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br, CH2CH3), 3.00-4.10 (7 H, br, C02CH3 and CH2), 7.10-8.00 (15 
H, m, H Ar); MS, m/z  (relative intensity) 481 (M', lo), 365 (M 

8b (R = C02Et): 91.5% yield; mp 124-125 OC; IR 1710,1660 
cm-' (CO); 'H NMR (CDCl,) 6 1.13 (3 H, t, CH2CH3), 3.50 (3 H, 
s, CH3), 4.06 (2 H, q, CH2), 7.15-7.95 (15 H, m, H Ar); MS, m/z  
(relative intensity) 438 (M', 14), 365 (M - 73, loo), 262 (31), 183 
(35), 108 (15). 
[Bis(dimethyldithiocarbamyl)methylene]triphenyl- 

phosphorane (9a). (A) Potassium tert-butoxide (1.12 g, 10 "01) 
was added to a suspension of methyltriphenylphosphonium 
bromide (3.57 g, 10 mmol) in DME (45 mL) under magnetic 
stirring and nitrogen atmosphere at room temperature. The 
solution soon turned light yellow, and the color became more 
intense with time. Stirring was continued for 3 h. Then a solution 
of dimethylthiocarbamoyl disulfide (1.20 g, 5 mmol) and benz- 
aldehyde (2.12 g, 2 mmol) in DME (15 mL) was added, and the 
solution was heated at reflux for 3.5 h. The solvent was removed 
in vacuo, and the residue was washed with acetone (10 mL) and 
water (5 mL), affording a light yellow solid (1.0 g, 38.5% yield). 
A sample recrystallized from benzene had mp 233-235 O C :  IR 
1490,1370,1245,980,755,710,695,685 cm-I; 'H NMR (CDC13) 
6 3.25 (12 H, br, CHd, 7.30-8.10 (15 H, m, H Ar); MS m/z,  (relative 
intensity) 514 (M+, 0.2), 426 (M - 88, 2), 294 (4), 293 (3), 262 (6), 
183 (18), 108 (lo), 88 (100). 

(B) Sodium hydride (80% dispersion in mineral oil 0.15 g, 5 
mmol) was added to a suspension of 3a (1.31 g, 2.5 mmol) and 
dimethylthiocarbamoyl disulfide (0.60 g, 2.5 mmol) in anhydrous 
DME (45 mL) under stirring and nitrogen atmosphere at room 
temperature. Stirring was continued for 1 h; then the mixture 
was heated at reflux for 1.5 h, turning into an almost complete 
solution, which was concentrated to 20 mL and cooled. The 
separated solid was filtered and washed with water (5 mL). Yellow 
crystals were left, mp 235-236 "C, identified as 9a by comparison 
with a sample from A (0.72 g, 56.2% yield; part of 9a remained 
in DME solution). 
9b was similarly obtained from 3d and diethylthiocarbamoyl 

disulfide. 9b: yellow crystals; mp 139-141 "C; 66.5% yield; 'H 

- 116, lOO), 262 (24), 183 (33), 116 (12), 108 (32), 88 (26), 60 (37). 

NMR (CDC13) 6 1.05 (12 H, br, CH3), 3.75 (8 H, br, CHJ, 7.25-8.15 
(15 H, m, H Ar). 
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The basic hydrolysis of 2,2,2-trichloro-l-phenylethanone (la), 2,2,2-trichloro-l-@-methoxyphenyl)ethanone 
(lb), and 2,2,2-trichloro-1-@-chlorophenyl)ethanone (IC) has been studied in the pH range 5.5-13.2. In all cases 
the reaction producb were chloroform and the corresponding benzoate. The reaction is first order toward both 
the ethanone and hydroxide ion and proceeds via an addition-elimination-type mechanism. The initial addition 
step forms the corresponding ethanone hydrates, which, depending on the pH, will form the mono- and dianionic 
intermediates, the elimination of CC13 from the mono- and/or dianionic species being the rate-limiting step of 
the reaction. 

Introduction 
Organic reactions in which the trichloromethyl is a 

leaving group have long been known, the haloform reaction 
being a classical example found in any textbook of organic 
chemistry.' In spite of this, systematic studies on the 
leaving group ability of the CC13 group, as compared to  
other more common groups, are scarce. 

