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Summary

Arylmethylacetylenes, XC H,;C=CCHj3, have been metallated with an excess
of n-butyllithium in diethyl ether at 0°C. By quenching the metallation mixtures
with trimethylchlorosilane at different times, mono-, di- and tri-silyl derivatives
have been isolated. Pseudo-first order rate constants for the monometallation
were calculated from the rate of formation of the silylated products. A Hammett
plot gave p = 1.3, indicating moderate delocalization into the aromatic ring, of
the negative charge developed at the propargylic carbon during the metallation.

Introduction

Metallation is one of the most important methods for introducing functional
groups into molecules [1,2]. However, little is known about the kinetics of
lithiation of hydrocarbons and this may be attributed to some difficulties in
handling organolithium compounds and to their structural complexity. They
are known to form aggregates [ 3,4] which are solvent, concentration and tem-
perature dependent. Moreover, in certain cases, the active components are not
the parent entities but species formed from them by dissociation, as indicated
by fractional order dependence on the alkyllithium compounds [4—6].

Kinetic studies have been reported for the metallation of acidic hydrocarbons,
such as fluorene [5,6], triphenylmethane [4,7] and phenylacetylenes [ 8], but
none for hydrocarbons of relatively low acidity.

Results and discussion

Internal acetylenes are known to undergo facile metallation in the propargylic
position [9—11]. This paper reports a study of substituent effects on the rate of
monometallation by n-butyllithium of the arylmethylacetylenes; 1-phenyl- (I),
1-(p-methoxyphenyl)- (II), 1-(p-methylphenyl)- (III), 1-(m-methylphenyl)- (IV),
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» 1-(o-methylphenyl) (V), 1 (p-chlorophenyl) (VI) and 1 (m-chlorophenyl)-l-
propyne (VII). As shown in Scheme 1; mono-, di- and tn-metallatlon took place
The lithiated intermediates yielded mono-, di- and tri-silyl products after quen-
ching with trimethylchlorosilane. Structural assignments for the silylated prod-
ucts are based on elemental analysis and spectroscopic data (NMR and IR).

SCHEME 1
Ry 7 k2 : - }23 .
AxC=CCH3 ———> ArC=CCH,Li ——=-> ' ArC=CCHLi, > ArC=CCLi3
(VIID (IX) Xx) &xn -
/LMe3SiCl 1Me3SiCl lMe;;SiCl
ArC=CCH,SiMe; ArCH=C=CHSiMe3 ArCHC=CSiMe3 ArC=C=C[SiMe3],
. . 1 I
(XID (XIII) SiMej SiMeg
X1v) (XV)

The product distribution varied with the substrate. All substrates gave the
monosilyl and disilyl derivatives, XII and XIV. The second type of monosilyl
compound, XIII, was obtained only from the metallation-silylation of I and V.
Substrates I—III and V1 yielded the trisilyl product XV, after about one hour
of metallation. No-trisilyl product was obtained from IV V and VII, even after
4 h of metallation.

. -Compounds I—VII were metallated with an excess of n-butyllithium in diethyl
ether at 0°C. The rate of the monometallation was determined by monitoring
both the disappearance of the substrate and the formation of the silylated pro-
ducts, the silylation being much faster than the metallation. We found no signi-
ficant difference between the pseudo-first order rate constants for the first metal-
lation step determined in these two ways. However, monitoring the rate of for-
mation of the products has the advantage, that in most cases we could follow
the reaction until just before the onset of dimetallation, whereas by the first
method this is impossible. When the only products are from the monometalla-
tion the kinetics are simpler and fewer assumptions have to be made (see below).
Aliquots were taken from the metallation mixtures at appropriate times and
quenched with trimethylchlorosilane, and after work-up the samples were ex-
amined by gas chromatography {GLC). The metallation was followed to about
55% completion (10 to 30 min). Under these conditions, compounds IV—VII
vielded monosilyl derivatives exclusively (though at longer-reaction times the
monolithio derivative was metallated further) and so for these substrates the
following relation applies: %#,[VIII] > k,[IX]. However, compounds I—III under-
went dimetallation faster than monometallation, and all the product mixtures
contained both mono- and di-silyl derivatives as well as trace amounts of trisilyl-
ated products. For these substrates k,[I1X] > k [VIII] In the metallation of
I—II1, the total of all silylated products in each aliquot was used to give the rate
constant for the monometallation. This may introduce some error which may be
minimized if an excess of n-butyllithium is used and if one assumes that the reac-
tion sequence of VIII -fX - X is consecutive and no disproportionation takes
place (e.g., 2 ArC=CCH,Li - VIII + X or the reverse reaction; no such dispropor-
tionation has been reported for the metallation of acetylenic compounds). More-
over, the fact that the points for I—III in the Hammett correlation (Fig. 1) show
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Fig. 1. Hammett gp correlation for the metallation of I—V1I with excess n-butyllithium in diethyl ether
at 0°C. The dashed liné corresponds to the points without the meta substituents.

