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Abstract: By means of pulse radiolysis, one-electron oxidation of benzoylthiolate (PhD@ achieved by

the azide radical (M) in aqueous solution. The spectrum of the resulting benzoylthiyl radical (PHGB&vs

a broad absorption in the wavelength region from 350 to 500 nm. WitiNp™ as reference couple, the
reduction potentiaE°(PhCOYPhCOS) was measured to be 1.21 V vs NHE. Using th&, pf 2.48 for
thiobenzoic acid (PhCOSH), we derive the standard reduction pot&i{RhCOS, H*/PhCOSH) to be 1.36

V vs NHE. This reduction potential implies arn-8l bond energy of PhCOSH of 87 kcal/mol, which is very
close to the bond energy of an alkylthiot-8 bond (87.4 kcal/mol). At 22C, the PhCOSradicals decay
with a rate constant of 8.5« 10® s™! to form colorless species. This process is presumed to be the
p-fragmentation of the PhCO®adical, PhCOS— Pht + COS. The kinetics of thg-fragmentation of the
PhCOS radical was found to follow the Arrhenius equation, kgg 1) = (12.3+ 0.1) — (11.4 4 0.2)8,
wheref = 2.3RT kcal/mol. Strong evidence for this process was provided byproduct identification by GC-
MS, where the main products of theirradiation-induced Kt radical oxidation of PhCOSin 0.1 M NaNs
solution were found to be phenyl azide (Pfilind aniline (PhNE). These products were formed via addition

of the Ph radical to N~ to form the PhN~* radical anion, which subsequently disproportionated. In the
Discussion, we summarize the reduction potentials and the bond dissociation energies of related thiols and
their oxygen couterparts. Thefragmentation of PhCOSadicals resembles that of the oxygen counterpart,
benzoyloxyl radical (PhCOQ) and their thermochemical properties are also compared.

Introduction

Thiols and sulfur-centered reactive intermediates have im-

portant roles in both chemistry and biolo§yThe free radical

thiol acids, despite their uses in chemistry and polymer
synthesid®1 are not well studied.

One characteristic reaction of benzoyloxyl radicals (Ph©OO
is their3-fragmentation to form phenyl radical (Bland carbon

chemistry of thiobenzoic acid (PhCOSH), as an example of acyl
thiol (RCOSH), is particularly interesting because it represents
the chemistries of both thiols and the sulfur counterpart of
carboxylic acids. Radical reactions of alkyl thiols (RSH, where
R denotes alkyl), especially amino acid thiols have been studied
extensively because of their important role in biochemical photochemical decomposition of the parent diaroyl perox-
systems:> Aryl thiols (ArSH), their reaction kinetics and redox  ides!?13 Equation 1 has a first-order rate constant of ca 2
properties, were recently studied and were compared to theirl0° st in CCl,.»® For the benzoylthiyl radical (PhCOS a

dioxide (eq 1). PhCOOcan be formed by thermal or

PhCOO— PH + CO, 1)

oxygen counterparts, phenélé. However, very little is known

similar reaction would be expected (eq 2, where COS is carbonyl

about the redox properties and reactivities of acyl thiols sulfide).

(RCOSH) and acylthiyl radicals (RCOS In organic free

radical chemistry, carboxylic acids (RCOOH) are an important

PhCOS— PH+ COS @)

class of compounds, which have been extensively studied since

they play practical roles in many are®%.In contrast, the acyl
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(RCOS8).1415 In the electrochemical oxidation of carboxylic
acids, also known as the Kolbe reaction, the decarboxylation
of RCOO to form alkyl radicals Ris widely used to initiate
polymerization* However, during electrooxidation of RCOS

