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V REACTIONS OF ALKYL AND ARYLLITHIUM COMPOUNDS WITH 
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SUMMARY 

n-Butyllithium and a variety of aryllithium compounds have been shown 

to react with a perfluoroalkylether ester (RfORfC02R) at -78OC to produce 

perfluoroalkylether ketones. In the absence of competing reactions, which 

may be due to additional reactive groups on the ester, high yields of ketones 

can be prepared. Steric hindrance adjacent to the carbonyl group has an 

important effect on rates of reactions. LOW reaction temperature (-78OC) is 

an important factor when secondary esters are used. At higher reaction 

temperatures (>-30°C), the secondary esters produce decreased yields of 

ketone due to the instability of the intermediate lithium salt of the hemi- 

ketal which decomposes to an aryl ester and a perfluorinated olefin. 

INTRODUCTION 

We have recently Ill reported the synthesis of fluorine containing ketones, 

C6H5C(0)Rf (where Rf = CF3, C2F5, n-C3F7, i-C3F7, C3F70CF(CF3) and 

C2F50(CF2CF20),CF2 via the reaction between C6H5Li and a perfluoroester RfC(0)OR. 

Experimental details have been determined which provide a synthesis procedure 

for the preparation of C6H5C(0)Rf compounds in high yields. As an extension 

of that study, we are now reporting on the general applicability of that 

reaction to a variety of organolithium compounds with various perfluoroesters. 

*Presented at the American Chemical Society and Chemical Society of Japan 
Chemical Congress, l-6 April 1979, Honolulu, Hawaii, Division of Fluorine 
Chemistry, paper number 50. 
**University of Dayton Research Institute, Dayton, Ohio 45469 (U.S.A.) 
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RESULTS AND DISCUSSION 

Perfluoroesters, which may be prepared from perfluoroacid halides, have a 

distinct advantage over the perfluoroacid halides in reactions with organo- 

lithium compounds to produce perfluoroketones. A competition reaction be- 

tween C6H5Li and a mixture of the ester II and the acid fluoride I in a 

1:l:l molar ratio at -70'C showed that the rate of reaction of the acid 

halide I is faster than that of the ester II. Since both I and II have the 

same steric constraints adjacent to the carbonyl group, the difference in 

the rates of reaction must be due to the nature of the functional group. 

FO FO 
1 II ’ II 

C3F70:: CF 
(I) B C3F707 CC6H5 

CF3 
CF 

3 

F:: I 

C6H5Li 

1 I 
C6H5Li + C3F70y C(C6H5)2 

CF3 

III (12.6%) 

IV (72.5%) (1) 

F FO 
I I II 

C3F70F20y COC2H5 (II)- C3F70t CF20; CC6H5 v (14.9%) 

CF3 CF3 CF SF3 
3 

The products of reaction derived from the acid fluoride I as compared to 

the ester II are in a ratio of 85:15 (G.C. area %). The ketone III which is 

readily formed at -?E"c competes with I and II for the C6H5Li to form the 

alcohol IV. 

Li 

19 
C6H5Li + RfCY B R C-Y 

fl 

'gH5 

Y = F, C2H50 

8 
F >,> C2H50 

e 

WI) 

(7.) 

The only product resulting from the ester II, however, is the ketone V. At 

-7E"c the Fe is a much better leaving group than C2H50e group in the inter- 

mediate VI. when Y = C2H50, VI is stable at -78Oc and does not form the 

ketone V until much higher temperatures and therefore does not react with 

C6H5Li to form a tertiary alcohol [lJ. 
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Because of the greater thermal stability of the lithium salt of the hemi- 

ketal VI formed from the ester, this method of synthesis of ketones has a 

distinct advantage and a broad application in the synthesis of fluorine con- 

taining ketones. Since at -78Oc the lithium salt of the hemiketal VI is 

stable, the order of addition of organolithium and ester is not important. 

Certain perfluoroesters, however, e.g., i-C3F7C02R even at -78OC do not 

form a stable intermediate VI 111. 

In this study, primary and secondary perfluoroalkylether esters were 

examined. The rate of reaction of the primary ester is much faster than 

the secondary ester apparently due to steric hindrance of the CF3 group on 

the alpha carbon. A competition reaction between equimolar quantities of 

C4H9Li, II and VII, at -78'C, clearly indicated the faster rate of reaction 

of the primary ester. 

SP 
C3F70 CF(CF3)CF20 y 

CF 
COC2H5 - N.R. 

