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The natural abundance I3C NMR spectra of several metal enolates 5-10 have been measured in various aprotic 
solvents including EtzO, THF, and DME. The chemical shifts of the enolate n-carbon atoms are readily measured 
and have been compared with the chemical shifts of the same carbon atoms in the corresponding enol acetates 
17-22 and trimethylsilyl enol ethers 23-26. The observed chemical shift differences (Ah) between the enolates and 
the enol acetates appear to be related both to the a-electron density and the reactivity at  the enolate or-carbon 
atom. The following changes increase the magnitude of the chemical shift differences (and presumably the a-elec- 
tron charge density) in metal enolates: (1) changing the metal cation from Li+ to Na+ to K+; (2) changing the sol- 
vent from Et20 to THF to DME; (3) addition of 4 molar equiv of HMP to a Li+ enolate; and (4) addition of 1 
molar equiv of dicyclohexyl-18-crown-6 polyether to a Na+ enolate. The magnitudes of the chemical shift differ- 
ences at  the enolate a-carbon atoms are relatively insensitive to the presence or absence of n-alkyl or a-phenyl 
substituents. 

In an early study2 of the properties and reactions of solu- 
'tions of metal enolates 1 derived from ketones 2, compari- 
son of the l H  NMR spectra for a related set  of compounds 
1-4 (R = Ph)  showed that  the vinyl H atom signal moved 
progressively upfield in the order enol acetate 3 (6 5.80), 
trimethylsilyl enol ether 4 ( 6  5.32), and lithium enolate 1 (6 

0 P- II 
R--CH==C-CH, - R-EH-C-CH~ 

'la lb 
QCOCH3 
I 

RCH2COCHs R-CH=&CH, 

I 
2 3 

OSiMe, 

R-CH=C- CH3 
4 

5.02 in EtzO, 4.93 in THF,  and 4.83 in DME). Among the 
various cations and solvents studied with this enolate sys- 
tem, the cation-solvent combinations that  resulted in the 
greatest upfield shift of the vinyl H atom NMR signal were 
also the combinations that  resulted in the greatest propor- 
tion of 0- to C-acylation of the enolate anions and corre- 
sponded qualitatively to conditions that  favored most 
rapid reaction of the enolate anion with alkylating agents. 
Thus,  the location of the IH NMR signal appeared to  offer 
a useful measure of the reactivity of a metal enolate under 
various reaction conditions. However, two experimental 
problems dissuaded us from further study of the IH NMR 
spectra of metal enolates. First, the total range of l H  NMR 
values observed for a particular enolate system was rather 
small (ca. 0.3 ppm) so that  changes in chemical shift arising 
from nearby anisotropic substituents were likely to  be as 
large as chemical shift differences arising from changes in 
the degree of association and charge distribution of metal 
enolates. Even more troubling was the interference from 

the IH NMR signals of the various solvents (EtzO, THF,  
DME, DMF, etc.) commonly used with metal enolates. 

I t  appeared that  both of these problems could be largely 
alleviated by studying the natural abundance 13C NMR 
spectra of metal enolate solutions. Because of the much 
larger range of chemical shift values in 13C NMR and the 
relatively narrow linewidths obtainable, problems arising 
from interference between solvent peaks and peaks from 
the metal enolates would be more easily avoided. Of equal 
importance is the fact that  electron densities a t  carbon and 
the atoms bonded to it, but not shielding from neighboring 
anisotropic substituents, are dominant in determining 13C 
NMR chemical shift values.: 

To  explore this possibility, a series of metal enolates 
5-10 (Scheme I) of ketones 11-16 were prepared. Also in- 
cluded in the study were the corresponding enol acetates 
17-22 as well as selected enol silyl ethers 23-26, one enam- 
ine 27, and the sodium enolate 28 of diethyl malonate. 

Although relatively high concentrations (0.5-1.0 M) of 
metal enolates in solution were required in order to  obtain 
satisfactory natural abundance 13C NMR spectra in a rea- 
sonable period of time (1-3 h) ,  we were gratified to find 
that  interference between I3C NMR signals for the metal 
enolates and the solvents was much less of a problem than 
had been encountered in measurements of l H  NMR spec- 
tra of metal enolates.2 Consequently, where solubility per- 
mitted, satisfactory 13C NMR spectra of various metal eno- 
lates could be obtained in most common solvents used in 
preparative work including EtzO, THF,  DME, DMF, and 
HMP. The data obtained from these measurements are 
summarized in Tables I and 11. In one case (enolate 5a in 
DME, Table I) we demonstrated that  the chemical shift 
values were essentially the same for 1.0 and 0.2 M solutions 
of the enolate. Because of the time required to  obtain satis- 
factory 13C NMR spectra of dilute solutions, it was not 
practical to collect data for enolate solutions less concen- 
trated than 0.2 M. 

