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The monoesters of trifluoroacetic acid (and, in the first two cases, trichloroacetic acid) with ethylene glycol, 
pinacol, and isobutylene glycol have been examined by ir and pmr measurements. In  the case of the pinacol 
esters, but not the other esters, significant amounts of both the hydroxy ester and a cyclic tautomer (a 2-tri- 
halomethyl-1,3-dioxolan-2-ol) are detected at equilibrium. The presence of small amounts of the cyclic tautomer 
in all cases, however, is indicated by reaction of all the esters with diazomethane to give derivatives of 2-methoxy- 
2-trihalomethyl-1,3-dioxolane. 

I n  an earlier paper. correlations of rate constants 
and equilibrium constants for elementary reactions 
involving coordination of a base with an electrophilic 
carbon atom were discussed.2 The reactions considered 
included a number of nucleophilic attacks on the 
carbonyl carbon atom of aldehydes and ketones. In  
order to extend this work to ester interchange and 
hydrolysis reactions, we need to lmon- more about the 
stabilities of the immediate products of nucleophilic 
attack on esters. The immediate products are or- 
dinarily protonated and dcprotonatcd forms of the 
mono- and diesters of ortho acids, RC(OH)s. Al- 
though tricsters of ortho acids are  ell knomn, n e  are 
amarc of no reports of direct observutions on mono- 
esters in any state of protonation and only a few re- 
ports concerning diesters. The only diester for which 
we have found good evidence is the product of the 
internal cyclization of the mono(trifluoroacetate) 
of cis-3,4-dihydro~ytetrahydrofuran.~ In  the reported 
cyclization of o-benzoyloxybenzyl alcohol4 no spectral 
measurements were described. The reaction of di- 
azomcthanc u-ith 2-hydroxyethyl trichloroacctate (1) 
yields the cyclic ortho ester 3, presumably via the inter- 
mediate formation of 2.5 Hon-ever, ,\leerwein and 
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Sonkc concluded, on t'he basis of density and refrac- 
tive index measurements, that the equilibrium between 
1 and 2 lies far on the side of 1, as do the analogous 
equilibria involving the mono- and dichloroacetate 
est er s .6 

Sincc a dialkgl ester of an ortho acid must be much 
more acidic than an ordinary alcohol, it) might be 
easier to make direct obscrvations on its salt than on 
the un-ionized ester. In  fact, Swarts concluded that 

(1) This investigation vas  supported in Par t  by Grants GP-7629 and 

(2) J. Hine, J .  Amer. Chem. S o c . .  93, 3701 (1971) .  
(3) P. Bladon and G. C. Forrest, Chem. Commun., 481 (1966). 
(4) 13.  Helferich and H. Liesen, Chem. Ber., 83, 567 (1950); B. Helferich 

( 5 )  H. Meerwein and G. Hinz, Justus Liebigs Bnn. Chem., 484, 1 (1930). 
(6 )  H. Meerwein and H.  Sonke, J .  Prakt .  Chem., 137, 295 (1933). 
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and H.-0.  M .  ron  Rlumencron, ibid., 86, 1058 (1953). 

ethyl trifluoroacetate and sodium ethoxide give a 
solid isolable salt of diethyl 2,2,2-trifl~oroorthoacetate.~ 
Bender obtained infrared evidence for this conclusion.8 
Subsequently, tetrodotoxin has been found to be the 
inner salt of the diester of an ortho a ~ i d . ~ , ' ~  

We have extended some of the preceding observa- 
tions in an attempt to learn whether we could make 
direct observations on equilibria between ordinary 
esters and dialliyl esters of ortho acids or their salts. 

