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SUMMARY

Reactions of lphenylpentafluoropropenes la-c with a number of
alkyllithium reagenis were investigated in detail. 11 all cases mixtures
of l-alkyl-l-phenyltetrafiluoropropenes 2 and 2-alkyl-l-phenylieirafluoro~
propenes 3 were odtained. ™Me ratio of producis 2 and 3 is swrongly
influenced by both the electronegativity of the benzene ring substituents
and the bulk of the alkyl group of the alkyllithium reagents. The increase of
both of these factors favours formation of 2-alkyl-substituted alkenes 3
with a reduced yield of l-alkyl-substituted alkenes 2 , The influence
of the benzene ring substituents in alkenes 1 obeys the Hammett type
correlation, while the influence of the bulk of the alkyllithium reagents exhi-
bits good relationships with the Fellous and Luft scale of steric substi-
tuent constants E’; ; no linear correlation with other scales of steric
constants was found. Overall regioselectivity in the recaction of l-phenyl-
pentafluoropropenes 1 with alkyllithium reagents, considering both the
influence of the benzene ring suwustituents and steric factors, is expressed
by the Pavelich-Taft type equation. Observed direction of the influence
of the bulk of the alkyllithium reagents on the ratio of products 2 and 3 is
interpreted in terms of steric strains influencing the georietry and frce

energy of the supposed intermediates involved in these reactions.
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INTRODUCTION

1-Phenylpentafluoropropenes 1 are unique fluoroalkenes which have
proved to be susceptible to nucleophilic attack at both vinylic carbon atoms

C~1 and C-2

a: X=CHj e X=Cl

1 2
X CF=CF.CFq
b X =H d:X =CFq

It has been demonstrated [1] that in reactions of alkene 1 with ethanolic
sodium ethoxide overall regioselectivity of the attack of the ethoxide ion gives
a Hammett plot with c)‘lD values of the benzene ring substituents X. Electron
withdrawing substituents effectively direct the attack of the ethoxide ion to vin-
ylic carbon C«2 bearing the trifluoromethy! group, while electron donating sub-
stituents favour the attack on the C~1 carbon atom. The Hammett plot has a
slope of ca.2 (pz— plvalue) indicating relative sensitivity of the reactive centres
C=1 and C-2 to tne influence of the ring substituents X. In alkenes la and lb
the inductive influence of the CFsgroup affecting the double bond is nearly
counterbalanced by resonance and inductive effects of the phenyl substituent,
so in the reactions of these compounds -rith sodium ethoxide comparable

amounts of attack on both vinylic positions C-1 and C-2 are observed.

These results contrast with those obtained by Nguyen et al. [2_1 for the
reaction of alkene 1b with lithium diethylamide, in which a 929 regioselectivity
in favour of the attack on the C-1 carbon atom was reported. It scems reaso-
nable that in the latter reaction high regioselectivity could be attributed to lovrer
steric hindrance for the attack of bulky diethylamino moiety on the C~1 carbon

atom than on the C-2 carbon bearing the trifluoromethyl group.

In view of above results it was interesting to study the influence of
the bulk of the attacking nucleophiles on the regioselectivity of their reac-
tions with l-phenylpentafluoropropenes 1. The most convenient nucleophiles
for such studies are alkyllithium reagents. They allow for gradual change
within a wide range of the bulk of nucleophilic species, while going from prima-
ry to tertiary alkyl groups, without changing the character of the nucleophilic
centre. Moreover, a number of sets ot steric cffect values have been obtained
for alkyl substituents [3,4,5,6]. The present paper reports results obtained on

the reactions of l-phenylpentafluoropropenes la~d with commercially available
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methyl~, nbutyl-, and tert-butyl-lithium reagents, and of alkene 1lb also with
ethyl-, iso-propyl-, iso~butyl-, and phenyl—lithium reagents prepared from the
appropriate alkyl halides and lithium metal.

RESULTS

l-Phenylpentafluoropropenes 1 reacted with alkyllithium reagents to
give mixtures of the E and Z is omers of l-alkyl-l-phenyltetrafluoropenes 2
and 2-alkyl-l-phenyltetrafluoropropenes 3 .