We have been interested for some years in exploiting the 
trichloromethyl as a leaving group in synthetic transfor- 

(1) March, J. Aduanced Organic Chemistry, 2nd ed.; McGraw-Hill: 
New York, 1977; p 575. 
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mations and in investigating in detail the mechanisms 
involved in these  reaction^.^-^ As an  example, 1,l-di- 
aryl-2,2,2-trichloroethanols undergo a base-catalyzed ox- 
idative cleavage to yield chloroform and the corresponding 
benzophenone derivatives. This elimination proceeds via 

(2) Nome, F.; Erbs, W.; Correia, V. R. J. Org. Chem. 1982, 46, 3802. 
(3) Nome, F.; Schwingel, E. W.; Ionescu, L. G. J. Org. Chem. 1980,45, 
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(4) Lins, H. S.; Nome, F.; Rezende, M. C.; de Souza, I. J. Chem. SOC., 

( 5 )  Uieara, M.; Zucco, C.; Zanette, D.; Rezende, M. C.; Nome, F. J. 
Perkin Trans. 2 1984, 1521. 

Chem. SOC., Perkin Trans. 2 1987, 463. 
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a (ElcB)R mechan i~m.~  The decomposition of 1-aryl- 
2,2,2-trihaloethanols in basic medium follows the same 
mechanism, a reaction which results in the formation of 
the haloform and the corresponding ben~aldehyde.~ When 
the trichloromethyl is adjacent to a carbonyl group, as in 
the l-aryl-2,2,2-trichloroethanones 1, the reaction with 
alcohols results in the formation of the corresponding 
benzoate esters, while treatment of 1 with ethylamine in 
dry dioxane yields the amides ArCONHEt in high yields.6 
The reaction of 1 with alcohols proceeds via a hemiketal 
intermediate, and the overall mechanism is an addition- 
elimination process, the reactivity of the alcohols de- 
creasing in the order MeOH > EtOH > n-PrOH > n- 
BUOH.~  The reaction of the trichloroethanones 1 with 
hydroxide ion has long been known to form the corre- 
sponding benzoates: but the detailed mechanism of this 
conversion has not been studied yet. As was the case for 
the alcoholysis of 1, the tetrahedral intermediate formed 
by the addition of OH- to the carbonyl group should be 
relatively stable, the trichloromethyl being a comparatively 
poor leaving group. 

The mechanism of the basic decomposition of 2,2,2- 
trichloro-1-arylethanones 1 is the subject of the present 
work. 

Experimental  Section 
The trichloroethanones la and IC were prepared by chlorination 

of the corresponding acetophenones, following previously reported 
 procedure^:'^ 2,2,2-trichloro-l-phenylethanone (la) had bp 142 
"C (25 mmHg) [lit.Io bp 145 "C (25 mmHg)], and 2,2,2-tri- 
chloro-1-(pchloropheny1)ethanone (IC) had bp 177 "C (40 mmHg) 
[lit.lo bp 181 "C (40 mmHg)]. Compound lb, 2,2,2-trichloro- 
1-(p-methoxyphenyl)ethanone, had mp 33-34 "C (lit." 33-34.5 
'C) and was prepared by oxidation of the corresponding 2,2,2- 
trichloro- 1-(p-methoxypheny1)ethanol with pyridinium chloro- 
chromate (PCC)12 in a similar way as that described for oxidation 
of alcohols. All the ethanones were further characterized by their 
IR and NMR spectra and their purity confirmed by GLC. 

All reacting solutions were prepared with deionized, distilled, 
and degassed water. The pH of these solutions were controlled 
by buffers which were found not to cause any rate influence. At 
pH values above 12, the hydroxide ion concentration was directly 
determined by titration. 

Stock solutions of the ethanones were prepared with dry 
acetonitrile and added to the reaction mixture contained in a 
10-mm path length cell, when thermally equilibrated, in the 
thermostated cell compartment of a Shimadzu UV 210A spec- 
trophotometer for slower runs. Faster reactions ( t l lP > 20 s) were 
followed by a Photophysics 1705 stopped-flow instrument. 

Rates of degradation of the ethanones were determined by 
following the appearance of the corresponding carboxylic acids 
(in their salt forms) at 230, 246, and 235 nm respectively for 
compounds la ,  lb, and IC. 

