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Organic Photochemistry. VI. cis-trans Photoisomerization of 
l-Phenyl-2-butene by Intramolecular Energy Transfer1,2 
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Abstract: The solution-phase, intramolecular, photosensitized cis-trans isomerization of l-phenyl-2-butene has 
been studied. The photostationary state at 25° is 1.19 and the quantum yields (1.96 X 1O-2 M; 254 m/i) are 
(/>(_>,: = 0.20 and <j>c->t = 0.16. The isomerization can be quenched by f/wjs-2-hexene and cw-piperylene but not by 
oxygen. Quenching by the hexene is not diffusion controlled, being about 100 times less efficient than that observed 
for piperylene. The rate of intramolecular energy transfer is calculated as 2.0 X 108 sec-1. The quantum yield 
for intersystem crossing of the phenyl group is estimated to be at least 0.36. 

We recently reported3 that cis-trans photoisomeri­
zation of l-phenyl-2-butene can be achieved 

through irradiation of this compound with light ab­
sorbed by the aromatic ring; the reaction is consid­
ered to be an example of intramolecular photosensiti-
zation. 

hv 

C6H5CH2CH=CHCH3 <
 > C6HsCH2CH=CHCH3 

cis 254 mM trans 
cyclopentane 

Further work in our laboratories has since uncovered 
other photochemical reactions using nonconjugated 
donor-acceptor pairs, e.g., ketone-olefin, phenyl-
ester, and phenyl-ketone.2-4 In addition to being 
intrinsically interesting, these systems are potentially 
useful as synthetic tools (for induction of a reaction 
at one of several apparently identical chromophores) 
and as probes into the geometrical requirements of 
triplet-energy transfer. The aryl-olefin system is the 
most promising for the latter purpose because the re­
action is clean and easily followed. However, before 
more complicated molecules can be fruitfully studied, 
the simplest analog (e.g., phenylbutene) must be ex­
amined in detail so as to provide data on the rate, 
quantum efficiency, and per cent of intramolecular en­
ergy transfer. Knowledge of the degree to which the 
phenyl group undergoes intersystem crossing in the solu­
tion phase is also required. 

The intermolecular analog of this reaction (i.e., 
benzene-sensitized isomerization of olefins) has been 
reported for both the liquid3'6-8 and gas9-13 phases and 
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Groups," H. Feuer, Ed., John Wiley and Sons, Inc., New York, N. Y., 
in press. 
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(1960). 
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shown6,9'10 to proceed via triplet-energy transfer. The 
phenomenon of intramolecular triplet-energy transfer 
is now well documented, having been detected through 
observation of chemical reaction at the acceptor 
chromophore3 '14-17 as well as by emission spectros­
copy.18-20 

Results 

A. Preparative Experiments. Irradiation of a solu­
tion (pentane, hexane, cyclopentane, ether) of trans-\-
phenyl-2-butene (ca. 1 X 1O-2 M) using either filtered 
light (248-282 mju) or light from a Vycor-enclosed, low-
pressure mercury lamp (254 m/x) gave rapid conversion 
to a single new substance. The product was isolated 
by vpc and identified as the isomeric m-l-phenyl-2-
butene (cf. Experimental Section for spectral and ana­
lytical data). More recent large-scale experiments have 
involved irradiation of 3 g of phenylbutene in 100 ml of 
solvent using the low-pressure lamp. A 1:1 ratio of 
isomers is produced in 30 hr. All the quantitative data 
described below were obtained using cyclopentane as 
solvent at a temperature of 25.0 ± 0.1 °. 

B. Photostationary State. The photostationary-
state ratio of the l-phenyl-2-butene isomers was de­
termined using the low-pressure lamp with the results 
shown in Table I. The observed ratio of (cis)J 
(trans)s = 1.19 ± 0.02. 

