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of those estimated for the hydroxymercuration of ole-
finic compounds by other organomercurial ions from 
measurements on the rates of exchange of olefins with 
oxymercurials.9 Also pertinent to the present theme 
are recent direct observations of the acid-induced cleav
age of diacetonylmercury10 and of the methoxymer-
curation of an allene by organomercury(II) ions.11 

Finally, the results of these studies yield information, 
not previously available, about the effects of the system
atic variation of R in the series of RHg+ ions examined, 
both on the equilibrium constant (K3) of the oxymer-
curation reaction 3 and on the rate constant (Zc4) of the 
acid-promoted deoxymercuration reaction 4. The 
data in Table I reveal a marked parallel between the 
variations of the two constants, each of which appears 

(9) J. E. Byrd and J. Halpern, J. Amer. Chem. Soc, 92, 6967 (1970). 
(10) E. Winterfeldt and H. Radunz, / . Chem. Soc. D, 374 (1971). 
(11) R. D. Bach, / . Amer. Chem. Soc, 91, 1771 (1969). 

Grossweiner and Joschek have surveyed a large num
ber of aromatic molecules for the formation of the 

solvated electron by flash photolysis.2 Subsequently, 
detailed mechanisms and product patterns were de
veloped for the photochemical behavior of phenols and 
related derivatives.3 Here, we are concerned with the 
several routes by which irradiated phenylacetic acid 
(1) and methyl phenylacetate (2) go to their products.4 

Although 1 might be regarded as the parent of some 
acids and a model for others, it turns out that this view 
could be misleading with respect to the photobehavior 
of carboxylic acid derivatives in general.5 

(1) Taken from the Ph.D. Thesis of T. O. M., Illinois Institute of 
Technology, 1970. Financial support from the Federal Water Pollution 
Control Administration in the form of a fellowship for T. O. M. and 
from Public Health Service Grant GM 7021 is gratefully acknowledged. 

(2) (a) L. I. Grossweiner and H. I. Joschek, Advan. Chem. Ser., No. 
50, 279 (1965); (b) H. I. Joschek and L. I. Grossweiner, J. Amer. Chem. 
Soc., 88, 3261 (1966). 

(3) (a) H. I. Joschek and S. I. Miller, ibid., 88, 3269 (1966); (b) ibid., 
88,3273(1966). 

(4) T. O. Meiggs and S. I. Miller, to be submitted, material on the 
properties of the benzyl radical from benzyl phenylacetate and sodium 
phenylacetate. 

(5) (a) J. G. Calvert and J. N. Pitts, Jr., "Photochemistry," Wiley, 

to exhibit an inverse dependence on the electron donor 
strength of R. These trends are reflected in the Ham-
mett plots for the X-C6H4Hg+ ions in Figure 6 which 
yield p values of approximately 0.5 for /c4 and 0.6 for 
K3. The direction of the trend for K3 is readily under
stood in terms of the influence of increasing electron 
donation from the R substituent in RHg+ which is ex
pected to lower the effective positive charge (i.e., elec-
trophilic character) of the Hg atom and, correspondingly, 
its tendency to form a second mercury-carbon a bond 
(i.e., to coordinate a second R - substituent). The 
origin and significance of the corresponding trends for 
ki, which are expected to be influenced by several com
pensating factors, are less obvious. 
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Abstract: Detailed decomposition mechanisms of phenylacetic acid (1) or its methyl ester (2) on photolysis are 
outlined. The photoproducts ($) in methanol of 1 at 26° are CO2 (0.037), CO (0.013), (C6H5CHz)2 (0.029), C6H6-
CH2CH2OH (0.005), C6H5CH3 (0.002), and of 2 at 31° are CO2 (0.02), CO (0.028), CH4 (0.009), (C6H5CH2)2 (0.02), 
C6H5CH2CH2OH (0.01). Both 1 and 2 also yielded substantial quantities of polymer. Following excitation 
(280-210 nm), the primary processes involve cleavage of the carboxyl function at two bonds: in 1, either benzyl (B) 
and carboxyl (CO2H) or phenylacetyl and hydroxyl radicals are formed; in 2, analogous transient pairs are formed. 
Benzyl radicals recombine to form bibenzyl, react with hydroxymethyl radicals, and may add to the growing acidic 
polymer. The hydroxyl and methoxyl radicals probably abstract hydrogen from methanol, while the carboxyl 
species (CO2H or CO2CH3) react with methanol to give formic acid or ester. Reactions that may be ascribed to the 
solvated electron and hydrogen atoms appear to be insignificant, although the trace of toluene produced from 1 
probably arises from the benzyl anion. A general scheme covering the cleavage modes of the carboxyl function 
via homolytic and heterolytic processes is outlined. 



1990 

2W 2JO 260 270 280 
A (nm) 

Figure 1. Ultraviolet absorption spectrum of phenylacetic acid 
and methyl phenylacetate in methanol. 

present. In the photolyses of molecules "related" to 
1, the major path, usually among many, has taken 
phenylacetic acid to benzyl (in a matrix),6" 1-naphthyl-
acetic acid to naphthalene and l-methylnaphthalene,6b 

phenylalanine to tyrosine,60 chlorophenylacetic and 
2,3,6-trichlorophenylacetic (FENAC) acids to dechlo-
rinated materials,6"1 (2-pyridyl)acetic acid to 2-picoline,6e 

mandelic acid (with added azo dye) to benzaldehyde,6f 

sodium phenylglycidate to phenylacetaldehyde and bi-
benzyl,6g some nitrophenylacetates to corresponding 
toluenes,7 and other nitrophenylacetates to correspond
ing bibenzyls.7 The transients observed in the flash 
photolyses of the anions of arylalkyl acids in water 
are interesting: the solvated electron was obtained 
from benzoate, phenylacetate, /3-phenylpropionate, y-
phenylbutyrate, and 5-phenylvalerate in water; radical 
spectra were not observed for the last three anions, but 
B from 1 and possibly C6H6COO-- from benzoate were 
noted.2 Evidently, there is a fair amount of individual 
photochemical behavior among carboxylic acids. 

In this work, we attempt to sort out those reaction 
routes which are specific to the title compounds and 
those which apply to the photolysis of carboxylic com
pounds in general. 

Experimental Section 
Melting points, determined with a Mel-Temp (block) apparatus, 

and boiling points are uncorrected. Nmr spectra were obtained 
on a Varian A-60 spectrometer using tetramethylsilane as an in
ternal standard. Infrared (ir) spectra were obtained on a Perkin-
Elmer Model 257 grating spectrometer. Ultraviolet absorption 
(uv) spectra were determined on a Beckman DK-2A spectropho
tometer. 

