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Reactions 

( Poland ) 

of l-phenylpentafluoropropenes la-c with a number of -- 

alkyllithium reagonis were investigated in detail. I.1 al1 cases mixtures 

of l-all@-1-phenyltetrafluo?op:openes 2 and 2-al’kyl-l-phenyIte:rafIuoro- 

propenes 3 were o’btainer:. ‘1’? e ratio of pro&c’% 2 and 3 ir; s;.ron~I~y - 

influenced by bot!l 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 P-all-@-substituted alkenes 2 

with a reduced yield of l-alkyl-substituted alkenes g . ‘Et e influence 

of the benzene ring substituents in alkenes 1 obeys the EIa.mmett type 

correlation, while the influence of the bulk of the alkyllithium reagents exhi- 

bits good relationships with the Fellous and Lu ft scale of steric substi- 

tuent constants IT”, * , no linear correlation with other scales of steric 

constants was found. Overall regioselectivity in the reaction of l-phenyl- 

pentafluoropropenes 1 with alkyllithium reagents, considering both the 

influence of the benzene ring suustituents and steric factors. is expressed 

by the Pavclich-Ta ft 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 geoi-retry and free 

ener,gy of the supposed intermediates involved in these reactions. 

* Part III submitted to Bu ll.Acad.Po lon.Sci.,Sc r.sci.chim. 

** Paper presented at the A.C.S. Sixth Winter Fluorine Conference, 
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INTRODUCTION 

1-P'-~enylpentafluoropropenes _ 1 are unique fluoroalkenes which 'have 

proved to be susceptible to nucleophilic attack at both vinyLic carbon atoms 

C-l and C-2 . 

X 
sX=CH3 c.X=CI 

b:X=H - &X =CF3 

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 dp values of the benzene ring substituents X. Electron 

withdrawing substituents effectively direct the attack of t’>e ethoxide ion to vin- 

ylic carbon C-2 bearing the trifluoromethyl group, ~~:hile electron donating sub- 

stituents favour the attack on the C-l carbon atom. The Hammett plot has a 

slope of ca.2 ( P2-pIvalue) indicating relative sensitivity of the reactive ccntres - 

C-l and C-2 to the influence of the ring substituents X. In alkenes la and lb - - 

the inductive influence of the CF2group affecting the double bond is nearly 

counterbalanced by resonance and inductive effects of the phenyl substituent, 

so in the reactions of these compounds :,:ith sodium ethoxide comparable 

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

These results contrast with those obtained by Nguyen et al. [2! for the 

reaction of alkene lb with lithium diethylamide, - in vthich a 92:: rcgioselectivity 

in favour of the attack on the C-l carbon atom v?as reported. It scei1l.s reaso- 

nable that in the latter reaction high regioselectivity could be attributed to loT.‘.-er 

steric hindrance for the attack of bulky diethylamino moiety on the C-l carbon 

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

In view of above results it was interesting to study the influence of 

the bulk of the attacking nucleophiles on the regioselectivity of t:?eir reac- 

tions with l-phenylpentafluoropropenes 1. T‘:le most convenient nucleophiles 

for such studies arc alkyllrthrum reagents. They allow for gradual change 

within a wide range of the bulk of nucleophilic species, r.ihile going from prlma- 

ry to tertiary alkyl groups, without changing the character of the nucleophilic 

centre. Moreover, a number of sets of steric effect values have been obtained 

for alkyl substituents [3,4,5,6]. T: ,I e present paper reports results obtained on 

the reactions of l-phenylpentafluoropropenes la-d with commercially available 



225 

methyl-, n-butyl-, and tert-hutyl-lithium reagents, and of alkene lb 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 2 isomers of l-alkyl-l-phenyltetrafluoropenes 2 

and Z-alkyl-1-phenyltetrafluoropropenes 2. 

