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NUCLEC?HILIC REACTIONS OF FLUOROOLEFINS. 

1. REGIOSELECTIVITY AND STEREOCHErdISTRY IN THE REACTIONS OF 

'J-PHENYLPENTAFLUOROPROPENES !VITH LITHIUIJl DIALKYLAMIDES * 

Institute of Organic Chemistry, Polish Academy of Sciences, 

00-961 Warsaw ( Poland ) 

SUMIllARY 

1-Phenylpentafluoropropenes _l_ readily react with lithium 

dialkylamides to give, in most cases, mixtures of l-aminosub- 

stituted alkenes 1 and 2-amino-substituted alkenes 2, with the 

latter being the favoured products. The reactions with bulky 

lithium diethylamide and lithium 2-methylpiperidinoamide gave 

exclusively l-amino-substituted products 1. The effect of the 

increased bulk of N-nucleophiles is opposite to that observed 

for the reactions of alkenes 1 with C-nucleophiles 

Increasing electronegativity of the phenyl ring substituents 

in alkenes 1 shifts the regioselectivity of the attack of 

lithium amides towards the C-2 carbon atom. The E to 2 isomer 

ratios of enamines 2 were found to be time dependent and the 

slow isomerisation of the kinetic isomers E to the thermodyna- 

mic isomers Z was observed, while the ratio of isomers of ena- 

mines 3 did not change with time. 

A concerted, single-step process is suggested for the reac- 

tions of alkenes J_ with lithium dialkylamides, and a tentative 

explanation of the different stereochemistry of enamines 1 

and 2 is given. 

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

Daytona Beach, Florida, February 1983, Abstracts Book p.8 
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INTRODUCTION 

1-Phenylpentafluoropropenes 1 have proved to be good 

models for a study of the influence of different factors on 

the regioselectivity of the attack of nucleophiles on electro- 

philic alkenes. These factors may be both inherent in the rea- 

ctant alkene,i.e. resonance, inductive, and steric effects of 

substituents, and external like electronic properties and the 

bulk of the attacking nucleophile. Results of the preceeding 

work have shown that in the reactions of alkenes J_ with sodium 

ethoxide [2] and :vith alkyllithium reagents [l] , the influence 

of the benzene ring substituents X on the regioselectivity of 

the attack by a nucleophile obeys the tfammett type correlation. 

The regioselectivity in the reactions of alkenes 1 :vith alkyl- 

lithium reagents has been found to be a160 strongly dependent 

on the bulk of the attacking reagent. Surprisingly enough, the 

increasing bulk of alkyllithium reagents, from methyl to tert- 

butyl, effectively directs the substitution of the alkyl group 

for fluorine to the more hindered carbon atom C-Z bearing the 

trifluoromethyl group [l] . These results are in contrast aith 

those obtained earlier by Nguyen et al. [3] for the reaction 

of alkene la with bulky lithium diethylamide, in which a 92 % - 
regioselectivity in favour of the substitution at benzylidene 

carbon atom C-l was obtained. To clear the above discrepancy, 

further studies on the influence of the bulk of nucleophilss, 

particularly nitrogen nucleophiles, on the repinselectivity of 

their reactions .vith alkenes )_ are required. 

Perfluoroalkenes are knorn to react readily ,with primary 

and secondary amines under mild conditions and these reactions 

have been treated in numerous papers. Primary amines combine 

'with terminal fluoroalkenes like CP2=CPCl [4] and CF2&F2 [5] 

to give amidines, imidoyl fluorides and in some cases @- 

-diamidines, ;vhile ,aith internal alkenes,like dimers of hexa- 

fluoropropene and some of its derivatives, imines are formed[6] 

Secondary amines form sith fluoroalkenes saturt;ted tertiary 

amines, enamines, or mixtures of both [4 - 111 . In some cases, 

instead of vinylic fluorines, a substitution of allylic fluori- 

nes by an amino group was observed [6,12] . 
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In the preliminary experiments 1-phenylpentafluoropropene 

la failed to react vith free n-propylamine and diethylamine, - 
even rhen heated at 100 - 120' for 8 long time. Alkene la - 
also failed to react with lithium ethylamide prepared by addition 

of ethylamine to commercial n-butyllithium solution. These re- 

sults limit the study of reactions of alkenes 1 with N-nucleo- 

philes to reactions +vith lithium dialkyl amides which were 

earlier found to react easily [3] . The present paper reports 

on results obtained in the reactions of alkene la with five - 
amides, i.e. lithium dimethyl-, diethyl-, pyrrolidino-, piperi- 

dino-, and 2-methylpiperidinoamide. Additionally, in order to 

study the effect of the phenyl ring substituents, the reactions 

of p-substituted alkenes ;vith lithium pyrrolidinoamide and 

lithium giperidinoamide ;vere carried out. 

