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In the CH4 CI spectrum of the a-dideuterioethyl ester, 
the abundance of the ion at mle 89, although small, is 
significantly higher than the value for (M - H)+ ions in 
the spectrum of the undeuterated ethyl acetate, m/e  87. 
This increase in abundance a t  mle 89 in the spectrum of 
C H ~ C O Z C D Z C H ~  is due to reaction 2a. 

The ions expected from reaction 2a with 
CH3C02CDzCD3 are observed a t  mle 90 and the relative 
abundance, 2.4% in Table I ,  is consistent with the amount 
of reaction 2a observed for CH~COZCDZCH~,  2.9%. 

The difference in relative abundances of (M + H)+- and 
protonated acid ions between the CzD5 ester and the other 
two esters can be attributed to a lower inlet temperature. 
It was necessary to use lower temperatures for the CzDs 
ester than for the others to reduce surface-catalyzed ex- 
change reactions, which were demonstrated by significant 
abundances of ions a t  m/e  89 and 61 from CH3COOCzD5 
and by the observation of changes in the abundances of 
these ions with temperature. A decrease in abundance of 
(M + H)+ and an increase in abundance of CH&OZHZ+ 
with increasing temperature were observed previously1 
and were also noted in these studies. 

In chemical ionization mass spectrometry, the reagent 
ions may also be labeled in order to study mechanisms. 

Such experiments have been reported with CD4,4 N D s , ~  
D z O , ~  and C4D10.7 We have obtained spectra with CD4 of 
the three labeled ethyl acetates. These perdeuterio- 
methane spectra are not reported, however, because small 
amounts of partially deuterated methane and traces of 
water are present in the reagent and these impurities 
caused significant amounts of (M + H ) +  ions to be pres- 
ent in the spectra. In spite of this complication, several of 
the postulatedl reactions can be confirmed. 

In our CD4 spectra, predominately (M + D)-i- ions are 
observed. This indicates that the protonated ethyl acetate 
obtains a hydrogen from the reactant ions. The observa- 
tion of predominately CW3COzHD- for C H ~ C O O C H Z C H ~  
and CH3COOCDzCH3 and of predominately CH3COzD2- 
for CH3COOCDzCD3 indicates that one hydrogen of the 
protonated acid comes from the reactant ion and the other 
from the alkyl group as predicted by reaction 1. Small 
amounts of CH3CO+, m/e 43, are observed ( - 5 % )  in the 
CD4 spectra of the ethyl acetates. This confirms the ob- 
servations of CH3CO’ made under high resolution in CW4 
CI spectra. Reaction 2a is indicated by the formation of‘ 
small amounts of CH3COHOCzD5+ ions, mle 94, in the 
CD4 spectra of CH3COOCH2CH3 and CH3COOCDzCH3. 
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Communications 

Proton Migration in an Aprotic Solvent Catalyzed by 
Very Weak Bases 

Summary: Amides and other weak aqueous bases can in 
an aprotic solvent effectively catalyze an intramolecular 
migration of a proton from a carbon atom to a distant 
oxygen. 

Sir: Association constants for complexation between p-flu- 
orophenol and a wide variety of bases have provided a 
measure of base strength in CC14.l The logarithms of 
these constants ( ~ K H H ’ s )  do not correlate with pK, values 
in water.2 This has been attributed to a relatively small 
degree of proton transfer (<30%) within the hydrogen- 
bonded complexe~. l -~  An alternate explanation for the 
lack of correlation, namely hydration effects on aqueous 
basicity. has been r e j e ~ t e d . ~ , ~  The strongest support for 
the “extent of transfer” hypothesis comes from the obser- 
vation that upfield F nmr shifts of hydrogen-bonded ion 

pairs, formed between organic bases and p-fluorobenzene- 
sulfonic acid in CHzClZ, parallel pKa rather than pKHR.3 

We have found that extremely weak aqueous bases can 
assist proton removal from carbon acids in aprotic sol- 
vents. Thus, acetamide catalyzes the tautomerization of 
anthrone to anthranol in acetonitrile. The simplest mech- 
anism for this reaction consistent with the kinetic data is 
given in eq l .5,6 Each of the following reaction variables 
was determined independently7 for a variety of bases: hl 
(the rate of the base-catalyzed proton removal from the 
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Figure 1. Plot of log k l  ( A P 1  sec-I) for the base-catalyzed an- 
throne tautomerization in acetonitrile at 25.0” us pK, of the 
bases in acetonitrile. The numbers refer t o  the bases in Table I. 
carbon acid); K1 = k l / h - l  (the equilibrium constant re- 
lating anthrone with hydrogen-bonded anthranol); and KH 
(the association constant for hydrogen bonding between 
base and anthranol). Acetonitrile was selected as the sol- 
vent because this is the only aprotic medium in which 
pK, values for several nitrogen and oxygen bases are 
known.8-10 Thus, we could compare the response of each 
of the reaction parameters to basicity as measured by the 
pK, in water, pK, in acetonitrile, and pK” in carbon 
tetrachloride.ll The data are presented in Table I, and 
the important relationships are summarized below. 