X CF=CF.CFx = X 0 C=CF.CFs + X CF=C.CFs 

A A 

R - CH3, C2H6, iso-C,& , n-C4H9, tert-C4H9, lso-C4F9 

Diethyl ether was used as a solvent for the reactions with methyllithium (cotn- 

mercial solution) and n-hexane or n-pentane for the reactions with other alkyl- 

lithium reagents. The reactions were carried out, in general, in the temperatu- 

re range from 0 to ZOO, 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 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 *he reactto- a considerable 

amount (~30%) of the disubsthution was observed. Thus, l-phenylpentafluo- 

ropropene lb reacted with phenyllithium in etheral solution to give l,l-diphenyl- - 

tetrafluoropropene 2, the E and Z isomers of l-fluorc&?-(trifluoromethyl)-stil- 

bene 2, and 1,1,24riphenyltrifluoropropene 2 in the ratio of 1 to 3.3 to 2.1. This 

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

CF=CF.CF3 
PhLi 

w 
C=CF.CFs + 

?(EondZ) -6 
w 
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TABLE 1 

Reactions of 1-phenylpentafluoropropenes +l_ with alkyllithium reagents 

Substrates Products distribution a Ratio of 

XP~CFICFCF~~ RLi 2 z products 

no. X R % E/E % E/Z zk 

la 33.1 0.72 66.9 10.92 2.02 
- CH3 CH3 

lb H 
CH3 

27.9 0.67 72.1 7.80 2.58 
- 

lc Cl 
CH3 

21.2 0.54 78.8 7.38 3.90 - 

Id 
- CF3 CH3 

15.8 0.20 84.2 4.80 5.33 

lb H 
C2H5 

27.3 1.24 72.7 8.32 2.66 - 

lb H iso-C3H7 2 3.6 0.82 76.4 2.78 3.24 -_ 

la 21.5 0.41 78.5 5.04 3.65 - CH3 n-C4Hg 

lb H 
n-C4H9 

18.8 0.48 81.2 4.45 4.32 - 

lc Cl n-C4H9 15.9 0.64 84.1 6.25 5.29 - 

Id 
- CF3 n-C4H9 

12.0 0.64 88.0 3.63 7.33 

lb H i.so-C4H9 22.0 0.34 78.0 3.94 3.55 - 

la 
CH3 text-C H 

49 
11.6 0.73 88.4 5.18 7.62 - 

lb H tert-C4H9 9.0 1.09 91.0 4.87 10.11 - 

1C Cl tertC 4H9 6.6 0.94 93.4 5.67 14.15 - 

Id CF3 tat-C4Hg 9.8 1.33 90.2 3.44 9.20 - 

lb H - C6H5 
C 

15.7(Q) 51.6 (2) 4.33 3.28 

a 

b 

c 

GLC estimate in the row reaction mixtures . 

Z/E = l/9 for compounds lb and approx. l/6 for compounds la lc Id - -I-*- 
Integrated 

19 
F estimate. The reaction mixture also contained 32.7 % 

of 1.1.2triphenyltrifluoropropene a . 
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TABLL? 2 

Physical properties and analyses of E-2alkyLl-phenyltetrafluoropro- 

penes 3 

Compound v(c=c) Found (calculated) % 

R X OC 
-1 

cm C H F 

CH3 =f3 
201-202 

1685 
1695 

60.5(60.6) 4.5(4.6) 34.7(34.8) 

H 
182.5 1688 

1793, 
58.7(58.8) 4.0(4-O) 37.2(37.2) 

Cla 215.5 1685 
1695 

50.4(50.3) 2.9(3.0) 31.9(31.8) 

CF3 193-194 1695 
1698 48.8(48.5) 2.7(2.6) 48.8(48.9) 

C2H5 H 193-194 
1685 
1695 

60.4(60.6) 4.6(4.6) 34.7(34.8) 

iso-C 
Y7 H 

203-204 1672 62.0(62.1) 5.1(5.2) 33.0(32.7) 

n-C H 243-244 
1680 

4 9 CH3 1690 
64.5(64.6) 6.0(6.2) 29.1(29.2) 

H 228-229 
1685 
1695 

63.5(63.4) 5.6(5.7) 30.8(30.8) 

Clb 249-250 ;;;; 55.5(55.6) 4.6(4.7) 26.9(27-l) 

