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. Abstract

 The-benzyl carbaqibn éaired with lithium cafion and with tetrabutyl-
ammoniqm ién has been.formed in tetrahydrofuran solution and investigated
u_by the puLse radiolysis-method. Abgolute ratelconstants Eﬁr thg'pr9t9n—
ation of‘both of these species by methanol and by t-butanol have been
determined. These data, and pfévious datafor benzyl sodium, show that
.the‘ion paired species is more reactive, in these protonations, than is
the free carbanion. The optical absorption spectra of both PhCH;Li+ and
PhCH;NBuI were determined. The latter exhibits a band'ﬁaximum at 342 nm,
the former, in agreemen£ with data from,équilibrium studies, at 330 nm.
_ Thé effect of ion pairing upon the absorption spectrum of PhCH; by Li+,

Nat and NBuI is shown.
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Protonation Rate Constants and Optical
Absorption Spectra of Benzyl Carbanion

: Pairé in Tetrahydrofuran Solutionl

~Bradley Bockrath and Leon M. Dorfman
Department of Chemlstry, The Oth State Unlver81ty

Columbus Ohio 43210

" Effects bf‘catien bairing upon' the reactivity of aromatic radical
z-av.nions’a;'6 and carbanione7-9 in solution have been aemonstrated;“ln such
studies both enhancement'of rates and reduction of rates as a result of
catlon pairing ‘have been found. In our recent report7 of tne formation

- and observatlon of . benzyl carbanion on a submlcrosecond tlme scale by the

10,11

s t has been 'shown how such studies may be

\pulSe radiolysis method
extended to highly reaetive carbanions. With this method the carbanlons

- may be generated in either the unpaired state or in a,catlon paired state.
In this report we extend these fast reaction studies of the benzyl carban-
ion, a reiatively simple carbanion of particular interest in organic |
~cnemistry, to cover the effects of ion pairing with lithium cation and

i with tetrabutylammonium cation. These effects_of eation pairing are con-
cerned with changes in the optical absorption'spectrum_es well as. with the

A 'react1v1ty of the species in elementary reactions. The particular reactions

under 1nvest1gat10n are protonation reactlons w1th allphatlc alcohols.



Experimental

The ‘source” of the electron pulse; as in our earlier studles%e, was
& Varlan type V—7715A electron linear- accelerator dellverlng 3 h MeV
electrons at a pulse current of about 300 mA for pulse duratlon of .
100-1500 nsec and about 600 mA for pulse duration less than 80 nsec.
The transient optlcal absorptions were observed us1ng an H.T.V. 196
detector with an S-1 response or an R.C.A. 1728 with an S 5 response.
The 10- 90% rise time of these electronic detection systems was less
‘than 10 nsec. A Bausch and Lomb gratlng monochromater type 35 86 26
'f/3;5 was used. Corning fllters were selected to ellmlnate second—

- order components from the analyzing llght beam. Our standard reactlon

cells12 with hlgh-purlty silica windows and a cell length of 20. O mm,
‘ ‘were used with a double pass of the analyzing light beam.

| TetrahydrofUran dlbenzylmercury, methanol, and t-butanol all were
‘ pnrified as previously describedT. L1th1um perchlorate (Alfa Products,

99.5%) and tetrabutylammonium perchlorate (Eastman) were used as. supplied

after thorough drying under vacuum.



Res;lts and Discussion

The fofmétion of beniyl carbanion by eleétfon ifradiafion‘of
approbriate solutions oécﬁrs; as we HaVe shoWnT, wﬁen attachmeﬁt ofA'.'
the:SOlVatéd electron broduées a dissociétive-ionizétion, as with i‘
. diben;ylmefcury in tétrahydrofuran:

' ?E.f (PﬂCHg)zﬁg - PhCHs + PhCHoHg- (1)

The rate constant for this reaction is 2.7 x 10°M tsec”} . Sinée
' thié dissdciation,is-éxtfemely'rapid the use of an electron pulse
with duration of 100 nsecs.or less thﬁs.providesAa.!'ﬁulse"‘of benz&l~
‘cérbanion. The-carbanibn-ﬁay thus be forhed ih the absence of any paifé

- ing counterion or in the presence of selected.cations by introducing,

into the SOlutipn;'dissociative‘salts. In the presence-of a dissociative ..