Materials. Baker absolute methanol was used for the steady-
state irradiations, but was purified for spectral work by refluxing 

(6) (a) G. Porter and E. Strachan, Trans. Faraday Soc, 54, 1595 
(1958); (b) D. A. M. Watkins and D. Woodcock, Chem. Ind. (London), 
1522 (1968); D. G. Crosby and C. S. Tang,7. Agr. Food Chem., 17,1291 
(1969); (c) T. Pavolini, R. Cultrera, and P. G. Pifferi, Gazz. CMm. ImL, 
91, 706 (1961); (d) D. G. Crosby and E. Leitis, /. Agr. Food Chem., 17, 
1036 (1969); (e) F. R. Stermitz and Wu-Hsiung Huang, J. Amer. Chem. 
Soc, 92, 1446 (1970); (f) H. C. A. van Beek and P. M. Heertjes, /. Phys. 
Chem., 70, 1704 (1966); (g) S. P. Singh and J. Kagan, J. Org. Chem., 35, 
3839 (1970). 

(7) J. D. Margerum and C. T. Petrusis, J. Amer. Chem. Soc, 91, 2467 
(1969); J. D. Margerum and R. G. Brault, ibid., 88, 4733 (1966); J. D. 
Margerum, ibid., 87, 3772 (1965). 

for 2 hr in the presence of 2,4-dinitrophenylhydrazine and sulfuric 
acid, followed by distillation under nitrogen, e(250 nm) <0.02. 
Reagent grade 2-propanol, spectrograde cyclohexane, and triply 
distilled water were used as solvents. After decolorizing with 
carbon, phenylacetic acid (1) was recrystallized from petroleum 
ether, mp 75.5-76.5° (lit.8 mp 77°), >99.7% pure by titration. 
Methyl phenylacetate (2) was prepared from 1 in absolute meth
anol, bp 78° (1 mm), «8«D 1.5022 (lit.9 bp 83-85° (6 mm), «26 '6D 
1.5051). Gas phase chromatography (gpc) indicated no extrane
ous peaks in 2; hydrolysis followed by back titration with stan
dard acid showed this ester to be >98.5 % pure. 

Steady-State Irradiations. Our flash photolysis apparatus will be 
described elsewhere.4 Steady-state irradiations were carried out in 
a Pyrex vessel containing a removable double-jacketed quartz 
immersion well. The vessel contained up to 700 ml of solution 
which was mixed by bubbling gas through a fine frit at the bottom; 
the purge gas also swept gaseous photoproducts out of an exit 
port at the top of the vessel. A rubber septum was located on 
another port so that aliquots could be removed by syringe. A 
thermometer was immersed in the solution through a ground joint 
in the side of the vessel. The temperature was regulated to ca. 
±2°, by controlling the flow of cooling water passing through the 
quartz immersion well. A medium-pressure mercury lamp (Han-
ovia Type L 679A, 450 W, 135 V, 3.6 A, and 4.5 in. arc) was used 
as the light source. Wavelengths both above and below 254 nm 
are put out by this lamp, but those below 210 nm were effectively 
removed by a sleeve of Vycor 7910 glass. 

The photohydrolysis of aqueous chloroacetic acid was used as an 
actinometer.10 Since 1 M chloroacetic acid absorbs strongly only 
below 280 nm, the light intensity measurements were effectively 
confined to the region between 280 and 210 nm. Quantum yields 
(#) for the production of hydrochloric acid were only measured at 
the 2537-A mercury resonance emission and are temperature de
pendent.10 Nevertheless, these values should be a good estimate 
for the average *. Presumably all of the light was absorbed, since 
plots of acid formed vs. time gave the expected zero-order de
pendence. At 25°, the lamp intensity was found to be 1.21 X 
1019 quanta/sec for $ = 0.31. Three determinations over a 1-year 
period varied <4%. Because the lamp was completely immersed 
during an irradiation, all of the light was absorbed and no geometry 
corrections were required. Since all of the materials irradiated in 
this study absorbed similarly in the general region of 210-280 nm 
(Figure 1), differences in total light absorption were considered 
negligible and the same initial values were used in all cases. 

Wet Analyses. Standard methanolic base was used to monitor 
the phenylacetic acid. A Corning Model 10 pH meter was used 
to measure the equivalence point. In order to avoid precipitation 
of water-insoluble compounds, but still have sufficient water to use 
a combination glass electrode, 10 ml of 50% aqueous methanol 
was added to the aliquots prior to titration. Carbon dioxide 
(from irradiation studies) was absorbed in standard sodium hy
droxide solution. The carbonate was then precipitated with 
barium chloride and the loss as barium carbonate was determined 
by titrating the remaining base with standard hydrochloric acid. 
The yields of carbon dioxide obtained by this procedure were al
ways ca. 5-10% lower than those obtained by gpc. Tests showed 
that at least 3 % of the carbon dioxide was lost by inefficient trap
ping by the sodium hydroxide, even at low flow rates. 

Chloride ion was determined potentiometrically with standard 
silver nitrate (0.0263 M). 

Methyl phenylacetate was analyzed titrimetrically. In a typical 
experiment, 1-ml aliquots were placed in 15-ml vials equipped with 
screw caps lined with plastic. The methanol was evaporated on a 
water bath to remove any dissolved carbon dioxide. A slight excess 
of base in 50% aqueous methanol was added to each vial. The 
capped vials were heated 1-2 hr on a steam bath to promote hy
drolysis, then cooled, and titrated to a phenophthalein end point 
with standard acid. The decrease in base concentration due to 
hydrolysis determined the ester concentration. Reproducibility 
was better than 2%. 

In the absence of interferences, the amount of bibenzyl (BB) or 
toluene in a cyclohexane extract could be determined by comparing 
the uv absorption spectra with standard solutions. In the con
centration range of interest, e.g., 1-5 mM, Beer's law was found 

(8) R. Adams and A. F. Thai, "Organic Synthesis," Collect. Vol. 
I, Wiley, New York, N. Y., p 436, 1941. 