RESULTS 

l-Phenylpentafluoropropenes la-d reacted readily at 0 - 20' 

with lithium dialkylamides to give, in general, mixtures of the 

E and 2 isomers of l-aminosubstituted alkenes 2 and 2-amino- 

substituted alkenes 1 . 

X CF=CFCF;zX 

a: X=H , - IJ:X=CH~O, 2: X=CH3. A: X=cI 

20: NRz=NMe2, NEt2, 
ocq3 

cc13 

30: NR2 =NMe2 , 
“3x3 

2b-d, 3b-d: ,,,-;a, Ns 
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The reactions proceeded even more readily than similar 

reactions aith alkyllithium reagents [l] and they lere comple- 

te in less than one hour. The reactions ivith lithium diethyl- 

amide and lithium 2-methylpiperidinoanide gave exclusively l- 

amino-substituted products G?, vhile with other lithium amides 

investigated both types of products 2 and 2 were obtained in 

ratios depending on the amide used. Results, together with some 

physical data and analyses of products are summarised in Table 1. 

Compounds 2 and 1, with the exception of & where R = NEt2 

and CII 3.CH(CI12)4N which were isolated in pure state, were iden- 

tified as their mixtures by the 
lo 'I? and 'H NMR spectrometry 

(Table 2) and elemental analysis (Table 1). Similarly to alkyl- 

substituted 1-phenylpentafluoropropenes reported in the previous 

paper [lJ , the E and Z isomers of compounds 2 are easily disti- 

nguished from each other by the characteristic magnitude of the 

vinylic fluorine-to-W j group coupling constants. Assigment 

of the geometric isomers of compounds 2, because of little dif- 

ference of chemical shifts and coupling constants in the '% 

Nl!B spectra of these compounds, is some.what ambiguous. 

The ratios of geometric isomers quoted in Table 1 were 

determined from the crude reaction mixtures after 22 - 24 hours 

after the completion of the reaction. It has been found that 

the ratio of isomers of compounds 2 changes slowly on standing 

at ambient temperature and finally only the thermodynamically 

stable compounds remain. In contrast, both isomers 3 and 

m are stable and their ratios were time-independent. This 

phenomenon is exemplified in Table 3 which shows the time depen- 

dance of the composition of mixtures obtained from the reactions 

of alkene la Nith lithium dimethylamide and lithium diethylamide. - 
The isomerisation of compounds 2(E) to 2(Z) occured also during -- 
distillation. 

Enamines 2 and 2 are stable in neutral and basic media but 

they are sensitive to acids. When treated with concentrated 

hydrochloric acid at 20°, compounds 2 hydrolyse to 2,3,3,3- 

tetrafluoropropiophenone 4, while compound 3 gives 1,3,3,3- - 
tetrafluoro-I-phenyl-2-propanone 5. - 
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TABLE 2 

19 Y NIklR data of compounds & and & a 

Compound OKP3 1 IbU) J(F-CF$ buz:, 1 0(F) JtF-CF$ 

R2N- wm pw Hz pm mm Hz 

/F3 
c=c 

%? ’ ‘F R2N ’ ‘CF 3 
2a(Z1 2a(E) 

(CHJj2N- 61.3 159.6 m 13.5 64.1spt161.0 12.8 

(C2H5 j2N- 61.5 156.9 13.0 65.6 156.8 11.7 

60.7 168.1 qq 13.6 61.6 165.0 11.2 

61.8 156.6 qm 13.3 64.4 159.0 12.5 

\ 4 N- 61.6 155.3 12.2 63.9 152.2 10.9 

CH3 

3a(Z) 3a(E) 

icH3 )*N- 61.7 94.4 10.3 59.8 115.2 22.4 

C N- 60.2 95.5 9.2 59.9 115.5 24.0 

C N- 62.9 96.9 10.4 59.4 117.4 23.0 

a 19 F XMR data of compounds and 3b_d sere within the ran- 

ges reported for compounds 2 and _&. Chemical shifts are frc 

internal CC13F, positive upfield. If not indicated, the CF3 

tVoup signals appeared as doublets, and signals of vinYIic 

fluorines as quartets. 
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TAi3LE 3 

Time dependence of the composition of mixtures obtained from 

the reaction of alkene la Nith (CHJ)2NLi and (C2H5)2NLi . - 

Time (hrs)" Products composition (GLC 5) 

PhCF&CF3 

iICH3)2 

2a - & 

Z 3 Z E 

24 23.4 14.8 8.6 53.2 

168 36.0 0.0 8.9 55.1 

PhC&FCP 

a,C,H,I2 

Z E 

22 24 76 

7c 31 6O . 