‘a “tolerable” deviation, is consistent with our assumptions, and if a dispropor-
tionation reaction does exist it must be a minor one.

Pseudo-first order rate constant values (k,) for the monometallation of I—VII
are listed in Table 1. The reaction order with respect to the substrate was found
to be unity and 0.5 with respect to the metallating agent [12].

A plot of log , against Hammett o-constants [13] * for the substituents of

TABLE 1

PSEUDO-FIRST ORDER RATE CONSTANTS (k;) FOR MONOMETALLATION OF ARYLMETHYLACE-
TYLENES @

XCgH4C=CCH3 k; 10™%
_— (sec— 1)
X

I H 109

11 Dp-OMe 3.1

II1 p-Me 4.7

v m-Me 4.4

v o-Me 5.3

Vi p-Cl 16.6

VII m-Cl . 19.5

@ All rate-constant values have correlation coefficients higher than 0.98.

* The para-substituents indicated in Fig.-1 have the same Op and oy values.
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compounds I—VII is shown in Fig. 1 It is unhkely that ortho substltuents

can have any serious steric influence because. of the geometry of the phenyl-
methylacetylene system. Eaborn and coworkers [14a] calculated 6,-constants
for several substituents in the phenylalkynyl system, from which a value of
-—0.14 was obtained for o-Me which was used in Fig. 1. However, the use of g,-
with 0,,- and o,-constants in a simple plot was found to be limited [14a].

Fig. 1 illustrates that the substituent dependence on the rate of monometalla-
tion of arylmethylacetyles, I—VII, basically conforms to the Hammett equation
though the deviation of points for the meia substituents suggests that more com-
plex substituent effects may be operating. The observed p value of approximately
1.3 (for all substituents) indicates a small amount of carbanionic character in the
transition state and suggests that activation is primarily due to the ethynyl group.
Excluding the itwo meta substituents yields a p value of 1.52 (illustrated by dashed
line in the Fig. 1) which does not significantly alter this conclusion. By compar-
ison, the metallation of diphenylarylmethanes [7] gave higher p values (2.2—3.0).
This result may be ascribed to the fact that such compounds are highly acidic
and contain three aromatic rings which can conjugate with the carbon that under-
goes metallation. Streitwieser and coworkers [15] measured the exchange rates
of ring-substituted a-tritritiotoluenes and obtained a correlation with p =4.0, a
value which confirmed the relatively high degree of carbanicnic character of the
transition state. However, our results are in good agreement with Eaborn’s stud-
ies in which similar p values were obtained for base-catalyzed hydrogen-exchange
of substituted phenylacetylenes and terminal acetylenes [14].

Experimental

Metallation with n-butyllithium and subsequent silylation

A solution of n-butyllithium in hexane (Foote Mineral Co.) was titrated with
sec-butanol in xylene [16]. A measured amount of this solution was introduced
in a flask equipped with a T-stopcock and a rubber-capped side arm, in an argon
atmosphere. The solvent was evaporated in vacuo and an equivalent amount of

TABLE 2
DATA ON THE PREPARATION GF ARYLMETHYLACETYLENES (II—V1I1) ¢

XCgH4sBr ArCH,C=CH ArCH=C=CH, catalyst/substrate Isomer- ArxrC=CCH3 B.p.at

X yield (%5) yield (%) (molar ratio) ization vield (%) 25 mmHg
period Co)
()
p-OMe 42 - 29 1:4 20 11 40 85—90
p-Me 54 31 1:4.6 17 III 55 80—90
m-Me 24 24 1:1 18 . IV 30 80—85
o-Me 54 ) 28 1:6.4 17 V17 85—90
p-Cl 25 25 1:3 30 VI 30 b
m-Cl 12 23 1:3 20 V11 30 b

2 0.1 mol of each aryl bromide was used for the Grignard reaction. The isomers ratio of the coupling prod-
ucts was estimated by NMR integration of the mixture (No atternpt was made to optimize the yields in the
isomerization reaction). b Separated by means of neutral alumina column, using hexane as eluent. They
were prepared also by another method [18].
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_TABLE 3. :
ANALYTICAL AND SPECTROSCOPIC DATA

