
4406 Vol. 77 

NOTES 

Interaction of Organolithium Compounds and 
Salts of Carboxylic Acids 

By HAROLD F. BLUHM, H E L E N E V. DONN AND HARRY D. 
ZOOK1 

RECEIVED MARCH 14, 1955 

The reaction between alkyl or aryl lithium com­
pounds and certain carboxylic acids or their lithium 
salts gives good yields of ketones and little or none 
of the tertiary alcohols.23 The analogous reac­
tions of the corresponding esters or acyl halides 
lead primarily to the tertiary carbinols. This dif­
ference in behavior has been attributed to the for­
mation in the former reactions of a dilithium salt 
which resists further substitution or loss of lith­
ium oxide. 
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The literature of this reaction has been reviewed re­
cently.3 In most instances, the formation of a solid 
precipitate prior to hydrolysis is described. 

We have isolated and analyzed this intermediate 
from the reaction of excess phenyllithium and lith­
ium benzoate. The compound is a fine white solid 
insoluble in ether or pentane. I t is hydrolyzed to 
benzophenone and lithium hydroxide when exposed 
to air but is stable even at 100° in an atmosphere of 
nitrogen. The formula (C6Hs)2C(OLi)2 is in agree­
ment with its quantitative hydrolysis to benzophe­
none and lithium hydroxide as well as the gravi­
metric determination of lithium as the sulfate. 

Reactions of the salt with methyl iodide, ethyl 
bromide, dimethyl sulfate or benzyl chloride gave 
benzophenone even when hydrolysis of the reaction 
mixture with water was omitted. Thus, the re­
placement of one atom of lithium by an alkyl group 
gave an unstable salt which lost alkoxide ion before 
a second substitution occurred to produce a ketal. 
The reaction with benzyl chloride also produced 

(C6Hs)2C(OLi)2 + RX —> 
(C6H5)2C(OLi)(OR) + LiX (1) 

(C6Hi)2C(OLi)(OR) —> (C6Hs)2C=O + ROLi (2) 

benzaldehyde, dibenzyl ether and stilbene. These 
products are best explained by reactions 1 and 2 
followed by a Williamson reaction between benzyl 
chloride and lithium benzylate to give dibenzyl 
ether. This ether is oxidized to benzaldehyde in 
the presence of air.4 The formation of stilbene 
can be ascribed to the rearrangement of this ether 
in basic media to benzylphenylcarbinol5 followed by 
dehydration. 

Cyclic ketal derivatives could not be prepared 
(1) T o w h o m inquir ies r ega rd ing th i s ar t ic le should be sent . 
(2) H . G i l m a n a n d P . R. Van Ess , T H I S J O U R N A L , 55 , 1258 ( I M S ) . 

(3) C. Tegner , Acta Chem. Scand., 6, 782 (1952). 
(4) F . (V. Kichel ami IX K. O t h m e r , InJ. Kng. Ch/m., 4 1 , iil'.'j:? 

(1049). 
(o) C. K H a u s e r and S. W. Kmitor , T H I S I I . I ' K N A L . 73 , UHT (Ii).".!). 

from the dilithium salt and ethylene bromide or 
oxalyl chloride. The intermediate from the reac­
tion of the latter compound by equation 1 would be 
(C6Hs)2C(OLi)OCOCOCl. The reaction at room 
temperature gave only carbon monoxide, carbon 
dioxide and benzophenone. 

It has been proposed that the stability of the di­
lithium salt is related directly to the electron-at­
tracting ability of the groups attached to the carbon 
atom carrying the two oxygen atoms. Therefore, 
it was hoped that the readily available trifluoroace-
tic acid could be utilized in the preparation of alkyl 
trifluoromethyl ketones. This hope was partially 
realized by the preparation of w-butyl trifluoro­
methyl ketone in 61% yield from lithium trifluoro-
acetate and w-butyllithium. Di-w-butyl ketone and 
w-valeric acid were identified in the higher-boiling 
material from the preparation. All three products 
probably have a common origin in the adduct. 
Similar by-products from the reaction of phenyl-

OLi H ,0 
; *- CF3COC4H9 

CF3CC4H9 - - I 
1 > C4H9COoLi -f LiCF3 

OLi 
C4H9Li H2O 

C4H9CO2Li > (C4Hs)2C(OLi)2 »- (C4Hs)2C ••--=() 

lithium and lithium trifluoroacetate have been de­
scribed recently.6 

Experimental 
All reactions were carried out in a static nitrogen atmos­

phere. 
Lithium Compounds.—Phenyl lithium was prepared from 

bromobenzene and lithium wire by a modification of an 
earlier procedure.7 Lithium benzoate and lithium trifluoro­
acetate were made from lithium carbonate and the corre­
sponding acids in aqueous solution. The latter salt has not 
been reported. 

Anal. Caled. for C2OoF3Li: Li, 5.79. Found: Li, 5.77, 
5.75. 

