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Figure 6. Plots of the logarithms of the rate constants for ligand asso- 
ciation and dissociation with (carboxyalky1)cobaloximes (solid symbols) 
and their conjugate bases (open symbols) vs. pK,, the pK, of the conju- 
gate acid of the ligand: (carboxymethyl)cobaloximes, k,,, 4-X-py (a), 

(1-carboxyethyl)cobaloxime, k,,, R-NH2 (0, e), ken, R-NH2 (0 ,m) .  
The solid lines are least-squares fits; slopes and intercepts are given in 
Table V. 

to this average value (Table V), those for the (1-carboxyalky1)- 
cobaloximes themselves are significantly higher. Hence an en- 
hancement of the interaction of p-effect cobalt centers with purely 
u-donating primary amine ligands may indeed be operating, at 
least for the more basic members of the amine series. A similar, 
but more striking effect can be seen in the koff correlations for 
the primary amine ligands. In this case, the slopes of the cor- 
relations for all the p-effect cobaloximes are quite similar in sign 
and magntiude to those previously determined for other organo- 
cobaloximes but the intercepts for the (1-carboxyalky1)cobaloximes 
(and not their conjugate bases) are a t  least 1.5 log units lower. 
This would tend to indicate a substantial effect of (M conjugation 
on the kinetic stability of the primary amine complexes, although 
it is not completely clear how much of this effect should be at- 
tributed to the inductive effect of the organic ligands i n ~ o l v e d . ~ ~ * ~ ~  

R-NH, (0, e), RS- (V), ken, 4-X-py (m), R-NH, (A, A), RS- ( A ) ;  

(42) Brown, K. L.; Awtrey, A. W. Inorg. Chem. 1978, 17, 111-1 19 

We conclude, then, that there appears to be an effect of depletion 
of cobalt electron density by u-?r conjugation in (l-carboxy- 
alky1)cobaloximes on reactivity of the cobalt center, but it is 
difficult to accurately assess its extent with the current data. 
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Abstract: The spectra of the intermediates formed in the reactions of Blzr with the free radicals B r p ,  COz-., -CH2C(CHJ20H, 
-C(CH3)20H, .CH2CH0, and .CH(OH)CH20H are reported. The results indicate that B r p  oxidizes Blzr to Biza, via an 
inner-sphere mechanism, and C02-. reduces B12r to Biz,. All the aliphatic free radicals studied, -R, react with Bllr, yielding 
as the first product a pseudocoenzyme denoted Co"'-R. CO"'-CH,C(CH,)~OH is stable for over a second in the pH range 
3-10 as is Co"'-CH2CHO. The latter compound hydrolyzes in acid solutions to yield Biz, and CH,CHO. Co"'-C(CH3)20H 
and Co"'-CH(OH)CH20H decompose heterolytically to yield mainly Biz,; a side reaction that probably yields Co"'-H via 
a @-hydride shift is also observed. The kinetics of decomposition of Co"'-CH(OH)CH20H in neutral solutions are reported. 
No water elimination from the latter intermediate occurs. The reasons for the latter observation are discussed. 

There is growing evidence that the mechanism of reaction of 
enzymes containing the coenzyme derivative of vitamin B,, involves 

free-radical reactions. The mechanism of reaction seems3* to 
involve first the homolytic Co-C bond cleavage in the coenzyme 
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Reactions of BIJr with Aliphatic Free Radicals 

CO-R s CO" + R. 

where the coenzyme and its ligand are denoted as Co-R. The 
free radical attacks the substrate, SH. 

Re + S H  s RH + S. 

This reaction is followed schematically by one of the following 
reaction sequences: 
Sequence I 

(1) 

( 2 )  

CO" + s. F? co-s  

co-s - co-P 

co-P S CO" + P. 

Sequence I1 

co-s e CO' + s+ 
s+ e P+ 

P+ + CO' t- co-P 

Sequence I11 

co-s  z? CO"' + s- 
s- e P- 

P- + CO"' F? co-P 

Sequence IV 

s. e P- 

P. + CO" $ co-P 

where PH is the product, formed via .P + RH - PH + R-, and 
Co-P decomposes via eq 5 .  