-salt,lM+X',-thé'cdrresponding ion pair of the carbanion may be formed in

either of two ways:

MxT —~ M+ X . (2)

<
- + . -+ ’ -

+ —

PhCHz + M p PhCHZM S (3)

'or‘ ' y

- + + - '

eg + M —s (M ,eq) : (%)

(M",e7) + (PhCHo)sHg ——> PhCHzM' + PhCHoHg- ' (5)

.27s . ‘

The particular path will depend upon the ratio [M+]/L(PhCH2)2Hg].
in the present study, the ion pairs of benzyl carbanion with lithium
ion and with tetrabutylammbnium ion have been formed by using LiClO,4 and

13-16

NBu,C10, as the dissociative salt. 1In previous work we have report-
ed the absorptibn spectra of the primary reducing species in its various

. i i .
forms in THF, namely ey, (Na*,eg) and (Li ,eg), as well as the values of

the absolute rate constant, ks, for both Nat (7.9 X lOSM-lsec-l) and




h..

(l 8 x 10*9M 1sec™). .There has been no evidence presented as yet that
| a process analogous to reaction (4) proceeds with NBu4 in THF. In our
system, the formation of PhCHaNBu4, for which we present ev1dence, occurs
exclu51vely by the sequence of reactions (l) and (3).

The transient optical absorption spectra observed at the end of a |
pulse in solutions of dibenzylmercury and either LiCl04 or NBu40104 are
shown in Figs. 1 and 2 respectiyely. ‘The'following'evidence supports the
identification of these absorption bands with the respective ion pairs,
PhCHéLi+<(the spectrum. of which is known in stable solutions) and PhCH;NBuZ.
The perchlorate salt concentration in these experiments was made great -enough
so that, whichever mechanism applies, the formation of the ion pair was complete
by the end of the pulse. In the case of NBu4, the ion pairing occured by
reaction (3). In the case of Ll , the ion pair formation occurred by way
of the concurrent reactions (3) and (5). No continued formation of the ion
pair was observed after the electron pulse. ' ' -

The spectrum of PhCH;Li+, shown in Fig. 1, was deriued from rate
curves'observed at various wavelengths following the irradiation of
dibenzylmercury solutions with LiC1O4 (0.03F) present. In these solutions,
which also contained either methanol or‘tert—butanol as carbanion scavengers,
the absorption decayed in accord with & first order rate law, in less than
1 psec to form a plateau. The decay is due to the protonation of the
carbanion by the alcohol. The absorption plateau is undoubtedly due to
radiolysis products other than the carbanion which decay with a much longer
time constant than that observed for the foregoing protonation reaction.-
‘The absorption due only to the carbanion was determined by subtracting the
absorbance values after the plateau is established from those at t=o after
the pulse. The combined data from two separate experiments, using either

alcohol, define an absorption band with a maximum at 330 nm which is



l:-.undouhtedly due to PhCH;Lif‘sincelthe absorption.maximum coincides with
that reported for benzyl lithium from studies17 in‘equilibrium systems. B
The potential in our method of formation lies in the ability to produce
;general ion pairs R Li , in the monomeric form for the study not only of
.the spectra but of the absolute reactivity. .l | .

| The tran51ent absorption spectrum shown in Fig. 2 was obtained from
: ;dibenzylmercury solutions w1th ‘NBu,C104 (O. Ol to 0. 02 F) present, in a
manner s1m11ar to that described above using alcohol scavengers. The
:absorption maximum of the band is at. 3&2 nm. On the ha51s of the manner
;of formation of this trans1ent absorption and its react1v1ty toward ‘the :
‘*Jproton donors, we suggest that the species is PhCHgNBu4. The absorption
4§ considerably removed from that for PhCHz (362 nm) and is different from
: ;Athe absorption of either PhCHng or PhCHgN& . Different absorption spectra, ‘
ldepending upon the particular cation 1nvolved in 1on pairing, ‘have been |

'}found 1n earlier work W1th other carbanlonslS. The shift upon formation of

f_the lithium 1on pair 1s the largest observed among the three coupling

ations Na , L i and NBu4. Our spectra, although complete only on the. low -
energy s1de because of cut-off of the transm1351on by dibenzylmercury, show

‘ dthat pairing w1th Ll narrows the band cons1derably. The halfW1dth (on'the“
Low energy Slde) at half-height for PhCHZLi' is sbout 2000 cm 1, while for
"'PhCHg it 1s about hOOO cm i; Ion pairing w1th Na also narrows the absorp-
. tion band, but not to as great an extent as with Ll . Pairing with NBu4, ‘
‘sffon the other hand, produces no discernible narrow1ng of the band.