Table I. Photostationary State of l-Phenyl-2-butene 
(25.0 ± 0.1°) 

Original isomer (cis),/(trans), 

trans 1.16 
1.19 
1.18 
1.18 

cis 1.21 
1.20 

Av 1.19 ± 0.02 

(14) H. Morrison, Tetrahedron Letters, 3653 (1964). 
(15) G. S. Hammond, H. Gotthardt, L. M. Coyne, M. Axelrod, D. R. 
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Soc, 88, 1330(1966). 
(18) M. L. Bhaumik and M. A. El-Sayed, J. Chem. Phys., 42, 787 

(1965), and references therein. 
(19) P. A. Leermakers, G. W. Byers, A. A. Lamola, and G. S. Ham­

mond, J. Am. Chem. Soc, 85, 2670 (1963). 
(20) R. A. Keller and L. J. Dolby, ibid., 89, 2768 (1967). 
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Figure 1. Stern-Volmer plot for the quenching of ?ra«j-l-phenyl-2-
butene isomerization by fra«^-2-hexene (cyclopentane solution, 25.0 
±0.1°). 

C. Quantum Yield Measurements. The quantum 
yields for interconversion of the cis and trans isomers 
were obtained with the low-pressure lamp and the use 
of uranyl oxalate actinometry. The data are shown in 
Table II. F rom these data, the quantum yield for con­
version of the trans to cis isomer may be taken as <£(_*c 

= 0.20; the analogous number for conversion of cis to 
trans is </>c_,( = 0-16. 

Table II. Quantum Yields for Isomerization of 
l-Phenyl-2-butene (25.0 ±0.1°) 

Isomerization ^ r r a d , m,U Quantum yield 

trans to cis 254 

as to trans 254 

0.20 
0.19 
0.19 
0.19 
0.21 
0.20 

0.20 
0.15 
0.16 
0.15 
0.16 

Av 0.16 ± 0.01 

Av ± 0.01 

D. Quenching Experiments, (i) trans-2-Hexene. 
Cyclopentane solutions of ?ra«s-l-phenyl-2-butene 
(3.51 X 10- 3 M) and /rans-2-hexene (3.31-24.4 X 
10 - 2 M) were irradiated on a turntable using the low-
pressure lamp (25.0 ± 0.1°). The data are shown in 
Figure 1 as a Stern-Volmer plot of <f>0/<j> vs. quencher 
concentration. The slope, as determined by the method 
of least squares, is 0.83 ± 0.08 1. m o l - 1 ; the calculated 
intercept is 1.01. 

(ii) cw-Piperylene. These quenching data were 
obtained in the same fashion as were those described 
above, but because of the greater efficiency of piperylene 
as a quencher for this reaction, the diene concentrations 
were varied from 2.13 X IO"3 M to 17.9 X 10~3 M. 
The data were corrected for absorption of light by the 
quencher and the solutions checked by vpc to confirm 
that the total phenylbutene concentration had not 
changed during photolysis (see Experimental Section). 
The Stern-Volmer plot is shown in Figure 2; the cal­
culated slope is 79.6 ± 3.7 1. m o l - 1 and the intercept is 
0.994. 

2.0 6.0 10.0 14.0 
cii-Piperylene X 103 Af. 

18.0 

Figure 2. Stern-Volmer plot for the quenching of trans-\-phenyl-2-
butene isomerization by cw-piperylene (cyclopentane solution, 25.0 
± 0.1°). 
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Figure 3. Ultraviolet absorption spectra of /ra«i-l-phenyl-2-butene 
and toluene (determined in cyclopentane solution). 

(Hi) Oxygen. In two turntable experiments, a 
solution of 7ra«5-phenylbutene saturated with oxygen 
was included among those degassed with argon. The 
quantum yields for isomerization of these samples were 
0 .18and0.19. 

E. Absorption Spectra. The absorption spectra of 
trans-l-phenyl-2-butenc and toluene are displayed in 
Figure 3. The extinction coefficient for the trans isomer 
at 254 m/x is 212; the analogous value for the cis isomer 
is 217. 