1 t>E 43 57 

238 53 47 

670 1co 0 
__-_.-.. 

* After the completion of the reaction 

conc.HCL FI 
PhC =CF.CF3 - 

I 200 
Ph C.CHF.CF3 

2 

NR2 

4 
0 

conc.HCl 
il 

PhCF=C CF3 200 

3 kR2 

PhCHFCCF3 

s 

The new compound, ketone 2, ivas ob,tained on a 

scale by hydrolysis of a mixture obtained from the 

alkene la .vith lithium pyrrolidinoamide ;Yhich gave - 
yield of enamine 2 (Table 1). 

preparative 

reaction of 

the highest 
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UISCUSSION 

The influence of the bulk of lithium dialkylamides on the 

regioselectivitg of their reactions 7ith l-phenylpentafluoro- 

propenes 

The regioselectivity in the reactions of al_kenes 1 which 

lithium dialkylamides (Table 1) is in agreement ;Nith that what 

could be expected by considering the structure of the substrate. 

In the case of smaller N-nucleophiles (dimethylamino-, pyrroli- 

dino-, and piperidino-anion ), similarly to the reaction with 

the ethoxide ion [2] and with small C-nucleophiles like methyl- 

lithium [l] , the regioselectivity is governed mainly by elect- 

ronic properties of the alkene,i.e. polarisation of the double 

bond, and thus, relative susceptibility of carbon atoms C-l and 

C-2 to the nucleophilic attack, '*with C-2 being the favoured po- 

sition. In the case of large N-nucleophiles (diethylamino-, and 

2-methylpiperidino-anion) the electronic effects are overwhelmed 

by steric interaction between the nucleophile i+nd the substrate 

and the attack occures exclusively on the less hindered carbon 

atom C-l bearing the phenyl substituent. * Steric effects direc- 

ting N-nucleophiles, but not C-nucleophiles, to position C-l are 

also noticed when the reactions of alkene la *vith anions - 
(CHj)2FH and (CH3)2m of similar size are compared; the C-l/C-2 

ratios of 0.315 and 0.612 were obtained respectively (reference 

[l] and Table 1). 

In the preceeding paper [l] , the unusual effect of the 

bulk of C-nucleophiles which,otherwise than expected favours 

the reaction at the more hindered position C-2, has been inter- 

preted in terms of steric strains influencing the geometry and, 

t bus , free-energy of activation for the formation of the tran- 

sition states leading to l-substituted and 2-substituted pro- 

ducts. Structures of those transition states should resemble the 

intermediate carbanions,rather than the substrates. 

* Steric hindrances created by the CF3 group have been discu- 

ssed in detail in the preceeding paper [l] . 
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Steric strains should also have a substantial influence 

on the geometry and the activation energy of the formation of 

the transition states in the reactions with N-nucleophiles. 

Since the steric effect of N-nucleophiles is in agreement 'with 

the structure of the attacked alkene, it should be expected that 

the geometry of the corresponding transition states resemble the 

substrate. Thus, according to the Hammond postulate [lj] this is 

a situation involving early transition states which are closer 

in free-energy to the substrate than to any intermediate or 

product. Thus, it may be assumed that, in contrast to t?e reac- 

tions rvith alkyllithiums [I] and also Nith sodium ethoxide [2] , 

the reaction of 1-phenylpentafluoropropenes J_ Nith lithium di- 

alkylamides is a concerted process involving transition states 

5 and 7. 