Results and Discussion 

Treatment of pinacol with trifluoroacetic anhydride 
gave a crystalline product with the correct elemental 
analysis for the monoester. The proton magnetic 
resonance (pmr) spectrum (in carbon tetrachloride) 
showed a small peak a t  T 6.5 ppm, attributed to the 
hydroxylic protons, and four larger peaks a t  8.37, 
8.61, 8.71, and 8.73 ppm. In  benzene the difference 
in chemical shift between the last two peaks was 0.05 
ppm and the four larger peaks were resolved enough 
' to malie it clear that the two middle peaks were of 
equal size and the outside peaks were each about 38% 
as large. It was presumed that one pair of peaks 
arose from the two different types of methyl groups 
in the monoester 4 and the other pair from the two 
types of methyl groups in its cyclic tautomer 4,4,5,- 
5-tetramethyl-2-trifluoromethyl-l,3-dioxolan-2-01 ( 5 ) .  
Since the two types of methyl groups in 4 seem 
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to differ more in their environment t'han do those 
in 5 ,  the two inner peaks were tentatively assigned 
to 5 and the outer ones to 4. Since the hydroxy group 
in 5 must be tremendously more acidic than t'hat in 4, 
it should hydrogen bond much more strongly to oxygen 
and nitrogen atoms with unshared electron pairs. 
Hence, the pmr spectrum was run in dioxane and aceto- 
nitrile, where the lower field outer peak (the only 
outer peak that was clearly visible) was only about 

(7) F. Smarts, Bull. Soc. Chim. Belo., 35, 414 (1926). 
(8) 21. L. Bender, J .  Amer. Chem. Soc., 76, 5986 (1953). 
(9) T. Goto, Y. Kishi, S. Takahashi, and Y. Hirata, T'etrahedron Lett., 
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5% as large as an inner peak. This change in relative 
peak sizes is attributed to stabilization of 5 by hydrogen 
bonding to  the solvent. The data in Table I shou- 

TABLE I 
AMOUNTS O F  2-TRIHALOMETHYL-1,3-DIOXOLAN-2-OL 

PRESENT I N  MONOTRIHBLOACETATES O F  PIXACOL 

Dioxolan-2-01, 
Ester Solvent 70 

Trifluoroacetate cc14 60 
Trifluoroacetate Benzene 72 
Trifluoroacetate 1,4Dioxane 95 
Trifluoroacet at e 1MeCN 95 
Trichloroacetate cc14 7 
Trichloroacetate MeCN 13 

that  such hydrogen bonding is probably significant even 
in benzene, where there is significantly more 5 present 
than in carbon tetrachloride. Addition of the base 
Dabco (1,4-diazabicyclo [2.2.2]octane) to carbon tetra- 
chloride solutions gave pmr evidence that the equilib- 
rium was shifted toward the cyclic tautomer 5 ,  which 
must form a salt or hydrogen-bonded complex with 
the base. Tnfrarcd measurements on the same solu- 
tions showed a decrease in the intensity of the absorp- 
tion peak at  1730 C M - ~ ,  attributed to the carbonyl 
group of 4. hlethylation of the mixture of 4 and 5 
gave 2-mcthoxy-4,4,5,d-trtramethyl-2-trifluoromethyl- 
1,3-dioxolane (6) ,  n hose pmr spectra showed methyl 
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peaks at  the same chemical shifts as those of 5 and a 
methoxy peak split into a quartet by the trifluoromethyl 
group. x .  

The trichloroacetate of pinacol," like the trifluoro- 
acetate, had a pmr spectrum with tn-o pairs of singlets 
for the methyl protons, but there was much less cyclic 
tautomer present ( c j .  Table I). Larger areas could be 
obtained for the inner peaks by addition of Dabco. 
Methylation of the mixture of tautomers gave 
2-methoxy-4,4,5,5-tetramrthyl- 2 - trichloromcthJr1- 1,3- 
dioxolane, whose pmr spectrum shon ed methyl 
peaks with essentially the same chemical shifts as 
those in 6 .  

In  the cme of the trifluoroacetate of isobutylene 
glycoi, n-hich consisted largely of the isomer in which 
the primary alcohol group was estrrified, none of the 
cyclic tautomer was detected. However, in this 
case, too, treatment with diazomethane gave the cyclic 
0-methylated derivative 7, whose methyl groups had 
about the same chemical shifts as those of 5 and 6 .  
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In  the case of the trichloroacetate and the trifluoro- 
acetate12 of ethylene glycol, nonc of the cyclic tautomer 
was detrcted by examination of the pmr spectra. 
Treatment n ith diazomcthane gave thc 0-methylated 

(11) 
(12) S D. Ross and M Finkelatein, J .  Org. Chem.,  22, 847 (1957). 