the resulting RCOSradicals dimerize into diacyl disulfides

7500

without decompositiod®16 This suggests that RCO&dicals € 2000
have a higher stability in comparison to RCO@dicals. ~9
In the present investigation, thiobenzoic acid (PhCOSH) was 2 25001
used to examine the characteristics of the benzoylthiyl radical “
(PhCO9). The oxidation of benzoythiolate (PhCOSwas
achieved by the azide radical {{\ or the dibromide radical 0 T T T .
anion (Bp™), produced by pulse op-radiolysis of aqueous 200 300 400 500 600 700
solutions. The spectroscopic, kinetic, and redox characteristics A (nm)

of PhCOS radicals were examinedf-Fragmentation of Ph-  Figure 1. The transient absorption spectrum of benzoylthiyl radicals
COsS radicals was found to occur as evidenced by both kinetic observed s after electron pulse irradiation of a solution containing
analysis upon pulse radiolysis and product identification by gas 5 mM PhCOS and 0.1 M NaN.

chromatography/mass spectrometry (GC-MS). The thermo-

chemical properties of related thiol species and tifeirag- solid-phase microextraction (SPME) technitfeas also used to extract

mentation reactions are summarized and compared with thoseNe organic products. The extraction fiber had &% carbowax/
of their oxygen counterparts. divinylbenzene coating, selective for polar analytes (from SUPELCO).

The extracted samples were subsequently separated and identified using
. . a GC-MS (Finnigan SSQ 7000) connected to a Varian 3400 GC. A
Experimental Section 30-m DB-5MS fused silica columnl(& W Scientific, i.d. 0.25 mm,
film thickness 0.2%:m) was used in the GC. The injection temperature
was set at 250C, and the column temperature was programmed to
increase from 28 to 200C, at a rate of 10 deg/min.

All experiments were carried out at room temperature422 °C),
except for the Arrhenius plot measurements.

Thiobenzoic acid (PhCOSH) of commercial grade (from Sigma) was
purified by vacuum distillation before use. Diammonium' 22inobis-
(3-ethylbenzothiazoline-6-sulfonate) (ABTS), methyl viologen hydrate
(MV2%), aniline (PhNH), sodium azide (Nah, sodium bromide
(NaBr), potassium thiocyanate (KSCN), dichloromethaneAT), and
sodium hydroxide (NaOH), obtained from Sigma-Aldrich, were of the
highest purity commercially available and used as received.

Pulse radiolysis was performed using doses of26 Gy/pulse, 1. The Spectrum of PhCOS Radical. One-electron
corresponding to 6< 107°to 1.6 x 1075 M radicals. The 3-MeV oxidation of PhCOS by N3 or Br,~* yields the PhCOSadical

linear accelerator used has a pulse length of 6 ns. The computerized(eq 3). The transient absorption observeds2after electron
optical detection system has been described elsevwhebmsimetry

was performed with a pD-saturated 1 M KSCN solution takin . —e - ~
Ge :p4.42 x 1073 Gy* cm™t at 500 nm® The temperature of tge PhCOS + Nj'(or Br, *) — PhCOS+ N, (or 2Br) (3)
solutions was varied using a jacketed irradiation cell connected to a ) . . .

thermostatically controlled bath. A thermoelement probe was inserted Pulse irradiation of a solution containing 5 mM PhCO&nd
into the outlet of the cell to measure the temperature of the irradiated 0.1 M NaN; is shown in Figure 1.

Results

solutions. The spectrum of PhCO®xhibited a broad absorption peak
y-Radiolysis was performed in®4Co y-source (AECL Gammacell in the region from 300 to 600 nm, with a maximum between
220), with a dose rate of 0.13 Gy/s as determined by the Fricke 400 and 460 nm. The extinction coefficient at the maximum
dosimeter? was measured to be 7900 Mcm~1 when the dithiocyanate
All experiments were performed in,¥-saturated aqueous solutions  radical anion (SCN)™* was used as referené®.The build-up
where the primary radiation chemical yield of Otddicals,Gon, was rate of the PhCOSabsorption at 460 nm was titrated versus

set to 5.6x 107" mol J%.2 In N;O-saturated solutions containing  the PhCOS concentration. The rate constant of eq 3, obtained

s o b e g .2 e lope o a inear o he observd rates vs (Pnd03
. “1g1 “1gq1

Solutions were prepared using Millipore-deionized water. Since \évaifougd t? be ca. t& 1|G) MWhS and 6X. lO:hM ts for tant