Discussion 

A. Proposed Mechanism for the Photoisomerization. 
The mechanism which we suggest for the light-induced 
isomerization of l-phenyl-2-butene is given below. 
The donor and acceptor chromophores are treated as 
separate entities although the uv absorption spectrum 
indicates small but finite interaction between the two 
groups (Figure 3). A triplet donor is invoked in the 
energy transfer steps (4-6), an assumption amply 
supported by the literature6-*-10 as well as by our own 
quenching experiments with dilute solutions of pipery­
lene. We feel the transfer is predominantly intramolec­
ular (eq 4) at the concentrations of phenylbutene studied 
(ca. 3 X 10 - 3 M) because the addition of an equimolar 
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amount of trans-2-hexene leads to little observable 
isomerization of the aliphatic olefin. In a more quanti­
tative sense, the relative rates for the intra- vs. inter-
molecular processes can be derived from quenching 
experiments and are discussed below. The rate con­
stants kic, kd, kq, and kr are assumed to be independent 
of olefin stereochemistry. Although olefin excitation 
leads initially to the Franck-Condon cis and trans 
triplet states, we have assumed rapid decay to a twisted 
(e.g., perpendicular) triplet (P-3X) and the mechanism 
has been simplified accordingly 

P-/-

1P-/-

3P-/-

3P-/-

254 mM 

(tin 

-*- 1P-/ 

3P-/ 

P-/ 

P-3X 

3P-/ (or 3P-c) + P-c (or P-/) • 

P-c-

1P-C-

3P-C-

3 P-C' 

k, 

254 mii 

fcio 

-^- 1P-C 

• 3P-C 

P-C 

P-3X 

P-3X + P-/ (or P-c) 

3P-/ + Q • 

P-3X-

P-/ 

P-/ 

3P-C + Q 

kc 
P- 3X — > 

P-c 

P-c 

(D 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

where P-? and P-c refer to trans- and ra-l-phenyl-2-
butene, respectively, and the superscripts 1 and 3 
indicate singlet and triplet excited states of the phenyl 
moiety. 

This mechanism leads to the following expression for 
the photostationary state 

(P-C)s _ it(f>et(t)kc 

(P-Os lc4>et(c)kt 

(8) 

where et and ec represent the extinction coefficients at 
254 m/x for the trans and cis isomers and </>etW and 
<£et(c) represent the fraction of phenyl triplets which 
transfer energy to the olefin in the trans and cis isomers, 
respectively. Equation 9 is obtained by insertion of the 
observed values for «, and ec. 

0.98 
4>et(l)kc 

4>et(c)kt 

(9) 

The equations for the quantum yields of trans-cis 
and cis-trans isomerization are shown in (10) and (11) 

<£<—c = <£ic0et«) 

4>c-*t = 4>: »et(c) 

kt "T kc 

k, 

(10) 

(11) 

where <£ic is the fraction of phenyl excited singlet states 
which undergo intersystem crossing to triplets. Divid­
ing eq 10 by eq 11 leads to an expression (12) relating the 
two quantum yields for isomerization. A comparison of 

4>t^c <t> et( / )"<! 

<£<;—( 4><tt{c)kt 

(12) 

eq 9 and 12 establishes the requirement that the ratio of 
the quantum yields for isomerization should be equal to 
1.02 times the photostationary state. Reference to 
Tables I and II will show that this is, in fact, the case, 
e.g. 

(P-Os 
(13) 

B. Solution-Phase Intersystem Crossing of the Phenyl 
Group. Equation 14 is derived from the addition of 
eq 10 and 11 and the assumption2' that #et(o

 = <£et(c> = 
<f>et. A knowledge of one of these is thus sufficient for 
the assignment of a value to the other. Considering the 

4>^e + <t>c^t = &c0et = 0.36 ± 0.02 (14) 

distance between the two functional groups in the phe-
nylbutene molecule and the rapid rate of energy transfer 
observed (see below), the assumption of a value for 
0et = 1 would seem reasonable, and substitution of this 
number into eq 14 results in 0 ic equal to 0.36 ± 0.02.22 

By contrast, the literature contains 0ic's of 0.24 for 
benzene in solution23 (not possible in this case because 
0et would be greater than one), 0.48 for toluene in an 
EPA glass at 770K (our calculation from the reported24 

ratio of phosphorescence to fluorescence), and 0.63 to 
0.71 for benzene in the gas phase.10'25-26 