(9) N. Acton and E. Berliner, J. Amer. Chem. Soc, 86, 3312 (1964). 
(10) R. N. Smith, P. A. Leighton, and W. G. Leighton, ibid., 61, 2299 

(1939). 
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Table I. Gas Phase Chromatographic Analysis 

1991 

Compound 

H2, N2, O2, CO, 
CH4, CO2 

C6H5CH2COOCH3, 
M-C10H21COOCH 

(CeHsCHi)2, 
(C6Hs)2 

C6H6CH2COOH 
(C6HSCHIJ)2, 

C6H6CH2CH2OH, 
C6H6CH2COOCH3 

C6H5CH2COOH, 
(CeH6CH2)2, 
C6HsCH2C(CH3)2OH, 
((CH3)2COH-)2 

C6H6CH2C(CH3)2OH 
C6H6CH3, 

(HOCHz)2 
HCOOCH3 
C6H6CHO 

Instrument" 
(column)6 

V-A A90 
(Pac Q) 

MT 2000 
(OV-17) 

MT 2000 
(OV-IOl) 

A200 
(FFAP) 

A200 
(FFAP) 

A200 (SE-30) 
A200 (SE-30) 

(FFAP) 
V-A A90 (CW-fb) 
A200 (CW-cw) 

Temp, 
0O 

~25 

110 

160 

75-250 
(8.2/min) 

75-250 
(20/min) 

75-200 (10/min) 
48 

130 
40 

140 

Flow rate, 
ml/mind 

~80 
(He or N2) 
35 

20 

26 

26 

20 
20 
22 
50 (He) 
20 

Retention 
time, min 

0.38,0.51,0.51, 
0.63, 0.82, 6.5 

5.4 
8.2 
5.7 
3.6 
6.8 
4.6 
3.6 
2.9 
4.2 
2.7 
1.8 
1.1 
2.7 
4.2 
3.0 
0.8 
3.8 

"Chromatograph; A200 or Aerograph (flame ionization) Model 200; V-A A90 or Varian Aerograph (thermal detector) Model A90; 
MT 2000 or Micro Tek (dual flame ionization) Model 2000R. b Columns: Pac Q or Porapac Q polymer beads, 120-150 mesh, in 0.25 in. X 
5 ft aluminum; OV-17 or 5% OV-17 on Anachrom ABS, 70-80 mesh, in 0.25 in. X 5 ft aluminum; OV-IOl or 5% OV-IOl on Anachrom 
ABS, 70-80 mesh, in 0.25 in. X 4.25 ft aluminum; FFAP or 5% FFAP on Veroport S, 70-80 mesh, in Vs in. X 5 ft stainless steel; SE-30 or 
5% SE-30 on Chromosorb W; CW-fb or 5% Carbowax 2OM on firebrick in 0.25 in. X 4 ft aluminum; CW-cw or 5% Carbowax 2OM on 
Chromosorb W Vs in. X 5 ft stainless steel. ° Programmed changes are given in parentheses. dThe carrier gas was usually nitrogen, although 
helium was also used, as indicated in this table and in the text. 

to hold. In the presence of 1 or 2, ca. 1 ml of 0.5 M NaOH was 
added to a 1-ml sample to form the salt, after which the solution 
was extracted with 5 ml of spectrograde cyclohexane. Since ex
traction does not produce complete recoveries, standard solutions 
of BB or toluene and 1 were prepared and extracted. In this man
ner, similar recoveries were made from both standard and sample 
solutions. Since interferences by traces of extraneous material 
could easily occur in this type of analysis, the shapes of the ab
sorption spectra were examined carefully to see if variations were 
occurring. The uv results were checked against gpc analyses for 
BB and toluene; agreement was within 5 %. 

Gas Chromatographic Analysis. Most of the details are given in 
Table I. The exit line from the irradiation vessel was attached to a 
gas sampling valve on the V-A A90 chromatograph and 1-ml in
jections of gas were sampled. When helium was swept through 
both the irradiation vessel and the chromatograph, only a slight 
shift in base line was noted during injections. Gases eluted in the 
order hydrogen, nitrogen and oxygen together, followed in turn by 
carbon monoxide, methane, and carbon dioxide. Since all of the 
gases, except carbon dioxide, gave very narrow peaks, comparisons 
with known quantities of gas were made by peak height instead of 
area. The peak heights were calibrated using a synthetic gas 
mixture (Matheson Co.) containing 0.51 % carbon monoxide and 
1.0% carbon dioxide in helium. Other mixtures were prepared by 
injecting quantities of pure gas with a 1-ml gas-tight syringe into a 
100-ml bulb containing helium at atmospheric pressure. The 
gas mixture was then pushed through the gas-sampling valve by 
displacement with mercury from an attached bulb. 

In a typical experiment, the solution to be irradiated was purged 
with helium at a constant rate, as measured by a soap bubble meter. 
At 5-min intervals, 1-ml aliquots of gas were injected into the 
chromatograph. The percentage of each gas in the sample was 
determined by comparison of peak heights with standards. Know
ing the average flow of gas during the intervals, we could calculate 
the amount of each component swept from the sample. Hydro
gen, like helium, has a low thermal conductivity and gives a very 
weak response in a thermal conductivity detector, when balanced 
against helium; good sensitivity, however, can be obtained by 
balancing it against nitrogen. In testing for hydrogen, prepurified 
nitrogen was used both as a carrier in the gas chromatograph and as 
a purge through the solution to be examined. In this manner, 
as little as 0.01 % hydrogen could be detected. 

The rate at which each gas was displaced from the irradiation 
vessel was variable. Carbon monoxide with a low solubility in 
methanol was displaced in ca. 5 min, whereas carbon dioxide, 
being much more soluble,11 required up to 2 hr to remove. 

Considerable effort was made to find a precise method of analysis 
for irradiated solutions of 1. Suffice it to say that the FFAP gpc 
column lost efficiency with continued use and that the conversion 
to and pyrolysis in the injection port of our chromatograph of the 
tetramethylammonium salt of 1 gave erratic results.12 Finally, 
we used a method based more directly on 2. Ten drops of con
centrated hydrochloric acid were added to 5.0-ml aliquots. After 
ca. 2 hr, esterification was complete. An internal standard of 70 
lii of methyl undecanoate (>95%) was added to each solution, 
prior to its injection onto an OV-17 column. The concentrations 
of 1 in the original samples were determined by comparison of the 
ratios of the peak heights and peak areas with standard solutions; 
both peak height and peak area ratios were linear functions of 
[1] or [2]. 

Since the spectroscopic method previously described suffered 
from a lack of specificity, a gpc separation on OV-IOl was used for 
BB. At [BB] > 1 niM, an internal standard of biphenyl proved 
adequate. However, at lower concentrations, tailing of the solvent 
methanol peak interfered with the internal standard so that none 
was used. By using care, reproducible standard injections were 
obtained. A calibration curve showed a linear response between 
peak height and concentration. When bibenzyl was determined at 
the 5 X 1O-6M level, samples were first concentrated in Kaderna 
Danish evaporators. Typically, 70 ml of methanolic solution was 
reduced to 2 ml with 98 % recovery. 

Miscellaneous Tests. The gpc data for several photoproducts 
are given in Table I. Phenylethyl alcohol was also separated by 
preparative gpc and confirmed by nmr and ir analysis. Formic 
acid was converted to the methyl ester, then separated by gpc. 
Formaldehyde was removed from the higher boiling materials by 
evaporation. The aldehyde was then identified by the "Chromo-
topic Acid Test".13 Another colorimetric test utilizing 2-hy-
drazinobenzothiazole14was rejected due to interferences by the other 
photoproducts. 