CF3 
224-225 1683 53.5(53.5) 4.1(4.2) 42.4(42.3) 

iso-C4Hg H 1688 63.3(63.4) 5.5(5.7) 31.0(30.8) 

tert-C4HQ CH3 (37-39) 1665 64.2(64.6) 6.2c6.2) 28.9(29.1) 

H 293-224 1662 63.4(63.4) 5.7(5.7) 30.9(30.8) 

cl= (38-40) 1665 55.3(55.6) 4.6(4.7) 27.2(27.1) 

CF3 
220-221 1665 53.6(53.5) 4.1(4.2) 42.3(42.3) 

C6HS 
d H 67.8(67.7) 3.9 (3.8) 28.3(26.5) 

a Found 14.9% Ct , catc. 14.9% Cl. b Found 12.8% Cl , talc. 12.6% Cl 

c Found 12.7% Cl , talc. 12.6% Cl. 

d Compound S_(E) 
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TABLE 3 

“F NMR data of 
compounds 2, 3. 3, 5. 

and 
2 

a 

Compound tiCF3) @(F) J(F-‘=‘J ob=F?) e(F) J(F-CFd 

no. R p .p.m. p.p.m. HZ p-p .m. p.p.m. HZ 

0 F 

R/C=C:CF 
3 

z CH3 65.2dq 130.2qq 10.0 

1 C2H5 65.0 132.4qt 10.5 

z iso-C P7 65.0 132.1 9.7 

2 -4H9 65.2dt 131.7qm 10.0 

1 iSo-C4Hg 64.8 130.2 10.0 

2 te&C4Hg 64.4 123.9 8.1 

4 C6H5 64.2 128.7 10.3 

65.2dq 130.2qq 8.0 

65.1 130.5 9.7 

64.5 125.8 8.0 

64.8dt 130.lqm 8.5 

64.0 128.8 8.6 

62.5 113.2 8.1 

R 

c=c 

CFzi 

Z E 

CH3 

C2H5 
iso-C3 H7 

-qH9 
iso-C4H9 

tert-C4Hg 

C6H5 

C6H5 

60.5 81.8qq 11.3 61.5 90.5qq 23.0 

58.2 83.3qt 11.5 59.6 87.9 20.4 

56.9 80.0 10.1 56.3 84.8 21.5 

58.3 82.7qt 11.0 60.0 87.2 20.5 

57.0 79.5 11.5 59.3 83.3 19.4 

52.9 68.4 11.0 54.9 64.5 28.2 

56.1 76.3 12.7 58.3 92.6 24.2 

55.7s 

a Chemical shifts are related to internal CC13F, positive upfield. If not 

indicated, the CF3 group signals appeared as 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 ,? 0.3 ppm for 

aCF& !: - 3.0 ppm for H(F), and f 0.3 Hz for J(F-CF3) . 
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Distribution of the reaction products _&Z and 2 (and also $2, and 2). 

their ratios, and the ratios of the E and. 7, isomers of these products are 

summarised in Table 1. ‘P’i?e contents of individual compounds, inclusive of 

the geometric isomers, in the crude reaction mixture were determined by 

the GLC analysis. ‘T”ie most abundant compounds z(E) were isolated by 

preparative CLC and identified by elemental analysis and 
19 

F and 
1 

H 

NM? s pectrometry. Cl- aracteristic data and analyses of E-2-alkyl-l-phenyl- 

tetrafluoropropenes 2 arc given in Table 2. OLher compounds were iden- 

tified as their mixtures after GLC purification by subjecting them to NM:? 

Investigations and elemental analysis; the latter were identical lvith those 

obtained for pure compounds 3(E). 