X@-(:F:(:F‘CF:B RLig @—C=CF.CF3 + X-®-CF=C.CF3
1 t
R R
2 3

1

R = CH3. C2H5 . iso—C:;{7 ' n-C4H9 R tert-C4H9 , lso-C4F‘9
Diethyl ether was used as a solvent for the reactions with methyllithium (com-
mercial solution) and n-hexane or n-pentane for the reactions with other alkyi-
lithium reagents. The reactions were carried out, in general, in the temperatu-~
re range from O to 200. but ethyl- and iso~butyllithium reagents required reflu-
xing to complete the reaction. The reactions were monitored by GLC and when
conversion of the reactant alkene reached 92 - 96 % they were quenched by
addition of methanol and water. This procedure allowed the formation of di-
alkyl-substituted products to be limited to trace amounts.

However, further substitution could not be avoided in the reaction with
phenyllithium in which, even at early stages of the reaction, a considerable
amount (23.30%) of the disubstitution was observed. Thus, 1-phenylpentafluo-
ropropene 1b reacted with phenyllithium in etheral solution to give 1,1-diphenyl-
tetrafluoropropene 4, the E and Z isomers of 1—ﬂuoro—2—(triﬂuoromethyl) =stile
bene 5, and 1,1,2-triphenyltrifluoropropene 6 in the ratio of 1 to 3.3 to 2.1. This

latter result is of little value in the studies on regioselectivity.

@-CF=CF.CF3 Phli Q \C=CF.CF3  +
b 4
CF: CF
[ @\ Ve
Q0 - T

5(Eand Z})
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TABLE 1
Reactions of l-phenylpentafluoropropenes 1 with alkyllithium reagents

Substrates Products distributiona Ratio of

XPhCF=CFCF, RLi 2 3 products
no. bd R % E/Z % ElZ 32
1a CH, CH, 33.1 0.72 66.9 10.92 2.02
ib H CH, 27.9 0,67 72.1 7.80 2.58
1c cl1 CH, 21.2 0.54 78.8 7.38 3.90
id CF, CH, 15.8 0.20 84.2 4.80 5.33
1b H C,Hy 27.3 1.24 72.7 8.32 2.66
1b H iso-C 4H, 23.6 0.82 76.4 2.78 3.24
1a CH; n-C,Hg 21.5 0.41 78.5 5.04 3.65
ib H n-C Hg 18.8 0.48 81.2 4.45 4.32
ic C1 n-C Hg 15.9 0.64 84.1 6.25 5.29
1d CF,; n-C,Hg 12.0 0.64 88.0 3.63 7.33
1ib H iso-C ,Hg 22.0 0.34 78.0 3.94 3.55
la CH, tert-C Hy 11.6 0.73 88.4 5.18 7.62
1ib H tert-C Hg 9.0 1.09 91.0 4.87 10,11
ic Cl  tert-C Hg 6.6 0.94 93.4 5.67 14,15
1d CF, tert-C Hg 9.8 1.33 90.2 3.44 9.20
1b H CgHg ¢ 15.7(a) 51.6(5) 4.33 3.28

a

GLC estimate in the row reaction mixtures .
b Z/E = 1/9 for compounds 1b and approx. 1/6 for compounds 1la,lc,1d
¢ Integrated 195‘ e stimate. The reaction mixture also contained 32.7 %

of 1,1,2~triphenyltrifluoropropene 6 .
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Physical properties and analyses of E-2-alkyl-l-phenyltetrafluocropro-