The temperature for the kinetic measurements was kept at 25.0 
i 0.1 "C. Reactions were monitored up to 90% completion. 
Reported values for observed first-order rate constants were 
calculated by a generalized least-squares method13J4 from the 
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(11) Beilstein Handbuch der Organischem Chemie; Springer-Verlag: 
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(13) Deming, W. Statistical Adjustment of Data; Dover: New York, 
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Scheme I 

0 Y OH 

la,  X = H  OH 
lb ,  X =  OMe 
l C ,  x =  CI  2a, X = H  

2b, X=OMe 
2c. x = CI 

Table I. Observed First-Order Rate Constants for the 
Hydration of 2,2,2-Trichloro- I-phenylethanone as a 
Function of Temperature and Acid Concentration 

I_iil---_- -- - . __ . __I - - -. 

kabsd, s ' -- - ___I_ 
pH [HCl], M at 5.0 O C  at 10.0 "C at 25.0 "C 
4.42 
4.23 
3.00 

0.01 
0.10 
0.25 
0.50 
1.00 
2.00 
3.00 

0.157 

0.160 
0.156 
0.158 
0.153 
0.152 
0.157 
0.158 
0.154 

0.230 0.540 
0.537 

0.281 U.531 
0.535 

0.240 0.542 

0.243 0.540 
0.240 0 543 
0.239 
0 231 c1.588 

relationship In ( A ,  - A,) versus time, and they are weighted 
averages of two to four runs where the standard deviations were 
not accepted to be greater than 3%. 

Chloroform was identified as a reaction product with a C.C. 
370 gas chromatograph which employed an OV-17 column. 

Resul ts  and Discussion 
Addition of l-phenyl-2,2,2-trichloroethanone ( la )  to 

aqueous acid solutions (pH 4.42 to 3 M HC1) caused a 
decrease in the absorbance of the T--P* band of la at 258.5 
nm. When the resulting solution was analyzed by GLC 
a single peak was observed, which corresponded to the 
starting ethanone. These observations are consistent with 
the equilibrium depicted in Scheme 1. 

Table I contains the kinetic data obtained for the hy- 
dration of la a t  5410.0, and 25.0 "C. As can be seen, the 
reaction is independent of the acid concentration a t  all 
temperatures. 

The hydration constants Kh for the trichloroethanones 
1 may be calculated with the aid of eq 1, where a,, a2, and 

(1) 
alZ are the absorbances for the H--P* band of the ethanone 
1, the hydrate 2, and the equilibrium mixture of 1 and 2, 
respectively, using similar assumptions to those described 
previously for the alcoholysis of compounds 1.j For the 
trichloroethanones l a ,  l b ,  and IC the estimated values 
were 1.53 f 1070~0.218 f lo%, and 5.64 f 1070, respec- 
tively, arid represent an average of 15 determinations. 

Using the data in Table 1 and the value of the hydration 
constant for compound la, values of k ,  = 0.33 s and k 
= 0.21 for the forward and reverse hydratioil steps a t  
25 "C were obtained. From pH 4.42 to 3 M HCI, there was 
no evidence of specific acid catalysis in the hydration of 
ketone la. The absence of specific acid catalysis is prob- 
ably due to the strong electron-withdrawing effect of the 
trichloromethyl group upon the adjacent carbonyl. 

The reaction was no longer reversible when the ethanone 
la  was added to aqueous solutions in the pH range 
5.5-13.2. In this case chloroform and sodium benzoate 
were identified as hydrolysis products of the phenyltri- 
chloroethanones. The same behavior was observed for the 
ethanones l b  and IC. The variations of the observed 
constants for the basic hydrolysis of compound la with the 
pH values of the medium is shown in Figure 1. Identical 

Kh = (a ,  - aL,4)/(a1,2 - 4 
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Figure 1. Experimental rate constants for the hydrolysis of la 
(0) as a function of pH at 25.0 "C. The full line was calculated 
by means of eq 5. The separate contributions of k and k are 
indicated by - - - and --, respectively. 

pH rate profiles were observed for ketones l b  and IC, the 
experimental results being included as supplementary 
material. For all ethanones, a first-order dependence of 
the observed rate constants on the hydroxide concentration 
is observed. 