kl 

PhCF=CFCF3 +R2N- I- I 
kl c k2 ,RzN=MezN-, 

kq sk2,R2N=Et2N-, 

Ii -F c 

R*N---Y--F 

3 - 

CF3 

_z 

Concerted processes ;vere recently postulated by Rappoport 

Cl 14 to be involved in those cases where intermediate carbanions 

cannot be sufficiently stabilised. In the reactions of l-phenyl- 

pentafluoropropenes 1 -rith lithium dialkylamides the unstability 

of the carbanionic intermediates is rationalised by strong dona- 

tion of electrons from the lone-pair on the nitrogen atom to 

the carbon atom bearing fluorine which is due to leave. This 

effect forces the fluoride ion to leave before the negative 

charge on the carbanionic centre is fully developed. 
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In conclusion, it is suggested that the reverse effect 

of the bulk of alkyllithium reagents and lithium dialkylamides 

on the regioselectivity in their reactions ivith l-phenylpenta- 

fluoropropenes may be interpreted by a shift in mechanism from a 

carbanionic two-step process for the former to a concerted process 

for the latter reagents. Further studies on this problem, inclu- 

dinq carbanion trapping reactions, stereochemistry, and the ele- 

ment effect are being conducted and will be reported in a 

forthcoming paper. 

The effect of the phenyl ring substituents 

The increasing electronegativity of the phenyl ring substi- 

tuents X, similarly to the reactions sith sodium ethoxide [2] 

and 'with alkyllithium reagents [l] , effectively shifts the 

regioselectivity in the reactions of l-phenylpentafluoroprope- 

nes 1 with lithium dialkylamides towards a substitution at the 

C-2 carbon atom. The ratios of 2-substituted products 2 to l- 

substituted products 2 (C-2/C-l) were approximately 2.3 times 

higher for the reactions of p-chlorosubstituted alkene Id than - 
for p-methoxysubstituted alkene lb, both with lithium pyrroli- 

dineamide and with lithium piperidineamide (Table 1). However, 

in contrast to the Previously reported reactions [1,2] no 

straight-line correlation between the C-2/C-l ratios and the 6 
P 

values of the phenyl ring substituents :vas found. 

Stereochemistry of enamines 1 and 1 

Analysis of the composition of mixtures obtained from the 

reactions of alkenes la-d vith lithium dialkylamides (Table 1) 

and particularly the observation of the time dependence of the 

composition of some of these mixtures (Table 3) suggests that 

both types of enamines 2 and 1 are originally formed as kinetic 

products, mostly in the E form in which the amino group is trans 

to the vinylic fluorine. The isomerisation to the thermodynami- 

cally stable form is a common feature for enamines [15] , but 

there is a question why only enamines 2, but not 2, undergo 
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the E to 2 isomerisation. Enamines have a three-atomti system 

and the iso:nerisation proceeds via the immonium type resonance 

form (zvitterion) in vhich the double bond is shifted towards 

the nitrogen atom, thus enabling the carbon-carbon bond rotation 

[16-171. 

r +. / x\, /N\ x\- +/ 
,c=c\ RN\ - 

G= ,cec, - x\q / ,c--c\s?. , 
N\ 

. trons 

A common explanation concerning the isomerisation of ena- 

mines is the relative thermodynamic stability of the cis and 

trans isomers. Llc:rlullen and Stirling [16) arpued thatyhen X 

is an electron-attracting group, the trans-isomer is favoured 

by the opposition of the dipoles of substituents X and the C-N 

bond, and by the absence of non-bonded interaction between 

prroup X and the al'kylamino-group. The steric interaction betiveen 

the substituents can also help to shift the equilibrium [JF~] . 

This is just the case of enamines 2 and gives satisfactory ex- 

planation to the facile isomerisation of the kinetic isomer E 

to the thermodynamic isomer Z in which the dialkylamino-group 

is trans to the CP3 group. In the intermediate zwitterion 8 the 

negative charge on the sp3-hybridised carbon atom is stabilised 

by the inductive effect of the trifluoromethyl group. 

21El 

By analogy to 2-(4-morpholino)-1,2-diphenylethene [19] , for 

which the stability of the isomer having the morpholino-group 

trans to one of the phenyl substituents was attributed to the 

extention of the 71 -electron system to the phenyl ~;roup, the Z 

isomer of enamines 2 should also be expected to be thermodyna- 

mically more stable than the E isomer. However, the experimental 
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results sho,Ned high stability of the E form of enamines 2 . 

This is in agreement .vith another hypothesis which says that 

for such resonance systems the energetically favourable form is 

that in which the positive and negative dipoles are in the cis 

rather than trans form [20] . Irrespective of Hhich of the - 

above hypotheses is right, it seems reasonable that'the mini- 

mum energy resonance form of intermediate im:nonium zwitterion 2 

must be planar, thus inhibiting the carbon-carbon bond rotation. 