PhCOSH is an acid with a3 value of 2.4&? the solutions of thiolate r* and Ny, respectively. €n measuring the rate constan

ion, PhCOS, were obtained by always adding an equimolar amount ©f €3 3 for N, a constant ratio of N/PhCOS of 10 was
of NaOH to the acid solutions. maintained, since thE°(N3*/N37) is rather close t&°(PhCOY
Products formed op-irradiation were extracted by dichloromethane PhCOS)'(see l?e'0W)- ) ) .
and subsequently concentrated using a rotating vacuum evaporator. A Alkylthiyl radicals are known to easily form radical anion
complexes with thiolate (equilibrium in eq 4). The RSSR

(14) Hirabayashi, Y.; Mazume, Bull. Chem. Soc. Jpri966 39, 1971~
1974.

(15) Robert, J.; Anouti, M.; Paris, J. Chem. Soc., Perkin Trans1297, RS +RS = RSSR 4
473.

(16) Lionel Funt, B. InOrganic electrochemistpy_und, H., Baizer, M. species usually have absorption in the region of-3280 nm,
M., Eds.; Marcel Dekker, Inc.: New York, 1991; pp 1337362. which is in the region of the absorption peak shown in Figure

(17) Eriksen, T. E.; Lind, J.; Reitgerger, Them. Scr197§ 10, 5. 1. Itis thus i . . heth he ab SO
(18) Fielden, E. MThe Study of Fast Processes and Transient Species 1- |t 1S thus important to investigate whether the absorption Is
by Electron Pulse Radiolysi®Reidel: Dordrecht, Holland, 1982; pp 49 attributable to PhCOSor PhCOSSOCPh. The following

62. reasons led us to conclude that the equilibrium shown in eq 4

(19) McLaughlin, W. L.; Boyd, A. W.; Chadwick, K. H.; McDonald, J. . . .
C.; Miller, A. Dosimetry for Radiation Processingaylor & Francis: for the PhCOSradical to form PhCOSSOCPhradical anion

Bristol, PA, 1989; p 144. is not important. First, the shape of the spectrum and the decay
(20) Spinks, J. W. T.; Woods, R. JAn Introduction to Radiation rate did not change in the microsecond time region, when

Chemistry John Wiley & Sons: New York, 1990; p 106.
(21) Hipkin, J.; Satchell, D. P. Nletrahedron1965 21, 835. (22) Zhang, Z.; Pawliszyn, Anal. Chem1993 65, 1843-1852.
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Figure 2. The inverse of optical density of PhCOdicals at 460
nm as a function of the ratio betweersNand PhCOS. The linear
curve fit of the data is in accord with eq 6, akg/= 125 can be derived
by dividing the intercept with the slope of the line. 5

different concentrations of the thiolate were used. Second, the

400-460 nm transient was found not to react with k\to

form MV**, while RSSR radicals are known to reduce M¥3
When ABTS was used to capture the oxidative radicals in

the above system, full yield of ABTS, as monitored at 645

nm, was observed. The PhCGfcayed as the ABTS built

up (eq 5). The build-up rate of ABTSat 645 nm was titrated

tog(k /s~ 1)

0;5 0.170 0.'75 0.80
PhCO&+ ABTS — PhCOS + ABTS™ (5)