J. Hickinbottom and D. R. Hogg, J C h a m  Soc , 4200 (1954). 

cyclic derivatives, each of which showed a broadened 
singlet for the methylene protons, which had given 
AaBz patterns in the starting esters. 

Studies of the trifluoroacetate of ethylene glycol 
in ethylene glycol containing the sodium salt of ethylene 
glycol gave some evidence for the formation of the 
salt of the cyclic tautomer 8. Following the reaction 
in the presence of phenolphthalein by use of a stopped 
flow spectrophotometer showed that much of the base 
(in the presence of excess ester) was used up in a reac- 
tion with a half-life of less than a second. The remain- 
ing base was used up in a reaction that took place 
over a period of several minutes. We hypothesize 
that the rapid reaction is the reversible transformation 
of much of the reactant to 8 and that the slower reaction 
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is at least partly a neighboring group displacement 
reaction to yield ethylene oxide and trifluoroacetate 
ions. About 70% of sodium trifluoroacetate was 
found (by ir measurements) to be in the product mix- 
ture, but in spite of many experiments we could never 
detect more than about 10% ethylene oxide. 

The strongly electron-withdrawing trihalomethyl 
group attached to the carbonyl group of our esters 
must greatly increase the equilibrium constants for 
addition of hydroxy groups to the carbonyl groups. 
Addition is further favored by the possibility of form- 
ing a five-membered ring. Even so, the fraction of 
cyclic tautomer present a t  equilibrium in the case of 
2-hydroxyethyl trifluoroacetate was too small to detect 
directly. Only when there were several methyl groups 
present to favor ring formation still more (or when 
the hydroxy and trifluoroacetoxy groups are held next 
to each other, as in the case of the trifluoroacetate of 
cis-3,4-dihydroxytetrahydrofuran) is the stability of 
the cyclic dialkyl ortho ester comparable to that of 
the open-chain hydroxy ester. Examination of the 
steric and polar substituent constants of trichloro- 
methyl and trifluoromethyl groups suggests that the 
smaller tendency of the trichloroacetate of pinacol 
to cyclize is probably largely the result of steric hin- 
drance. 

Experimental Section 
Trifluoroacetylation of Pinaco1.-Various methods of treating 

pinacol with trifluoroacetic acid gave only pinacolone. Reaction 
of 10.5 g (50 mmol) of trifluoroacetic anhydride and 5 g (49 mmol) 
of piriacol in 10 g of benzene at  about 25' for 2.5 hr was found by 
glpc on diethylene glycol succinate (DEGS) to give a major 
amount of a new product, almost as much pinacolone, and about 
15$& as much pinacol. The combined products of two such 
reactions were rid of pinacol by fractional distillation at  35-78' 
(9.5 mm). Refractionation of the latter fractions from this 
distillation gave material that showed only one peak on glpc on 
DEGS: bp 40" (2.5 mm); mp 45-52"; ir13 (CCL) 1200, 1780, 
1360,2990,3010, 1380, 3600, and 1450 cm-l. 

Anal. Calcd for CSHI3O3F3: C, 44.86; H, 6.11; F, 26.60. 
Found: C, 45.01; H ,  6.12; F, 26.54. 

(13) In order of decreasing intensity. 
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2-Methoxy-4,4,5,5-tetramethyl-2-trifluoromethyl-l ,J-dioxo- 
lane .-The product of the trifluoroacetylation of pinacol (a 
mixture of 4 and 5) was added to a solution of diazomethane in 
ether and the resultant mixture was separated by glpc on DEGS. 
The product that had given the only major new glpc peak had a 
pmr spectrum (cC14) consisting of a quartet (JFH % 1.3 Hz) 
a t  T 6.65 and two singlets, each with an area twice that of the 
quartet, at 8.63 and 8.70 ppm. The ir showed no absorption 
band in the carbonyl region. 