In order to  compare the 13C NMR data for various metal 
enolates, we elected to relate the enolate chemical shift 
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Table I. I3C NMR Data for Phenylacetone Derivatives 

Position of ”C NMR signals, ppm relative to  Me,Si 
Compd a CH, and 

(solvent) P o and m positions q (As 1“ c=o other C atoms 

PhCH,COCH, 
11 (DME) 

PhCH=C( CH,)OCOCH, 
1 7  (DME) 

PhCH=C( CH,)OSi(CH,), 
23 (DME) 

PhCH=C( CH,)OK 
5c (DME) 

PhCH=C( CH,)ONa 
5b (DME) 

5b (DME + 1.0 equiv of 
crown ether 35)d 

PhCH=C(CH,)OLif 
5a (DME) 

5a (DME + 4.1 equiv of 
HMP) 

Sa (THF) 

5a (THF + 3.9 equiv of 
HMP I 

5a (Et,O) 

5a (Et,O + 5.1 equiv of 

5a (THF + 0.9 equiv of 

5a (THF + 1.1 equiv of 

HMP) 

crown ether 36)  

crown ether 37)  

127.2 

127.5 

125.1 

118.6 

119.2 

116.4 

120.0 

117.7 

120.9 

118.9 

122.3 

118.5 

120.5 

120.5 

129.5 

128.9 

127.7 

123.3 

124.1 

123.1 

125.0 

124.1 

125.5 

124.7 

125.8 

124.6 

125.1 

125.1 

129.5 

128.9 

127.7 

128.4 

128.2 

126.7 

127.2 

126.6 

127.5 

127.6 

128.4 

127.0 

127.5 

127.6 

135.7 50.9 

135.4 116.6C 

137.1 108.7 

145.6 91.8 
(24.8) 

145.1 93.4 
(23.2) 

146.0 90.7e 
(25.9) 

143.2 95.3 
(21.3) 

144.8 93.1 
(23.5) 

141.8 97.1 
(19.5) 

144.0 94.4 
(22.2) 

142.1 9 7 . s  
(18.8) 

144.3 94.1 

142.5 96.4 

142.5 96.5 

(7.9)  

(22.5) 

(20.2) 

(20.1) 

204.3 

147.0 

148.8 

170.7 

169.3 

170.3 

164.7 

167.4 

162.5 

166.0 

160.6 

166.4 

163.7 

163.9 

28.8 

168.0,  20.6b 

23.8, 0.8 

29.5 

29.4 

29.7 

28.6 

28.9 

28.6 

28.7 

27.1 

28.6 

28.7 

28.8 

a A6 is the difference in chemical shift between the @-carbon atom of the enol acetate and the a-carbon atom of the enol- 
ate or trimethylsilyl enol ether. b The signals for both CH, groups are superimposed. cThe ‘ J C H  value was 154 t 3 Hz. dWith- 
in experimental error, the same I 3 C  chemical shift values were obtained with a solution containing 2 molar equiv of the 
crown ether 35. e The ~ JCH value was 146  t 3 Hz. fThe  values listed were obtained with a 1 .0  M solution of the enolate 5a. 
For a 0.2 M solution of the same enolate, the values follow: 120.0, 125.0, 127.4, 143.3, 95.3, 164.8, and 28.6 ppm. gThe 
‘ J C H  value was 154 i 3 Hz. 

data to the analogous data for the corresponding enol ace- 
t a t e ~ , ~  which can serve as neutral model compounds with 
geometries and substituent patterns similar to those of the 
metal enolates. This comparison utilizes the 13C NMR shift 
difference (A6 = denol acetate - benolate) between the a-carbon 
atom in a metal enolate and the corresponding carbon atom 
in the related enol acetate. I t  will be seen from Tables I and 
I1 tha t  A6 values for the a-carbon atom of monoketone eno- 
lates are in the range +19 to +25 ppm. This upfield shift of 
signal for the a-carbon atom in the metal enolate is accom- 
panied by a downfield shift of -13 to  -23 ppm for the 
“carbonyl carbon atom” of the metal enolate. In general, 
the largest upfield shifts of a-carbon atoms are accompa- 
nied by the largest downfield shifts of the enolate “carbon- 
yl carbon atoms”. 