- Table I contains the absorption maxima of the three benzyl ion pairs

and the free benzyl carbanion, along with similar data which have been
| ‘reported for fluorenyl18 ion pairs. It is noteworthy that, with the
addition of our new data for PhCH;NBuI to this series, a somewhat different

order is found for the benzyl jon pairs than for the fluorenyl ion . pairs.



Table I. Optical Absorptlon Band Maxima -
for the Free Carbanion and for Ion Pairs with

Various Cations, of Benzyl and Fluorenyl Ion in THF

Benzyl Cérbanion a .Fluorenyl Ionb
_ Ton or ' S : .- Iomor j »AA o
" Ion Pair kmax (nm) .~ . Ion Pair : »Amai,(nm)-'
mes et Cme
‘ o T o
PCHpN' . 355" (rp), . 375
 pcHowBa, o ke - FUNBG 368
et 00 o300 o FiNa o356
SRt | shg
(s) - Reference 7
(b) Reference 18 .
(¢) (F1 ,M )S indicates a solvent separated ion pair for M: = Li

. + . . ’
or Na , produced at slightly reduced temperatures.




T
Sodium ion pairing apparently has a greater relative effect upon Xmai

for the F1~M' pairs than for the PhCHgM pairs._'

The correlation between the nature of the cation and A max of the

_bands for Fl-Mf, which have been identified as contact ion pairs, has
been discussed18 in terms of the radius of the counterion. It has-been
pointed out that greatef shifts from A_ for the free ion are induced

by cations of smaller size. However; in the case of solvent separated

~ ion pairs formed-with alkali metal cations, the pairing induces somewhat

less of a shift than has been found with NBu4 a bulky ion with radius

h, 5 A° comparable to the dimens1on of the solvated cation in a solvent
separated pair. If such a correlation may be applied to the ion pairs
'of benzyl carbanion, it reveals that Naf occupies the same relative pos1tion |
in the series as would a solvent separated ion pair, from which we infer
that PhCHéNa+ in THF is a solvent separated pair. It ié noteworthy that
' prev1ous resea.rch19 on polystyryl sodium, a somewhat similar carbanion
<Apa1r has led to the conclus1on that PS Na in THF is a contact ion pair.
'Apparently factors such as the degree of alkyl substitution at the benzylic
Aposition may determine the nature of the ion pair formed. |
Absolute rate constants were determined for the pfoton transferAreaction

of methanol and t-butanol to PhCHaLi - |

PhCHLi® + ROH —> PhCHg + rOTLEY (6)
and to PHCHZNBug: N

PhCHgNBu4 + ROH —> PnhCHz + RO ~NBuj (1)
The decay of the absorption of the carbanion pair was monitored, after n‘
an.electron pulse, at the maximum of either carbanion species in both
the absence and the presence of the proton donor. The solutions of

vdibenzylmercury irradiated had a sufficiently high salt concentration,



[LiClO4] = 0.04F or [NBu4ClO4] =-NO O2F so that formation of the
ion pair was complete before the proton transfer reaction was observed
The alcohol concentratlons were suff1c1ently hlgh to make the decay of.
Athe carbanion Cleanly,flrstoorder. The pseudo flrst order rate constants
obtained are linear in thegalcohol concentration, as may be seen in Eigs.
3 .and k. Thewabsolute rate constants, ke and ky (with .an uncertaiuty of
less than + 20%) taken from the slopes of these blots, are‘shown:in
ATable II along with previously determined values for PhCH; and PhCHéNa+
for'comparison. |

It is evident from these data that factors whlch determlne the rate
constant for each alcohol per81st for all four forms of the benzyl carban-‘

