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A- Thepl-esaaofcocl3glwltly increases the yield of ketonea in the rmctioa of orgaaobhiams with lithium 
carboxyue-s. The ceil1 SW &a atmbation of the lithium carhxyfate, previously unraqfdzed as a competing 
~~~in~~~~~~~~~. Oacofthcrcasoas forthclattcreffactisa 
surprising incrcasa jU~~Of~~Of~ ~~ to the lithium carbuxylate in the psencc of Cc@. 

The reaction of 0~0~~ and carboxylic acids is a venerable textbook method for the synthesis of 
ketones I-s However, this metbod utilixing orgauolithium or Gr@ard reagents is often marred by low ketone 
yields and/or simultaneous formation of terthuy alcohols X1-3 The formation of 2 apparently occurs when 
ketone, produced by decomposition of the tetmhedml intermediate 1 both befbre and during workup, reacts 
with organolitbium (scheme l).W 

With regard to the decoqoGt.iou of I before workup, a somewhat similar situation obtains in tbe 
addition of organometalhcs to lactones to give lactols accompanied by varying amounts of tertiary al~hols. 
Previous work from this labomtoty has &~~~ that ~g~~e~~ compounds give far better yields 
of ~n~ti~ product (lactols) than do ~g~oIi~urn compounds.e 

Cur original goal in the present work was to convert 2-~~~~~~ (4), prepared7 by reductive 
lithiation of 2-@henylthio)tetrabydmpyran with lithium 4,4’-di-rert-bu~lbiphenyli&* (LDBB), to ketone 5 as 
a starting material for a spirokctal synthesisis. 6.9 Although the reaction of 3-(phenylthio&ropanoyl chloride, 
derived from the precursor of 3, with the heterocuprate*” generated frum 4 gave a fair yield (48%), it was 
hoped that a one-pot process starting directly from the carboxylic acid would prove more efficient. IIowever, 
treating the lithium carboxylate (prepared from n-butyllitbium and the carboxylic acid) with the organolitbium 
4 at -78°C gave uusatisfactory yields (20-30%) of 5. Gratifyingly, a substantial increase in yield to 72% was 
attaiued by mixing 2 equiv. of CM213 with the lithium carboxylat~ prior to the addition of 4 (Scheme 2). It is 
noteworthy that the yielda of S were lower when only 1 equiv. of ChCl3 was used either in &he w 

ciescrim above (51%) or by using the preformed organocerhun (57%). 
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These obsenutions prompted a study of the general applicability of CeCl3 to enhance the yield of 
ketones in the reaction of or8anolithiums with lithium carboxylates. The following methods were compared. 

Method A: (CeCl3 pmseut) R3Li (1 equiv) is added to the carboxylic acid solution in THF at -78°C and 
stirred for 15 min. A suspension of C&l3 (2 equiv) in THFt t at -78°C is camtulated to tbe lithium 
carboxylate solution and the resulting mixture is stirred for 30 min. at -78°C. R3Li (1 equiv) is added 
dropwise and the mixture is stirred for the specified length of time before the addition of 5% HCl at -78°C. 
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Method B: (CeC13 absent) R3Li (2 cquiv) is added to the carboxyllc acid solution in THF at -78°C and 
the mixture is stirred for the specified length of time before being quenched with 5% HCl at -78°C. 

&Cl3 greatly increases the yield of Sdecanone from n-butyllithium and hexanoic acid (6a) (Table 1). 
One of the reasons is evident from entries l-6. The reaction of 6a with n-butyllithium gives a much higher 
ratio of ketone to tertiary alcohol in the presence of CeC13, suggesting that the cerium(IIl) leads to a decreased 
rate of decomposition of the tetrahedral diolate intermediate 1 relative to its rate of formation. In the absence 
of CeC13, some tertiary alcohol is formed before and some during workup as indicated by the increase in the 
ratio of ketone to alcohol when the butyllithium is destroyed by silylation before workups (cornpate entries 4 
and 5). In view of the finding (entries 1-6) that when C&l3 is used the carboxyllc acid is almost completely 
utilized in 4 hr while in its absence most of the acid is recovered in the same time period, it appears that the 
presence of CeIII greatly enhances the addition rate. Its effect on the rate of decomposition of 1 is not known. 