1/a, where 2=2.3RT in kcal/moi

versus the ABST concentration in solutions containing 0.1 M Figure 3. (A) The experimental decay rate of PhCQR&g versus
NaN; and 5x 103 M PhCOS. The rate constant of eq 5, its maximal optical density measured at 460 nmsgt 10, @) 18, (¥)
obtained as the slope of a linear fit of the observed rates vs 23, ©) 32, ) 41, (®) 49, @) 60 °C. The intercepts of the linear fits
[ABTS], was found to be 2 10° M~1s1, of the data represent the first-order rate constaa)s (B) Arrhenius
2. Reduction Potential of PhCOS/PhCOS Couple. The plot of log(k./s™1) versus 14, w_hereH = 2.3RTkcal/mol. The solutions
relatively long lifetime of the PhCOSadical (ca. 10Qis, see 2 NO saturated and contain 0.1 M Nabhd 5x 1072 M PhCOS..

below) as compared to PhCO@dical (ca. 1us) made the  han jts homologue, benzoic acidKpca. 4.2). ThusE°-
measurement of the reduction potential of the PhGBBCOS (PhCOS, H*/PhCOSH) is calculated to be 1.36 V vs NHE.
couple_ possible. Using,1*/21~ as reference couple, the 3. B-Fragmentation of PhCOS Radical. In the pulse
approximate value oE°(PhCOIPhCOS) was found to be  4giolysis experiments, the 460-nm transient decayed by mixed
1.2-1.3V. Since N, having a reduction potential of 1.33%,  first. and second-order kinetics within the dose range applied.
rapidly oxidizes PhCOS it was chosen as the reference for inetic traces were obtained by irradiating,®tsaturated
more accurate measurements. When theradical oxidizes solutions containing 0.1 M Najand 5x 103 M PhCOS'.
PhCOS, the following equilibrium is established. The initial part of the decay was used to calculate a first-order
rate constant. In Figure 3A, these values are plotted against its
maximal optical density, which should be proportional to the
doses applied. By extrapolating the straight line to zero
absorption (zero dose), the intercdgk should be the first-
order component. Since phenyl radicals *jPdre known to
absorb only weakly in the region below 300 r@fralong with

. _ the evidences from product analysis (see beldw)should be
OD®46dODs0= 1 + [N3 J/K;[PhCOS] (6) ko, the S-fragmentation of the PhCO®adical to form Phand
COS. The second-order decay of the transient is due to radical
recombination reactions, which always exist as competing
reactions. The decay rate was also found to be independent of
pH in the pH range of 214. The rate constakt was measured

PhCOS + Ny =PhCOS+ N, (3)/(-3)

In irradiated NO-saturated solutions containing different con-
centrations of PhCOSand N;~, with the latter in excess, the
following relationship is obtained.

Here, ODgp is the optical density at 460 nm of PhCO&
equilibrium,K3 is the equilibrium constant of eq 3, and Q)
is the optical density when the equibrium in eq 3 is completely

shifted to the right. In the experiments, the concentrations of o . o range of temperatures (60 °C, see Figure 3A).

Ns~and PhCOS were adjusted so that the equilibrium in eq 3 The Arrhenius plot for eq 2 shown in Figure 3B yielded the
was reached before significant radical decay occurred. A plot following temperature dependence

of 1/ODyeo versus [N7)/[PhCOS] gives a straight line (Figure

2), andK3 was found to be 125 by dividing the intercept by the Iog(kzls’l) = (12.3+0.1)— (11.44 0.2)B @
slope of the line. The rate constant of e§ was deduced to

be 4.8 x 10" M™% 5% by dividing ks by Ks. From the  where is 2.3RT kcal/mol and the errors correspond to.2
equilibrium constanKs, we calculatede®(PhCOSPhCOS) Equation 7 gave an activation energy of 11.4 kcal/mol (47.7

to be 1.21 V vs NHE whek®(Ns/Ns™) = 1.33 Vwas used as  kJ/mol) for eq 2. At room temperaturies is ca. 8.5x 10°s™L,
reference. Thelg, of thiobenzoic acid is given as 2.48lower

(24) Scaiano, J. C.; Stewart, L. @.Am. Chem. S0d983 105 3609~
(23) Wardman, PJ. Phys. Chem. Ref. Date989 18, 1637. 3614.
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2-mercaptoethanokg was reported to be 2 10° s71.25 If we
assume similar rapid equilibrations for PhCO@dicals in
reaction 8, eq 10 is valid.