Alternatively an outer-sphere redox process involving the cobalt 
center might occur. 
Sequence V 

CO" + R. CO' + R+ (14) 

CO" + R- e CO"' + R- (15) 

(16) 

and 

R* + S H  i=? RH + S* 

or 
Sequence VI 

CO" + s- e CO' + s+ 
CO" + s. e CO"' + s- 

It was suggested that the radicals C H ( O H ) C H 2 0 H  and 
.CH2C(CH3),0H oxidize B12r via an outer-sphere mechanism to 
give Blh7 and that C(CH3),0H reduces it to BIB8-'O via the same 
mechanism. The latter results are used to support sequences IV, 
V, and VI over sequences I, 11, and III.6Jl However, experimental 

(17) 

(18) 

(1 )  Work performed in part under the auspices of the Division of Basic 
Energy Sciences of the US. Department of Energy. 

(2) (a) Chemistry Division, Argonne National Laboratory, Argonne, IL. 
(b) Chemistry Department, Ben-Gurion University of the Negev and Nuclear 
Research Centre Negev, Beer-Sheva, Israel. 

(3) Babior, B. M. Acc. Chem. Res. 1975, 8, 371. 
(4) Abeles, R. H.; Dolphin, D. Acr. Chem. Res. 1976, 9, 114. 
(5) Johnson, A. W. Chem. SOC. Reu. 1980, 125. 
(6) Chemaly, S. M.; Pratt, J. M. J.  Chem. Soc., Dalton Trans. 1980, 2274. 
(7) Blackbum, R.; Kyaw, M.; Phillips, G. 0.; Swallow, A. J. J .  Chem. Soc., 

Faraday Trans. I 1975, 71,  2277. 
(8) Blackburn, R.; Erkol, A. Y.; Phillips, G. 0.; Swallow, A. J. J .  Chem. 

SOC., Faraday Trans. 1974, 70, 1963. 
(9) Endicott, J .  F.; Netzel, T. L. J .  Am. Chem. SOC. 1979, 101, 4001. 
( I O )  The authors of ref 9 point out in footnote 22 that the mechanism 

might follow another route, producing an intermediate having a cobalt-carbon 
bond. 
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data available suggest that relatively stable Co-S compounds are 
formed in reaction 3I2-I5 when the substrate S does not contain 
a functional group that causes hydrolysis or redox proce~ses. '~ 
Furthermore, most aliphatic free radicals are not expected to be 
efficient outer-sphere redox reagents, due to the large reorgani- 
zation energies required in these processes.15-18 

Considering these arguments, we have predicted15 recently that 
the reactions of -CH2C(CH3),0H, -CH(OH)CH20H, and .C- 
(CH3),0H with Blzr involve the formation of the pseudocoenzymes 
Co-CH2C(CH3),0H, Co-CH(OH)CH,OH, and Co-C(CH3),- 
OH, which then rearrange, when required, to the stable products 
via sequences I, 11, or 111. We wish to report experimental results, 
obtained by the pulse-radiolysis technique, that support these 
predictions. 
Experimental Section 

Materials. Solutions of B,,, were prepared by reduction of BI2& 
(Sigma) with hydrogen over Adams' catalyst.* The solutions thus pre- 
pared were handled by the syringe technique to avoid contact with air. 
All other chemicals were AR grade and were used without further 
treatment. Solutions were prepared with triple-distilled water. 

Spectra of Transients. Spectra of the transients were recorded with 
the streak camera.19 The streak duration was 200 ps, and when spectra 
a t  longer times after the pulse were required, a delay circuit, which starts 
the streak time at  the required time after the pulse, was used. The 
solutions were contained in Suprasil cells with an optical path of 1 or 2 
cm. The B12r concentration was 6 X M and the radical concentration 
formed by the pulse was ca. 1 X M, but for the HC0,-  and Br- 
solutions, where the free-radical concentration was ca. 3 X M. The 
large concentration of radicals is required in order to obtain accurate 
spectra also in regions where the spectral changes are small. However, 
as clearly radical-radical reactions in competition with the desired Bi2r  
+ .R reaction occurred, no absolute absorption coefficients were deter- 
mined. 