C!h emical shifts of the CF 3 groups and especially of vinylic fluorines 

of compounds 2 and 2 ~\‘ere characteristically different from each other 

(Table 3) allol,:ing these compounds to be easily identified in their mixtu- 

res by 
19 

F NnlIR spectrometry. Also, the 
19 

F NMR investigatiorls ailowed 

the E and 7, isomers of compounds 2 to be easily distingulslled fro:n the 

charactcrlstlc vlnybc fluorine to the CF3 g,roup coupling constants. As sig- 

ment of the E and Z isomers of compounds 2 is soinelv!?at ambiguous. It - 

was based on the relative magnitude of coupling constants or chemical 

shifts in the 
19 

F Nl!IR spectra of these compounds as compared 

data previously reported for l-etlloxy-I-p!lenyltetrafluoropropenes 

with the 

bl - 

DECUSSION 

$u antitative approach to the regioselectivity problem 

‘Phe ratios of 2-alkylsubstituted products 2 to l-alkylsubstituted 

products 2 (Table 1) considerably increased both vrit!? the increasing 

electronegativity of the ring substituents X and with the bulk of the alkyl 

groups R. ‘l’h ese ratios were approximately two and a half times higher 

for the reactions of alkene 3-d : kan of alkene la and four times higher - - 

for the reactions with tert-butyliithium 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 v:it:l all alkenes 1 i.e. -- indcpendcnt 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-l (log k2/k,) * versus dp values [I] 

* Relative rates k2/k, were assumed to be equal to the ratios of the 

concentration of the corresponding products 2 and 2 [a] . 
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of substituents X gave parallel lines for the reactions with methyl, 

n-butyl. and tert-butyllithium reagents. ‘T’he only exception was the reac- 

tion of tertbutyllithium with alkene Id for which the log k2/k, value - 

deviated dramatically from the linearity obtained with alkenes la_c. 

‘J’s H CL CF3 

0.2 ’ I I I I I I I I I I 

- 0.1 0.0 0. I 0.2 0.3 0.4 0.5 0.6 dp 

Fig. 1. Correlation of the i-e?afive .-&es of the reactions of l-phenyl- 

pentafluoropropenes la-d at carbons C-2 and C-l with al’kyl- 

lithium reagents . 



By -alogY to the reactions of alkenes 

[13 t each line on Figure 1 is described by 

log k2/kl = (p2 - pl )d p + log k;/k; 
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1 with sodium ethoxide 

the equation : 

(1) 

where: kl and k2 are rate constants for the reactions of a given alkyl- 

lithium reagent with any alkene & at carbons C-l and C-2. 

ky and kz are the corresponding rate constants for the reac- 

tions with alkene lb *where X I H . - 

p1 and p2 are reaction constants for the reactions at carbons 

C-l and C-2, respectively . 

In the above equation, the expression log ki/ky includes also 

steric interactlons 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 a-alkyl- to lalkyl-substi- 

tuted products can be expressed by the-Taft type relationship : 

log k;/k; I SE + constant (2) 

where E is a steric factor of alkyl group R and A 8 = g2 - 8, is a 

proportionality factor, analogous to p2 - p1 . The s2 - sl value ( a 

difference of the steric reaction constants) is a measure of the rela- 

tive sensitivity of both reactive centres C-2 and C-l 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 : 

log k2/k, = (p2 - pl) dp + ( 6, - Sl)E + constant (3) 

In order to determine the s2 - sl value, attempts were made to 

correlate log k$ky values. obtained for the reactions of l-phenylpenta- 

fluoropropene lb with six alkyllithium reagents, with different sets of - 

steric substituent constants available in the literature for alkyd groups. 

Although, log kz/kT values, in general, increased with the increasing 

steria constants of all sets, no straigheline correlation has been 

found with the Taft constants Es [ 3 ] and Charton constants vx and 

v; [f&6] . even when ignoring the most deviant points obtained with 

n-butyllithium (Figure 2) . On the contrary, using the Fellous and Luft 
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scale of steric substituent constants EE [4] good correlation for all 

alkyllithium reagents has been obtained (Figure 3). This correlation 

gives the 82 - 8, value of 0.140 . 

Plots of log k2/k, versus d values for the reactions of alke- 
-P 

nes la-d with methyl-, n-butyl-, and t-butyl-lithium reagents (Fig. 1) 

give the p2 - pl values equal to 0.60. 0.42. and 0.67. respectively 

(average 0.56). 