OD°46dODy50= 1 + K¢[O,] (10)

—
w
1

A plot of OD°46¢0/ODysoVersus oxygen concentrations in Figure
4B gave an estimation dfg to be 2.3x 10° M~1. The first-
order decay rate of PhCO&dicals, as given by the intercept
of the linear fit of the data in Figure 4A, follows eq #1.

—_
i

kops X 107451

Dasonm X102 k(L + KeO3]) = ky + koK4[O] (11)
? B ¢ In Figure 4C, a plot ofkn(1 + Kg[O2]) versus the oxygen
concentration gave an estimationlgfto be 1.7x 10* s,
5. Product Identification by GC-MS. Upon y-radiolysis
of N,O-saturated aqueous solutions of PhACOSH, products with
low water solubility were formed. With dichloromethane as
the extraction solvent or with the SPME technique, the same
products were detected. In gas chromatograms of samples after
steady-state-radiolysis of NO-saturated solutions containing
0.1 M NaN; and 5x 1073 M PhCOS;, two main product peaks
were observed. The mass spectra of the two peaks were found
to resemble those of phenyl azide (Rhind aniline (PhNb),
respectively, when their mass spectra were compared with those
[O2] x 104 M found in the Finnigan NS library. In Figure 5, the mass spectra
Figure 4. (A) The decay rate of PhCOSk.) versus its maximal  Of the radiolytic products Phi\and PhNH are presented along
optical density measured at 460 nm when the solutions containing 0.1 With the standard in the Finnigan NS library. These main

w
1

046000460
by

kint(1+Kg[O2]) x 104 s~ 1
n

[}

0 2 4 6 8

=
[
~
=N
3

M NaNs and 5x 10~3 M PhCOS were saturated with@®) N,O, (J) products are presumably formed through eqs 12 and 13.
N-O/O; (90:10) and ©) N,O/O; (50:50). (B) Plot of OD4go/ODaso,
the maximal optical density of PhCO&t 460 nm in NO (OD°460) PH + N, — PhN, ™ (12)

divided by that in NO/O;, saturated solutions, versus the oxygen

concentration. (C) Plot df(1 + Kg[O5]) versus the oxygen concentra- disproportionate
tion, wherek is the first-order decay rate of PhCO@dicals given 2PhN3*———
by the intercept of the linear fit of the data in A aKglis the equilibrium 20, 2H"
constant for eq 8.

PhN, + PhNH, + N,  (13)

Formation of aniline was clearly proved by GC-MS upon

4. Reaction between the PhCORadical and O,. Normal comparison with the GC-MS of an authentic sample, while
alkylthiyl radicals are known to react with,@o form peroxyl authentic samples of phenyl azide are not available. The
radicals!?526 The formation and the decay of PhCO&dicals disulfide (PhCOSSCOPh) which would be formed from dimer-
in the presence of Din solutions were studied. When the ization of the PhCOSradicals was not found.
solutions containing 0.1 M NafNand 5x 102 M PhCOS
were saturated with three different concentrations of oxygen, Discussion
as shown in Figure 4B, with same the doses applied, the . . .
maximal optical densities of PhCOgdicals at 460 nm were Structure of PhCOS' Radical. Normal alkylthiyl radicals
found to decrease with increasing oxygen concentrations. It Usually have weak absorption in the region from 300 to 330

appears that benzoylthiyl peroxyl radicals are formed in eq 8. "M- The PhSradicals, due to their resonance stabilization by
the phenyl ring, have absorption in the 46810 nm region