However, one possible reason for the recovery of most of the acid in the experiments in the absence of 
@ is that the lithium carboxylate may have been deprotonated by the butyllithium. That some 
deprotonation has indeed occurred is indicated by the 15% - 37% (depending on the quantity of butyllithium 
used) deuterium incorporation in the recovered acid when the reaction was quenched with 5% DCyD20 
(entries 3-6). This is a surprising finding since deprotonation has only been suspected as a serious competing 
reaction to ketone formation when the lithimn carboxylate has an allylic or benzylic proton.1 

Thus, a second reason for the improved yields of ketone in the presence of Gem is that the latter 
suppresses cnolization of the lithium carboxylate salt, This may explain why the organolithiums that have 
been used in this ketone forming teaction are generally restricted to the less basic methyl-, vinyl-, and 
aryllithium when an enolizable acid is used. 3s4 It is well known that organocerium reagents cause less 
enolization than organolithiums or Grignard reagents in the reaction with carbonyl groups.12 

In order to examine the effect of enolization. we chose readily enolizable phenylacetic acid 6b and 
diphenylacetic acid 6e as substrates to compare the ketone formation to enolizatlon in the presence and 
absence of CeC13 (Table 1). In the case of lithium phenylacetate, the primary alkylmetallic reagent gave high 
yields of ketone in the presence of Cfl and only negligible amounts in its absence (entries 7-l 1). It is 
noteworthy that the mcovemd acid from the reaction in the presence of CeCl3 showed no sign of enolization 
while in its absence almost complete enolization occur& (entries 10-I 1). In the case of the secondary 
alkylmetallic, the product yield was not as high as in the primary case in the presence of CeCl3. but still far 
higher than in its absence (entries 12-13). The tertiary alkylmetallic reagents showed no ketone formation in 
the presence or absence of CeCl3. The almost quantitatively recovered starting acid from the r-BuLi reaction 
showed nearly complete enolization, whereas in the presence of CeIII none of the recovered acid had been 
enolized (entries 14-16). The most striking comparison was in the case of PhLi, in which the yield improved 
from less than 1% to 95% (entries 17-18) when CeC13 was used. Further dramatic results were evident in 
entries 2 l-27; the ketone was formed even from the highly enolizable diphenylacetic acid 6e in the presence 
ofCeC13,whereasinitsabsenctonlyeacesofk~were&~~. 

A few other interesting aspects can be gleaned from the table. The use of preformed n-butylcerium 
gives the same result as the addition of n-butyllitb.ium to the mixture of the lithium carboxylate and CkCl3 

(entries 2 l-22), possibly implying that an organoceriumreagentisbeinggeneratedinmethodA. Raisingthe 
temperature from -78 to -6OC results in a huge increase in the yield of tertiary alcohol (entries 21,24) 
probably due to an increase in the rate of decomposition of the mtmhedral intermediate 1 relative to its rate of 
formation. l-Cyclohexenyllithium gives a modest yield of ketone in the presence of CeC13 even in the case of 
the readily ionized phenylacctate ion (entry 19) but, in this particular case, some of the resulting enonc is 
destroyed by conjugate addition of thiophenoxide produced in the reductive lithiation of the l-cyclohexenyl 
phenyl sulfide used to prepare the organo1ithhnn. 1s InthepmsenceofCeCl3,eventheverybaslc 
set-butyllithium gives some enone with a carboxyllc acid salt that bears an allylic proton (entry 3 1); 
presumably, s~anolithiums would give satisfactory yields with less acidic lithium carboxylates. Finally, 
as may be expected for the addition of an organomemlhc to a quasicarbonyl group, steric hindrance inhibits 
the reaction substantially (compare entry 10 with entries 12,14,29). 



Table 1. Formation of Ketonm from Carboxylic Acids 6 

$$+o * #J&o + 
&$-$ 

a:R’=nC&.#=H; b:R’=Ph, R*=H 

c:R’= RZ=Ph; d:R’= l+=Et 

Hcs OH H7 
R9 

“8 e:R’=C~MCH-. R2=H 

Entry Acid Reagent(equiv} Me&odTime R3 Ketone YieW AlWho YiiW Recovemd 

6 (h) 7 %(%D$’ 8 (%I dp.% (% Dlb 

I 6a n-BuWCeCl3 (1:2) A 

2 n-BuLiKeC3 (1:2) A 

3 n-B&i (2) Bd 

4 n-B&i (2) Bd 

5 n-BuL.i (2) Be 

6 n-BuLi (3) Bd 

7 6b MeLXeCl3 (1:2) A 

8 MeLKeCl3 (1:2) A8 

9 MeLi (2) B8 

10 n-BuLilCeC13 { 1:2) Ah 

11 n-B&i (2) & 

12 s-BuLi#ceCl3 ( 1:2) Ad 

13 s-B&i (2) Bd 

14 !-BuLiKeCl3 ( 1:2) A 

15 t-BuLXeCi3 ( 1:2) Adm 

16 I-BIG (2) Bd 

17 PtlLiKec13 (1:2) A 

18 PbLi (2) B 

19 l-cy&hexenyKi/tX?l3 (1:2) A 

20 l-cycW3cxenylLi (2) B 

21 6e n-BuLEeCl3 (1:2) A’ 

22 n-BLKeCl3 (1:2) A@? 