To test for glycolic acid, the irradiated solutions were made basic 
with ammonia and heated to dryness at ca. 100° to drive off meth
anol and any formaldehyde. The residue was treated with several 
drops of concentrated sulfuric acid to convert glycolic acid to 
formaldehyde. This was then tested with chromotropic acid, and a 

(11) H. Luther and W. Hiemenz, Chem. Ing. Tech., 8, 530 (1957). 
(12) E. W. Robb and J. J. Westbrook III, Anal. Chem., 35, 1644 

(1963). 
(13) F. Feigl, "Spot Tests in Organic Analysis," 6th ed, Elsevier, 

New York, N. Y., 1960. 
(14) E. Sawicki and T. R. Hauser, Anal Chem., 32, 1434 (1960). 
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Table II. Photoproducts of the Steady Irradiation of 0.0734 M 
Phenylacetic Acid (1) or Methyl Phenylacetate (2) in 
Helium-Saturated Solution" 

20 1*0 

Time, Minutes 

Figure 2. Products of the photodecomposition of phenylacetic 
acid, 0.0734 M in methanol: carbon monoxide, D; bibenzyl, A; 
carbon dioxide, O; decrease in acid titer, O-

positive violet-red color was obtained.18 In a more specific test, 
the irradiated solutions were processed so as to convert any possible 
glycolic acid to its methyl ester. Even though an authentic sample 
produced a prominent gpc peak, none was found in the irradiated 
solutions. It is doubtful, therefore, that glycolic acid is formed in 
the photolytic reactions. 

Benzaldehyde, when present, was identified by its characteristic 
odor, uv spectrum in hexane, and gpc retention time. 

The acidic polymer, which was formed in the irradiations of solu
tions of 1, was difficult to characterize. A light yellow sticky solid 
was obtained by basic extraction of an irradiated solution, followed 
by acidification and extraction of the lower molecular weight acids 
with cyclohexane. The material was soluble in methanol and 
eventually hardened to a clear, yellow solid as the methanol evap
orated. A similar solid was precipitated, when 1 was irradiated in 
cyclohexane, and was characterized as follows: equiv wt 180; 
ir (KBr) 3300-2800, 1750-1650, 1300-1100 cm"1 (all broad); nmr 
(CCl4) S 0.9-4.0 (broad), 3.6 (ArCH2), 7.3 (C6H6), 5.2-6.5 (HO2C, 
broad). Anal. Found: C, 67.49; H, 6.84. 

Results and Discussion 
Flash photolysis of both 1 and 2 in methanol pro

duced B with Xmax at 314 and 302 nm. Our spectrum 
differs from the usual ones15 in that our B spectrum ap
pears to be superimposed on a broad characterless ab
sorption which increases in intensity toward shorter 
wavelengths. Both absorptions decayed within 200 
/usee. 

Phenylacetic acid was irradiated continuously in 
several solvents. Judging from its spectrum and from 
the lamp output, radiant energy was absorbed from ca. 
280 nm to the cutoff by the Vycor filter at ca. 210 nm. 
Absolute methanol was found to be convenient, since 
all the starting materials and photoproducts were solu
ble in it. In addition, methanol enters into several 
characteristic radical reactions which were helpful in 
identifying portions of the photocleavage mechanisms. 

In Table II are listed the quantum yields ($) of a 
number of products of the photodecomposition of 1 
in helium-saturated methanol or in 2-propanol. These 
<i>'s were calculated from initial slopes of formation 
curves extrapolated to the initial photolysis conditions, 
where the acid is absorbing all the light. As the photo
products are formed, they absorb increasing amounts 
of the incident light resulting in a falling rate of acid 
decomposition (Figure 2). 

(15) F. Bayrakceken and J. E. Nicholas, J. Chem. Soc. B, 691 (1970); 
G. Porter and M. I. Savadatti, Spectrochim. Acta, 22, 803 (1966). 

Product 

1 in 1 in 2 in 
CH8OH 1-C3H7OH CH3OH 

Found *(26°) Found *(25°) Found $(31°) 

Decrease in 1 or 2 
Acid titer decrease 
CO2 
CO 
H2 
CH4 
(CeHsCH2).! 
C6H5CH2CH2OH 
CeHsCH3 
HCO2H 
CH2O 
(CH2OH)2 
HOCH2CO2H 
C6H6CHO 
(CO2H)2 
C6H6CH2OH 
C6H6CH2C(CH3)2OH 
((CHa)2COH)2 
C6H5C2H5 

+ 
+ 
+ 
+ 
— 

+ 
+ 
+ 
+ 
+ 
+ 
— 

e 

— 
— 

0.131 
0.0856 

0.037 
0.013 

«0.001 

0.029 
0.005 

~0.002 
<0.01 

+ 
+ 
+ 
— 

+ 

+ 
+ 

0.047 
0.025 
0.009 

«0.001 

0.02= 

0.04' 
0.01" 

+ 

+ 
+ 
— 
+ 
+ 
+ 

+ 

— 

0.099 

0.020 
0.028* 

«0.001 
0.009* 
0.02 
0.01 

" The product was identified (+) or sought and not found (—); 
a blank indicates that the test was not made. The * values are 
initial yields based on light intensity of 1.2 X 1019 quanta/sec be
tween 210 and 280 nm. 'Average of results at ~20 and ~33°. 
c Estimated values. ^Calculated from ratios to CO2 at ~15°. 
' + when oxygen is present. 

Most of the $'s listed in Table II are actually average 
values. More than 16 irradiations were made for 1 
in methanol under the specified conditions, and differ
ent groups of photoproducts were sought during each 
experiment. For example, 3>(C02) is the average of 
eight results, whereas $ for phenylethyl alcohol is the 
average of three results. Most tests, except for toluene, 
were performed more than twice. 

Even though gas recoveries were usually greater than 
90%, 3>(C02) in Table II should nevertheless be con
sidered a minimum value. <S>(C02) varied appreciably 
with the temperature of the irradiated solution. At 
~15°, $ = 0.026, while at 33°, 3> increased to 0.045. 
Since all recoveries were carried out at ~25°, these 
differences are not due to variation in experimental tech
nique. The decrease in acid titer was the only other 
parameter tested which exhibited such a marked varia
tion with temperature, i.e., 0.071 at ca. 20° and 0.099 
at 33°. Besides unreacted 1, substantial amounts of 
acidic polymer and small quantities of other acidic prod
ucts contributed to the acid titer. 

Only small decreases in <£ at lower temperatures were 
noted for the amount of 1 decomposed and the amount 
of BB formed. In fact, the yield of BB was essentially 
constant and showed little variation between different 
irradiations. However, the *'s of phenylethyl alcohol 
varied more among different tests, which may indicate 
a dependence on mixing rate, temperature, etc. This, 
however, was not explored further. Benzaldehyde was 
not produced when the irradiations were carried out in 
the absence of oxygen; when pure oxygen was bubbled 
through the methanolic solutions, this aldehyde attained 
a steady-state concentration of ca. 0.5 m l , though it too 
appeared to be undergoing photolytic decomposition. 