Assuming the reaction of alkene lb with methyllithium as the - 

reference reaction (d 
P 

= 0, Ez = 0) a constant in the equation (3) 

has a value of 0.412. l’hus, the ratio of a-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 : 

log k2/k, = 0.566 - 0.14E; + 
P 

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 lb and lc (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 (perpendicular to the group axis) of the CF3 group 

(2.743 2) is somewhat closer to that of the tert-butyl group (3.150 8.) 

than to that of the methyl group (2.230 w) [ 9] The trifluorornethyl 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, Oberhammer [13] observed a con- 

siderable increase in the oxygen, nitrogen , and carbon bond angles 

in 0(CF3)2, N(CF3)3, and CH(CF3)3 as compared with that in OF2, 

OC12, 0(CH3) 2, NF3. NC13. N (CH3) 3, and CHF3, CHC13, 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 c3.l or Charton vx [ 5.61 steric substituent constants one 

* Since EX s constants are negative the sign ’ minus’ should be put 

before them in equation (4). 
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can consider the steric effect of t!?e trifluoromethyl group (Es=- 1.16, v = 
x 

0.91) as similar to that of the set-butyl group (csp -1.13, vx= -1.02) 

or cyclohexyl group (Es = -0.99, vx = 0.87). 

The magnitude of the steric effect of the phenyl group is not 

precise (two vx values, 0.57 and 1.66 have been quoted [5: ) but 

it is generally accepted that the phenyl substituent has only a mode- 

rate stet-ic effect This should be particularly true for substrates 

in which, due to conjugation, the phenyl subatikxent is co-planar with the 

multiple bond nnc! l’le nucleophillc attack occurs perpendicular to the 

plane. 

In the light of the above data it is quite obvious that the trifluorc- 

methyl group creates more steric hindrance than does the phenyl ring 

so. it would be expected that the increasing bulk of alkyllithium reagen- 

ts favours the reaction at the less-hindered carbon atom C-l, However, 

in contrast to this expectation, results of the present work have unam- 

bigously shown that the increasing bulk of alkyllithium reagents effecti- 

vely directs the substitution of an alkyl group for fluorine to tile 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 l-phenyl- 

substituted fluoroalkenes reported by Koch and c-workers [14] and 

also to the reactions of alkenes I with the ethoxide ion reported in 

our earlier work cl] , the reactions of alkenes 1 with alkyllithIums 

follow a two-step pathway in which formation of carbanion-like’ lnter- 

mediates 1 and 2 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 subatttuents hindering a close 

approach of cation and anion, intermediates 2 and 2 may be expected 

to have an essentially ionic carbon-lithium bond and therefore may 

be regarded as carbanions ‘_15,16.17~ . Resonance-stabilised organo- 

lithiums such as triphenylmethyllithium and allylic organolithlums and 

al60 sterically crowded organometallic compounds have pronouced lo- 

nit character [16,16] . However, it la rather unlIkeIy that in nonpolar 

solvents such as hydrocarbons, intermediates z and 2 exist in the fbrn of 

free ions; contact or solventseparated ion pairs are more Ii kely. 
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F Li+ 

kl 

r Ph&FCF2 -LIF_ 

k 

PhC=CFCF3 

z 
k 

2 

PhCFwCFCF2 + RLi --j 

1 

l- Li+ F 

k2 PhEF-&F3 - I PhCF-CCF2 
I 

All steps in these reactions are fully irreversible so, the 

reactions are kinetically controlled and the ratio of l-substituted 

R 

and 

a-substituted products 2 and 2 is governed by the relative rates of 

the formation of both intermediates 1 and 2 . These rates are. in turn, 

inversely proportional to the corresponding free-energies of activation 

AC?: and AGO for the formation of these intermediates (Figure 4). 