One of the factors responsible for an upfield shift of the 
13C NMR signal for an sp2 carbon atom2 (or a hydrogen 
atom bound to  this carbon5) is an increase in the *-electron 
density a t  carbon. From studies of various hydrocarbons 
and the related ions, it has been suggested tha t  an  increase 
by one unit of negative charge in the p orbital of such a car- 
bon atom should result in an upfield shift of 150-160 ppm 
for the 13C NMR signal6 and an  upfield shift of ca. 10 ppm 
for the l H  NMR signal of a proton bound to  such a carbon 
a t ~ m . ~ ~ ) ~  As exampIes of t h h  upfield shift in hydrocarbons, 
the a-carbon atoms and the C-4 carbon atoms of the phe- 
nyl groups in DME solutions of the organolithium reagents 

30 and 31 (Scheme 11) exhibit 13C NMR signals a t  14-71 
ppm higher field than the analogous neutral olefin 32889 
and the 13C NMR signal for the cyclopentadienide anion 33 
(in THF)  is a t  25 ppm higher field than the corresponding 
signal for benzene (34). 

The aforementioned upfield shift differences (0.7-1.0 
ppm for a - H  atoms and 19-25 ppm for a -C atoms) ob- 
served when metal enolates are compared with the analo- 
gous enol acetates would suggest that  the a-electron densi- 
ty  a t  the a-C atom is greater in the metal enolates than in 
enol acetates by approximately 12-17% of a unit negative 
charge. Since there is question as to the quantitative rela- 
tionship between 13C chemical shift differences and calcu- 
lated charge densities, especially in ionic molecules and in 
molecules containing  heteroatom^,^,'^ it appears prudent t y  
discuss the properties of various metal enolates in terms of 
the measured chemical shift difference parameter A6 rath- 
er than calculated charge densities. However, it is appro- 
priate to note that  this parameter A6 does appear to be 
largest in those circumstances where the enolate anions 1 
might be expected to have a significant contribution from 
structure l b  with the negative charge concentrated a t  the 
a-carbon atom. 

In two cases, enolates 5a and 6, we measured the cou- 
pling constants, ~ J c H ,  between the a-carbon atom and the 
attached proton. The J values obtained, 145-154 Hz, did 
not differ appreciably from the J values, 154-157 Hz, for 
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Scheme I 

5a,M = Li 6,R= H 8 
7, R = t-Bu ,o- Li+ 

%H, 
9 

b,M =Na 
c,M = K 

t-BuC 

12,R=H 
13,R = t-Bu 0- Na' 

PhCH,COCH, 
11 a. (CHJZCHCOCH, t-BuCOCH, 
14 15 

10 

" 
17, X = COCH3 
23, X = SiMes 

19, X = COCH,; R = H 
20, X = COCH,; R = t-Bu 16 

24, X = SiMe,; R = H 
25, X = SiMe,; R = t-Bu 

OCOCH, 

/ox 
22 t-Bu- 

c"CH, 
21, X = COCH, 
26, X = SiMe, 

addition of 4 equiv [sufficient to  form the tetracoordinate 
solvated cation, Li(HMP)d+] of HMP, a solvent believed to  
be one of the most effective for solvation of metal cations,13 
to solutions of the lithium enolate 5a in EtzO, THF,  or 
DME increased the values of A6 to  22.5, 22.2, and 23.5 
ppm, respectively. The  largest effect (increasing A6 by 3.7 
ppm) was observed in adding 4 equiv of H M P  to an Et20 
solution of the Li enolate. This observation is consistent 
with the practice of adding H M P  to  an Et20 solution of a 
lithium enolate in order to increase its rate of reaction with 
an alkyl halide.14 

Interestingly, the most effective additive for increasing 
the A6 value a t  the a carbon of the enolate 5 (to A6 25.9) 
was the addition of 1 molar equiv of the crown ether 35 to  a 
solution of the Na enolate 5b in DME. Since no further 
change in the chemical shift values of enolate 5b was ob- 
served when a second molar equivalent of the crown ether 
35 was added, the formation of a 1:l Na+ cation-crown 
ether 35 complex is evidently very favorable. Unfortunate- 
ly, we were unable to  obtain sufficiently concentrated solu- 
tions of the K enolate 5c in the presence of 1 molar equiv of 
either of the crown ethers 35 or 36 to permit NMR mea- 
surements. 

nn nn 
P f o  O O m  C0 

uu 18 
35 36 /o- Na+ 

'OEt 
Et OIC-CH=C 

27 
28 

CH,(CO,Et ), 
29 

Scheme 11. 13C NMR Data 
37 

CH, CH, 89.8 78.8 
1 ~ 1 2 7 . 4  and 123.3 I ~ y ~ - 1 2 7 . 6  and 116.9 38 

PhL(!p+-l12.6 P h : H p -  - 106.4 

Li+ Li+ 
148.8 146.2 

30 31 

113.6. 128.0 

32 33 34 

the corresponding enol acetates 11 and 19. Consequently, 
these measurements suggest that  the a-carbon atom of 
these enolates is, not deformed significantly from a planar 
sp2 configuration. 