penes 3
Compound (5[':) v(C=C) Found (calculated) %
R x °c cm1 c H P
CH CH 201-202 1685 60.5(60.6) 4.5(4.6) 34.7(34.8)
3 3 1695 : . i : :
1688
H 182.5 1793 58.7(58.8) 4.0(4.0) 37.2(37.2)
c1® 215.5 iggg 50.4(50.3) 2.9(3.0) 31.9(31.8)
CF 193-104 1695 48.8(48.5) 2.7(2.6) 48.8(48.9)
3 1698 . . .7(2. . .
C_H H 193-104 1685 60.4(60.6) 4.6(4.6) 34.7(34.8)
275 1695 : . i : :
iso-CH., H 203-204 1672 62.0(62.1) 5.1(5.2) 33.0(32.7)
n-C H, CH, 243-24q4 1680 64.5(64.6) 6.0(6.2) 29.1(29.2)
4'9 3 1690 . . +YA0. . :
H 228-229 iggg 63.5(63.4) 5.6(5.7) 30.8(30.8)
ci®  240-250 iggg 55.5(55.6) 4.6(4.7) 26.9(27.1)
CF, 224-225 1683 53.5(53.5) 4.1(4.2) 42.4(42.3)
iso-C Hy H 1688 63.3(63.4) 5.5(5.7) 31.0(30.8)
tert-C Hy  CH, (37-39) 1665 64.2(64.6) 6.2(6.2) 28.9(29.1)
H 223-24 1662 63.4(63.4) 5.7(8.7) 230.9(30.8)
c1€  (38-40) 1665 55.3(55.6) 4.6(4.7) 27.2(27.1)
CF, 220-221 1665 53.6(53.5) 4.1(4.2) 42.3(42.3)
d 1660
CgHg H (37-39) 1670 67.8(67.7) 3.9(3.8) 28.3(28.5)

® Found 14.9% €1, calc. 14.9% CL
€ Found 12.7% Cl , calc. 12.6% CL
4 Compound s(E)

b mound 12.8% Cl , cale. 12.6% Cl
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TABLE 3

195‘ NMR data of compounds 2, 3, 4, 5, and 6 e

Compound ¢J(CF3) o (r) J(F-cr«‘z) ¢>(CF9 b () J(F-CF;,)
no. R p.p.m. P.p.m, Hz p.p.m. p.p.m, Hz
CF F
Q\ C= c/ 3 Q\ C= C/
R/ \F R/ \CF3
z E
2 CI—X3 65.2dg 130.2qq 10.0 65.2dq 130.2qq 8.0
2 C2H5 68.0 132.4qt 10.5 65.1 130.5 9.7
2 isc—c:;-l7 65,0 132.1 9.7 64.5 125.8 8.0
2 n-C4H9 65.2dt 131.7qm 10.0 64.8dt 130.1qm 8.5
2 iso—C4H9 64.8 130.2 10.0 64.0 128.8 8.6
2 tert-C4H9 64.4 123.9 8.1 62.5 113.2 8.1
4 CGHS 64.2 128,7 10.3
CF R
Q/\m( 3 Q/\wc(
F R F CFa
z E
3 CH3 60.5 81.8qq 11.3 61.5 90.5qq 23.0
3 Csz 58.2 83.3qt 11.5 59.6 87.9 20.4
3 is.o-C3 H,‘7 56.9 80.0 10.1 56.3 84.8 21.5
3 n-C4H9 58.3 82.7qt 11.0 60.0 87.2 20,5
3 iso—C4H9 57.0 79.5 11.5 59.3 83.3 19.4
3 tert-C H, 52.9 68.4 11.0 54.9 64.5 28.2
5 C6H5 56.1 76.3 12.7 58.3 92.6 24.2
6 C6H5 55.7s
a

Chemical shifts are related to internal CCl_F, positive upfield. If not

indicated, the CF3 group signals appearedaas doublets and signals
the vinylic fluorines as quartets. The data for compounds 2b and 3b,

where X = H , are given. The data for other compounds in the series
2a-d and 3a-d were different from the reported ones 2 o3 ppm for

$(cF). t 3.0 ppm for F), and 0.3 Hz for i(rcP) .
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Distribution of the reaction products 2 and 3 (and also 4,5,and 6),
their ratios, and the ratios of the F© and Z isomers of these products are
summarised in Table 1. The contents of individual compounds, inclusive of
the geometric isomers, in the crude reaction mixture were determined by
the GLC analysis. The most abundant compounds _2_3_(1") were isolated by
preparative GLC and identified by elemental analysis and 19]?‘ and H
NMR spectrometry., Characteristic data and analyses of E-2-alkylel-phenyl-
tetrafluoropropenes 3 are given in Table 2, Other compounds were iden-
tified as their mixtures after GLC purification by subjecting them to NMR
investigations and elemental analysis; the latter were identical with those
obtained for pure compounds _§(F‘)

Ch emical shifts of the CF,_, groups and especially of vinylic fluorines

of compounds 2 and 3 were c:;aracteristically different from each other
(Table 3) allowing these compounds to be easily identified in their mixtu-
res by 19F NMR s pectrometry. Also, the 19F NMR investigations auowed
the ' and Z isomers of compounds 3 to be easily distinguishied from the
charactenstic vinylic fluorine to the CE‘3 group coupling constants. Assig-
ment of the © and Z isomers of compounds 2 is somewhat ambiguous. It
was based on the relative magnitude of coupling constants or chemical
shifts in the 19}5‘ NMR spectira of these compounds as compared with the

data previously reported for l-ethoxy~li-phenyltetrafluoropropenes [1] .