PhCOS+ O, = PhCOSQ’ (8) with e460nm= 2590 M~1 cm~1.28 The spectrum of the PhCOS
2 radical measured in aqueous solution is rather similar to that of
In Figure 4A, the experimental decay rate of PhCQ&,) is PhS radical but covers a broader wavelength interval and has

ploted versus its maximal optical density measured at 460 nm. @ much higher intensity. The spectrum of PhC@&lical is
The intercept was found to increase with increasing oxygen attributed to the resonance stabilization of sulfur radical by the
concentrations. The PhCOgQadicals thus undergo a first- ~ carbonyl group. Since for its oxygen counterpart PhCOO

order reaction presumably to form PhCOS(®)adicals. radical, the absorption in 500 to 700 or 800 nm was assigned
also to a transition that is localized in the CO@oiety of the
PhCOSQ — PhCOS(0)O 9) radicall? A carbonyloxyl radical (e.g., ROCOfbhas a similar

absorption band in the regigA.

This is seen to be an exact parallel to the case with alkylthiyl (27) Assuming the fast equilibration in eq & = [PhCOS] +
radicals. The rate constantslgfandk_g for alkylthiyls were [PhCOSQ@Y, Ks = [PhCOS@/[PhCOS][O2]. Thus, knC = kJ[PhCOS]

reported to be 2x 10° M~1 s71, and 6 x 10° s71.2526 For + tg[PhEOS[S;% = (k2 + koKg[O2])[PhCOS]. Therefore kint(1 + Kg[O2])
= kz + kgKg[O3].
(25) Zhang, X.; Zhang, N.; Schuchmann, H.; von Sonntag].®hys. (28) Tripathi, G. N. R.; Sun, Q.; Armstrong, D. A.; Chipman, D. M,;
Chem.1994 98, 6541-6547. Schuler, R. HJ. Phys. Chem1992 96, 5344.
(26) Tamba, M.; Simon, G.; Quintiliani, Mnt. J. Radiat. Biol.1986 (29) Chateauneuf, J.; Lusztyk, J.; Maillard, B.; Ingold, KJUAm. Chem.

50, 595-600. Soc.1988 110, 67276731.
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Figure 5. The mass spectra of the radiolytic products, (A) PhMHd (C) PhN, along with the standard in the Finnigan NS library, (B) PhNH

and (D) PhN.

Another noteworthy finding is that PhC©&nd PhSradicals
behave similarly in that, unlike normal alkylthiyl radicals, they
do not favor the formation of disulfide radical anions (ecf%).
The latter are known to form sulfur-centered three-electron
bonds (2/16*) in RS++*SR™.3% The fact that the PhSSPhand
the PhCOSSOCPH species are not favored in eq 4 also
suggests the PhSand PhCOS radicals to be resonance
stabilized. Upon the formation of these disulfide radical anions,
the three electron-SS bonds are too weak to compensate for

&
the destruction of the resonance between the sulfur centered CH.COO-H

radicals with the phenyl ring or the carbonyl group.

Reduction Potential and Bond Strength. In a recent
publication, Robert et df reported the voltammetrically
measured one-electron oxidation potential of PhC@S be
0.72 V vs the reference electrode Ag/AgCl, KCI saturated in
DMA/N(Et)4ClOq4, 0.1 M, whenN,N-dimethylacetamide (DMA)
was used as solvent. This value correspond(®hCOY
PhCOS) = 0.94 V vs NHE in DMA. By comparison, our
present value oE°(PhCOYPhCOS) = 1.21 V vs NHE in
aqueous solution is higher by ca. 0.27 V. The higher reduction
potential of the PhCOSadical in water can be largely attributed
to the higher solvation energy of the PhCO&nion in water
as compared to that in DMA. Assuming similar solvation
energies for the PhCO®dical in water and DMA, we estimate
the solvation of the PhCOSanion to be stronger by ca. 6.2
kcal/mol in water than in DMA.