The streak camera records the spectra over a range of 180 nm. The 
spectra from 340 to 600 nm were recorded with two pulses, the first with 
the streak center a t  430 nm and the second with the center a t  510 nm. 
Thus, an overlap over a range of 100 nm between the two experiments 
was obtained. 

Kinetics of Reaction. The kinetics were measured at  wavelengths 
where large optical changes occur; thus smaller pulses, yielding (1-5) X 
10" M of free radicals, were used. These experiments were carried out 
both at  the linear accelerator a t  Argonne National Laboratory and at  the 
Hebrew University of Jerusalem. The experimental setups have been 
described elsewhere in detail.20s2' 

Preparation of Free Radicals. The radiation chemistry of water and 
dilute aqueous solutions can be summed up by the equation2, 

( 1 9 )  

The yields of these primary products, which are homogeneously distrib- 
uted in the solution within less than 10 ns, are GC-,q = GOH = 2.65, GH 
= 0.60, GH202 = 0.75, GH2 = 0.45 in units of molecules per 100 eV 
absorbed in the solution.22 

In N20-saturated solutions (2 X lo-, M), the following reactions have 
to be considered. 

?.e- 
H 2 0  - e-aq, .H, .OH, H,O,, H,, H,O+,, 

(20123 

(21123 

HP 
e-aq + N 2 0  - .OH + N, + OH- 

k = 8.7  X lo9 M-' s-' 

e-aq + H 3 0 +  - Ha 

k = 2.3 X 1O'O M-' s-' 

(11) Schrauzer, G. N. Angew. Chem., Int. Ed. Engl. 1977, 16, 233. 
(12) Maihub, A.; Xu, H. B.; Schrauzer, G. N. 2. Naturforsch. B Anorg. 

(13) Schrauzer, G. N.; Hashimoto, M.; Maihub, A. 2. Naturforsch. B: 

(14) Blaser, H. U.; Halpern, J. J .  Am. Chem. SOC. 1980, 102, 1684. 
(15) Elroi, H.; Meyerstein, D. J .  Am. Chem. SOC. 1978, 100, 5540. 
(16) Meyerstein, D. Discuss. Faraday Soc. 1977, 63, 203. 
(17) Meyerstein, D. Acc. Chem. Res. 1978, 11, 43. 
(18) Lati, J.; Meyerstein, D. J .  Chem. Soc., Dalton Trans. 1978, 1105. 
(19) Schmidt, K. H.; Gordon, S.; Mulac, A. W. Reu. Sci. Insfrum. 1976, 

(20) Gordon, S.; Mulac, A. W.; Schmidt, K. H.; Sjoblom, R. K.; Sullivan, 

(21) Cohen, H.; Meyerstein, D. J .  Am. Chem. SOC. 1972, 94, 6944. Ilan, 

(22) Matheson, M.; Dorfman, L. M. "Pulse Radiolysis"; MIT Press: 

Chem., Org. Chem. 1980, 358, 1435. 

Anorg. Chem., Org. Chem. 1980, 358, 588. 

47, 356. 

J. S. Inorg. Chem. 1978, 17, 294. 

Y. Ph.D. Thesis, The Hebrew University of Jerusalem, 1977. 
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Thus, in neutral and alkaline N20-saturated solution, the free radicals 
present are .OH and .H, the latter contributing ca. 10% of the free- 
radical concentration. 