Flash photolyses of solutions of 1 indicate that its 
decomposition produces B. Of the several mechanisms 
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considered, two primary pathways appear to be most 
consistent with our observations (Table II). Following 
excitation, 1* apparently undergoes homolytic cleavage 
to form either a carboxyl or hydroxyl radical, as in eq 1. 
The relative unimportance of cage recombination in this 
as well as in related systems4'16 suggests that collisional 
deactivation of 1* accounts for the low value $> = 0.13 
for the decomposition of 1. 

A third mode of carboxyl cleavage, namely to form 
a hydrogen atom (eq Ic), is ruled out by the absence of 
hydrogen atom reactions. If hydrogen atoms were 
formed along (Ic), they would either add to the aro
matic acid or abstract hydrogen from the solvent. By 
considering the absolute rate constants ( M - 1 sec-1) 
H- + C6H5CH2CO2H — > • C6H6CH2COOH 

k = 1.0 X 109 (2) 

H - + C H 3 O H — > H2 + -CH2OH k = 1.6 X 10s (3) 

for these reactions,17 and allowing for differences in 
concentration, we calculate that about one in three 
hydrogen atoms should be trapped by the methanol and 
would produce hydrogen, as in eq 3. 

In 2-propanol, the amount of hydrogen abstraction 
should be at least as large since reaction with hydrogen 
atoms is even faster.18 The absence of all but trace 
amounts of hydrogen gas indicates that step Ic is not a 
significant cleavage path. 

A fourth primary process, namely photoionization 
(Id), must be considered. At pH 8.4 in water, flash 
photolysis of the anion of 1 produces the hydrated elec
tron and B.2 At its natural pH in methanol, flash 
photolysis of 1 yields B, but we detected no solvated 
electron. Since the photo- or pulse radiolysis yields 
of solvated electron from some organic molecules 
are often lower in alcohols than in water,21920 it is still 
conceivable that the solvated electron was a transient 
in our system. In the presence of methanol and 1, how
ever, this species would produce hydrogen atoms.20 

Since we have no evidence for these, we also rule out 
the solvated electron, and thus step Id. 

Other photoionization sequences, e.g. (Ie), can also 
be rejected. It has been found that in methanol, phenyl-
acetate ion decarboxylates to give toluene, presumably 
via the benzyl anion.4 Since the yields of toluene from 
1 were insignificant, dissociation of 1 to give the anion 
and hydrogen ion, either before or after excitation, 
does not seem to be important. 

Consider in turn the fate of the first products. Benzyl 
radicals formed in (la) and from decarbonylation of 
the phenylacetyl radical in (lb) (<$ < 0.065) lead to BB. 
The high yield of BB (<i> = 0.058 as B) indicates that, 
for the most part, B recombines selectively at rates (kR) 
that are less than diffusion rates.421 Alternatively 

2C6H5CH2- —>~ C6H5CH2-CH2C6H5 kR = (3-20) X 108 (4) 
B BB 

(16) W. K. Robbins and R. H. Eastman, / . Amer. Chem. Soc, 92, 
6076, 6077 (1970). 

(17) (a) P. Neta and L. M. Dorfman, J. Phys. Chem., 73, 413 (1969); 
(b) Advan. Chem. Ser., No. 81, 222 (1968). 

(18) J. H. Baxendale and P. L. T. Bevan in "The Chemistry of Ioniza
tion," G. R. A. Johnson and A. Schales, Ed., Taylor and Francis, 
London, 1967, p 253. 

(19) K. J. Youtsey and L. I. Grossweiner, unpublished results; K. J. 
Youtsey, Ph.D. Thesis, Illinois Institute of Technology, 1969. 

(20) L. M. Dorfman and M. S. Matheson, Progr. React. Kinet., 3,237 
(1965); M. S. Matheson and L. M. Dorfman, "Pulse Radiolysis," The 
MIT Press, Cambridge, Mass., 1969, Chapter 8. 

(21) R. D. Burkhart, / . Phys. Chem. 73, 2703 (1969). 

the other radicals formed in initially equal concentra
tions generally do not scavenge B above $ = 0.007. 
Moreover, reported values of kR are consistent with 
this selectivity.421 Apart from the uncertainty in <f> 
and in /cR, any analysis for the present system can only 
be semiquantitative, since we have no sure way of know
ing how many (if any) B's have been trapped by the 
polymer, except that <£ < 0.02 for this diversion (see 
below). 

On path la, we have proposed the formation of the 
carboxyl radical, chiefly for supportive and indirect 
reasons. Admittedly, we have the observation of a 
broad absorption underlying the spectrum of B during 
the flash photolysis of 1; this background was transient 
and appeared to be the end absorption of a peak at 
shorter wavelengths (<300 nm); for carboxyl, e 3000 
M~l cm - 1 at Xmax 235 nm.22a,b If carbon dioxide were 
formed in a primary process, temperature changes 
should have little effect on its yield. The increased 
yields of carbon dioxide at higher temperatures may be 
evidence for a secondary reaction, e.g., from carboxyl 
radical. But the major role of carboxyl in our scheme 
(1) is that it provides a plausible alternate to the forma
tion of hydrogen atoms and eventually of molecular 
hydrogen. Moreover, the carboxyl radical is a pri
mary product of the thermolysis of 1; such studies have, 
in fact, led to an assignment of the dissociation energy 
of the benzyl to carboxyl bond, D(C6H5CH2-COOH) 
= 55kcal/mol.23 

Dissociation of the carboxyl radical to carbon dioxide 
and a hydrogen atom is endothermic by ca. 8 kcal;24 

hydrogen transfer, e.g., to oxygen, methylene blue, 
oximes, radicals, etc., occurs readily.22 In eq 5-10 we 
indicate some of the possibilities citing rate and thermo-
chemical data24 and using the broken arrow (-/¥*•) for 
reactions not observed by us. In our system, hydrogen 
transfer from carboxyl to 1 (eq 5a) is exothermic, and 

CO2H + 1 - ^ - C6H6CH2COOH + CO2 AH ~ - 2 1 
b ( 5 ) 

— > -C6H6(OH)CH2COOH + CO 

CO2H + CH3OH - % - HCO2H + CH2OH AH ~ - 4 

b 
-//-*• CO2 + H2 + CH2OH A # ~ 0 (6) 

- ^ > CO + H2O + CH2OH AH ^ 0 

(22) (a) A. Fojtik, G. Czapski, and A. Henglein, ibid., 74, 3204 (1970); 
(b) P. Neta, M. Simic, and E. Hayon, ibid., 73, 4207 (1969); (c) J. H. 
Baxendale, Radiat. Res. Suppl, 4, 114 (1964); J. P. Keene, E. J. Land, 
and A. J. Swallow, "Pulse Radiolysis," Academic Press, London, 1965, 
p 227; (d) D. J. Edge and R. O. C. Norman, J. Chem. Soc. B, 1083 
(1970); (e) F. Gutlbauer and N. Getoff, Osterr. Chem.-Zg., 67, 373 
(1966); (f) Y. Raef and A. J. Swallow, Trans. Faraday Soc, 59, 1631 
(1963). 