At this point it is worthwhile and interesting to examine the

Table 1. Summary of K, Reduction Potentidt® in V, and BDE
in kcal/mol for Thiols and Their Oxygen Counterparts

pK2  E°(AYA7) E°(A",HY/A")  BDE
CHsS—H 10 ~0.8 ~1.3 87.4
RS-H 9.6 0.8 1.37 87.4
PhS-H 6.6 0.69 1.08 8C
CH:COS-H 339  ~1.1 ~1.3 ~87
PhCOS-H 2.48 1.21 1.36 87
CH:0—H 15.1 ~1.16 ~2.08 104.4
H 10.0 0.79 1.38 86Y
475  ~19 ~2.2 106
PhCOG-H 419  ~20 ~2.2 ~106

3 Reference 31° Reference 3 Reference 219Reference 33.
¢ Reference 7' This work. 9 Reference 34" Reference 35.Reference
36.1 Eestimated.

them with the corresponding €H bonds. A representative
selection is found in Table 1, where thigvalues, the reduction
potentials, and the corresponding standard reduction potentials
are compiled.

In the table, the bond dissociation energy (BDE) of £H
COS-H was assumed to be the same as that of Phel@S
Similarly, the BDEs of CHCOO—-H and PhCOG-H are also
assumed to be the same. The bond dissociation energy of the
corresponding SH and O-H bonds in the gas phase is related
to the standard reduction potential through the equation, BDE
(kcal/mol)= 23.1E°(A*,H"/AH) + 56.73738 Using this relation,

S—H bond strengths in various related compounds and compare (31) Serjeant, E. P.; Dempsey, Bnization constants for organic acids

(30) Gtol, M.; Bonifacic, M.; Asmus, K.-DJ. Am. Chem. Sod.984
106, 5984.

in agueous soluthnPergamon Press: New York, 1979.
(32) Danehy, J. P.; Parameswaran, KJNChem. Eng. Datd968 13,
386.
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the reduction potentials of the species were estimated, whenevethiocarboxylic acids give different types of final products.
literature values were not available. Inspecting the table, we While RCOO radicals decarboxylate, RCO%dicals dimerize

can see that it agrees with the general trend that onds
are weaker than the corresponding-B® bonds. The trends in
thiyl radical reduction potentials and-$ bond energies upon
going from alkyl to aryl and to acyl thiols resemble those of

the corresponding oxygen counterparts. It is especially notice-

able that the SH bond of thiobenzoic acid is almost identical
to that of the S-H bond of an alkyl thiol, while the SH bond

to form the corresponding disulfide. Our product studies show
that, in aqueous solutions, th&fragmentation of PhCOS
radicals is the dominant route. This apparent contradiction can
be resolved knowing that the rate@fragmentation of PhCOS
radicals is only 8.5< 10® s™* and considering the difference in
local radical concentractions betweerradiolysis and elec-
trolysis. In the steady state-radiolysis of benzoyl thiolate

of an aryl thiol is much weaker duo to the resonance stabilization solutions, the radical production rate is rather low (ca X.8

of PhS radical. The fact that PhCOSs also a resonance
stabilized radical indicates the similar extent of stabilization of
the PhCOSH molecule itsel?. In comparison to that of the
RSH molecule, the dipole moment of the-B group in
PhCOSH is larger due to the electron-withdrawing carbonyl

group which stabilizes the partial negative charge on the sulfur.

The same trend is seen for the—@ bond energies in the
corresponding oxygen counterparts, i.e., theHDbond of
benzoic acid is rather close to that of the-B bond of an
alcohol, while the G-H bond of a phenol is much weaker.