1. A plot of log hl us. pKa in CH&N for nitrogen bases 
is linear with a slope B equal to 0.67 (Figure 1).12 This 
value of J approximates (if the classical treatment is cor- 
rect13) the extent to which the transition state resembles 
the ion-pair intermediate believed involved in the an- 
throne tautomerism.6 

2. There is no correlation between log h1 and p K t 1 ~  even 
if one restricts the comparison to nitrogen bases. For ex- 
ample, n-butylamine and pyridine have rates differing by 
3.56 log units, and yet their PKHR values are similar (2.11 
and 1.88, respectively1). These results reflect more exten- 
sive proton transfer in the transition state of the K 1  step 
relative to that occurring during hydrogen bonding in 

3. Weak oxygen bases such as dimethyl sulfoxide (pK, 
= -2.6 in water2) and N,N-dimethylacetamide (pK, = 
-0.39 in water14) are surprisingly effective in removing 
the labile proton from the carbon acid.15 For example, 
acetamide is a better catalyst than pyridine, although 
acetamide is a much weaker base than pyridine in both 
water and acetonitrile (Table I) .  A two-point Brdnsted 
plot utilizing k l  and pKa data in Table I for acetamide 
and benzamide (two bases of the same “family”) shows 
that /3 is near unity. This implies a large degree of proton 
transfer in the transition state for the amide-catalyzed 
proton migration in the aprotic solvent. 
4. On the basis of rather limited data, it appears that 

log hl for weak bases is unrelated to ion-pair A values3 
(secured from F nmr shifts of p-fluorobenzenesulfonic acid 
ion paired with organic bases in CHZC12). Thus. although 
N,N-dimethylacetamide is a slightly better catalyst than 

cci4.1-3 

Table I 
Dependence on Base of t h e  Reaction Parameters for 

the Catalyzed Tautomerism of Anthrone  in 
Acetonitrile a t  25.0” 

~ 

P yrrolidine 49 36 1400 19.5Sb 
Dabcoa 45 85 3500 18.2gb 
Triethylamine 7 . 3  0 . 2 1  7 . 7  18.46b 
n-Butylamine 3 . 6  33 1000 15.26b 
Benzylamine 3 . 9  X lo-’ 8 . 1  340 16.76b 
Acetamide 2 . 2  X 0.061 2 . 3  6 . 0 ~  
N,N-Dimethyl- 

Pyridine 1.0 x 10-3 0.13 4 . 7  12.33b 
Dimethyl- 

N,N-Dimethyl- 

acetamide 1 . 8  X loe3  0.036 2 . 1  

sulfoxide 5 . 5  x 10-4 0.072 2 . 7  5 . 8 ~  

Benzamide 1 . 2  x 10-4 0.074 2 . 5  3 . 8 ~  
aniline 1 . 3  X 0.078 3 .8  

Aniline 2 . 7  X 0.024 1 . 7  10.56b 
a Triethylenediamine. b Reference 8. c Reference 9. 

pyridine, the pyridine ion pair displays a chemical shift 
1.47 ppm larger than that of the amide.3,16 The lack of a 
positive correlation is observed despite the fact that both 
hi and A describe ion-pair processes. Clearly, the relation- 
ship between basicity and catalytic activity in nonaqueous 
systems (where solvation does not exert a large leveling 
effect) can be extraordinarily complex. 

5 .  Plots of log KI and log KH US. pKa of nitrogen bases 
in CH3CN are linear and have slopes of 0.38 h 0.05. These 
slopes, which indicate only moderate proton transfer from 
hydroxyl groups to amine, seem reasonable in light of pre- 
vious work on acid-base behavior in ace toni t r i le . l7~~~ Plots 
of log K1 and log KH US. pKa show large positive and neg- 
ative deviations for Dabco and triethylamine, respectively. 
Undoubtedly, the peri hydrogens in proximity to the hy- 
droxyl group of anthranol enhance the sensitivit,y of the 
hydrogen bonding to  the steric properties of the bases. 