(23) M. H. Back and A. H. Sehon, Can. J. Chem., 38, 1261 (1960). 
(24) In this paper all cited rate constants have the units M~l sec-1; all 

enthalpies of reaction, AH, have the units kcal/mol. Gas-phase values 
of AHf0 in kcal/mol have been taken from S. W. Benson, "Thermo-
chemical Kinetics," Wiley, New York, N. Y., 1968, Appendix, and 
D. M. Golden and S. W. Benson, Chem. Rev., 69, 125 (1969), except as 
indicated: 1 ( - 7 5 ) , " 2 ( 62),25» CH3OH (-48), CO2 (-94), CO 
(-26), H (52), HO (9), HO2 (5), HCO (7), CH3O (3.5), HCO2 (-36), 
CO2H (-51), HCO2H (-91), CO2CH3 (-52),26b CH2OH (-4) , C6H5-
CH2 (45), CH3 (34), CH3OH (-48), C6H6 (20), 1,3-cyclohexadiene (26), 
1,3-cyclohexadienyl (43), C6H5 (80), (COOH)2 (-184), CnH5CH3 (12), 
(CHs)2C(OH) ( -27) , H2O(I) (-68) , HCOOC2H,-, ( -84) . 

(25) (a) Our estimate based on ref 23 and I. Wadso, Acta Chem. 
Scand., 12, 630 (1958); (b) J. C. J. Thynne, Trans. Faraday Soc, 58, 676 
(1962). 
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• CO2H + RH — > HCO2H + R-

—>- CO + H2O + R • 

CO2H + CO2H —X- HCO2H + CO2 AH ~ - 8 3 

b 
—>-(CO2H)2 AH ~ - 8 2 (8) 

—>• CO + H2O + CO2 AH c~ - 8 6 

CO2H + CH2OH - i - > HO2CCH2OH k = 5 X 108 

b (9)22° 
—>• CO + CH2(OH)2 

-CO2H + OH > (H2CO3) — > H2O + CO2 (10) 

subsequent transfers to the product of eq 5 should be 
even more so. There are a number of apparently ac
ceptable steps for the formation of carbon dioxide, e.g., 
eq 5a, 8a, and 10, and for formic acid, e.g., eq 6a, 7a, and 
8a, but we believe that the radical-radical reactions (eq 
9, 10) are less probable. Unfortunately, $ for formic 
acid is not precise, but it does help to account for the 
observed excess of benzyl material over $(C02) + 
*(C0) in Table II. 

It appeared to us that the detection of carbon mo
noxide (3> = 0.13) as a photolytic product virtually re
quired step lb. Evidence for the formation of the 
phenylacetyl radical in the photolysis of dibenzyl ketone, 
followed by its decarbonylation,16 parallels this se
quence. A referee, however, suggested that we also 
consider the carboxyl radical as a possible source of 
carbon monoxide, e.g., eq 5b, 6c, 7b, 8c, and 9b. Al
though this is an interesting idea, the recent literature 
contains no evidence that the carboxyl radical behaves 
as a hydroxylating agent and gives rise to carbon 
monoxide, at least when generated thermally, chemi-

COOH — > - CO + OH AH = 34 (11) 

cally, by pulse radiolysis, or by other irradiation tech
niques.22 Since it is not evident whether our photo-
chemically produced carboxyl radical was in the ground 
state, or that carbon monoxide was actually sought and 
not found when carboxyl was generated by other means, 
the details of the generation of carbon monoxide re
main unsettled. Therefore, we write $>J$b ^ <f>(C02)/ 
<£(C0) for eq 1, but we are inclined to believe that these 
ratios are, in fact, equal and shall proceed on this basis. 

If $ = 0.065 represents the sum of reactions la and 
lb and <i>(CO) = 0.013 represents the amount of reac
tion lb, then $J$b ~ 4. This preference may be in
fluenced by the relative stability of the products in the 
primary process la. It is surprising, however, that 
this preference is not greater, when we consider that 
both types of processes are of almost equal importance 
in the photolysis of acetic acid.26 

-OH + CH3OH — > H2O + -CH2OH k = 8.7 X 10s (12) 

-OH + 1 —>• (HOC6H6CH2COOH)- /fc ~ 8 X 10= (13) 

B + -CH2OH — > C6H6CH2CH2OH (14) 

HOCH2- + CH2OH — > HOCH2CH2OH Jt ~ 1 X 10' (15) 

R- + CH2OH — » - RH + CH2O (16) 

1 + -CH2OH — > - (HOCH2C6H6CH2COOH)- (17) 

In eq lb, the hydroxyl radical should be quickly 
scavenged by methanol (eq 12)27 and perhaps by 1 (eq 

(26) P. Ausloos and E. W. R. Steacie, Can. J. Chem., 33, 1530 (1955). 

13).17b Because of the low yield of BB (4%) reported 
for the hydroxyl-induced decarboxylation of 1 in water 
at pH 6, we can rule this process out.28 Likewise, cage 
or random recombination to form benzyl alcohol ap
pears to be unimportant ($ = 0). Hydroxymethyl 
radicals appear to be much more reactive than B; they 
combine to give glycol (eq 15) and possibly transfer 
hydrogen to yield formaldehyde (eq 16).17-29 Hydroxy
methyl radicals combine with B to give phenylethyl 
alcohol (eq 14). There is also the possibility that the 
hydroxymethyl radical may add to 1 (eq 17), although 
this has been shown to be a slow reaction." 