Reactions with Brp.  In N20-saturated solutions containing 0.01 M 
NaBr, the following reactions occur.24 

-OH + Br- - .Br + OH- 
k22 2 lo9 M-' s-l a t p H < 9  

(22) 

.Br + Br- Br2-. (23) 
K23 = 2 x io5 M-' 

Thus, in these solutions, the major reacting free radical formed is Br2--. 
Reactions with C02-.. In N20-saturated solutions containing 0.1 M 

HC02Na, the following reactions occur. 
*OH/H + HCO2- j  COP + H2O/H2 (24) 

k o H  + H,-O~- 3 X lo9 M-' S-' " 

k H  + Hco2- = 1.3 x 10' M-' S-126 

Reactions with .C(CH3)20H. In N20-saturated solutions containing 
0.1 M 2-propanol, the following reactions occur.27 

85.5% 
.OH/H + (CH3)zCHOH - C(CH3)ZOH + H2O/H2 

13.3% 
__* CH2CH(CH3)0H + H2O/H2 

(25) 
k o H  + (CHj)ZCHOH = 2.3 x lo9 M-' S-' 25 

k H  + (CHj)Q+OH E 7.8 x io7 M-' S-' 26 

(The percents of yield of the two reactions are for the hydroxyl radical 
reactions.) 

Reactions with .CH2C(CH3)20H. In N20-saturated solutions con- 
taining 0.1 M (CH3)3COH, the .OH radicals react via the following 
mechanism: 

*OH + (CH3)3COH + .CH&(CH3)zOH + H2O (26) 
k = 4.2 X los M-' s-l 

However, the rate of reaction of H atoms with tert-butyl alcohol is rather 
low;26 thus some H atoms remain to react with substrates present even 
at low concentrations. 

Reactions with CH(OH)CH20H and .CH2CH0. In NzO-saturated 
solutions containing 0.1 M CH2(0H)CH20H, the following reactions 
occur. 
*OH/H + CH2(0H)CH,OH + *CH(OH)CH20H + H2O/H2 (27) 

k o H  + CHPHCHPH = 1.5 x 1097M-' S-' " 

k H  + CHPHCHSH = 2.1 X lo7 M-' S-' 26 

The latter radicals are dehydrated in acid- and base-catalyzed reac- 
t i o n ~ . ~ ~ * ~ ~  

(28) 
H P +  *CH(OH)CH20H - CH2CHO + H2O 

(29) 
OH- .CH(OH)CH20H - CH2CHO + H2O 

Results and Discussion 
In order to identify the intermediates formed in the reaction 

of CH2C(CH3)20H, .CH(OH)CH20H, .CH2CH0, and .C- 
(CH3)20H with B12r, we first carried out two reference experi- 
ments. We determined the spectrum of Bla formed in the reaction 
sequence:30 

B12r + Br2-- - Co"'-Br + Br- 

CoIrl-Br - Blza + Br- 
(30) 

(31) 

(23) Anbar, M.; Bambeneck, M.; Ross, A. B. Natl. Bur. Stand. (US.), 

(24) Behar, D. J.  Phys. Chem. 1972,76, 1815. Zehavi, D.; Rabani, J. Ibid. 

(25) Dorfman, L. M.; Adams, G. E. Natl. Bur. Stand. (US.), Ref.  Data 

Ref. Data Ser. 1973, 43. 

1972, 76, 312. 

Ser. 1976, 46. 

Data Ser. 1975, 51. 

1218. 

(26) Anbar, M.; Farhataziz; Ross, A. B. Narl. Bur. Stand. (US.), ReJ 

(27) Asmus, K. D.; Mockel, H.; Henglein, A. J.  Phys. Chem. 1973, 77, 

(28) Burchill, C .  E.; Perron, K. M. Can. J .  Chem. 1971, 49, 2382. 
(29) Bansal, K. M.; Gratzel, M.; Henglein, A.; Janata, E. J.  Phys. Chem. 

1973, 77, 16. 
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Figure 1. Difference spectra between transients and BlZr. Solution 
composition: 6 X M NaBr, pH 6.1, 5 X low3 M 
phosphate buffer, N20 saturated. Pulse intensity, 6 X lo3 rad, 1-cm 
optical path. (---) 150 f i s  after pulse attributed to Co"'-Br; (...) 10 ms 
after pulse attributed to Biz,. 

h nm 

M B12r, 1 X 

I . . . , . . . . . . . .  
340 380 420 460 500 540 580 

A nm 

Figure 2. Difference spectra between transients and Biz,. Solution 
composition: 6 X 
M phosphate buffer, N20 saturated. Pulse intensity, 6 X lo3 rad; 1-cm 
optical path. (---) 50 f i s  after pulse; (".) 10 ms after pulse both 
attributed to Blzs. 

