hydrotriazine (20). Compounds (17) and (18) were not 
observed. Benzophenone was the only product isolated 
from a reaction of phenylmagnesium bromide with an 
excess of benzonitrile. Anker and Cook regarded the 
dihydrotriazines as the 1,2-dihydro-isomer~.~ Neither 
their data nor ours in fact distinguish between 1,2- and 
1,4-dihydro-structures. The lH n.m.r. spectrum of the 
t-butyl derivative showed two signals for the t-butyl- 
group, suggesting either that  both isomers (19) and (2la) 
were present or that rotation was restricted. In another 
preparation, methyl iodide was added, and the reaction 
mixture was set aside for 9 h before work-up; this gave a 
methyl derivative. Models of the possible methylated 
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products showed that both were strained, but the 2,2- 
dihydro-isomer was almost impossibly so. The product 
was, therefore, tlie 1,4-dihydro-isomer (21b). 

A few experinients were carried out on substituted 
benzonitriles. n-Butyl-lithium and o-chlorobenzonitrile 
gave one stereoisomer of the enamidine (22) in 61% 
5-ield. No cyclisation to a quinazoline analogous to that 
occurring in the reaction of pentachlorophenyl-lithium 
mith benzontrile,15 was observed. Attempts to induce 
cyclisation via an aryne intermediate, as depicted in 
Scheme 2, were unsuccessful. fi-Toluonitrile gave one 
stereoisomer of the enamidine (23), but in only 16% 
yield, possibly because of side-reactions involving metal- 

lation of the methyl group. Most attempts to prepare 
enamidines containing two different aryl groups, by 
sequential addition of nitriles, gave complex mixtures of 
products. However, in one case a mixed ' enamidine 
(24) was obtained in 73% yield, so that under appro- 
priate conditions i t  may be possible to obtain products 
of this type. 

At the time of our preliminary communication, only a 
few examples of enamidines had been describcd.16 They 
are still almost unknown ; some chloro-derivatives have 
now been described,17 they have been suggested as inter- 
mediates in reactions of an amidine with enamines,l8 
and 2-amino-3f.l-azepines l9 may be regarded as cyclic 
dienamidines. Studies on the chemistry of our enami- 
dines, including their conversion into dihydrotriazines, 
are now being undertaken. 

E XPERI M E N TAI, 

1.r. spectra were recorded as liquid films or Nujol mulls 
unless otherwise stated. lH N.m.r. spectra were recorded 
a t  60 MHz or 90 MHz with SiMe, as internal reference, in 
CDCl, unless otherwise stated. 

All experiments involving organonietallic reagents were 
carried out in an atmosphere of dry nitrogen, using dry 
solvents. n-Butyl-lithium was a commercial solution in 
hesane ; methyl-lithium was a commercial solution in 
diethyl ether; t-butyl-lithium was a commercial solution in 
pentane ; ethyl-lithium in benzene,Z@ phenyl - l i th i~ tn ,~~ 
pheny lmagnesiuni and benzylmagiiesium chlor- 
ide 22 in diethyl ether were prepared according to the 
references cited. 

The general method for carrying out the reactions, used 
with minor niodifi cations unless otherwise stated, involved 
the addition of the solution of the organometallic reagent to 
the stirred solution of the nitrile a t  0 "C (or below); the 
reaction mixture was then warmed to the required tein- 
perature. 

The general method of work-up for the products of the 
reactions, used with minor modifications unless otherwise 
indicated, was as follows. The reaction mixture was poured 
onto ice. The resulting mixture was allowed to warm to 
room temperature and extracted with ether. * The extract 
was dried (MgSO,) and evaporated under reduced pressure. 
The components of the residual mixture were separated by 
chromatography on alumina, using gradient elution by 
mixture of chloroform and light petroleum or hexaiie. The 
usual order of elution was triazines, ketones, nitriles, di- 
hydrotriazines, enamidines (benzamide with EtOH) . Ben - 
zonitrile, ketones, and s-triphenyltriazines were usually 
eluted together : beiizonitrile and the ketone were distilled 
and the residue triturated with light petroleum to leave the 
triazine. 

Reactions of n-Butyl-lithium with Beazonitvile.-The 
conditions used for the experiments are indicated in Table 1.  