One of the end products of the photolysis of 1 is a 
complex polyacid (see Experimental Section). Equa
tions 5, 13, and 17 could be the initiating steps in its 
formation. It might appear that eq 18 should be in-

CBH5CH, 

B + 1 —- Yj)V-CH2COOH (18) 

eluded too, but it turns out that B prefers to form BB 
(eq 4), when it is generated from, and in the presence 
of, a large variety of simple aromatic species; B is cap
tured, however, by some condensed hydrocarbons, e.g., 
anthracene, pyrene, etc.,30 and may well be caught after 
the initiating steps. In this regard, it is interesting that 
the thermolysis of d\-tert-butyl peroxide at ~ 150° in 
the presence of 2 and 1-decene leads to 2-phenyldo-
decanoate and some raeso-c^a'-dicarbomethoxybi-
benzyl; photolysis appears to be far less effective in 
promoting these radical reactions.31 

The radical adducts in eq 5, 13, or 17 may dispro
portionate, dimerize, attack 1 or another radical, be 
photolyzed, etc. Some semireduced aromatics, e.g., 
biphenyl, disproportionate or dimerize at comparable 
rates.32 The product pattern in Table II indicates that 
roughly two molecules of 1 are decomposed (# = 0.131) 
for every benzyl moiety isolated ($ = 0.065). The nmr 
spectrum of the polymer indicates a high degree of re
duction even though some benzyl groups are still evi
dent.1 The equivalent weight of ca. 180 as compared 
to 136 for 1 also indicates that some nonacid groups, 
e.g., benzyl, hydroxymethyl, have been incorporated. 
If we take <i> = 0.066 as the unaccounted loss in 1 and 
<t> = 0.131 — 0.085 = 0.046 as a measure of the units 
of 1 (mol wt 136) in the polymer, then $ = 0.020 would 
be the figure for the decarboxylated or neutral units of 
1 (mol wt 92). This leads to an equivalent weight in 
the polymer of 136 + 92(0.02/0.046) ~ 177, which is 
fortuitously close to the value we found. 

A limited number of irradiations of 1 in other solvents 
were carried out. In aqueous solutions, the solutions 
turned milky white due to the formation of BB, and 
the lamp jacket became coated with polymer which 
absorbed the light. For this reason, irradiations could 
not be carried on long enough to obtain any additional 
information. A similar situation occurred in cyclo-
hexane, except that BB remained in solution and rela-

(27) I. Kraljic and C. N. Trumbore, J. Amer. Chem. Soc, 87, 2547 
(1965). 

(28) R. O. C. Norman and P. M. Storey, / . Chem. Soc. B, 1099 (1970). 
(29) J. Barrett, A. L. Mansell, and R. J. M. Ratcliffe, Chem. Commun., 

48 (1968); M. Simic, P. Neta, and E. Hayon, J. Phys. Chem., 73, 3794 
(1969). 

(30) K. C. Bass and G. M. Taylor, J. Chem. Soc. C, 508 (1969). 
(31) Hans H. Vogel, Synthesis, 99 (1970). 
(32) D. H. Hey, M. J. Perkins, and G. H. Williams, / . Chem. Soc, 

3412(1964). 
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Table in. Primary Cleavage Modes of the Carboxyl Function, RCH2COOR' or R"(CHj)3COOR'<• 

1» 
2" 
3 
4" 
5 
6« 
7 
8' 
9 
10/ 
11» 
12* 
13; 

RCH2-
RCH2

+ 

RCH2-
RCH2CO-
RCH2CO+ 

RCH2COO • 
RCH2COO-
RCH2COO+ 

RCH2COOR'+ 
RCH2R' 
RCH2OR' 
CH2=C(OROOR 
R " C H = C H 2 

COOR'-
COOR' -
COOR + 

OR'-
O R ' -
R ' -
R'+ 
R ' -
e~ 
CO2 

CO 

CH 2=C(OH)OR' 

14/ 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

R C H = C = O 
RCH2-
RCH2

+ 

R C H r 
RCH2-
RCH2

+ 

RCH2CO2-
RCH2CO+ 

RCH2-
RCH2

+ 

RCH2
+ 

RCH2
+ 

CO2 

CO2 

CO2 

CO 
CO 
e~ 
OR-
CO2 

CO2 

CO 
COOR-

e -

e~ 
OR'-
e~ 

HOR 
R'-
R ' -
R ' + 

OR'-
OR-
R ' + 

e~ 
R ' + 

R'-
e -

"R, R', or R" may be H. One or more of the fragments may be in an excited state (*). b a-Cleavage in 3; eqlaand 19a. "Improbable. 
d/3-Cleavage in 3; eq lb and 19b. "7-Cleavage in 3. /Four-center elimination. "Sigmatropic shift [1,2]. *Sigmatropic shift [1,3]. *Nor-
rish, type II split.34 

tively "pure" polymer was deposited. No trace of 
toluene was found. In 2-propanol the solutions would 
darken and take on a slight yellow coloration. Al
though the 3>'s were slightly lower than for methanol, the 
carbon dioxide to carbon monoxide ratio was still 2.8/1 
(Table II). Tests for molecular hydrogen showed that 
<i> ~ O. Bibenzyl and analogs of the methanol prod
ucts, that is, 2,2-dimethylphenylethyl alcohol and pina-
col, were formed. The $'s for these three photoprod-
ucts were estimated incidentally from a typical run for 
BB; the relative <t>'s are more certain than the absolute 
4>'s. 

Since the a,a-dimethyihydroxylmethyl radical should 
be more stable than the hydroxymethyl radical, we 
might expect a higher proportion of these radicals to 
react with B instead of combining to form pinacol. 
What we found, in fact, was that $ for 2,2'-dimethyl-
phenylethyl alcohol was roughly twice the <i> for BB, 
which is what might be expected on a statistical basis. 

The photocleavage of 2 in methanol was also studied 
briefly (Table II). The ester was found to decompose 
with ca. 75% the efficiency of the free acid. The car
bon dioxide to carbon monoxide ratio fell to 0.7. Sig
nificant amounts of methane were detected, whereas 
hydrogen yields were still negligible. Lower yields of 
BB were observed than from 1 and twice as much phe-
nylethyl alcohol was found. No ethylbenzene was 
found after an irradiation, although it was sought. 
Formaldehyde was detected, but not quantitated during 
this work. During a typical irradiation, the solution 
would turn yellow, reminiscent of the polymer formed 
during decomposition of 1. 

The changes in the photochemistry from 1 to 2 cannot 
be ascribed to gross differences in energy absorbed, 
since the absorption spectra of both materials are strik
ingly similar (Figure 1). Of the several mechanisms 
considered, one involving two primary dissociation 
processes, as in eq 1, appears to best explain the ob
served photoproducts 

CeHsCH2CO2CHs 
2 

B + CO2CH3: . [C6H6CH2CO2CH3*] =̂ =fc 
C6H6CH2CO- + -OCH3 (19) 

The product yields indicate that, unlike 1, /3 cleavage is 
the preferred path of 2. The ratio * a / $ b is now equal to 
ca. 0.8, or ~0 .2 of the value of the ratio for 1. 

Clearly, the major primary process during photolysis 
of 2 involves scission of the C-O bond. This process 
may be favored by formation of the methoxyl radical 
which is more stable than the hydroxyl radical. The 
scavenging reaction of methanol should still occur. 