The results are plotted in Figure 1. The spectrum after 150 ~s 
is attributed to C O " ' - B ~ ~ ~  and after 10 ms to B12a.30 The latter 
spectrum does not change for at least a second. It should be noted 
that the spectra plotted are the difference spectra between those 
of the products and that of B12r. The spectrum of BlZa is char- 
acterized by a strong absorption band around 350 nm and a weaker 
one around 520 nm. 

The second blank was the determination of the spectrum due 
to Blzs formed in the reaction8 

(32) 

M BIZ,, 5 X M HC02Na, pH 6.1, 5 X 

Bizr + C O P  - Bizs + CO2 
k = 8.2 X lo8 M-' s-l 

The results, seen in Figure 2, suggest the formation of Blzs as an 
intermediate with a strong absorption band around 390 nm as 
expected. After a second, the absorption changes disappeared, 
indicating that B12r is the final product. This observation is in 
agreement with expectation due to the following reactions. 

H20 
BIZs + N2O - Biza + N2 + 20H- 

B12s + B12a + 2B1~r 

(33) 

(34) 

k = 1.6 X loz M-ls-l , pH 831 

k = 1.5 X lo7 M-ls-l , pH C 632 
Next we measured the spectra obtained under conditions where 

-CH2C(CH3)20H radicals are the major reactant; ca. 10% of H 

(30) Meyerstein, D.; Espenson, J. H.; Ryan, D. A,; Mulac, W. A. Inorg. 

(31) Blackburn, R.; Kyaw, M.; Swallow, A. J. J .  Chem. SOC., Faraday 
Chem. 1979, 18, 863. 

Trans. 1 1977. 73. 250. 
(32) Ryan,'D. A,; Meyerstein, D.; Mulac, W. A,; Espenson, J. H. Inorg. 

Chem. 1978,17, 3725. Kaufmann, E. J.; Espenson, J. H. J .  Am. Chem. SOC. 
1977, 99, 7051. 
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Figure 3. Difference spectra between transients and B12,. Solution 
composition: 6 X 10" M B12,, 0.1 M ferf-butyl alcohol, pH 5.8, 5 X 
M phosphate buffer, NzO saturated. Pulse intensity, 4000 rad, 1-cm 
optical path. (..a) 1 ms after pulse; (-e--) 1 s after pulse both attributed 
to Co1"-CH2C(CH3)20H. 
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Figure 4. Difference spectra between transients and B12,. Solution 
composition: 6 X 10" M Blzr, 0.1 M 2-propanol, 5 X M phosphate 
buffer pH 5.8, NzO saturated. Pulse intensity, 4000 rad, 1-cm optical 
path. (- - -) 50 ws after pulse attributed to CO"'-C(CH~)~OH; ( a m . )  1 
ms after pulse; (--) 10 ms after pulse attributed to BI2# plus some 
products of a side reaction, probably Co"'-H; and (---a) 1 s after pulse 
attributed to BIZr plus some decomposition products. 

atoms are present (see above). The results obtained at  pH 5.8 
are plotted in Figure 3. The nature of the product in this system 
clearly differs from that observed in the reference experiments. 
The product observed is stable for over a second in NzO-saturated 
solution, thus indicating that it is not BIZ,. The absorption 
spectrum of the product, seen in Figure 3, differs considerably 
from that of B12a (Figure 1). These results suggest that a pseu- 
docoenzyme is formed in the reaction 

A nm 

B1zr + CHZC(CH3)zOH -+ Co1"-CH2C(CH3)20H (35) 
When the experiment was repeated a t  pH 10.7, the results were 
nearly identical with those observed at  pH 5.8. At pH 3.1, a 
slightly different absorption spectrum was observed; however, its 
features also suggest the formation of a pseudocoenzyme. Our 
observations are in disagreement with those reported by Blackburn 
et aL7 in neutral solutions. We feel that the results obtained by 
the streak camera are more accurate mainly for systems in which 
the reaction of the free radicals with the substrate competes with 
radical dimerization reactions. Furthermore, our experimental 
setup enabled spectral measurements up to a second after the pulse, 
whereas that of Blackburn et al. was limited to 1 ms. 