The high order of reactivity observedll in reactions of 
potassium enolates with alkyl halides is compatible with 
the A6 values observed. In DME solution, the A6 values de- 
crease regularly in progressing from the K enolate 5c (A6 
24.8) to  the Na enolate 5b (A6 23.2) to  the Li enolate 5a (A6 
21.3). The  enhanced rate of alkylation of lithium enolates 
obtained by use of DME rather than Et20 as a reaction sol- 
vent12 is also consistent with the A6 values observed. For 
the Li enolate 5a, the A6 values change with solvent as fol- 
lows: DME (A6 21.3), T H F  (A6 19.5), Et20 (A6 18.8). The  

In contrast to  the results obtained with the sodium eno- 
late 5b, the addition of l molar equiv of either of the crown 
ethers 36 or 37 to  THF solutions of the lithium enolate 5a 
had relatively little effect on the chemical shift values. 
Consequently, it appears that  neither of the crown ethers 
36 or 37 forms a sufficiently stable complex with Li+ cation 
to enhance significantly the reactivity of lithium enolates. 
Since the common synthetically useful methods for the re- 
giospecific generation of metal enolates produce lithium 
enolates, i t  is clearly desirable to  find a crown ether of 
proper geometry to  form a very stable complex with Li+ 
cation, and we plan to continue our search for a suitable 
additive. Unfortunately, the low solubility of the crown 
ether 37 in ethereal solvents prevented us from obtaining 
useful 13C NMR data in the presence of this material. It 
should be noted that  the type of 13C NMR measurements 
described in this paper do offer a rather simple experimen- 
tal method for evaluating efficacy of various polydentate li- 
gands as additives to  enhance the reactivity of metal eno- 
lates. 

I t  was also of interest t o  compare the A6 values for the 
terminal lithium enolate 9 with the corresponding values 
for enolates 6-8 in which alkyl substituents are present a t  
the a-carbon atom. Earlier work15 had suggested that  
metal enolates with no alkyl substituents a t  the a-carbon 
atom are less reactive than analogous metal enolates with 
a-alkyl substituents. The A6 values for DME solutions of 
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Table 11. I3C NMR Data for Saturated Carbonyl Derivatives 

Compd 
(solvent) 

Position of 13C NMR signals, ppm relative to Me,% 
(Y (A6)a c=o Other C atomsb 

(CH,),CHCO CH, 
14 (DME) 

( CH, 1, C= C( CH, ) o ~ c o ~ c H ,  
18 (DME) 

8 (DMW 
(CH,),C=C(CH,)OLi 

f . B u ~ O C O C H  

t Bu-@B:CIId, 

t BU-(-)-OLI 

20 (DME) 

25 (DME) 

7 (DME) 

D O C O C H ,  

19 (DhIE) 

C / t O S i ( C H , i .  

24 (DME) 

D O L I  
6 (DME) 

6 (THF) 

t-BUCOCH, 
15 (DME) 

t-BuC(OCOCH,)=CH, 
21 (DME) 

CH> 
II 

t-BuCOSi(CHJ3 
26 (DME) 

t-BuC( OLi)=CH, 
9 (DME) 

OCOCH. a. 
22 (DME) 

22 (DMF) 

10 (DMF) 

CH,(CO,Et), 
29 (DMF) 

,ONa 

'OEt 
EtO,CCH=C 

28 (DMF) 

41.7 

117.8 

92.3 
(25.5) 

113.0 

102.5 
(10.5) 

91.5 
(21.5) 

113.2C 

102.8 
(10.4) 

91.7d 
(21.5) 

89.6 
(23.6) 

93.0 
(20.2) 

24.1 

98.4 

85.5 
(12.9) 

73.5 
(24.9) 

117.1 

116.7 

102.3 
(14.4) 

41.6 

62.1e 

210.0 

139.8 

150.6 

148.4 

149.7 

158.4 

148.5 

149.9 

158.6 

159.0 

142.5 

210.3 

162.2 

166.5 

176.8 

169.1 

169.6 

193.5 

166.1 

171.4 

18.3 (2  CH,), 27.1 (acetyl CH,) 

16.0 (CH,), 17.3 (CH,), 18.6 (CH,), 

18.7 (CH,), 20.4 (CH,), 21.5 (CH,) 