An additional value of 0ic for benzene in solution may 
be extracted from data available for the benzene-sensi­
tized isomerization of stilbene. Krongauz5 measured 
the quantum yield for this trans-cis isomerization and 
recognized the validity of an eq 15 analogous to our 
eq 10 

4><~c = 0tcirr-^TT = 0.25 (15) 
k t i k c 

where k' refers to the stilbene system and <f>et has been 
assumed equal to one. What was not recognized was 
that the necessary ratio of rate constants was already 
available from photostationary-state data for the "high-
energy" sensitized stilbene isomerization.27 In eq 16 
and 17, this ratio is calculated to be 0.6 and the resultant 
<t>ic is 0.42. 

(cis%l(trans)s = k'c/k't = 1 . 5 (16) 

1.5 

k', + k'c 1.5 + 1 
0.6 (17) 

C. Quenching of Phenylbutene Isomerization and the 
Rate Constant of Intramolecular Energy Transfer. 
The quenching experiments described above were 
carried out with two goals in mind. First, we wanted 
to confirm the intramolecular character of the energy 
transfer act and this was accomplished through the 
data plotted in Figure 1. If the transfer were to any 
large extent intermolecular, one would expect appre­
ciable quenching by comparable amounts of added 
2-hexene; in fact, a tenfold excess of the olefin causes 
negligible diminution (4%) of the quantum yield for 
phenylbutene isomerization. 

(21) This assumption is presently being tested. The rapid rate of 
internal energy transfer in the phenylbutenes should be reflected in a 
considerable quenching of the phenyl phosphorescence with respect to 
phenylbutane with comparable emission observed for each of the phenyl-
butane cis-trans isomers. These experiments are presently in progress. 

(22) Note that this value for c£iC would increase were it to develop 
that (j>et was less than one. 

(23) A. Lamola, Ph.D. Thesis, California Institute of Technology, 
1965. 

(24) M. Kasha, H. R. Rawls, and M. A. El-Bayoumi, Pure Appl. 
Chem., 11, 371 (1965). 

(25) R. B. Cundall and A. Davies, Trans. Faraday Soc, 62, 1151 
(1966). 

(26) S. Y. H o and W. A. Noyes, Jr., J. Am. Chem. Soc, 89, 5091 
(1967). 

(27) G. Hammond and J. Saltiel, Ibid., 84, 4983 (1962). 
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The second objective of these experiments was to 
obtain data which would enable us to calculate a rate 
constant (K) for the energy-transfer step (e.g., eq 4). 
Using the mechanism outlined in eq 1-13, and imposing 
the steady-state condition on 8P-/ and P-3X, we find 
that for the trans-cis reaction at small conversions 

1 = K + ktkd + K + K(P-t) + fe„(Q) 
4>t-~c K 4>ic[K + K(P-I)] 

(18) 

Equation 18 is simplified by the Stern-Volmer treatment 
(0o = 0 at (Q) = 0) to give 

0o _ kd + K + kAP-t) + kq(Q) 
<t> kd + Ic1 + K(P-t) 

or 

00 
4> 

1 + K(Q) 
K + K + kr(P-t) 

(19) 

(20) 

0o/0 should show a straight-line dependence on (Q) 
with an intercept equal to one and a slope of kq/[kd + 
K + K(P-t)]. The slope calculated by the least-
squares method for the cz's-piperylene data is equal to 
79.6 ± 3.7 1. mol - 1 and the intercept equal to 0.994. 
Solution of eq 21 should therefore allow for a deter-

K + Zc1 + /cr(P-0 
= 80 (21) 

mination of K. Since the triplet energy of c/s-piperylene 
is 57 kcal/mol28 and the triplet energy of the phenyl 
group is ca. 84 kcal/mol,29 the rate of quenching should 
be diffusion controlled with kq equal to a calculated30 

value of 1.59 X 1010 1. mol - 1 sec-1. The upper limit 
for the kd of benzene in solution has been estimated31-33 

as 106—107 sec -1 and the upper limit for K(P-t) may 
likewise be placed at 106-107 sec -1 [(P-?) = 3.5 X 
1 O - 3 M and kr is less than 1010 1. mol - 1 sec -1; cf. 
discussion of the hexene data below]. Substitution of 
these numbers into eq 21 leads to a value of K equal to 
2.0 X 10* sec~K3i 