DISCUSSION

Qu antitative approach to the regioselectivity problem

The ratios of 2~alkylsubstituted products 3 to l-alkylsubstituted
products 2 (Table 1) considerably increased both with the increasing
electronegativity of the ring substituents X and with the bulk of the alkyl
groups R. These ratios were approximately two and a half times higher
for the reactions of alkene 1d ihan of aikene la and four times higher
for the reactions with tert-butyllithium than for the reactions of these same
alkenes with methyllithium, As it is shown on Figure 1, the effect of
alkyl groups R in alkyllithium reagents was practically the same for the
reactions with all alkenes 1 i.e. independent of the nature of the ring
substituents X and vice versa . A plot of the relative rates of the rea~

ctions at carbons C-2 and C-1 (log kzlkl)* versus dp values {7]

* Relative rates k2I|<1 were assumed to be equal to the ratios of the

concentration of the corresponding products 3 and 2 [8] .
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of substituents X gave parallel lines for the reactions with methyl,
n~butyl, and tert-butyllithium reagents. The only exception was the reac-
tion of tert-butyllithium with alkene 1d for which the log kzlk1 value

deviated dramatically from the linearity obtained with alkenes la-c .

log“Z/k1 1.2

X /
o X

0.2

Fig. 1. Correlation of the relalive rates of the reactions of l-phenyl-
pentafluoropropenes la< at carbons C-2 and C-1 with alkyl-

lithium reagents .
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By analogy to the reactions of alkenes 1 with sodium ethoxide

!:1] , each line on Figure 1 is described by the equation
0, O
log k2/k1 = (Pz - P, )dp + log k2/k1 (1)

where: kl and k2 are rate constants for the reactions of a given alkyl-
lithium reagent with any alkene 1 at carbons C-1 and C-2.
ki and k; are the corresponding rate constants for the reac-
tions with alkene lb.where X = H .
P1 and p, are reaction constants for the reactions at carbons

C«1 and C-2, respectively .

In the above equation, the expression log kg/k: includes also
steric interactions between the reagents, and for the reactions with
alkene lb (arbitrarily assumed as the reference compound) steric influ-
ence of alkyllithium reagents on the ratios of 2-alkyl- to l-alkyl-substi-
tuted products can be expressed by the-Taft type relationship @

log kglk‘; = ABSE + constant (2)

where E is a steric factor of alkyl group R and A8 = 82 - 81 is a
proportionality factor, analogous to p, -~ p; . The 82 - 51 value { a
difference of the steric reaction constants) is a measure of the rela-
tive sensitivity of both reactive centres C-2 and C-1 to the bulk of
the attacking nucleophile.

Consequently, an equation taking into account both the influence
of the ring substituents X (mesomeric and field effects) in alkenes 1
and steric factors of alkyl groups R, is the Pavelich-Taft type equa-

tion 3

log kzlkl = (Pz - Pl) dp + (52 - Sl)E + constant (3)

In order to determine the 52 - 81 value, attempts were made to
correlate log k:/kcl’ values, obtained for the reactions of le-phenylpenta-
fluoropropene 1b with six alkyllithium reagents, with different sets of
steric substituent constants available in the literature for alkyl groups.
Although, log kg/ki values, in general, increased with the increasing
steric constants of all sets, no straight-line correlation has been
found with the Taft constants E_ [3_] and Charton constants v, and
v’ [5.6] , even when ignoring the most deviant points obtained with

x
n-butyllithium (PFigure 2) . On the contrary, using the Fellous and Luft
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scale of steric subagtituent constants E:’Sc [4] good correlation for all
alkyllithium reagents has been obtained (Figure 3). This correlation

gives the 52 - 51 value of 0.140 .