The reaction of Blzr with .C(CH3)20H radicals was reported 
to result in the formation of B12s.8 In Figure 4 are plotted the 
spectra observed at different times after the pulse under conditions 
where the only radicals formed are C(CH3)20H and .CH2CH- 
(CH3)OH. (The latter radical concentration is ca. 13% of the 
total radical con~ent ra t ion .~~)  The results clearly indicate that 
the system is complicated and cannot be. explained by the reaction35 

-C(CH3)20H + Blzr - Blzs + (CH3)&0 + H30+ (36) 

followed by reactions 33 and 34 only. The spectrum observed after 
50 ps is similar to that observed on the tert-butyl alcohol system 

ji nm 340 380 420 460 500 540 580 

Figure 6. Difference spectra between transients and B12r. Conditions as 
in Figure 5 but pH 1.0. (---) 150 gs after pulse, attributed to Co"'-C- 
H2CEIO; (e..) 1 s after pulse, attributed to B12,. 

(Figure 3). This observation suggests that the first intermediate 
formed is a pseudocoenzyme; i.e., the reaction occurring is 

-C(CH3)20H + BIZr - Co"'-C(CH3)20H (37) 
probably accompanied by the formation of some CoI1LCH2CH- 
(CH3)0H. The spectrum after 1 ms resembles that of Blzs (Figure 
2), though still some absorption around 540 nm is observed. After 
10 ms, no absorption around 540 nm is observed, in agreement 
with the spectrum of B12,; however, a bleaching around 350 nm 
is observed, which indicates that BIZ, is not the only product at  
this stage. After a second, only minor optical changes at X > 370 
nm are observed, as expected when BlZs is formed (see above). 
However, the bleaching observed around 350 nm indicates that 
an unidentified product is formed, at  least as a byproduct of a 
side reaction. This product has an absorption spectrum different 
from that of Biz,, Blzr, BIza, and a pseudocoenzyme. As to the 
nature of this product and its mechanism of formation, we can 
only speculate; one plausible mechanism is 

&hydride 
Co1['-C(CH3)20H shift C0"I-H + CH3C(OH)=CH2 

(38) 
followed by attack of the hydride on the corrin ring. Similar 
hydride shifts were suggested as an explanation of an analogous 
system involving a cobalt macrocycle ~ o m p l e x ' ~  and as the 
mechanism of decomposition of secondary alkyl cobalamin^.^^^^ 

Reactions of C H 2 C H 0  with BIzr were measured at  pH 10.6 
and 1.0; the results are plotted in Figures 5 and 6, respectively. 
The spectrum of the product at  pH 10.6, which is stable for at  
least a second, resembles that observed in the tert-butyl alcohol 
system and is, therefore, attributed to the pseudocoenzyme formed 
in the reaction 

BIZr + CH2CHO - CO"'-CHZCHO (39) 
This conclusion is in agreement with the observations of Blackburn 

(33) Grate, J. H.; Schrauzer, G. N. J .  Am. Chem. SOC. 1979,102,4601. 
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0.5 8, and if this reaction is attributed to reaction 33 (see above), 
then k33 N 2 X lo2 M-l s-l, in very good agreement with the 
results of Swallow et aL31 
Conclusions 

The results of this study demonstrate that the mechanism of 
reaction of saturated aliphatic radicals with Blzr involves the 
formation of cobalt(II1)-carbon bonds even in systems where the 
latter bond is unstable and decomposes heterolytically. This 
finding is in agreement with expectations, as outer-sphere redox 
processes would yield the unstable cation R+ or anion R-, reactions 
14 and 15, respectively, and not the stable products ROH or RH. 
Thus, though reactions 44 and 45 are exothermic, reactions 14 

CO" + R- + H 2 0  - CO' + ROH + H30+ (44) 

CO" + R. + H2O - CO"' + RH + OH- (45) 
and 15 are end other mi^.^^ The reported redox potentials of the 
free radicals are for the couples R./ROH or R./RH and not for 
R./R+ or R S / R - . ~ ~  Indeed for the free radicals for which po- 
larographic half-wave potentials were measured, large overpo- 
tentials were observed as expected.38 In terms of the Marcus 
theory, these arguments are equivalent to stating that the rate 
of electron exchange via the outer-sphere mechanism between Re 
and ROH or R H  is very slow. 