We were at first somewhat surprised that the slope for 
the 2-hexene data (Figure 1) is almost 100 times smaller 
than that observed for m-piperylene.36 Estimates of 
the triplet energy of aliphatic olefins have varied from 70 
to 80 kcal/mol,8'36'37 values which should be sufficiently 
lower than the benzene triplet so as to result in diffusion-
controlled energy transfer. In fact, kq for hexene 
quenching, when calculated in a like manner to that shown 

(28) A. A. Lamola and G. S. Hammond, / . Chem. Phys., 43, 2129 
(1965). 

(29) M. R. Wright, R. P. Forsch, and G. W. Robinson, ibid., 33, 
934 (1960). 

(30) P. Debye, Trans. Electrochem. Soc, 82, 265 (1942). Ri was 
assumed to be equal to Ri. 

(31) S. Lipsky, J. Chem. Phys., 38, 2786 (1963). 
(32) J. Nosworthy, Trans. Faraday Soc, 61, 1138 (1965). 
(33) R. B. Cundall and P. A. Griffiths, J. Phys. Chem., 69, 1866 

(1965). 
(34) The rate of intramolecular energy transfer has been estimated for 

one other case. The rate for triplet transfer from the ligand to the ion 
in rare earth chelates has been assigned as 1010 sec-1. See ref 18. 

(35) Singlet energy transfer to piperylene cannot be rigorously ex­
cluded at this time but is considered unlikely at the quencher concen­
trations used. Emission studies on phenylbutene in the presence of 
piperylene are in progress, and should singlet quenching appear to be a 
factor under these conditions, our rate for ket would have to be revised 
upwards. 

(36) R. B. Cundall and A. S. Davies, Proc. Roy. Soc. (London), A290, 
563 (1966). 

(37) R. E. Rebbert and P. Ausloos, / . Am. Chem. Soc., 87, 5569 
(1965). 

above and using K as 2.0 X 10s sec'1, is found to equal 
1.7 X 10i I. mol~l sec~l. The anomaly can be resolved 
by a recent report on the acetone-photosensitized 
isomerization of pentene.38 In this paper, a triplet 
energy for the olefin of 83 kcal/mol is proposed, to 
account for the slow (kq = 2 X 107I. mol - 1 sec-1), endo-
thermic (ca. 1000 cm -1) transfer observed from acetone 
(Et = ca. 80 kcal/mol39). Energy transfer from benzene 
to an olefin would thus be exothermic by only 1 kcal 
and would be expected to be less than diffusion con­
trolled. 

The rate constant (K) for intermolecular energy 
transfer from a phenylbutene triplet to the olefin of a 
second phenylbutene can be assumed to be equal to 
kq for hexene, e.g., 1.7 X 108 1. mol - 1 sec~ This 
being the case, the photoisomerization being observed at 
the concentrations studied here (3.5 X 10~z M) is pro­
ceeding about 340 times faster by intra- than by inter­
molecular transfer. The rapidity of this internal transfer 
is reflected in our observation that oxygen produces a 
negligible depression of the quantum yield. The con­
centration of a saturated solution of oxygen in cyclo-
pentane can be estimated40-41 at 2 X 10-2 M and oxygen 
has recently been shown13 to be only three-tenths as 
efficient as an olefin (2-butene) in quenching the benzene 
triplet. These data allow for the calculation of a 
pseudo-first-order rate constant for oxygen quenching 
(1 X 106) which is ca. 200 times slower than internal 
energy transfer. Note that our data, when combined 
with those of Haninger and Lee,13 require that oxygen 
quenching of the benzene triplet is about 100 times less 
than diffusion controlled. Finally, the greater magnitude 
of k\, by comparison with kd and kr, supports our 
original suggestion that 0et for phenylbutene is close to 
unity.21 