Plots of log l<2/k1 versus dp values for the reactions of alke-
nes la-d with methyl-, n-butyl-, and t-butyl-lithium reagents (Fig. 1)
give the Py ~P1 values equal to 0.60, 0.42, and 0,67, respectively
(average 0.56).

Assuming the reaction of alkene 1lb with methyllithiura as the
reference reaction (dp = 0, E: = 0) a constant in the equation (3)
has a value of 0.412. Thus, the ratio of 2-substituted to l-substituted
products 3 and 2 of the reaction of any alkene 1 with any alkyllithium

reagent RLi can be calculated as follows :

x *
log k2/k1 = O.566p - 0.14E_ + 0.412 (4)

On the other hand, equation (4) can be applied for a determination of
new steric constants. For example, the ratio of products obtained in
the reaction of n-butyllithium with alkene 1b and 1c (Table 1) gave
for n=butyl group the Ez value of 1.60 and 1.53 (not quoted by Fel-
lous and Luft).

Interpretation of an unusual steric effect on the regioselectivity

The trifluoromethyl group is quite bulky. The maximum van der
Waals radius (perpendiculur to the group axis) of the CF3 group
(2.743 R) is somewhat closer to that of the tert-butyl group (3.150 R])
than to that of the methyl group (2.230 8;) [9J The trifluoromethyl group,
as shown by conformational studies of monosubstituted cyclohexanes,
creates more steric strain than even the iodine atom, methyl group, or
phenyl group [10,11,12] . Recently, Obernammer [13] observed a con-
siderable increase in the oxygen, nitrogen , and carbon bond angles
in o(cs‘a)z, N(CFa)a, and CH(CE‘3)3 as compared with that in OF,,
oct,, o(c:—xa)z. NF,, NCi,, N(CH3) 4+ and CHF,4, CHCL,, CH(CH3)3 .
and concluded that steric requirements of CF3 groups are greater than
those of fluorine, chlorine, and methyl groups. By the magnitude of

the Taft ES [3‘ or Charton vx [5.6] steric substituent constants one

Since E: constants are negative the sign 'minus' should be put

before them in equation (4).



235

can consider the steric effect of the trifluoromethyl group (]T,S=-— 1.16, V=
0.91) as similar {o that of the sec-butyl group (Es= -1.13, v = -1,02)
or cyclohexy! group (Es = -0.99, v_ = 0.87).

The magnitude of the steric effect of the phenyl group is not
precise (two v, Values, 0.57 and 1.66 have been quoted [87 ) but
it is generally accepted that the phenyl substituent has only a rmode-
rate steric effect. This should be particularly true for substrates
in which, due to conjugation, the phenyl substituent is co-planar with the
multiple bond and the nucleophilic attack occurs perpendicular to the
plane.

In the light of the above data it is quite obvious that the trifluoro~-
methyl group creates more steric hindrance than does the phenyl ring
g0, it would be expected that the increasing bulk of alkyllithium reagen-
ts favours the reaction at the less-hindered carbon atom C-1, However,
in contras! to this expectation, results of the present work have uname
bigously shown that the increasing bulk of alkyllithium reagents effecti-
vely directs the substitution of an alkyl group for fluorine to the more
hindered carbon atom C-2 bearing the trifluoromethyl group. This is
rather a puzzling phenomenon.

It seems reasonable that, similar to the reactions of 2-phenyl-
substituted fluoroalkenes reported by Koch and co-workers [14] and
also to the reactions of alkenes 1 with the ethoxide ion reported in
our earlier work [1] » the reactions of alkenes 1 with alkyllithiums
follow a two-step pathway in which formation of carbanion-like® Inter-

mediates 7 and 8 is the rate-limiting step.

* In contrast to alkyllithium reagents which apparently have a polar
covalent carbon-lithium bond [15] , by considering delocalisation of
the negative charge due to mesomeric and inductive effects and also
by considering the presence of large substituents hindering a close
approach of cation and anion, intermediates 7 and 8 may be expected
to have an essentially ionic carbon-lithium bond and therefore may

be regarded as carbanions [15.16,171 . Resonance-stabilised organo-
lithiums such as trlphenylmethyulthiurh and allylic organolithiums and
also sterically crowded organometallic compounds have pronouced io-
nic character [15.16] . However, it is rather unlikely that in nonpolar
solvents such as hydrocarbons, intermediates 7 and 8 existin the form of

free ions; contact or solvent-gseparated ion pairs are more likely.
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e Lt
k ) -LiF
M Ph(l:-CFCFB . phcl_cs‘cr@3
Rz Ro2
PhCF=CFCF, + RLi —]
1
- Lit F
k = - LiF
2 PhCP-CCF, ——— 1:~hcr;=~...c|;c1=*3
g R 3 R