23 n-BuLitCeCl3 (1:2) AdJ 

24 n-BuJSIeCl3 (1:2) A0 

25 n-BuLiiCeC13 fkt) A’ 

26 zt-BuLi/CeC13 (k4) A’ 

27 n-B&i (2) @.I+ 

28 6d n-BuLiKeCl3 (1:2) A 

29 n-BuLKeCl3 (1:2) Ad 

30 n-B&i (2) B 

31 6e s-BuLiKeCl3 (1:2) A 

16 n-&l 7a 83 

4 n-Bu 7a 82 

16 n-Bu 7a 15 (80) 
4 n-Bu 7a 7 (76) 
4 n-Bu 7a 12 (-100) 

4 n-Bu 7a 7 (36) 
16 Me 7b 62 

4 Me 7lJ 61 

4 Me 7h 0.6 

24 n-Bu 7h 74 (01 
4 n-Bu 7h trace 

J s-Bu 7h 364: 

4 s-Bu 7h trace 

4t &Bu 7h 0 

0.25” i-Bu 7t# 0 

4 t-Bu 7h 0 

l&o Fit 7h 95 

4 FJh 7b trace 

0.9 l-cyclohexellyl 7h 244 

4 l-cyclohexenyl 7b trace 

16 n-Bu 7c 39 

16 n-Bu 7c 39 

4 n-Bu 7c NW 
16 ?#-BU 7e 25 

16 n-Bu 7c 15 

16 n-Bu 7c 5 

4 II-Bu 7c trace 

16 II-Bu 7d 21 

4 n-Bu 7d 8 

4 n-Bu 7d 0 

4 s-Bu 7e 29 
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B 4 S-BU 7e trace E 32 s-BoLi (2) 

D isolated yield. IJ The figures in parentheses are the pwcentages ofdeuteretion for one a-H. Ihe extent of deuteretioo was 
determined hy the ‘El NMR analyses of the isolated compounds from the reaction which was quenched with 5% DCvDzO or with 
lO%AcODatthereactiontem tore. 

re 
cPnskmthutootrecovered. dThereactionwasquenckdwith5%DCl/D@. =The 

reaction mixture WJIS quenched with TMSCI at -78%, then warmed to RT before 5% DCvE)20 addition. fInsignificant yield, 
g T?E reaction mixture was quenc$ed with TMXl at -78%. then warmed to RT hefore 5% HCl additk~~~ h The reaction mixture 
was quenched with IO% AcOD. 1 The amount of recovery was not measured 1 Lung= and shorter reaction times gave lower 
product yields (16 h. 23%; 0.25 h, 19%). kti product kesooe showed 30% deuteratkm fos one of the 2’ a-H, end 25% deutemtion 
fortttehe3’-H. ~Noproductwasohtaineduponi ncrensingthctimeto16k m~~i~~~~~~~3(Z~~v~ 
suspeosion in TEE at -78%. AtZa being stirred for 30 min., the mixture was cannuhtted to the lithium cerhoxykte solution at 
-78’C. n NO product WZLS obtained up increasing the time to 4 h. o A similarly high yield of the product (9 1%) wes obtained 
tpn decreasing the time to 4 h P Lontps reactkm times did not impmve the yield. 4 2-@knylthio)cyclohexyl beazyl ketone, the 
thiii adduct of the product enone, wan also ohmined in 13% yield. r Beoause of the low soluhility of6c in THP at -78’C, 
n-BuLi(lequiv.inMethodA;2~v.inMethodB)was~totbeTHP~of6catO’C,andthemixtunwasstimdforlS 
min. &fore being cooled to the reaction tempemtum. STheproductketonewas&utamtedatthe3’a-H. rThcreaction 
temperature was -60X!. y The reaction tcmpemture was O’C. 4 Equiv. of n-B& also gave no product. 
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In conclusion, CeC13 is highly effective at increasing the yield of ketone produced in the reaction of an 
organolithium with a lithium carboxylate at a low tempera-. Its effect is to increase the rate of production 
of the tetrahedral intermediate so that tertiary alcohol formation is suppressed and, in cases in which an 
enolizable proton is present, to suppress enolization, a previously unrecognized (except in special cases) 
competing process. We suspect that the enhanced addition rate is due to gmater carbonyl character in cerium 
vs hh.tn carboxylate.s, due to the increased strength of the Ce-0 as opposed to the Li-0 bond. 

Ac~~w~D~ We thank the NationaI ~sti~~ of HeaIth and the NationaI Science Fusion for 
financial support. 
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