In basic solutions, addition of hydroxide ion to form a 
tetrahedral intermediate should be much faster than the 
formation of the hydrate a t  low pH values. Unfortunately 
we could not measure the hydration constants for this 
process because the ensuing elimination of the trichloro- 
methyl group took place a t  a substantial rate, thus pre- 
cluding the determination of Kh. 

In our view a mechanism similar to the classical BAc2 
process, where the hydroxide addition is the rate-deter- 
mining step is not operative in this case. In fact, such a 
mechanism may be rejected on the ground of the following 
considerations: First, as shown in Figure 1, the decom- 
position of the phenylethanone la obeys a first-order de- 
pendence on OH- even in slightly acidic solutions (pH 
5.5-7.0), where the initial addition step was slow enough 
to be followed, and was clearly several orders of magnitude 
faster than the elimination step. It is reasonable to suggest 
that  this situation should not be reversed in more basic 
solutions and that the addition step should also be much 
faster than the decomposition of the tetrahedral inter- 
mediate. These conclusions are reinforced by a p value of 
0.8, which can be estimated from the experimental data 
for the hydrolysis of compounds 1. This value is clearly 
lower than expected for BAc2-type mechanisms (p = 2.5415 
for the basic hydrolysis of ethyl benzoates). 

A mechanistic possibility which accounts for the above 
results, is depicted in Scheme 11. 

For the discussion of this mechanism we must in the first 
place evaluate constants K1 and K2. This can be done if 
we estimate pKa values for the hydrate 2 and for the 
monoanion 3, pKa(2) and pKa(3) (eq 2 and 3), respectively. 

(2) 
(3) 

The pK, values of 2 and 3 may be estimated with a rea- 

P K ~  = pKa(2) - P K ~  
PK, = pKa(3) - P K ~  

(15) Johnson, C. D. The Hammett Equation; Cambridge University: 
Cambridge, 1973; p 8. 

Scheme I1 
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Table 11. Estimated pK, of Trichloro Hydrates 2 and 3 and 
Trifluoro Hydrates 11, Calculated with Equation 4" 

DK. 

hydrate 11 hydrate 2 
X calcd obsd* calcd 

p-Me0 10.24 10.18 10.11 

p-c1 9.55 

p-Me 10.13 10.15 
H 9.94 10.00 9.81 

m-Br 9.50 9.51 
m-NO, 9.15 9.18 

"pK, values for CHBCH(OH)z (pK, (5) = 13.57,17 CC13CH20H 

(pK,(8) = 15.4),23 and CH,OH (pK,(9) = 15.5)21~22 were used in eq 
4. Values for compounds 11 were calculated by using the pK, val- 
ue for CF3CH,0H (pK, (11) = 12.37)21,22 instead of pK,(6) in eq 4. 
*Taken from ref 18. 

(pK,(6) = 12.24),21,22 CHBCHZOH (pK,(7) = 15.9),21~22 CGHSCHZOH 

sonable degree of accuracy from extrathermodynamic ar- 
guments. Starting from the pK, value of 13.57 for the 
parent compound CH,CH(OH),'6 and applying to alcohols 
the ApK, method utilized 'in the prediction of pKa values 
for organic acids and bases,17 we may estimate the pK, of 
hydrates 2 with the aid of eq 4, where the numbers in 

PK$) = 

parentheses stand for the alcohols for which pK, values 
are listed in Table I1 and n is the Hammett substituent 
constant. A p value of 1.11 was used in eq 4, corresponding 
to the ionization of the hydrates of l-aryl-2,2,2-trifluoro- 
ethanones 11.18 The estimated pK, values of the hydrates 
2 are given in Table 11. The validity of our treatment is 
illustrated by the estimated pK, values of the hydrates of 
2,2,2-trifluoro-l-phenylethanone 11, obtained by our me- 
thod, which are also listed in Table 11. As can be seen, the 
difference between the estimated and the experimental 
values18 is never larger than 0.06 pK, unit. 