In the case of experiment 9, the reaction mixture was 
poured onto ice. Hexane was added, and the product was 
recovered by filtration. In the case of experiment 10 (cf. 
ref. 6) n-butyl-lithium (29.1 mmol) in hexane was added 
rapidly to a solution of benzonitrile (9.0 g, 87.3 mmol) in 
benzene (15 ml), initially a t  room temperature. The 

* In the case of reactions of organomagnesium compounds, 
2~-hydrochloric acid was added to dissolve insoluble magnesium 
salts. 
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vigorously exothermic reaction was allowed to proceed 
uncontrolled. 

Recovered benzonitrile was distilled and identified by its 
i.r. spectrum (or in some cases estimated in solution by i.r. 
spectroscopy) ; l-phenylpentan- l-one was distilled and 
identified as its 2,4-dinitroplienylliydrazoiie, 1ii.p. 123- 
125 "C m.p. 123-124 "C); 2,4,6-triphenyl-l,3,5- 
triazine (2),  m .p. 232-234 "C, was identified by comparison 
with an authentic specimen.24 2-n-Butyl-1,2(or-I,4)-di- 
~~y~ro-2,4,6-triphenyZ-1,3,5-tviaxine (1) had 11i.p. 132 "C 
(from light petroleum), T 2.0 (111, 4 H),  2.3-2.9 (ni, 11 H), 
6.2br (exch 1 H), 7.85 (t, 2 H) ,  8.6 (117, 4 H), and 9.1 (t, 3 H) 
(Found: C, 81.5; H, 6.!3; N, 11.5. Calc. for C,,H,,N,: 
C, 81.7; H, 6.9; N, 11.476). (Anker and Cook give ni.p. 
11 7 OC, and describe a monoethanolate.6 Recrystallisation 
of our compound from ethanol gave material, map. 112- 
115 OC, whose lH n.m.r. spectrum showed the presence of 
ethanol.) E-N1-( 1-P~~enylpent-l-enyl)benzanzidine (7b) was 
a gum, v],,,,. 3 560, 3 145 (NH str), and 1 681 (C = N str.) 
mi-'; z 1.5-3.0 (in 10 H), 4.45 (t, 1 H) ,  5.2br (2 H), 7.95 
(quartet, 2 H), 8.6 (m, 2 H), and 9.1 (t, 3 H). Z-N1-(l-  
Plzenyll3ent-l-enyZ)benzumidine (7a) had 1n.p. 127-129 "C 
(from light petroleum), v,,~~,. 3 489, 3 327, and 1 619 cm-l; 
lH n.m.r.: see discussion (Found: C, 81.7; H, 7.7; N, 
10.6%; M+, 264. CiaH,oN, requires C, 81.8; M, 7.6; N, 
10.6%; M f ,  264). 

Reactions of Other Organometallic Corn fiounds with Benzo- 
.nitde.-The conditions used for the experiments are 
indicated in Table 2. The ketones, recovered benzonitrile, 
and s-triphenyltriazine were identified by comparison with 
authentic specimens. The properties of the other products 
are recorded in Table 3. 

Reactioizs of Organometallic Compounds wilh Substituted 
Benzonitri2e.s.-(a) To phenyl-lithium (30 mmol) in diethyl 
ether (30 nil) stirred a t  0 "C was added o-chlorobenzonitrile 
(4.1 g) in diethyl ether (30 inl). The mixturc was stirred a t  
room temperature for 2 h, and then poured onto ice. Con- 
ventional work-up, followed by distillation (Kugelrohr, 
172 "C at 1.0 mmHg) gave 2-chlorohenzophenone imine 
(5.4 g, 84y0), T O.5br (1 H) and 2.3-3.2 (ni, 0 H).  A similar 
experiment, in which iodonietliane (6.0 g) was added to the 
reaction mixture before work-up, gave N-(o-chlorudiphenyE- 
methyZene)fizethyZamine (5.1 g, 75%), m.p. 39-42 "C, v,,,,. 
1 663 cm-1; T 2.3-3.2 (m, If H) and 6.85 (s, 3 H) (Found: 
C, 73.3; H, 5.4; N, 6.9.  Cl4FIl2ClN requires C, 73.2; H, 
5.3; N, 6.1%). 