Trichloroacetate of Pinaco1.-The product [bp 76-78" (0.05 
mm); ir (CClr) 1760 (C=O) and 3590-3000 cm-l (OH)] of 
the reaction of trichloroacetic acid with tetramethylethyl- 
ene oxidell had a pmr spectrum (CC14) consisting of a 
slightly broadened hydroxy peak at T 7.50, two methyl peaks, 
each almost six times as large, a t  8.37 and 8.71, and two more 
methyl peaks, each about 8% as large as the larger methyl peaks, 
at 8 5 5  and 8.66 ppm. The pmr spectrum in acetonitrile was 
quite similar except that the peaks at 8.55 and 8.66 were about 
15% as large as those at 8.37 and 8.71 ppm, 

2-Methoxy-4,4,5,5-tetramethyl-2-trichloromethyl-l ,J-dioxo- 
lane .-The trichloroacetate of pinacol was added to a solution 
of diazomethane in ether and the resultant mixture was separated 
by glpc on DEGS. The material from the only new glpc peak 
had no carbonyl band in its ir spectrum and a pmr spectrum 
consisting of three singlets with a ratio of 1: 2: 2. 

Trifluoroacetates of Isobutylene Glycol.-Reaction of 9.3 g 
of trifluoroacetic acid and 8 g of isobutylene glycol in 10 g of 
benzene was allowed to proceed for 20 hr a t  25'. Distillation 
gave 6 g of colorless liquid, bp 63' (20 mm), ir 1780 em-1 (C=O). 
The pmr spectrum showed singlets at T 8.68 and 5.80 ppm 
(areas, 3 : 2 )  attributed to the methyl and methylene groups of 
the primary ester 2-hydroxy-2-methylpropyl trifluoroacetate 
and two more singlets (T 8.45 and 6.24 ppm) 3% as large at- 
tributed to the methyl and methylene groups of the tertiary 
ester l,l-dimethyl-2-hydroxyethyl trifluoroacetate. This mix- 
ture ieacted with diazomethane in ether to give, after separation 
by preparative glpc, 2-methoxy-4,4-dimethyl-2-trifluoromethyl- 
1,3-dioxolane: ir13 (CC1,) 2990, 1360, 1240, 1370, 1450, and 
2950 em-'; pmr (CCla) r 6.09 (s, 2, CHz), 6.62 (s, 3, OCHa), 
8.53 (s,3,CCH1), and 8.61ppm (s,3, CCH3). 

Trifluoroacetate of Ethylene Glycol.-A mixture of the mono- 
and diesters, prepared by the literature procedure,'Z was sepa- 
rated by preparative glpc on DEGS to give 2-hydroxyethyl 

trifluoroacetate, whose pmr spectrum (CClr) showed two ap- 
proximate triplets of equal size a t  T 5.34 and 6.02 ppm plus the 
hydroxyl peak. Methylation by diazomethane gave 2-methoxy- 
2-trifluoromethyl-l,3-dioxolane: $3 (CC14) 2910, 2990, 2950, 
1430, 1450, 1310, 1360, 1270, 1340, and 2850 cm-l; pmr (CCl4) 
T 5.77 ( s , ~ , C H ~ ) , ~ . ~ O ~ ~ ~ ( S , ~ , O C H I ) .  

Reaction of 2-Hydroxyethyl Trifluoroacetate with Sodium 
2-Hydroxyethoxide.-The same results were obtained in this 
reaction when the diester 1,2-bis(trifluoroacetoxy)ethane was 
used as when the nionoester 2-hydroxyethyl trifluoroacetate was 
used. Presumably the diester is very rapidly transformed to the 
monoester under the reaction conditions. Since the diester is 
more easily obtained in a pure form it was more commonly used. 
In  a typical experiment, 0.2 g of sodium was dissolved in 2.5 ml 
of anhydrous ethylene glycol under nitrogen. The mixture was 
cooled to 0' and excess diester was added. After 30 min the pmr 
of the reaction mixture showed the presence of monoester and 
ethylene oxide. In other experiments the reaction mixture was 
evacuated through a trap cooled in liquid nitrogen, which was 
subsequently found to contain ethylene oxide. The identity of 
the epoxide was established by glpc on DEGS and SE-30 a5 well 
as by pmr. However, in some experiments it was not found, 
and in no case was its yield greater than about 10%. 