~Ka(5 )  + ~Ka(6)  - pKa(7) + ~Ka(8)  - pKa(9) - pa (4) 

(16) Bell, R. P.; Anwood, D. P. Trans. Faraday SOC. 1962,58,1557. 
(17) pKa Predictions for Organic Acids and Bases; Chapman and 

(18) Stewart, R.; Vander Linden, R. Can. J. Chem. 1960, 38, 399. 
Hall: London, 1981. 
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Table 111. Values of Constants K h ,  K1, K2, k', and k"for Para-Substituted Trichloroethanones 1 
Kh K,, M-' K,, M-' k', k", s-* 

6.17 x 10-3 0.75 1.20 x 106 X = H  1.53 1.55 x 104 
x = c 1  5.64 2.82 x 104 
X = Me0 0.218 7.76 x 103 

From the pK, values of hydrates 2 we may obtain pK, 
values for the corresponding monoanions 3, by addition 
of 6.4 units to the values listed in Table 11. This corre- 
sponds to the assumption that the difference between the 
pKa values of 3 and 2 is the same as that between the 
values of HC03- and H2C03.1g120 Thus we arrive at  values 
of 16.21, 16.51, and 15.95 for the dissociation of monoan- 
ions 3, where X = H, p-MeO, and p-C1, respectively. 

By means of eq 2 and 3, where pK, = 14, one may obtain 
the values for pK1 and pK2 and consequently for K1 and 
K2. These values are listed in Table 111. 

Equation 5, derived from Scheme 11, relates the observed 
rate constant, kobsd, to the hydroxide ion concentration, 
incorporating Kh, K1, and K2, besides the rate-limiting 
constants k'and k". 

k 'KiKh[ OH-] + k "KiK2Kh [ OH-] 
(5) 

The validity of eq 5 is substantiated by the excellent 
agreement between the experimental data and the theo- 
retical curve (calculated by eq 5), employing the values of 
Kh, K,, and K2 given in Table I11 (Figure 1). The rate 
constants k'and k"a1so listed in Table I11 were obtained 
by best fit of eq 5 to observed rate constants. Figure 1 also 
include theoretical curves corresponding to the separate 
contributions of monoanion 3 and dianion 4 to the overall 
rate constant. I t  is clear that neither of these species by 
itself is capable of describing the data in the whole pH 
range employed. This behavior is indicative that forms 
3 and 4 are reacting intermediates in solution. In the low 
pH range, the reaction proceeds mainly through the mo- 

1 + Kh(1 + K,[OH-] + K,K2[OH-I2 Itobsd = 

(19) Kurz, J. L. J. Am. Chem. SOC. 1963,85, 987. 
(20) Bell, R. P. The Proton in Chemistry, 2nd ed.; Chapman and Hak 

(21) Ballinger, P.; Long, F. A. J. Am. Chem. SOC. 1959, 81, 1050. 
(22) Ballinger, P.; Long, F. A. J.  Am. Chem. SOC. 1960, 82, 975. 
(23) Takahashi, S.; Cohen, L. A.; Miller, H. K.; Peake, E. G. J. Org. 

London, 1973; p 40. 

Chem. 1971, 36, 1205. 

1.12 x 10-2 0.43 1.00 x 106 
3.09 x 10-3 2.85 1.30 X lo6 

noanion 3, but as the basicity of the medium increase, the 
more reactive dianion 4 becomes the major contributor 
toward produds. The values of k'and k"in Table I11 show 
that the dianionic species 4 is on the average lo6 times 
more reactive than the monoanion 3. Both k' and k" 
increase with the electron-donating ability of the aryl 
substituent, in accord with the previously reported sub- 
stituent effect on the basic decomposition of 2,2,2-tri- 
chloro-l-arylethanols.4 It is also apparent that the ratio 
k"/k'decreases in the order X = C1> H > OMe, an ob- 
servation which points to a smaller sensitivity of the di- 
anion 4 to substituent effects. This is probably due to the 
strong effect of the two alkoxide groups on carbon 1, which 
provides enough driving force for the decomposition to 
proceed without significant contributions from the sub- 
stituents. 

In conclusion, the reaction proceeds through an addi- 
tion-elimination process in which the elimination of the 
CC13 group from either the monoanionic or dianionic 
species is the rate-determining step, the contribution of 
each species being dependent on pH (Scheme 11). 

In continuation to our mechanistic studies involving the 
CCl, group adjacent to a carbonyl, we are currently in- 
vestigating the mechanisms for the hydration and ami- 
nolysis of the title compounds. 
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