Compound Formula Found (calc.) (%) Infrared
C H :cm-l)
I C10H100 (g;:;’g) (§I§§> 2025
X CioHjo (gggg) (::33) 2260 .
v CioHi0 (gg:gg) (;:;(8)) 2230
v CioH1o ©2.90 il 2220, 2260
VI CoH;Cl a 2220, 2260
VI CoH-Cl (:’Ii:?{g) (:‘;g) 2260

@ Analyzed by mass-spectroscopy, m/e 150, 152 (M™).

anhydrous ether was added. The flask was then cooled to 0°C for about 20 min
and only then was the substrate added by a syringe. The substrate concentration
was 0.31 M and that of the butyllithium, 1.57 M. Aliquots were taken by a cooled
syringe every 3—5 min and were quenched with 15 m! of a cold (5°C) solution
of trimethylchlorosilane/ether (1 : 2 by volume). This operation resulted in the
immediate precipitation of a white salt (LiCl). The reaction mixture was left, for
several hours, at room temperature and then poured on ice water. The phases
were separated and the organic layer examined by GLC, from which the rate of
formation of the monosilyl products was followed. Preparative isolation of the
silyl derivatives was accomplished on a 10% SE-30 column, 2 m X %" on Chro-
mosorb W. Elemental analysis of all silylic derivatives was satisfactory.

Preparation of arylmethylacetylenes.

1-phenyl-1-propyne is a commercial product (Farchan Res. Co.) and used
without further purification. Compounds II—V1I were synthesized by reacting
magnesium propargylbromide (prepared in anhydrous ether) with the correspon-
ding arylbromide. The product mixture which contained two isomers,
ArCH,C=CH and ArCH=C=CH,, was isomerized to ArC=CCH; by using methyl-
sulphinyl carbanicn [17] in dimethylsulphoxide as catalyst. Table 2 describes
conditions and yields for each step, to form substrates II—VII and Table 3 sum-
marizes their analytical and spectral data.

Acknowledgment
The author wishes to thank Professor J. Klein for helpful discussions.
References

1 R.A. Benkeser, D.J. Foster, D.M. Sauve and J.F. Nobis, Chem. Rev., 57 (1957) 867.
2 U. Schollkopf, Houben Weyl, Metallorganische Verbindungen, Band XIII/1, ch. 1 and 3, 1970.



O

«)

'wm

10

11
12
13
14

15
16
17
18

H.L. Lewm and T.L Brown. J. Amer. Chem. Soc., 92 (1970) 4664 Pu.re App. Chem.. 23 (1970) 447
R. Waack and P. West, J. Organometal. Chem., 5 (1966) 188: Chem. Ind., (1966) 1035 :
R.AH. Cashng. A.G. Evans and N.H. Rees, J. Chem. Soc: (B), (1966) 519. - -
A.G. Evans, N H. Rees and A. Wa.lker, J Chem. Soc. Perlnn I, (1972) 1598 and 1972 (1965) 5110: -
(1963) 6039.

P. West, R. Waack a.nd J.L Punnont J. Amer. Chem. Soc., 92 (1970) 840 J Organometal. Chem..
19 (1969) 267.

Y. Pocker and J.H. Exner. J. Amer. Chem Soc.‘ 90 (1968) 6764.

R. West, P.A. Carney and 1.C. Mineo, J. Amer. Chem. Soc., 87 (1965) 3788 R. West and P.C. Jones. :
ibid.. 91 (1963) 6156. ‘
J. Klein and S. Brenner, J. Amer. Chem_ Soc., 91 (1969) 3094;J. Organometa!. Chem., 18 (196%)
291; Tetrahedxon. 26 (1970) 2345 and 5807.

J. Klein and J.Y. Becker, J. Chem. Soc. Perkin 11, (1973) 599; Tetrahed:on, 28 (1972) 5385.
Unpublished results.

HL.H. Jaffé, Chem. Revs., 53 (1953) 191.

a C. Eabom, G.A. Skinner and D.R.M. Walton, J. Chem. Soc. (B), (1966) 922. b Idem., ibid., (1966)
989.

A. Streitwieser, Jr. and H.F. Koch, J. Amer, Chem. Soc._ 86 (1964) 404.

.S.C. Watson and J.F. Eastham, J. Organometal. Chem., 9 (1967) 165.

E.J. Corey and M. Chaykovsky. J. Amer. Chem. Soc., 87 (1965) 1345. .
R. Levene, J.Y. Becker and J. Klein, J. Organometal. Ghem., 67 (1974) 467.