Reaction of Phenyllithium and Lithium Benzoate.—To 
0.43 mole of phenyllithium in 550 ml. of ether was added 
all at once 36 g., 0.26 mole, of lithium benzoate. The 
white solid was well dispersed by a high-speed air stirrer. 
The stirred mixture was refluxed for 48 hours during which 
time the character of the precipitate changed markedly. 
At this point an additional 0.40 mole of phenyllithium was 
added. Stirring and refluxing were continued for 42 hours. 
The filtrate was separated through a sintered glass filter 
stick and the precipitate washed by shaking witli five suc­
cessive 150-ml. portions of dry ether. The solid was dried 
at 1 mm. pressure to a very fine light yellow powder. Dry 
nitrogen was allowed to enter the flask and a sample was re­
moved for analysis. At this point the solid contained 4 .9% 
by weight of lithium bromide and gave upon hydrolysis 96% 
of the calculated amount of lithium hydroxide. The entire 
washing and drying process was repeated to give 56 g., 
100%, of cream-colored product. 

Anal. Caled. for Cr3H1OO2Li;: Li, 6.55. Found: Li, 
6.51, 6.51. 

Initially, an excess of lithium benzoate was employed 
following the procedure of Gilman and Van Ess.2 The ad­
duct: in this ease contained 4.84% lithium, a value which 

(i',) T . I''. M c G r a l h a n d R. Levine , Abs t r ac t s of Pape r s . 12.Hh Meet ­
ing, American Ohemica l Society, Kansas C i ty , Mo. , M a r c h , 19.">i. 

(7) H. O i l m a n . K. A. ZoelHier and W M. Sclliy, T i n s I O I K N M , , 54, 
1957 (IU32V 
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corresponds closely to the formula (CeHs)3C(OLi)2-(C2Hi)2O. 
However, later experiments in which excess lithium benzo-
ate was used, as well as experiments in which equivalent 
quantities were employed, gave adducts in which the 
lithium content varied from 3.8 to 5.7%. No ether could 
be isolated when a 10-g. sample of theadduct washydrolyzed. 
These adducts then were shown to be contaminated with 
lithium benzoate by total lithium analysis as lithium sulfate 
and by acid hydrolysis to benzoic acid and benzophenone in 
quantities indicated by the analysis. Only when an excess 
of phenyllithium was used could an adduct be obtained for 
which the lithium content determined by titration agreed 
with that determined as the sulfate. 

The adduct is insoluble in ether or pentane. I t is stable 
over long periods of time in nitrogen atmosphere but is 
rapidly hydrolyzed to benzophenone when exposed to air. 
When the dry salt was heated in a sealed tube for 12 hours 
a t 100°, a negligible quantity of benzophenone was isolated 
by ether extraction. 

Reactions of Halides with the Dilithium Salt.—A mixture 
of 10.3 g., 0.049 mole, of the adduct, 25.8 g., 0.2 mole, of 
distilled benzyl chloride and 0.8 g. of triethylamine catalyst 
were heated under nitrogen with stirring. Because no 
noticeable change occurred at 100°, the temperature was 
raised to 145° for 45 minutes and finally to 180°. At this 
point the mixture was a viscous semi-solid. No water was 
added. The mass was cooled, extracted with dry pentane 
and filtered. Fractionation of the pentane through an 18-
plate column gave 15.9 g. of recovered benzyl chloride, b .p . 
63° a t 15 mm., Ti20D 1.5390, and 11.1 g. of liquid product, 
b .p . 79-174° at 15 mm. Refractionation of the latter liquid 
at 1-2 mm. gave eight fractions, W20D 1.5800-1.5890. This 
material consisted of four compounds which were separated 
by chromatography on alumina columns. Obtained were: 
benzophenone, m.p. 48-49°; 2,4-dinitrophenylhydrazone, 
m.p . 239°8; benzaldehyde, 2,4-dinitrophenylhydrazone 
m.p. and mixed m.p. 235-236.5°9; stilbene, m.p. 123-124°, 
dibromo derivative m.p. 235-236.5°10; dibenzyl ether, in­
frared spectral peaks at 3.33, 3.55, 6.25, 6.30, 6.68, 7.37, 
8.08, 8.30, 9.02, 9.11, 9.32, 9.73, 12.70, 13.17, 13.41, 13.65 
and 14.37; autoxidation to benzaldehyde after seven days.4 

The mixture contained about 3 5 % of benzophenone as 
shown by a quantitative precipitation of its 2,4-dinitro­
phenylhydrazone.11 No dibenzyl ketal of benzophenone, 
b.p . 305° at 40 mm., m.p. 103-105°, could be detected. 

Similar reactions were carried out in which the adduct 
was treated with ethyl bromide, methyl iodide, dimethyl 
sulfate, ethylene bromide and oxalyl chloride. In each 
case benzophenone was the only compound isolated in more 
than trace amounts. Ketals could not be detected even 
when questionable fractions were subjected to hydrolysis 
and a search made for the corresponding alcohols. The re­
action with oxalyl chloride occurred at room temperature 
with evolution of carbon dioxide and carbon monoxide. 