20.5 (acetyl CH,), 27.4 ( 3  CH, of t-Bu 
group), 24.5 (CH,), 25.4 (CH,), 28.3 
(CH,), 44.0 (CH at C-4), 32.3 (C of 
t-Bu group), 167.6 (ester C=O) 

0.0 ( 3  CH, of Me,Si group), 27.0 ( 3  
CH, of t-Bu group), 24.4 (CH,), 25.0 
(CH,), 30.9 (CH,), 44.0 (CH at C-4), 
31.9 (C of t-Bu group) 

27.7 ( 3  CH, of t-Bu group), 25.9 (CH,), 
26.5 (CH,), 34.5 (CH,), 45.7 (CH at 
C-4), and 32.5 (C of t-Bu group) 

20.5 (acetyl CH,), 22.3 (CH,), 23.2 
(CH,), 24.0 (CH,), 27.3 (CH,), 
167.8 (ester C=O) 

0.3 (3 CH, of Me,Si group),22.6 (CH,), 
23.3 (CH,), 23.8 (CH,), 30.0 (CH,). 

20.3 (acetyl CH,), 168.4 (ester C=O) 

24.5 (CH,), 25.0 (CH,), 25.5 (CH,), 
33.7 (CH,) 

25.0 (CH,), 25.6 (CH,), 26.1 (CH,), 
33.9 (CH.) 

23.7 (CH,),'24.0 (CH,), 24.9 ( 3  CH,, 
cyclohexenyl CH, and 2 CH, at  /J' 

position of pyrrolidine), 47.4 ( 2  CH, 
a t &  position of pyrrolidine) 

26.4 ( 3  CH, of t-Bu group), 44.0 
(C of t-Bu group) 

20.6 (acetyl CH,), 27.9 (3  CH, of t-Bu 
group), 36.3 (C of t-Bu group) 167.3 
(ester C=O) 

CH, of t-Bu group) 36.6 (C of t-Bu 
group 1 

(C of t-Bu group) 

0.1 (3 CH, of Me,Si group), 28.2 ( 3  

29.7 ( 3  CH, of t-Bu group), 37.5 

20.7 (acetyl CH,), 21.7 (CH,), 28.3 
(CH,), 36.9 (CH,), 166.8 (ester 
C=O), 197.1 (ketone C=O) 

(CI-!,), 36.8 (eH,), 167.7 (ester 
C=O), 197.7 (ketone C=O) 

20.9 acetyl CH ), 21.5 (CH ), 28.5 

22.9 (CH, a t  C-5), 36.6 (2  CH, at 
C-4 and (3-6) 

14.1 (2 CH, of ethoxyl groups), 

15.3 ( 2  CH, of ethoxyl groups) 

61.0 ( 2  CH, of ethoxyl groups) 

56.1 (2 CH, of ethoxyl groups) 

a a6 is the chemical shift difference between the &-carbon atom of the enol acetate and the &-carbon atom of the enolate 
or related derivative. b Unless otherwise noted, each I3C signal corresponds to a single carbon atom. C The ' J C H  value was 
157  ?: 3 Hz. dThe 'JcH value was 1 4 5  -?: 3 Hz. e Since we lacked a suitable model, no  measure of A6 was made. 



13C NMR Spec.tra of Metal Enolates J.  Org. Chem., Vol. 41, No. 7, 1976 1213 

the unsubstituted enolate 9 (A6 24.9) and the enolate 8 (A6 
25.5) with two methyl substituents are practically the same 
and both are greater than the values observed for the cyclo- 
hexanone enolates 6 (A6 21.5) and 7 (A6 21.5). Even in the 
case of a DME solution of the Li enolate 5a, where some 
delocalization of negative charge into the para position of 
the phenyl ring was evident, the A6 value (21.3) was compa- 
rable to  the values observed with the cyclohexanone eno- 
lates 6 and 7. Only in the case of the 6-diketone enolate 10, 
where delocalization of the negative charge to  two equiva- 
lent carbonyl groups was possible, did the A6 value (14.4) 
decrease. The  decreased value of A6 (presumably corre- 
sponding to  diminished charge density a t  the enolate a-car- 
bon atom) is compatible with the general observation that  
enolates of P-diketones tend to give significant amounts of 
0-alkyl products upon reaction with alkylating agents. 

The several trimethylsilyl enol ethers 23, 25, 24, and 26 
examined had A6 values (7.9-12.9) approximately half as 
large as the values observed for the metal enolates, an ob- 
servation consistent with the fact that  these materials are 
significantly poorer nucleophiles than metal enolates. In- 
terestingly, the A6 value (20.2) for the one enamine 27 ex- 
amined was practically the same as the value for the corre- 
sponding metal enolate. 