II 
3 

n-C4H9Li + (3) 

0 1 :: 

3 
CF2COC2H5 

3 
CF2CC4H9 

VII VIII 

Itwas surprising to note that under a competitive reaction condition the 

primary ester VII reacted preferentially to the total exclusion of the sec- 

ondary ester II. Under identical condition, except the exclusion of the 

primary ester VII, the secondary ester C3F701CF(CF3)CFZO12CF(CF31C02CzH5 (IX) 

reacted with n-C4H9Li to produce the ketone C3F70[CF(CF3)CF20]3CF(CF3)C(O]C4H9(X) 

within a few minutes in 92% yield. 

Following the low temperature procedure, various organolithium compounds 

were allowed to react with a variety of fluoroesters and the results are 

summarized in Table 1. 

C6H5Li (Exp. 4,5) and (0, m, and p) BrC6H4Li (Exp. 6,7,8) give high yields 

of ketones XII, XIII, XIV, XV and XVI with no by-product formation. The 

reaction between C6H5Li and the diester XVII (Exp. 91 produced the diketone 

XVIII 121 in good yield, however, a competitive reaction produced the by-pro- 

duct XIX whose mode of formation has not been determined as yet. We have, 

however, found in some of our unpublished related efforts on synthesis of 
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polyketones, that at a reaction temperature of -llOOC, the secondary cyclic 

product resulting from the diester XVIII and an organolithium compound does 

not form. 

F) p: 
CgH5C(CF2)3CC6H5 

XVIII 

R R 
2C6H5Li + C2H50C(CF2)3COC2H5 c 

XVII 

t (4) 

XIX 

The ester C6F5C02C2H5 (XX) has two reactive sites toward nucleophilic reaction, 

the aromatic fluorine and the carbonyl group. The reaction between C6H5Li 

and XX (Exp. 10) produced a mixture of products. 

I: 
C-0C2H5 II 

d 
C 

C6H5Li + F - 0 
xx XXI 

+ 

0 
II 

'6H5 
C-0C2H5 

d 0 F 

'gH5 

XXII 

The ortho substitution by the C6H5 group in compounds XXII and XXIII was 

verified by "F NMR. It has been previously shown 131 that ortho substitu- 

tion similarly takes place when C6H5MgBr was allowed to react with C6F5C02CH3 

(at 20°C) to yield XXI, the OCH~ derivative of XXIII and (C6H5)2C6F5COH. The 

formation of compound XXII was not noted. 

C6F5Li (Exp. 11) and p-BrC6F4Li (Exp. 12) compounds reacted with the 

c3F70[cF(cF3)cF,012cF (CF~)CO~C~H~ and c~F~ocF(CF~)CF~OCF(CF~)CO~C~H~ (II) to 

produce ketones XXIV and XXV respectively in high yield. Our previous 141 

attempts to prepare XXV from the Grignard p-BrC6F4MgBr and 

C3F70CFCCF3)CF20CF(CF3LCCO~F were unsuccessful. 



As indicated previously the success in preparing the ketones in improved 

yields is through low temperature (-78OC) stabilization of the intermediate 
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lithium salt of the hemiketals. The intermediates derived from the secondary 

esters, however, are unstable at higher temperatures. This is shown (Exp. 13) 

by the reaction between p-BrC8H4Li and the ester 

C3F70[CF(CF3)CF2032CF(CF3)C02C2H5 (IX). 

Li 
0 

Li 
+ 

Br 
RfC02C2H5 

-78OC , 

I 
i-W2H5 

Eir 
f 

0 
II 

CRf + LiCl + C2H50B 

_I /Br 

(6) 

+ bfL3_ C3E70[cF(cF3~C~20] F=CF~ 

XXVIII XXIX 

At some temperature above -3OV the intermediate XXVI begins to decompose 

to XXVIII and RfLi which is unstable and further decomposes by elimination 

of LiF to the olefin XXIX. Further support for this mechanism is provided 

by an independent experiment whereby C2H50Li was added to the ketone XIII 

at -78OC. At this temperature on hydrolysis of the reaction mixture, the 

ketone XIII is quantitatively recovered. If, however, the reaction mixture 

is allowed to warm to room temperature the final products of the reaction 

are XXX and XXIX. 
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@E iF3jOfiF-y 0C3F, + C2H50Li ‘-300c A @‘oc2H5 + 
XIII xxx (7) 

C3F70 CF(CF3)CF20 
C I 2 

CF=CF2 

XXIX 

It is quite apparent from the results of our present study that the reaction 

between a variety of organolithium compounds and perfluoroesters may provide 

a general procedure for the synthesis of fluorine containing mono- and poly- 

ketones. 