Finally, the Kg of 2.3 x 10® M~1 for PhCOS radicals
equilibrating with PhCOS® radicals is close to that, 3.2
10 ML, for the 2-mercaptoethanol thiyl radicals equilibrating
with its peroxyl radicalg®> This suggests the SO bond
strengths in RSO,* and PhCOS O, radicals are rather close
each other.

p-Fragmentation of PhCOS Radical. Strong evidence for
the PhCOSradicals to undergg-fragmentation was provided
by both kinetic analysis upon pulse radiolysis and product
identification by gas chromatographynass spectrometry (GC-
MS). The first-order rate constant of 8% 10° s™! for the
p-fragmentation of the PhCOSadical is seen to be smaller
than for its oxygen counterpart, the PhCQ@dical. Equation
7 for the PhCOSradical 5-fragmentation in aqueous solution
can be compared with the one obtained by Chateauneuf'gt al.,
log(ky/s™1) = (12.6 & 0.1) — (8.6 & 0.3)/, for the PhCOO
radical decarboxylation in pure CL£l As can be seen, the

1078 M radicals per second), in contrast to the electrolytic
processes, in which high radical concentrations are usually
localized at the electrode.

The phenyl radical which is formed from tigefragmentation
of PhCOS radical is known to add to double bonds. The rate
constant of eq 12 was measured to be cd.M0! s™1, when
Phr radicals were produced by the one-electron reduction of
iodobenzene (Phl) in the presence o N(Lind et al.,
unpublished results). The PBN radical anion has a weak
absorption at 480 nme(= ca. 1000 M! cm™) and is not
oxidized by Q or Fe(lll)(CN)3~. Only bimolecular decay was
observed, presumably to form PhRnd PhNH (eq 13).

From the -fragmentation of PhCOSradicals in eq 2,
carbonyl sulfide, COS, is expected to be one of the main
products. Attempts to measure COS failed most probably
because it is hydrolyzed to form G@nd HS (at 25°C, the
pseudo-first-order rate constant is 0.0019)4° The hydrolysis
is also known to be catalyzed by Bisted base¥®. The products
PhNs; and PhNH formed in the irradiated solution may catalyze
the hydrolysis of COS.

Summary

One-electron oxidation of PhCOSions form PhCOS
radicals. The reduction potentiaf(PhCOY¥PhCOS) andE’-
(PhCOS,H*/PhCOSH) were measured to be 1.21 and 1.36 V
vs NHE, respectively. The PhCOSadicals subsequently
undergog-fragmentation to form Ptradical and COS with a

preexponential factors are very similar, suggesting simple bond "ate constant of 8.5« 10° s™* at room temperature. The

cleavage reactions. Unlike the symmetrical PhC@élical,
the PhCOSradical should be more localized on the sulfur site.
The asymmetry of the PhCO®adical could result in higher
bending energy for the ©C—S angle to form a linear state in
the g-fragmentation process.

As mentioned in the Introduction, electrochemical studies on
product formation upon oxidation of carboxylic acids and

(33) Armstrong, D. A. InS—Centered RadicajsAlfassi, Z., Ed.; John
Wiley & Sons: New York, 1997.

(34) Lind, J.; Shen, X.; Eriksen, T. E.; Merenyi, G.Am. Chem. Soc.
199Q 112 479.

(35) Nicovich, J. M.; Kreutter, K. D.; van Dijk, C. A.; Wine, P. H.
Phys. Chem1992 96, 2518-2528.

(36) McMillen, D. F.; Golden, D. MAnnu. Re. Phys. Cheml1982 33,
493-532.

(37) Eberson, LActa Chem. Scand.963 17, 2004.

(38) Wayner, D. D. M.; Parker, V. DAcc. Chem. Re4993 26, 287—
294.

(39) Clark, K. B.; Wayner, D. MJ. Am. Chem. S0d.991, 113 9363~
9365.

p-fragmentation of the PhCOS%adical follows the Arrhenius
equation, logf/s™) = (12.3+ 0.1) — (11.4 £ 0.2), where

6 = 2.3RTkcal/mol. In 0.1 M NaN solutions, the Ptradicals
add to N~ to form PhN~ radical anion, which subsequently
disproportionate to form PhiNand PhNH as final products.
The experimental data for the kinetic and thermochemical
properties of PhCOSH and PhCO@dicals obtained in this
work are compared with those of their oxygen counterpart
PhCOOH and PhCOQadicals.
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