In conclusion, the A6 values observed with a particular 
enolate system do appear to  vary in a systematic way with 
changes in the metal cation, the solvent, and added ligands 
that  can coordinate with the metal cation. In general, those 
combinations of cation, solvent, and added ligands that  
give the largest value of A6 are also the combinations that  
result in the highest reactivity of the enolate with alkyl ha- 
lides and in the greatest proportion of 0- to  C-acylation in 
reaction with AczO. However, comparison of A6 values for 
structurally different enolates derived from monoketones 
has not revealed any obvious relationship between the sub- 
stitution pattern of the enolate anion, its reactivity, and its 
A6 value. 

Exper imenta l  SectionI6 

Reagents and Starting Materials. All ethereal solvents were 
distilled from LiAlH4 immediately before use. Previously de- 
scribed purification procedures17 were used for MezNCHO (DMF) 
and (Me2N)sPO (HMP). Oil dispersions (Alfa Inorganics) of NaH 
and KH were washed free of oil with purified pentane immediately 
before use. Ethereal solutions of halide-free MeLi (Foote Mineral 
Co.) were standardized by previously described procedures.l8, 
Samples of the trans enol acetate 17 and the trans silyl enol ether 
23 were obtained by the previously described2J9 reactions of the 
trans enolate 5b with AczO or MesSiC1. Previously described pro- 
cedures were also used to obtain the silyl enol ethers 24,1g8 25,1ga 
and 261ga and the enol acetates 19,2 20,1gb and 2l.IgC Reaction of 
dihydroresorcinol with excess boiling Ac20 as previously de- 
scribedz0 produced the enol acetate 22 in 80% yield as a colorless 
liquid: bp 96 "C (0.8 mm); n25D 1.4916 [lit.20 bp 117 "C (6 mm)]; ir 
(cC14) 1773 (enol ester C=O), 1680 (conjugated C=O), and 1642 
cm-' (C=C); NMR (CC14) 6 5.6-5.7 (1 H, m, vinyl CH) and 1.7-2.7 
(9 H, m, aliphatic CH including a CH3CO singlet at 2.15); mass 
spectrum m/e (re1 intensity), 154 (M+, 12), 112 (15), 84 (56), 69 
(12), and 43 (100). 

Preparation of the Enol Acetate 18. To a solution of 200 g (2.0 
mol) of Ac2O and 34.4 g (0.40 mol) of i-PrCOMe in 450 ml of CC4 
was added 0.28 ml of aqueous 70% HC104. After the resulting solu- 
tion had been allowed to stand overnight, it was partitioned be- 
tween 300 ml of pentane and 320 ml of saturated aqueous 
NaHC03. The organic layer was stirred over cold (0-8 "C) saturat- 
ed aqueous NaHC03 to which was added portionwise 300 g of solid 
NaHC03 to complete the hydrolysis of Ac2O. The combined organ- 
ic layer and pentane extract of the aqueous phase were washed 
successively with HzO, aqueous NaHC03, and aqueous NaCl and 
then dried (NazSO4) and concentrated by fractional distillation. 
Fractional distillation of the residual liquid separated 9.0 g of ma- 
terial, bp 110-115 "C n% 1.4370, containing (GLC, TCEP on 
Chromosorb P) ca. 80% of the enol acetate 18 (retention time 5.3 

min) accompanied by CC14 (1.3 min) and the starting ketone (2.7 
min) and 16.54 g of material, bp 116-125 "C, n25D 1.4230 [lit.21 bp 
121 "C (763 mm), n Z o ~  1.42221, containing (GLC) >98% of the enol 
acetate 18: ir (CC14) 1755 (enol ester C=O) and 1701 cm-' (enol 
C=C); NMR (CC14) 6 2.03 (3 H, s, COCH3) with three partially re- 
solved multiplets at 1.81, 1.70, and 1.51 (each 3 H, allylic CH3); 
mass spectrum m/e (re1 intensity) 128 (M+, 66),87 (17), 86 (79), 85 
(18), 71 (IOO), 58 (22), 43 (89), 41 (46), and 39 (27). 