In summary, we have found that weak aqueous bases in 
an aprotic solvent can effectively catalyze the migration of 
a proton from a carbon atom to a distant oxygen. The 
reaction occurs with considerable proton transfer to the 
bases. We presume that the bases associate with the labile 
proton as the proton migrates intramolecularly6 along the 
anthrone orbitals from carbon to oxygen. The remarkable 
ability of extremely poor aqueous bases such as amides to  
promote the anthrone tautomerism supports the idea that 
weak bases might function catalytically a t  hydrophobic 
sites of enzyme~ . l l .~g  
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tions we have tried. If the oxidation is carried out using 
sodium metaperiodate buffered with sodium bicarbonate, 
33 and 48%, respectively, of the vinyl selenides analogous 
to 3 are formed. 

The occurrence of a facile Pummerer reaction depends 
on the acidifying effect of the carbonyl group on the a 
proton. Hence it is not surprising that the ketal 6 under- 
goes oxidation** and eliminationsb to enone ketal 7 in 
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Organoselenium Chemistry. Conversion of Cyclic 
Ketones and P-Dicarbonyl Compounds to  Enones 

Summary: The selenoxide syn elimination method for the 
synthesis of enones has been extended to the preparation 
of a-dicarbonyl enones, cyclobutenones, and enone ketals; 
and an important limitation to the method has been 
found. 

Sir: The syn elimination of selenoxides has been shown to 
be a convenient, mild, and high-yield method for the 
preparation of a$-unsaturated carbonyl compounds.lg2 
The precursor a-phenylselenocarbonyl compounds can be 
prepared from ketones, aldehydes, and esters,lJ as well as 
from enol acetateslbX2b and acetylenes.Ib We describe here 
some limitations of the method not heretofore recognized, 
as well as extensions to four-membered rings and P-dicar- 
bony1 compounds. 

The necessity for achieving a cyclic transition state in 
the selenoxide elimination3 may impose conflicting con- 
formational demands on cyclic systems, and in fact only a 
limited range of cyclic enones (five- and six-membered 
rings) have been prepared. Our inability to achieve a high 
yield transformation of 2-methyl-6-phenylselenocylohexa- 
none (1) to the enone (2)la led us to examine this reaction 
in more detail (Scheme I). The formation of by-products 3 
and 4 can be rationalized as resulting from a Pummerer- 
like reaction of the ketoselenoxide. 2-Phenyl-6-phenylsele- 
nocyclohexanone6 also gives only a fair yield of enone, but 
the isomeric 2-phenylseleno compound, in which the phe- 
nyl substituent prevents the Pummerer reaction, gives 
enone in high yield (Table I ) .  Scheme I also presents an 
alternate synthesis of the vinyl selenide 3 by selenenyla- 
tion of the ketoselenoxide. 

Both 2-phenylselenocycloheptanone and -cyclooctanone 
give only small amounts of enone (5-15%) under all condi- 

6, 81% 7. 8@$ 

good yield. 2-Phenylselenocycloheptanone can similarly be 
converted to the ethylene ketal of cycloheptenone in 68% 
yield. 

Table I shows several examples of the preparation of cy- 
clopentenonesga and cyclobutenes. The great facility with 
which cyclobutanones undergo Baeyer-Villiger oxidation 
necessitates the use of ozone as oxidantlo for the prepara- 
tion of 3-phenyl-2-cy~lobutenone.~~ Scheme I1 presents 
two examples which illustrate the ability to trap copper 
enolates with PhSeBr for the synthesis of @-substituted 
enones. 

The extension of the selenoxide elimination to  the syn- 
thesis of enediones from P-dicarbonyl compounds is an 
important one, since such transformations are difficult 
using classical methods.12 The dehydrohalogenation in 
particular often fails because of instability of halodicar- 

Scheme I1 
0 0 

1 hfeZCaLir + H,O; 

Ph 
+ 

Ph 
2 PhSeBr" Ph 

SePh 88% 
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a T o t a l  q u a n t i t y  of P h S e B r  used was 10% excess over RLi used 
in t h e  prepara t ion  o f  t h e  cuprate.  A s m a l l  a m o u n t  of PhzSez was 
added to  suppress f o r m a t i o n  of a - h a l o  ketones. B o t h  cis a n d  
t rans  isomers (1:4.5) appeared t o  give enone. Reference 8a. 