All steps in these reactions are fully irreversible so, the
reactions are kinetically controlled and the ratio of l-substituted and
2-substituted products 2 and 3 is governed by the relative rates of
the formation of both intermediates 7 and 8 . These rates are, in turn,
inversely proportional to the corresponding free-energies of activation

AGT and AG;F for the formation of these intermediates (Figure 4).

7 ¥
AG1*H-Bu)
E*
A\acFit-Bu

’

[
3 AGﬁ(Me)

PhCF=CFCF3

- |
T

Reaction coordinates

Fig. 4. Possible free-energy profiles for the reactions of l-phenyl-
pentafluoro 1b with methyllithium (dashed line) and tert-butyllithium

(continuous line).



237

Thus, the increasing bulk of a nucleophile from methyllithium
to tert~butyllithium results in an increase of the activation energy,
more for the formation of carbanions 7 than for the formation of carb-
anions 8 [Acf(tert,-Bu) - AG::_:(Me) > AG:(terb-Bu) - AGZ(Me)]
This phenomenon is opposite to that which could be expected on the
basis of the structure of the substrates and implies that a solution of the
problem of the steric factors - regioselectivity relationship is in the
structure of transition states z*and 8 ' leading to carbanions 7 and
8 , rather than in steric hindrance iIn the reactant alkene to
atiack by alkyllithium reagents.

According to the Hammond postulate [181 structures of transi-
tion states Z# and g:’:should resemble structures of the correspond-
ing carbanions so that the effect of the bulk of alkyl substituents on the

geometry and free-energy of these carbanions should be considered.

All evidence accumulated so far points out that, beside other
factors, steric strains have a substantial influence on the geometry
of carbanions [19.20] . In general, carbanions prefer pyramidal sp3
hybridised geometry In which the lone pair of electrons has maximum
s-character and thus, is closer to the nucleus [19,21] . However,
on the basis of kinetic acidity studies of a series of halogenated
carbon acids, Klabunde and Burton [22] concluded that carbanions
(CF3)2CI and (CFa) 3C are planar, largely as a result of steric
repulsions between bulky substituents adjacent to the carbanionic
centre”. Pyramidal geometry has also been derived for benzylic car-
banions Ph‘C(CFs)2 [23] and Ph(‘f‘,F‘2 [24] which were found to ex-
hibit poor conjugation with the phenyl system; this is in contrast to
the benzyl anion Ph(':I»-I2 which is obviously planar [19,20] .

By analogy to the fluorocarbanions discussed above, both
carbanions 7 and 8 should also be expected to have
pyramidal geometry 7a and 8a . However, it seems reasonable that
the increasing bulk of alkyl group R, and therefore of the carbanion
substituents PhC(R)F- and CF,C (R)F- , forces a shift in geometry

In those studies high acidity of (CF3)3CH and therefore high sta-
bility of its conjugated base (CF‘3) 36 has been accounted for by the
lack of a p-orbital electron feedback from ®-fluorines and by the
inductive effect of the CE‘3 group, which are much larger than destabi-

lisation of the carbanion from deviation from sp3 hybridisation.
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E
F\ (LA C\ \
cw F C
| | <D / ”’/O

R CF3 R C—F

7a 7b

pyramidal ptanar

g O \\\‘\\ F
A O

~C~
R™| °F /\
CFq R CF3

8a 8b

of these carbanions io planar 7b and 8b . Planar geometiry is, howewver,
encrgetically more tolerable for carbanions 8 than for carbanions 7 .
This is because, in contrast to carbanions 7, planar geomelry of car-
banions 8 is stabilized by a conjugation of the sp2 hybridised lone-pair
of electrons with the 71 ~electron system of the aromatic ring, and this
effect opposes the destabilisation due to the reduced s-character effect.