EXPERIMENTAL 

General Comments 

All reactions were carried out in flame dried glassware under an atmos- 

phere of purified dry nitrogen. Anhydrous diethyl ether (Mallinckrodt) was 

used without further purification. All melting points are uncorrected. All 

new compounds were characterized by NMR ( 
19 

F and 'H), IR, mass spectral and 

combustion analysis. Gas chromatographic analysis (G.C.) were performed on 

a Hewlett-Packard Model 700 instrument using 6' or 12' stainless steel 

columns (l/4" d) packed with 10% SE-30 or Apiezon L on Chromosorb W. NMR 

spectra were obtained on an XL-loo-15 spectrometer using TM.9 and CFC13 for 

references for 'H and "F, respectively. Infrared spectra were obtained 

using a Perkin-Elmer Model 521 or 621 spectrophotometer as KBr wafers or 

neat liquids. Mass spectral analysis were performed on a Du Pont Model 

21-490 mass spectrometer using a chemical ionization mode. The physical 

measurements and analyses of the various reactions are summarized in Table 1. 

Competition Reaction Between C6H5Li, C3F70CF(CF3)C(0)F (I) and 

C3F70CF(CF3)CF20CF(CF3)C(0)OC2H5 (II) 

To a diethyl ether (5Oml) solution of I (3.32g; lOmmo1) and II (5.24g; 

lOmmo1) at -78OC was quickly added C6H5Li (6.25ml of 1.6M in diethyl ether- 

benzene, lOmmo1). The white cloudy mixture turned a pale brown and the 

reaction temperature rose to -45OC. After 1 h, the reaction solution was 
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hydrolyzed with 2N HCl (5Oml). at -78“C. After warming to room temperature, 

the reaction was phase separated and the aqueous layer further extracted 

with diethyl ether ( 3 x 2Oml). The combined organic layers were dried with 

MgSO4 and analyzed by G.C. The G.C. area percent of the following products 

were indicated: C3F70CF(CF3)C(O]C6H5111, 12.6%; C3F70CF(CF3)C(C6H5)20H IV, 

72.5%; C3~7~~~(C~3)~~2~~(~~3)~(~)~6~5 v, 14.9%. 

Competition Reaction Between n-C4H9Li, C2F501CF2CF2013CF2C(O~OC2H5 (VII) 

and C3F70CF(CF3)CF20CF(CF3)C(0)OC2H5 (II) 

To a diethyl ether solution (440ml) of VII (S.OOg; 8.25 mmol) and II 

(4.32g; 8.25 mm011 at -78OC was added n-C4HgLi (3.59ml of 2.3M in hexane, 

8.25 mmol). A white cloudy mixture was obtained and the reaction tempera- 

ture rose to -73OC. After 40 min, the reaction mixture was hydrolyzed with 

a precooled solution (-78OC) of cont. HCl (4 ml) in ethanol (12 ml) and the 

reaction temperature rose to -3OOC. After 10 min, the reaction mixture was 

then poured into 2N HCl (500 ml), phase separated and aqueous layer further 

extracted with diethyl ether (3 x 1OOml). The combined diethyl ether layers 

were dried with MySO and G.C. analysis indicated only one product, 

The following is a general procedure for the reactions between various 

organolithium compounds and perfluoroesters. The results are shown in 

Table 1. 

Synthesis of p-BrC6H4C(0) (CF3)CFOCF2(~~3)~~~~3~7 (XIV) 

To a diethyl ether (500 ml) solution of 1,4-Br2C6H4 (49.5g; 0.21 mol) 

-78OC was added n-C4HgLi (86.8 ml of 2.421 in hexane, 0.21 mol) over 2 h 

during which the colorless solution turned a cloudy pale yellow and the 

reaction temperature rose to -73OC. To this mixture 

at 

C3F70CF(CF3)CF20CF(CF3)C(0)OC2H5 (ll.Og; 0.21 mol) was slowly added at -78OC 

during 1 h. A pale yellow solution was obtained and the reaction temperature 

rose to -75OC. After 1 h the reaction mixture at -78Y was hydrolyzed by 

2N HCl (500 ml). After warming to room temperature, the mixture was phase 

separated and the aqueous layer further extracted with diethyl ether (3 x 100ml). 

The combined organic layers were dried with MgS04 and the diethyl ether and 

low boiling liquids were removed with a rotary evaporator at 'L40°C. The 

crude product was distilled to give the pure ketone XIV. 
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Reaction between C6H5Li and C2H50C(O) (.CF2)3C(.0)0C2~5 (XVII) 

TO a diethyl ether (300 ml) solution of C6H5Li (168.8 ml of 1.6M in diethyl 

ether-benzene, 0.27 mol) at -78Oc was slowly added the diester XVII (4O.Og; 

0.135 mol) during 25 min. The dark brown solution turned yellow and the 

reaction temperature rose to -7OOC. After 2.5 h, the reaction mixture at 

-78OC was hydrolyzed with a 2N HCl (300 ml). The upper organic layer was 

separated and the lower aqueous layer extracted with diethyl ether (3 x 100 ml). 