7* 

A.-‘~ ~_ 
PhCF=CFCFs 

I 
I 

Reaction coordinates 

Fig. 4. Possible free-energy profiles for the reactions of l-phenyl- 

pentafluoro lb with methyllithium (dashed line) and tert-butyllithium - 

(continuous line). 
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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 2 than for the formation of carb- 

anions 8 [ACt(tert-Ru) - &s~(wI~) > AC*(tert-Bu) - 
2 AC’: (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 g * leading to carbanions z and 

rather than in steric hindrance 

tt,ck W alkylllthium reagents. 

in the reactant alkene to 

According to the Hammond postulate [18] structures of transi- 

tion states 1 + * and 2 should resemble structures of the correspond- 

ing carbanions so that rile 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) 2 EI and (CF3) ,c are planar, largely as a result of steric 

repulsions behnreen bulky substituents adjacent to the carbanionic 

centreX. Pyramidal geometry has also been derived for bensylic car- 

banions Phe(CF3)2 [23] and PhCF2 [24] which were found to ex- 

hibit poor conjugation with the phenyl system; this is in contrast to 

the benzyl anion PhCH2 which is obviously planar [19,20] . 

By analogy to the fluorocarbanions discussed above, both 

carbanions 1 and ,8 should also be expected to have 

pyramidal geometry 72 and & . However, it seems reasonable that 

the increasing bulk of alkyl group R, and therefore of the carbanion 

substltuents PhC(R)F- and CF3C(R)F- , forces a shift in geometry 

* In those studies high acidity of (CF3) 3CH and therefore high sta- 

bility of its conjugated base (CF3) ,c has been accounted for by the 

lack of a -orbital electron feedback from d-fluorines and by the 

Inductive effect of the CF3 group, which are much larger than destabi- 

lisation of the carbanian from deviation from sp 
3 

hybridisation. 
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of these carbanions to planar 7b and 8b . Planar geometry is, however, - - 

en,rgetically more tolerable for carbanions 8 than for carbanions 2 . - 
This is because, in contrast to carbanions 1, planar geometry of car- 

banions C is stabilized by a conjugation of the sp 2 
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. 

‘I’:; e above reasoning applies also to the carbanion-like transition 

+ * states 1 and 8 and - seems to be a logical explanation w!?y the increa- 

sing bulk of alkyl substituents R ‘las a less pronounced effect on the 

increase of the free-energy of activation ( AG*(tert-Bu ) - AC, * (lL?c) ) 

for the formation of carbanions E than for the formation of carbanions 

In conclusion, unusual effects of the bulk of allcyllithium 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 2 +* -- and g. Planar geometry is energetically more tolerable for 

henzylic transition state 8 =F + than for z and this results in a lower free 

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



239 

2 and then 2-substituted products 2 , as compared with carbanions 3 

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 eiectronegativity of the phenyl ring substituents X 

acts in accord v:ith the bulk of the alkyl groups R in shifting the regio- 

selectivity in the reactions of 1-phenylpentafluoropropenes 11. with alkyt 

lithium reagents towards a substitution at the C-2 carbon atom. This is 

due both to the increasing susceptibility of this reactive centto, as re- 

lated to the C-l carbon atom, to the attack by a nucleophile. and to 

the enhanced conjugational and inductive delocalisation of the negative 

charge of planar species 2 and 2 * 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 z than the 

effect of chlorine atom in alkene & in the reactions with tertrbutyllithium 

The reactions of a!kenes _1 with alkyllithiums, as evidenced by a 

slope of the plots of log k2/k, 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 [I] (p2-pl = 0.56 

and 2.0 , respectively). This may be simply because the absolute ra- 

tes of the reaction with alkyilithiuma are much higher (at least one 

order of magnitude) than with the ethoxide ion, and the difference between 

the rates of the reactions at carbon atoms C-2 and C-l becomes less 

pronounced. 

EXPERIMENTAL 

Boiling and melting points are uncorrected. NMR spectra were 

recorded with a JEOL JNM-QH-100 spectrometer, and IR spectra with 

a Beckmann IR AccuLab-TM-1 spectrometer. GLC s eparatione 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 lOmm column for 

preparative work, both columns packed with Chromosorb G coated with 

3 % Silicon Oil SE-52 . 
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1-Phenylpentafluoropropenes la-d were prepared according to -- 

the procedure described previously [25] . Methyllithium, r+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. Fhenylbthium was prepa- 

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 O” and then, 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 46 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 s, 2, and 32 were isolated and subje- 

cted to elemental analysis and spectroscopic investigations. 
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