Preparation of Solutions for NMR Study. A. PhaCLi and 
PhZCHLi. Solutions of ca. 23 mmol of MeLi in 8 ml of DME were 
prepared by a previously described procedurelsb in which Et20 SO- 

lutions of MeLi were concentrated under reduced pressure and the 
residual solid MeLi (still containing some EtzO) was redissolved in 
DME. These solutions were treated with 2-3 ml of a DME solution 
containing either 2.44 g (10 mmol) of Ph3CH or 1.67 g (10 mmol) of 
PhzCH2 and the resulting solutions were stirred for 30-90 min at 
25 "C at which time lH NMR analysis indicated that conversion of 
the hydrocarbons to their lithio derivatives was complete and some 
excess MeLi remained in the solutions. Aliquots (3.0 ml) of these 
red (PhsCLi) or orange (PhZCHLi) solutions were mixed with 0.3 
ml of CsDs (to provide a "lock" signal) and 0.3 ml of Me4Si (inter- 
nal reference signal). The I3C NMR spectra of these solutions and 
all subsequently described solutions were determined both with 
complete proton decoupling and with partial (off-resonance) pro- 
ton decoupling. The "extraneous" 13C NMR signals (from solvents 
and reagents) found in these and subsequently described solutions 
were found at the following locations (in parts per million relative 
to internal Mersi): CsD6, 126.9, 127.8, and 128.8; DME, 58.5 and 
72.1; EtzO, 15.5 and 65.8; THF, 26.1 and 67.8; MeLi, -14.0; DMF, 
30.8, 35.8, and 161.9; CDCl3, 75.3, 76.6, and 77.8; t-BuOLi (in 
DME), 35.6 and 66.4; t-BuOH (in DME), 31.4 and 67.8. In certain 
cases involving subsequently described solutions of enol acetates 
and metal enolates, the 13C NMR spectra were measured without 
proton decoupling to obtain the coupling constant, ~JcH, for the (Y 

carbon of the enol acetate or metal enolate. These ~JCH values are 
indicated in Tables I and 11. 

B. Olefins, Ketones, Enol Acetates, and Trimethylsilyl 
Enol Ethers. Solutions of these materials were prepared by dis- 
solving 200-500 mg of each purified material in 2.5-3.0 ml of the 
solvent indicated in the tables and then adding 0.3 ml of C,& and 
0.3 ml of Me&. 

C. Sodium and Potassium Enolates. A slurry of excess pre- 
washed KH or NaH (1-2 mmol/ml of solvent) in the solvent stated 
in the tables was treated with one of the active methylene com- 
pounds 11, 16, or 29 and the mixture was stirred at 15-25 "C until 
H2 evolution ceased (typically 20-30 rnin). Aliquots of these solu- 
tions were mixed with 10% (by volume) of C6D6 and 10% (by vol- 
ume) of Me4Si for 13C NMR measurements. The lH NMR spectra 
of the phenylacetone enolates 5 were described previously.2 A 1 M 
solution of the Na enolate 10 in DMF exhibited NMR signals at 6 
4.49 (s, vinyl CH) and 1.1-2.5 (m, aliphatic CH). 

D. Lithium Enolates. A 1.1 M solution of the Li enolate 8 (ac- 
companied by t-BuOLi) in DME was obtained by reaction of the 
enol acetate 18 with a DME solution of MeLi in the usual man- 
ner.lsb Solutions containing about 1 M Li enolate 5a in Et20, 
THF, and DME were obtained by reaction of the trimethylsilyl 
enol ether 23 with excess MeLi in the appropriate solvent at 25 "C 
for 60 min. Aliquots of these solutions containing 2 mmol of the 
enolate 5a in 2 ml of solvent were also either diluted with DME or 
treated with 1.4 ml (8 mmol) of freshly purified HMP before mea- 
surement of the 13C spectra. Solutions containing l M Li enolate 6 
or 9 in THF or DME were obtained by reaction of the correspond- 
ing trimethylsilyl enol ether 24 or 26 with MeLi. The Li enolate 6 
was not sufficiently soluble in Et20 to permit satisfactory NMR 
study. A 1 M solution of the Li enolate 7 in DME was similarly 
prepared by reaction of the trimethylsilyl enol ether 25 with MeLi. 

E. Na+CsHs-. Freshly prepared cyclopentadiene (124 ml, 1.65 
mol) was added dropwise and with stirring at 25 "C during 1.5 h to 
a suspension of 69.0 g (1.5 g-atom) of Na dispersion (50% in miner- 
al oil) in 600 ml of DME? After the addition was complete the 
white slurry was heated to reflux with stirring and then allowed to 
cool. The white to pale-pink crystalline C~HS-N~(DME)+ was sep- 
arated from the red supernatant liquid, washed with hexane, and 
dissolved in THF to give a solution containingls8 0.80 M 
CF,H~-N~+ as well as the DME present in the original complex. 
This solution (with added Me&) exhibited a 'H NMR singlet at 6 
5.59; after addition of CsDe and MerSi, the 13C NMR spectrum ex- 
hibited a signal attributable to the C5H5- anion at 102.7 ppm. 