Known amounts of the diester were added to standard solu- 
tions of sodium 2-hydroxyethoxide in ethylene glycol and absor- 
bance measurements made at  the 1680 cm-I absorption maxi- 
mum for the trifluoroacetate ion. Comparison of standard solu- 
tions of sodium trifluoroacetate in ethylene glycol containing the 
Same concentration of sodium 2-hydroxyethoxide as that found 
by titration to remain in the reaction solution showed that about 
1.4 mol of sodium trifluoroacetate had been formed per mole of 
diester used. 

Registry No. -4, 13388-92-6; 4 trichloro analog, 
36978-04-8; 5 ,  36978-05-9; 5 trichloro analog, 36978- 
06-0; 6, 36978-07-1 ; 7, 36978-08-2 ; 2-methoxy-4,4,5,5- 
tetramethyl-2-trichloromethyl-l,3-dioxolane, 36978- 
09-3; 2-hydroxy-2-methylpropyl trifluoroacetate, 
36978-10-6; 1 , 1-dimethyl-2-hydroxyethyl trifluoro- 
acetate, 36978-1 1-7 ; 2-hydroxyethyl trifluoroacetate, 
667-32-3 ; 2-met hoxy-2-trifluorome t hyl- 1,3-dioxolane 
36978-13-9. 
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tert-Butyl anti-bicyclo[7.1.0] decane-2-percarboxylate (1 ) was prepared and assigned stereochemistry by con- 
version to a~rti-bicyclo[7.1.0] decan-2-01, Photolytic or thermal decompositions gave complex product mixtures. 
The formation of both cis and lrans cyclodecenes indicates that the cyclopropylcarbinyl radical does not give a 
stereospecific ring expansion. 

Previous \vork2 has shown that anti-bicyclo [7.1 .O]- 
dccan-2-01 undergow an acid-catalyzed, stereospecific 
ring expansion to trans-cyclodec-3-en-1-01 (eq 1) and 

H 

OH 
that the syn isomer stereospecifically gives the cis ring 
cxpandcd product. These results supest  the inter- 
mcdiacy of nonclassical carbonium ions capable of 
maint'aining stereochcrnistry. However, an argument 

(1) We thank the Research Corporation for support of this work. 
(2) C. D. Poulter and S. Kinstein, J. Amer. Chem. Soc., 92, 4282 (1970). 

could be made for classical ions that maintain stereo- 
chemistry because of some property of the medium- 
sized ring system. For example, the stereospecific 
ring expansions could result from the least motion 
rearrangements of two classical ions that do not readily 
undergo conformational int'erconversion. 

The behavior of the corresponding radical is inter- 
esting in this regard because radicals do not generally 
show nonclassical b e h a ~ i o r . ~  If the radicals were to 

(3) L. E. Friedrich and F. R .  Wight, ib id . ,  9'2, 1807 (1970). 
(4) (a) S. J. Cristol and A .  L. Korean, ibid. ,  91, 3969 (1969), and refer- 

ences cited therein; (b) J. K.  Icochi, P. J. Krusic, and D. R.  Eaton, ibid., 
91, 1877 (1969); ( e )  T. A. Halgren, M. E .  H.  Howden, A I ,  E .  Bledorf, and 
J. D. Roberts, i b i d . ,  89, 3051 (1967); (d) for a review of earlier work of 
cyclopropylcarbinyl radicals, see L. K. Montgomery, J. 71;. Matt ,  and J. R .  
Webster, i b i d . ,  89, 923 (1967). 