9 - 

Boiling points are uncorrected. NKR spectra were recorded 

with a JEOL JNNi-4II-100 spectrometer and IR spectra Rith a Beck- 

man Acculab-TM-l spectrometer. The reactions were monitored 

with a Chromatron GIW.18.3.4 GLC instrument using a 3.5 m x 

4 mm column packed with Chromosorb G coated 'Nith 3 % Silicon 

Oil SE-52. 

1-Phenylpentafluoropropenes la-d were prepared accordinK 

to the previously described procedure [21] . The amines used 

for the preparation of lithium dialkylamides jvere purified by 

storage over potassium hydroxide for a few days followed by 

distillation. n-Butyllithium was a commercial 1 N solution in 

hexane. 
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Reactions of f-phenylpentafluoropropenes la-d .vith lithium 

dialkylamicies 

Solutions of lithium dialkylamides pere prepared at 0' by 

adding a solution of 0.058 mole of the amine in 40 ml of dry 

diethyl ether to 30 ml of commercial n-butyllithium rebpent 

(1.0 U solution in hexsne). 

A solution of 0.03 mole of alkene 1 in 15 ml of dry ether 

was cooled doNn to 0' and then, ;vhile stirring, t!le solution 

of lithium dial.kyl.amide nas adaed dropvise during a period of 

~a.15 minutes. The reaction mixture ‘N&S al‘o*ned to ?arm up to - 
ambient temperature. The reaction, as sho,vn by GLC, was comple- 

ted in 45 - 60 minutes. Then, the reaction mixture 'was poured 

on cold water, the organic layer NM separated, washed Nith 

water and dried over magnesium sulphate. Gn the next day, after 

evai)oration of solvents, the crude mixture of products :vas 

subjected to 19 Y JXll investigations. Samples for elemental ana- 

ljrsis ,vere obtained by distillation under reuuced pressure. 

Yields of the distilled products rere vithin the range of 

35 - 50 A . 

Hydrolysis of enamines 1 and 2 
-~-_-I 

ii sample of diutil?ed or truce mixture of products obtained 

from the reaction of alkenes1 xith lithium dialkylamides was 

mixed ,vith five volumes of concentrated hydrochloric acid and 

stirred topether at 20' for 18 hours, then neutralised aith 

sodium carbonate and extracted with ether. 'The extract "was dried 

over magnesium sulphate and after evaporation of ettler, the 

residue was subjected to CLC and spectral investigations which 

showed the presence of ketones 4 and 2 . Neither compound 1 nor 

1 ‘was present. Analytical samples of 3 and of a mixture of 3 

and 2 'Nere obtained by distillation under reduced pressure. 

Elemental analysis and spectral data for ketone 3 aere in agree- 

ment ?rith those previously reported [2] . Analytical and spectra' 

data for compound 2 are given below. 
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Preparation of 1,3,3,3-tetrafluoro-I-phenyl-2-propanone _5 (nc) 

A solution of 12.6 g (0.06 mole) of l-phenylpentafluoro- 

propene la in 30 ml. of ether was reacted as described above - 
;vith a solution of lithium pyrrolidinoamide prepared from 10 g 

(0.14 mole) of pyrrolidine, 80 ml of ether, and 60 ml of 1.0 N 

n-butyllithium reagent. The reaction was carried out three times 

and combined mixtures of products (40.6 g) ,vere distilled to 

give 31.2 g of a fraction boiling at 68 - 7OOtO.4 Torr). This 

fraction, which 'was shown by intergrated '9, 161:'lji spectrum to 

consist of 1-phenyl-1-pyrrolidinotetraf'luoropropene (33 $1 and 

1 -phenyl-2-pyrrolidinotetrafluoropropene (67 ,S) (compounds 2a - 
and & Nhere NR2 = NkCH2)4 1, was hydrolised at 20" .vith 60 ml 

of concentrated hydrochloric acid for 6 hours bnd >,vorked up as 

above to give a mixture of ketones 4 and 1 (23.0 g). Fractional 

distil'ation gave pure ketone 2 (7.5 g) boiling at 58 - 6Oo 

(IO Torr). Calculated for C9H6F40: C.52.4 ; H,2.9 ; F,36.9 5. 

Pound: C,52.2 ; H,2.8 ; P,37.0 7;. 1H and lqF NMR: 6(C&F) = 5.55 

ppmtd), b(CP3) =82.8ppm(d), 0tCQ1) = 192.7ppm(dq), 2J(H-F) = 

45.5 Hz, 4J(F-F) = 11.7 Ilz. IR(film): v(C=O) = 1695 and 1790 cm-! 
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