The above reasoning applies also to the carbanion-like transition
states Z:Fand §:Fand seems to be a logical explanation why the increa-
sing bulk of alkyl substituents R has a less pronounced effect on the
increase of the free-energy of activation (AG:F(terb-Bu) - AG*(I\/}O))
for the formation of carbanions & than for the formation of carbanions
.

In conclusion, unusual effects of the bulk of alkyllithium reagents
on the regioselectivity of their reactions with l-phenylpentafluoroprope-
nes 1 is interpreted in terms of steric strains forcing planar geometry
on intermediate carbanions 7 and 8 and the corresponding transition
states 7 ' and 8', Planar geometry is energetically more tolerable for

+

energy of activation and thus, higher rate of the formation of carbanions

benzylic transition state 8 ' than for 7'and this results in a lower free



239

8 and then 2-substituted products 3 , as compared with carbanions 7
and l-substituted products 2. These effects are proportional to the
bulk of alkyl groups R .

The effect of the phenyl ring substituents

The increasing electronegativity of the phenyl ring substituents X
acts in accord with the bulk of the alkyl groups R in shifting the regio~
selectivity in the reactions of l-phenylpentafluoropropenes 1 with alkyl-
lithium reagents towards a substitution at the C-2 carbon atom. This is
due both to the increasing susceptibility of this reactive centre, as re-
lated to the C-1 carbon atom, to the attack by a nucleophile, and to
the enhanced conjugational and inductive delocalisation of the negative
charge of planar species 8 and g* and thus, further decrease in the
free~energy of activation for their formation. No reasonable explanation
was found for the lower effect of the CF3 group in alkene 1d than the
effect of chlorine atom in alkene 1c in the reactions with tert-butyllithium

The reactions of alkenes 1 with alkyllithiums, as evidenced by a
slope of the plots of log k2/k1 versus dp (Figure 1), are less sensi-
tive to the influence of the phenyl ring substituents than the correspon~
ding reactions with sodium ethoxide reported earlier [1] (Pz‘P1 = 0.56
and 2.0 , respectively). This may be simply because the absolute ra-
tes of the reaction with alkyllithiums are much higher (at least one
order of magnitude) than with the ethoxide ion,and the difference between
the rates of the reactionas at carbon atoms C-2 and C-1 becomes less

pronounced.

EXPERIMENTAL

Boiling and melting points are uncorrected. NMR spectra were
recorded with a JEOL IJNM-4H-100 spectrometer, and IR s pectra with
a Beckmann IR Acculab-TM-1 spectrometer. GLC separations were
performed with a Chromatron GCHF.18.3.4 instrument (GDR) using a
3.5m x 4mm column for analytical work and 4.0m x 10mm column for
preparative work, both columns packed with Chromosorb G coated with
3 % Silicon Qil SE-52 .
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1-Phenylpentafluoropropenes la-d were prepared according to
the procedure described previously [25] . Methyllithium, n-butyllithium,
and tert=butyllithium were commercial reagents. Ethyllithium, iso-propyl-
lithium, and iso~butyllithium were prepared in n-pentane from lithium
metal and the corresponding alkyl chlorides. FPhenyllithium was prepéa-~

red in etheral solution from lithium metal and bromobenzene.

Reactions of l-phenylpentafluoropropenes la-d with alkyllithium reagents

A solution of 0.03 mole of alkene 1 in 20 ml of dry n-pentane
or n-hexane (diethyl ether was used for the reactions with methyllithium
and phenyllithium) was cooled down to 0° and tnen, while stirring,
0.035 mole of an alkyllithium reagent was added dropwise during a
period of ca. 30 minutes. The reaction mixture was allowed to warm
up slowly to ambient temperature and stirring was continued until at
least a 90 % conversion of the starting alkene was achieved (usually
1 to 2 hours). The course of the reaction was monitored by taking
small samples, quenching them with water and analysing the organic
layer by GLC. Finally, the reaction mixtures were quenched by addi-
tion of a small amount of methanol followed by water and acidified with
hydrochloric acid to dissolve a suspension of lithium salts. The orga-
nic layer was separated, dried over magnesium sulphate, and solvents
were removed under vacuum. The residue was at first analysed by
GLC then subjected to GLPC separation. Pure compounds 3E and
fractions  of a mixture of 2E, 22, and 3Z were isolated and subje-

cted to elemental analysis and spectroscopic investigations.
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