CH3O • + CH3OH —>• CH3OH + • CH2OH AH = - 8 (20) 

The carboxymethyl radical formed in reaction 19a is 
relatively unstable at room temperature; dissociation 
into carbon dioxide and a methyl radical is exothermic, 
while other steps, e.g., hydrogen abstraction or methoxyl 

-COOCH3 —>• CO2 + CH- AH = - 8 (21) 

transfer, tend to be endothermic 

J ^ HCOOCH3 + CH2OH 
-COOCH3 + CH3OH b A# = 13 (22) 

^ * - CO + CH3OH + CH2OH 
AH= 22 

Methyl radicals formed in eq 21 lead to methane 
through hydrogen abstraction from the solvent metha
nol. Even though hydrogen abstraction from 2 is 
known (eq 24),33 and the rate of such abstraction by 

CHiOH 
CH4 + -CH2OH < CH3 CH3C6H6CH2COOH (23) 

(RO)2 

-J-C6H5CH(COOH)-
RCH=CH 2 

RCH2CH2CH(COOH)C6H5 + (C6H5CH(COOH)), (24) 

methyl radicals is two to four times faster from toluene 
than from methanol,34 most of the radicals should re
act with the solvent in preference to abstracting a ben-
zylic hydrogen of 2 due to the large concentration dif
ference. Since the yield of methane is much less than 
the yield of carbon dioxide, there must be a competing 
reaction for the methyl radicals. A likely reaction is 
addition to the aromatic ring of the ester (eq 23b). At 
this point, the description of the system, e.g., the for
mation of formaldehyde or polymer, the fate of unsta
ble intermediates, etc., should very much resemble that 
fo r i . 

Primary Cleavage Mechanisms. In Table III, we 
have set out many of the possible first products of 
photolysis of a carboxyl function. These have been 

(33) A. F. Trotman-Dickenson, "Gas Kinetics," Butterworths, 
London, 1955, p 201. 

(34) R. Brainard and H. Morrison, /. Amer. Chem. Soc, 93, 2685 
(1971). 
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grouped according to single cleavage (1-9), molecular 
reaction (10-14), and multiple cleavage (15-25). The 
binary pairs in 1-9 can, of course give rise to the more 
numerous products of 15-24; indeed, the simultaneous 
concentration of sufficient energy in two or more bonds 
which is required to give the third group seems in
herently less probable than having the products arise 
from further fragmentation of the group 1 species. Al
though distinctions between decompositions from ex
cited states, e.g., singlet vs. triplet, etc., are not made 
here, these will certainly have to be established too.84 

In their survey, Calvert and Pitts documented most 
of the homolytic and molecular processes and one polar 
example (17) of Table III.5a However, one can no 
longer neglect the heterolytic paths: the photode-
carboxylations of phenylacetate ion4 and the nitro-
phenylacetic acids7 produce benzylic anions; the pho-
tohydrolyses of methoxybenzyl ester produce benzylic 
cations.85 Since the thermal decomposition of phenyl-
acetyl and other diacyl peroxides has been shown to pro
ceed by both a polar as well as a radical route,36 we be
lieve that similar competitive processes should be found 
in the photolyses of these compounds. The ejection 
of an electron by photoionization, according to 9 in 
Table III, is known from mass spectroscopic and flash 
photolysis studies.2 The detection of additional species, 
e.g., B, in aqueous solutions of 1 indicates that 22 was 
observed.2 In fact, the examination of new systems 

(35) V. M. Clark, J. B. Hobbs and D. W. Hutchinson, Chem. Com-
mm., 339 (1970); J. W. Chamberlin, /. Org. Chem., 31, 1658 (1966); 
H. E. Zimmerman and V. R. Sandel, /. Amer. Chem. Soc, 85,915 (1963). 

(36) C. Walling, H. P. Waits, J. Milovanovic, and C. G. Pappiaon-
nou, ibid., 92, 4927 (1970). 

Fedor and Bruice1 found hydrolysis of ethyl tri-
fluorothiolacetate proceeds by a general base 

catalyzed formation of an anionic intermediate and 
its uncatalyzed breakdown. Calculations based on 
assumptions as to the pK& of the intermediate and the 
equilibrium constant for its formation from the thiol-
ester indicated that the rate constants for the parti
tioning of the anionic intermediate to thiolester and 
products is within 10-100 of the diffusion limit.2 Pre-

(1) L. R. Fedor and T. C. Bruice, J. Amer. Chem. Soc, 86, 5697 
(1964); 87,4138(1965). 

(2) R. Barnett and W. P. Jencks, J. Org. Chem., 34, 2777 (1969). 

and the reexamination of old ones for both the solvated 
electron and coproducts should turn up examples in the 
group 21-25. To summarize, perhaps one-third to 
one-half of the entries in Table III remain hypothetical; 
of the recognized cleavage modes, a relatively small 
number has been characterized and understood even 
at the semiquantitative level of (or beyond) the present 
work. 

In the light of Table III, the photocleavage mech
anisms of 1 and 2 might appear to be very simple. The 
primary steps, at least, essentially involve only the car-
boxyl function. The a and /3 homolyses (1, 4) indi
cated in 3 predominate. It is difficult, however, to ra
tionalize this preference by using thermochemical data 
relating to overall product stabilities. For if these 
were critical, then the molecular reactions leading to 
stable molecules (10-14) would normally be observed. 
We do know that the activation energy for a and /3 
cleavage is ~ 55 kcal/mol,28 which makes these ki-
netically accessible. Beyond this, it would seem that 
further photolysis studies of 1 and 2 with narrower en
ergy ranges,6a e.g., in the n-7r* region (200-250 nmj, in 
the 7r-7r* region (250-275 nm), with sensitizers (>275 
nm), etc., may lead to fewer products and even greater 
understanding of the primary processes. 
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liminary data on the more reactive thiolester ethyl 
<S-trifluoroacetylmercaptoacetate indicated that break
down of the anionic intermediate formed in the hy
drolysis of this ester to give starting materials is dif
fusion limited.2 The purpose of this paper is to present 
further evidence that the hydrolysis of this ester and its 
more water soluble methyl analog is diffusion limited. 

Experimental Section 
Materials. Commercially available carboxylic acids and amines 

were purified by distillation or recrystallization. Samples of 
2,2',2"-tricyanotriethylamineand2-hydroxy-2',2"-dicyanotriethyl-
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Abstract: The hydrolysis of methyl S-trifluoroacetylmercaptoacetate is subject to general base catalysis. The 
Br0nsted /3 is near zero for catalysis by eight carboxylate anions varying in pKa from 2.1 to 4.3. No catalysis could 
be seen by trifluoroacetate ion, indicating the value of Q must increase sharply for catalysts with p/fa's near zero. 
Similar behavior is observed for weakly basic amine catalysts. The results are interpreted in terms of a rate-
determining, diffusion-limited deprotonation of a zwitterionic intermediate formed by the uncatalyzed addition of 
water to the thiolester. 
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