(b) To n-butyl-lithium (30 mmol) in hexane-diethyl ether 
(30 nil) stirred at 0 "C was added o-chlorobenzonitrile (4.1 g,  
30 mniol) in diethyl ether (30 nil). The mixture was 
stirred a t  room temperature for 1 h and re-cooled to 0 "C. 
A solution of o-chlorobenzonitrile (4.1 g)  in diethyl ether 
(30 ml) was added and the mixture was stirred a t  room 
temperature overnight. Hydrolysis on ice, followed by 
conventional work-up and chromatography (alumina, 6 yo 
ethyl acetate-light petroleum) gave W -  ( l-o-chlorophenyl- 
pent-l-eizyZ)-o-chlorobenzamidine (22) (6.0 g, 61 x ) ,  m.p. 
77--79 "C (from light petroleum, b.p. 40-60 "C) ; T 2.5- 
3.2 (in, 8 H), 4.3-4.9br (2 H), 4.9 (t, 1 H), 7.9 (quartet, 2 H) ,  
8.5 (sextet, 2 H) ,  and 9.0 (t, 3 H ) ;  v,,,,~ 3 410, 3 268, and 
1 630 cm-1 (Found: C, 64.6; H, 5.25; N, 8.3%; M f ,  332. 
C1,Hl,Cl,N2 requires C, 64.9; H, 5.4; N, 8.4%; M", 332). 

An otherwise similar experiment, in which the second 
portion of o-chlorobenzonitrile was replaced by benzonitrile 
(3.0 g) gave N1- (1-o-chlorophenylfient- l-eny1) benznmidine 
(24) (6.4 g, 73%), m.p. 136 "C (from light petroleum, b.p. 

40-ti0 "C); T 1.8-2.8 (m, 9 H), 4.1-4.8br (2 H),  4.6 (t, 
1 H), 7.75 (quartet, 2 H), 8.4 (sextet, 2 H),  and 8.9 (t, 3 H)  ; 
vlllaX. 3 340, 3 322, 1 650, and 1 622 cm-l [Found: C ,  72.5; 
H, 6.5;  N, 9.30/,; Mf, 298. C,,H,,ClN, requires C, 72.4; 
€I, 6.4; N, 9.4%; M+, 2981. 

( c )  To n-butyl-lithium (30 mmol) in hexane-THF 
(30 nil) stirred at 0 "C was added o-chlorobenzonitrile (4.1 g, 
30 mmol) in THF (30 ml) . The mixture was stirrcd at room 
temperature and then re-cooled to 0 "C as benzonitrile 
(3.0 g, 30 mmol) in the THF (30 ml) was added. The mix- 
ture was stirred at room temperature for 3 h and cooled to 
-76 "C. A solution of lithium di-isopropylamide (30 
mniol) in THF (90 ml) a t  -76 "C was added dropwise and 
the mixture was stirred overnight. Hydrolysis on ice, 
followed by conventional work-up and chromatography on 
alumina, failed to give identifiable products. 

A reaction with Yn-chlorobenzonitrile in place of u- 
chlorobenzonitrile gave similar results. 

(d) To n-butyl-lithium (14.5 mmol) in hexane -&ethyl 
ether (40 nil) stirred at 0 "C was added Yn-chlorobenzonitrile 
(2.0 g) . The mixture was stirred a t  room temperature over- 
night. Hydrolysis on ice, followed by conventional work- 
up, chromatography, and distillation (Kugelrohr, 109- 
11 1 "C a t  2.0 mmHg) gave l-(Yn-chloropheny1)pentan-l-one 
(1.9 g, 67%) as an oil (solidifying on standing, 1n.p. 38- 
40 "C (lit.,26 m.p. 38-39 "C), T 1.9-2.8 (in, 4 H), 7.1 (t, 
2 H),  8.0-8.8 (m, 4 H), and 9.1 (t, 3 H). 