F. Metal Enolates in the Presence of Crown Ethers. The di- 
cyclohexyl crown ether 35 (mp 41-55 "C, lit.23 mp 38-54 "C, a mix- 
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tu re  o f  the cis-syn-cis and cis-anti-cis stereoisomers) was prepared 
by a previously described procedurez3 as was the  crown ether 38 
(mp 203-206.5 "C, lit.24 mp 20f3-211 "C, a mix tu re  o f  stereoiso- 
m e r ~ ) . ~ ~  Preparative procedures for the  crown ethers 36 and 37 
have been described elsewhere.25 Solutions o f  the crown ethers 
35-37 in DME (containing C6Ds and MeaSi) exhibited the fo l -  
lowing 13C NMR signals: 37, 71.1 ppm; 36, 70.9 ppm; 35, 77.8 
(CH-0), 71.2 (CH2-0), 68.8 (CHpO) ,  28.4 (CHz), and 22.6 ppm 
(CH2). T h e  polyether 38 was too insoluble in the  ethereal solvents 
employed in th is  study t o  obta in  useful 13C NMR data. 

Our efforts t o  s tudy the  13C NMR spectra o f  mixtures o f  the po- 
tassium enolate 5c and a crown ether were unsuccessful because 
addi t ion o f  1 molar equiv o f  either of the crown ethers 35 or 36 t o  a 
DME solut ion of the potassium enolate 5c resulted in the immedi-  
ate separation o f  a precipitate. T h i s  precipitate f r o m  5c and 36 was 
also insoluble in Et20 and in DMF. Af ter  a s lur ry  o f  468 m g  (19.5 
mmol)  o f  N a H  (prewashed w i t h  pentane) in 9 ml o f  DME contain- 
i n g  3.00 g (8.0 mmol)  o f  crown ether 35 h a d  been st i r red a t  25 "C 
for 15 min, 1.07 g (8.0 mmol)  o f  ketone 11 was added, dropwise and 
w i t h  stirring. T h e  mixture was st irred until H s  evolut ion ceased t o  
give a dark red  solution o f  the enolate 5b containing 1 molar  equiv 
of crown ether 35. A comparable procedure was used t o  obta in  a 
DME solut ion o f  the enolate 5b containing 2 molar  equiv o f  crown 
ether 35. Aliquots (2.00 ml) of  these solutions were mixed w i t h  0.25 
ml of CsD6 and 0.25 ml o f  Me4Si t o  obta in  the  13C NMR data l isted 
in Table I. T h e  'H NMR spectrum o f  th is  solution exhibited a sin- 
glet a t  6 4.60 attr ibutable t o  the  enolate v iny l  CH; the correspond- 
ing  signal for  a solut ion o f  th is  enolate 5b in DME w i t h  no added 
crown ether is a t  6 4.70.2 

A 3-ml  al iquot o f  a solut ion o f  the enolate 5a, prepared f rom 
1.265 g (6.14 mmol)  o f  the  s i ly l  enol ether 23 and 8.8 m m o l  o f  M e L i  
in 6 ml of  THF, was mixed w i t h  750 m g  (2.8 mol, 0.9 molar equiv) 
of the crown ether 36 in 1.2 ml o f  THF containing 0.35 ml o f  CsDs 
and 0.25 ml of  Me4Si for NMR study. Similarly, a solut ion for  
NMR study was prepared f rom 1.0 ml of  a THF solut ion contain- 
i n g  1.12 m m o l  of the lithium enolate 5a, 1.2 m m o l  (1.1 molar 
equiv) of the crown e t h e r  37 (dried over L i H ) ,  0.25 ml o f  CsD6, and 
0.15 ml o f  Me&. 

Registry No.-sa, 37392-64-6; 5b, 37392-66-8; 5c, 57918-71-5; 
6, 21300-30-1; 7, 20826-82-8; 8, 57918-72-6; 9, 34865-75-3; 10, 
57910-97-1; 11, 103-79-7; 14, 563-80-4; 15, 75-97-8; 17, 19980-46-2; 
18, 3814-41-3; 19, 1424-22-2; 20, 7360-39-6; 21, 3840-71-9; 22, 
57918-73-7; 23, 19980-24-6; 24, 6651-36-1; 25, 19980-19-9; 26, 
17510-46-2; 27, 1125-99-1; 28, 57918-74-8; 29, 105-53-3; 30, 733-90- 
4; 31, 881-42-5; cis-syn-ck-35, 15128-65-1; ci~-~nti-ck-35, 15128- 
66-2; 36,17455-13-9; 37,294-93-9; acetic anhydride, 108-24-7. 
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