1on whlch we have 1nvest1gated. Thus, +is the same

KeHaon > Xt-C4Ho0H
' order as the ac1d1ty of these alcohols as measured in DMSO i indicating
that the a01d-base nature of the reactlon.ls rate determining. Further,,
the ion palred species, in all three cases is more reactive than the
free carbauion. The range of the kinetic effect produced by the ion pair-
ing is considerably greater than that resulting from the dependence upon
the proton lability'for these two alcohols. It is interesting that the
rate constants for protonation of a-carbanion derived from even So weakly
acidic a hydrocarbon as toluene are lower than the diffusion controlled
limit. |

It is interesting that sodium, while it has the largest rate enhanc-
ing effect of the three couuterions, has the smallest effect upon the
- absorption spectrum. This slight effect upon xmax was attributed to the

formation of a loose, rather than a contact ion pair. We advance the

speculation that the large rate enhancement may reflect the possibility

that slcohol molecules may enter the primary solvation shell of the cation



" ‘Pgble II. Rate Constants (M'léec'l) for .the Protonation
»Zof.thg Benzyl Carbanion in its Various Forms

by Aliphatic Alcohols“in THF at 24°C

svin B

0
-

| Bénzyl Cafbénibn B 9§a§§~ -' Alﬁ-CﬂﬁéOHf‘.
®PhCHZNa o ‘5.8 x 10° : 1.3 x 10°
| .Ph_CH;NBu:' | 6.0 x 10° 4.6 x 10%

: ‘:PﬁgHéLi‘“ R 3-.1;. x10® 9.7 x 10
8pnCHz .. - o 2.3 x 10° -- 16x 1;57'

(a) Taken from reference T



| 10.

‘in a selective solvation -and are thus avaiiable for reactfon; this close
approach to the center of positive charge does not exist in the case of
HNBu:. Such spec1f1c solvatlon might also be expected for Li wh1ch to
the contrary, shows & relatlvely small rate enhancement. A dlfferent
effect, the degree of polarlty of PhCHgM , .may be the determlnlng factor
- for PhCHéLi+. NMR studiee21 show that some degree of covalency exists
for'benvylithlum whlle we have reasoned that PhCHgNa is solvent separated
: and therefore completely ionic in character. It seems reasonable to suggest
-that the ability of L1 to catalyze the proton transfer is reduced by the
f~partial covalent natnre 9f PhCHeLl since this reduces~the effective positive

“~;charge “upon Li'.
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Fig. 1.
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" -Figure Legends

Normalized asbsorption spectrum:of benzyl lithium in THF obtained
from decay. curves following irradiation of dibenéylmercury

solutlons with L10104 (0.03F) present. The difference was taken

'between the -absorption at t=o0 ‘after the pulse and at t—l usec,

when the protonation of the carbanion by the scavenger alcohol

' was complete: O, methanol (7.5 x 10 “SM); e, t-butanol (2.0 x 10 3M).

From the comblned data, the wavelength of maximum absorptlon is

330 nm, in agreement with the valuel7 obtained in stable solutlons.

'Normallzed absorptlon spectrum of PhCHaNBu4 in THF obtalned from

rate curves following irradiation of dlbenzylmercury solutions w1th

) both NBu,C10, (0.01 to 0.02F) and a scavenger alcohol present:

' Fig. 3.

Fig. L.

0, methanol (2.k x 10 °M)3; O, t-butanol (5.2 x 10 3M). From these
data, the wavelength of maximum absorption is.3h2 nm.

Plot of pseudo first order rate constants for decay 6f benzyl

‘carbanion pairs versus t-butanol concentration: O, PhCHéLif;

-+ : o
- @, PhCHoNBuy. Second order rate constants taken from the slopes

are kg = 9.7 x 107, and k7 = 4.6 x 10° M ‘sec {, for t-butanol

at 24° in THP.

Plot of pseudo first order rate constants for decay of benzyl

, ‘ - - s
carbanion pairs versus methanol concentrationt O, PhCHzLi §
-+ ' . ' ;
0, PnhCHoNBuy. Second order rate constants taken from the slopes
are kg = 3.1 x 10? and k; = 6.0 x 10° M lsec™!, for methanol at

24° in THF.
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