Finally, it should be noted that we observe that Co"'-CH(O- 
H)CH20H decomposes heterolytically (reaction 42) and not via 
@-OH elimination, as expected from the free-radical mechanism 
for the BI2 activity in diol d e h y d r a ~ e ~ - ~ ~ - ~ ~  and as reported for a 
naive model s y ~ t e m . ' ~ , ~ ~  However, as recent results indicate that 
the stability and mechanism of decomposition of the cobalt-carbon 
bond in alkylcobalamins depend on steric fact0rs,6,~3~~ it is plausible 
that the enzymatic reaction follows a different route than that 
reported here. In the enzyme, the cobalt-carbon bond is probably 
also located in a less protic environment than in the present study. 
This might also affect the mode of decomposition of the co- 
balt-carbon bond. 
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Figure 7. Difference spectra between transients and B12,. Solution 
composition: 6 X M phosphate 
buffer, p H  5.8, N20 saturated. Pulse intensity, 4000 rad, 1-cm optical 
path. (- - -) 50 ps after pulse attributed to Co"'-CH(OH)CH20H; (. * .) 
1 ms after pulse; (-e-.) 10 ms after pulse attributed to Blzs plus some 
products of a side reaction, probably Co"'-H; (--.e) 1 s after pulse, 
attributed to Blzr plus some decomposition products. 

M B12r, 0.5 M (CH20H),, 5 X 

et al.' At pH 1 .O, the final spectrum resembles that of BIza, seen 
in Figure 1, again in agreement with Blackburn et al.' However, 
the observation that the spectrum of the initial product differs 
from the final one suggests that Blza is formed via reaction 39 
followed by reaction 40. This conclusion is in agreement with 

Co11LCH2CH0 + H 3 0 +  - B12a + CH3CH0 (40) 

k = 4.3 M-1 s-134 

the idea that aliphatic free radicals of this type are bad outer- 
sphere redox reagents, even when the free energy gain in the 
reaction is large, due to the large rearrangement energies re- 
quired.I5-'* 

The spectra of the intermediates obtained in the reaction of 
B12r with -CH(OH)CH20H radicals at pH 5.8 are plotted in 
Figure 7. Similar results were obtained at pH 3.1, though a pH 
effect on the spectra was observed. The spectra at pH 5.8 (Figure 
7) are nearly identical with those observed in the 2-propanol system 
at the same pH (Figure 4). Thus, the results seem to suggest that 
the following sequence of reactions best describes this system: 

CO" + CH(OH)CH20H -+ Co"'-CH(OH)CH20H (41) 

Co"'-CH(OH)CH20H - Co' + C H 2 0 H C H 0  + H30+ 
(42) 

Co"'-CH(OH)CH20H -+ 

CO"'-H CH(OH)=CHOH(CH2OHCHO) (43) 

followed by reactions 33 and 34 and some decomposition products 

Finally, we measured the kinetics of reaction of -CH(OH)- 
C H 2 0 H  with Blzr in neutral solutions (pH 5.9) by following the 
rate of change of the absorption as a function of time at several 
wavelengths; i.e., X = 370, 390, 430, and 520 nm. We obtain k4] 
= (1.8 * 0.4) X lo8 M-l s-l, in good agreement with the results 
of Blackburn et ala7 The following two reactions are not well 
separated in time, and the results at the different wavelengths could 
be fitted to one rate law with a rate ranging between 7 X lo2 and 
4 X lo3 s-l, depending on the wavelength. These results suggest 
that kd2 (or kd2 + k43) - 1 X lo3 s-l and that a further reaction 
follows with k - 7 X lo2 s-l (probably the decomposition of 
Co"'-H). Finally, the last reaction observed has a rate of 3.9 f 
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