The combined diethyl ether layers were dried with MgS04. G.C. analysis of this 

solution indicated two major products: C6H5C(0)(CF2),C(O)C6H5 (XVIII) and 

XIX in an 85:lO ratio (G.C. area ratio). See Table 1. The structure of XIX 

was confirmed by 
1 
H and lq F NMR(ppm): H, 7.4 (C6H5, 15H, 3 broad peaks) and 

2.34 (OH, IH, doublet): F, -106.6 (F in CF2), -119.9 (2F in each of 2 CF2), 

-121.5 (F in CF2), -132.6 (F in CF2), -138.5 (F in CF2). 

Reaction between C6H5Li and C6F5C(0)OC2H5 (XX) 

To a diethyl ether (120 ml) solution of C6F5C(0)OC2H5 (9.78g; 40.8 mmol) 

was slowly added C6H5Li (38.1 ml of 1.07M diethyl ether, 40~8 mm011 at -78OC 

over 35 min. A pale yellow solution was obtained and the reaction temperature 

rose to -7OOC. After 1 h at -78OC, the reaction was hydrolyzed with 2N HCl. 

The organic layer was phase separated and the aqueous layer was extracted 

with diethyl ether (3 x 50 ml). The combined diethyl ether solution was 

dried with MgS04 and the low boiling liquids were removed with a rotary evap- 

orator at ca. 50°C. - Analysis of the residue showed the following products 

in G.C. areapercent: unreacted C6F5C(0)OC2H5 (XX), 16%; C6F5C(0)C6H5,XXI, 48%; 

O-C6H5C6F4C(0)OC2H5 (XXIII), 16%; o-C6H5C6F4C(0)C6H5 (XXII), 18%. Fractional 

distillation of the reaction mixture yielded sufficient quantities of mate- 

rials for chracterisation. 

Reaction between p-BrC6H4Li and C3F70[CF(CF3)CF2012CF(CF3)C(0)OC2H5 (IX) 

at -78OC to room temperature 

To a diethyl ether (500 ml) solution of 1,4-Br2C6H4 (.11.8g; 50.0 mmol) 

at -78V was slowly added n-C4HqLi (21.9 ml of 2.28M in hexane, 50.0 mm011 

during 10 min. A white cloudy mixture was obtained and the reaction mix- 

ture temperature rose to -73OC. After 1 h, IX (34.5g; 50.0 mm011 was slowly 

added to the p-BrC6H4Li at -78OC over 15 min. A pale yellow solution was 

obtained and the reaction temperature rose to -74'C. The G.C. analysis of 
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an aliquot sample which was hydrolyzed with 2N HCl, indicated 

p-BrC6H4C(O)CF(CF3) [OCF2CF(CF3)120C3F7 (XXVII) as the major product in 

96 G.C. area percent. The compound was analyzed by GC/MS: calc'd. MW 800, 

802; found MW 800,802. The remaining reaction mixture was allowed to warm 

to room temperature over a period of 30 min. After 17 h at room temperature 

the mixture was hydrolyzed with 2N HCl (300 ml), phase separated and the 

organic layer indicated two major products C3F701CF(CF3)CF2012CF=CF2 (XXIX) 

and p-BrC6H4C(0)OC2H5 (XXVIII). The compounds were isolated by fractional 

distillation to yield XXIX, 14.9g (47%) and XXVIII, 8.2g (71%). See Table 1. 

Reaction between LiOC2H5 and C3F70~CF(CF3)CF2012CF(CF3)C(o)C6H5 (XIII) 

A mixture of LiOC2H5 (8.0 nun011 suspended in diethyl ether (30 ml) 

was added to XIII (5.78g; 8.00 mmol) at -78OC. The reaction mixture was 

stirred for 1.5 h and an aliquot sample removed, hydrolyzed with 2N HCl 

and analyzed by G.C. indicating only the starting ketone XIII. The reaction 

mixture was allowed to warm to room temperature. After 1.5 h at room 

temperature, the mixture was hydrolyzed with 2N HCl (50 ml) and the result- 

ing upper organic layer was separated. The aqueous layer was extracted 

with additional diethyl ether (3 x 20 ml) and the combined diethyl ether 

solutions dried with MgS04. G.C. analysis indicated two major products 

C3F701CF(CF3)CF2012CF=CF2 (XXIX) and C6H5C(0)OC2H5 (XXX). Distillation 

yielded XXIX, 3.Og (63%) and XXX, l.Og (83%). 
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