»-Butyl Trifluoromethyl Ketone.—To 64.2 g., 0.54 mole, 
of lithium trifluoroacetate suspended in 100 ml. of dry ether 
at 5° was added a solution of 0.54 mole of w-butyllithium12 

in 320 ml. of ether. The mixture became very viscous but 
returned to a more fluid state when heated. After 11 hours 
of stirring and refluxing, the complex was decomposed by 
the addition of 150 ml. of cold concentrated hydrochloric 
acid. This addition was made rapidly with stirring over a 
period of five minutes. Fractionation through a 12-plate 
column gave 50.3 g., 6 1 % , of «-butyl trifluoromethyl ke­
tone, b .p . 29-32° at 65 mm., and 7.7 g. of material, b .p . 
69.5° a t 8.5 mm., from which the amide of re-valeric acid, 
m.p. 114-116°,13 the />-phenylphenacyl ester of this acid, 
m.p. 6 8 ° , u and the semicarbazone of di-«-butyl ketone, 
m.p. 89-90°,16 were prepared. Refractionation of a por­

ts) R. L. Shriner and R. C. Fuson, "The Systematic Identification 
of Organic Compounds," 3rd Ed., John Wiley and Sons, Inc., New 
York, N. Y., 1948, p. 264. 

(9) Reference 8, p. 229. 
(10) W. G. Young, D. Pressman and C. D. Coryell, T H I S JOURNAL, 

61, 1644 (1939). 
(11) H. A. Iddles, et al., lnd. Eng. Chem., Anal. Ed., 11, 102 

(1939). 
(12) H. Gilman, el al., T H I S JOURNAL, 71, 1498 (1949). 
(13) H. Weidel and G. L. Ciamician, Ber., 13, 69 (1880); G. Oddo 

and K. Calderaro, Gusz. chim. UaL1 S3, 71 (1923). 
(14) N. I.. Drake and J. Mronitsky, T H I S JOURNAL, 52, 3719 (1930). 
(15) K. H. Pickard uud J. l£«uyou, ./. Chtin. Hoc, 02U (1912). 

tion of the main product gave »-butyl trifluoromethyl ke­
tone, b .p . 90° at 740 mm., M20D 1.3410. 

Anal. Calcd. for C6H9OF3: C, 46.75; H, 5.84. Found: 
C, 47.15; H, 5.93. 

The ketone was cleaved readily by warming with 10% 
sodium hydroxide solution. A gas was liberated and valeric 
acid was identified in the residual solution as the amide, m.p. 
114-115°.13 
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Use of the Carboxylic Cation Exchange Resin 
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Use of the carboxylic cation exchange resin IRC-
50 for the purification of thyrotropic hormone 
(TSH) was first reported by Heideman.2 More re­
cently other workers reported that this resin irre­
versibly adsorbs TSH and have developed a multi-
step method for obtaining a TSH preparation com­
parable in specific activity to that described below.3 

Attempts to repeat the experiments described by 
Heideman were unsuccessful in that TSH activity 
was not adsorbed. It was found that the adsorbent 
should first be equilibrated at paired values of pH. 
and ionic strength in order to establish conditions 
under which TSH activity may be selectively ad­
sorbed. The range investigated comprises pK val­
ues from 7.0 to 8.0 and corresponding ionic strengths 
below 0.05 (0.02 to 0.0025 M). The protein is dis­
solved in the same buffer used to equilibrate the 
resin. 

The following procedure is one that has been 
found satisfactory in using IRC-50 for purifying 
TSH from beef anterior pituitaries. The resin is 
prepared in a manner described for XE-64 by Hirs, 
et al.,* except that the final equilibration is with 
0.01 M sodium phosphate buffer at pH 7.6 (ionic 
strength approx. 0.027). A water extract of acetone 
powder of beef anterior pituitaries6 containing ap­
proximately 0.05 U.S. P. unit per mg. protein (dry 
weight) was used at a level of 1 U.S.P. unit per 20 
ml. of packed resin in a column 30 X 0.9 cm. The 
column was operated at a rate of approximately 0.5 
ml./minute when using a solution containing 1 mg./ 
ml. of protein (dry weight). Following adsorption 
of TSH activity, the column was washed free of un-
adsorbed protein with the equilibrating buffer prior 
to elution with 1 M sodium chloride (other cations 
can be used). 

The product obtained represented approximately 
5% of the original protein (calculated from ultravio­
let absorption) and was found to contain 1.0 to 2.0 
U.S.P. units of TSH activity per mg. The assay 
used employed the uptake of radioactive iodine 

(1) Aided by a Fellowship from the National Foundation for 
Infantile Paralysis. 

(2) L. M. Heideman, Endocrinology, 53, 640 (1953). 
(3) I. G. FeIs, M. E. Simpson and H. M. Evans, J. Biol. Chem., 

213, 311 (1955). 
(4) C. H. W. Hirs, S. Moure and W. H. Stein, ibid., 200, 403 

(1953). 
(5) Acetone powder of anteriur pituitaries was kindly supplied us by 
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