(e) To n-butyl-lithium (30 mmol) in hexane (100 i d )  

stirred at 0 "C was added p-niethylbenzonitrile (7.0 g, 
G O  mmol) in hexane (50 nil). The mixture was stirred a t  
room temperature for 3 11, diluted with hexane (100 ml), and 
poured onto ice (100 g). Filtration gave N1-(l-p-metlJyl- 
~henyZfient-l-enyZ)-p-Ynethylbenzamidine (23) (1.4 g, 16%), 
m.p. 02--94 OC, T 2.35 (d, 2 H), 2.65 (d, 2 H), 2.7-3.0 (m, 
4 H) 4.8 (t, 1 H), 4.8-5.2br (2  I<), 7.7 (s, 6 H), 7.7-8.1 
(m, 2 H), 8.55 (sextet, 2 H), and 9. I (t, 3 H) ; v,,,.,, 3 465 and 
3 310 cm-l (Found: C, 81.9; H, 8 .3 ;  N, 9.6%; Mf, 292. 
C,,H2,N2 requires C, 82.1; H, 8.3; N, 9.6%; M+, 292). 

and Professor H. Suschitzky for valuable discussions. 
We thank the S.R.C. for a maintenance award (to L. S. C.) 

[0/051 Received, 9th January, 19801 

REFERENCES 
E. E. Blake, Compt. Ycpzd., 1901, 132, 38. 
C. Moureu and G. Mignonac, Compt. rend., 1913, 156, 1801. 
H. Gilman and R. H. Kirby, J .  Amer. Chern. Soc., 1933, 55, 

M. S. Kharasch and 0. Reinmuth, ' Grignard Reactions of 

€3. J. Wakefield, ' The Chemistry of Organolithium Com- 

R. M. Anker and A. H. Cook, J .  Chem. Soc., 1941, 323. 

1265. 

Nonmetallic Substances ', Constable, London, 1954. 

pounds ', Pergamon, Oxford, 1974. 

5, 23. 

chim. belges, 1924, 33, 146. 

Wiley, New York, 1972, p. 192. 

I). Ben-Ishai, personal communication. 

Chem. Soc., 1973, 95, 5186. 

1965, 30, 303. 

1954, 76, 799. 

642. 

7 P. L. Compagnon and M. Miocque, Ann. Chim. (Paris), 1970, 

8 E. Franlrland and J. C. Evans, J .  Chem. Soc., 1880, 37, 563. 
9 E. Ectors, Bull. Acad. m y .  belg., 1923, 9, 501; Bull. SOC. 

l o  A. J. Gordon and R. A.  Ford, ' The Chemist's Companion ', 

11 D. Ben-Ishai and R. Giger, Tetrahedron Letters, 1965, 4523; 

l2 E. C. Ashby, L. C. Chao, and 11. M. Neumann, J .  Amer. 

13 A.  A. Scala, N. M. Bikales, and E. I .  Becker, J .  Ovg. Chem., 

l4 W. E. Parham and W. R. Hasek, J .  Amer. Chem. Soc., 

15 D. J. Berry and B. J. Wakefield, J .  Chem. SOC. ( C ) ,  1971, 



I,. S. Cook and €3. J .  Wakefield, Trtvahrdvon Lettcrs, 197ti, 

17 R. Stelander and H. G. Viehe, Angrw. Chew. ,  Intevnat. Edn.,  
147. 

1977, 16, 189. 
I?. Ahlberg and M. Ek, Chcwz. Scripta, 1976, 10, 47. 

l9 R .  Nay, E. F. V. Scriven, H.  Suschitzky, I). R.  Thomas, and 
S. E. Carroll, Tetrahedron Letters, 1977, 1818; M. Rlasaki, I<. 
Fukui, and J.  Kita, Bull. Chrm.  Soc. Japa92, 1977, 50, 8013. 

2o D. Bryce-Smith and E. E. Turner, J .  Chem. S O C . ,  1963, 861. 

2397 
z1 A .  I .  Vogul, ‘ Elementary Practical Organic Chemistry ’, 

2 2  A .  I. Vogcl, ‘ A Textbook of Practical Organic Chcniistry ’, 

23 ‘ Handbook of Tables for Organic Compound identification ’, 

24 A .  H. Cook and D. G. Jones, J .  Clzcm. Soc., 1941, 278. 
2s P. J .  Wagner, A .  E. Kemppainen, and H. N. Schott, J .  

Longmans, London, 1966, 2nd edn., part I .  

Longmans, London, 1956, 3rd edn. 

CRC Press, Cleveland, 1967, 3rd edn. 

Amcv. Chem. Soc., 1973, 95, 5604. 