Experimental Section 
General. Analyses for cis- and rra«s-l-phenyl-2-butene were 

carried out by glpc by using either (1) a 20 ft X 0.25 in. 4% AgBF4-
16% Carbowax 20M column in an Aerograph A-90-P chromato-
graph with attached Sargent recorder and Disc Integrator, or 
(2) a 20 ft X 3Ae in. column of identical composition to that above 
in a Lab-line ChromAlyzer-100 with an accompanying Leeds and 
Northrup recorder with Disc Integrator. Preparative separations 
of cis- and /ra«.s-l-phenyl-2-butene were carried out by using a 
10 ft X Vs in. 10% AgBF4-20% Carbowax 20M column, cis-
Decalin was employed as an internal standard and calibration 
curves of c/j-decalin with cis- and /ra»i-l-phenyl-2-butene were con­
structed. From the slope of the calibration curves and the known 
weight of added cw-decalin, the amount of cis- and/or trans-l-
phenyl-2-butene in any given sample could be determined. Uv 
spectra were determined on a Cary Model 14 spectrophotometer. 

a>l-Phenyl-2-butene. Typically, 3-4 g (0.023-0.03 mol) of 
/ra/M-l-phenyl-2-butene (Aldrich) was dissolved in about 120 
ml of spectral grade hexane contained in a cylindrical Pyrex vessel. 
Into this vessel was placed a quartz immersion well containing a 
Hanovia low-pressure, mercury resonance lamp. Argon was slowly 
bubbled through the solution from the bottom of the photolysis 
vessel and the solution irradiated for approximately 24 hr. After 
irradiation, the solvent was removed and the residue distilled. The 
l-phenyl-2-butene obtained consisted of a 50:50 mixture of the cis 
and trans isomers. The two isomers were separated by preparative 
glpc; nmr: S 1.70 (3), 3.32 (2), 5.48 (2), 7.03 (3)(area) (rw/M-1-phenyl-
2-butene shows 5 1.65, 3.24, 5.44 and 7.06). The infrared spectrum 
is similar to that of the trans isomer but lacks the 10.4-M band as-

(38) R. F. Borkman and D. R. Kearns, ibid., 88, 3467 (1966). 
(39) R. F. Borkman and D. R. Kearns, J. Chem. Phys., 44, 945 (1966). 
(40) Y. Kobatake and J. H. Hildebrand, / . Phys. Chem., 65, 331 

(1961). 
(41) J. E. Jolley and J. H. Hildebrand, J. Am. Chem. Soc, 80, 1050 

(1958). 
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sociated with a ?ra«.s-disubstituted double bond. The mass spec­
tra of the isomers are identical with parent peaks at m/e 132. 

Anal. Calcd for Ci0Hi2: C, 90.85; H, 9.15. Found: C, 
91.39; H, 8.96. 

Photostationary State. Purified 1-phenyl-2-butene (50 to 
150 mg, 3.8 X 10"4 to 1.1 X 10~3 mol) was dissolved in 150 ml of 
spectral grade cyclopentane contained in a water-jacketed cylin­
drical Pyrex vessel. A quartz immersion well, containing a mer­
cury resonance lamp, was placed into the photolysis vessel. The 
solution was deaerated with argon for about 1.5 hr before beginning 
the irradiation. Throughout the irradiation period the photolysis 
vessel was maintained at 25.0 ±0 .1° using a Bronwill Constant 
Temperature Circulator. After a photostationary state was ob­
tained, as observed by periodic analysis of aliquots, the solution was 
analyzed and the ratio of the two isomers obtained. 

Quantum Yields. Purified cis- and/or /ra«j-l-phenyl-2-butene 
(130 mg, 9.8 X 10-4 mol) was added to 50 ml of spectral grade 
cyclopentane contained in Vycor glass tubes and deaerated for 
about 1.5 hr by bubbling argon through the solutions. Irradiation 
was supplied by the mercury resonance lamp using a rotating turn­
table (cf. Quenching Experiments). After the irradiation was com­
plete, a known weight of internal standard was added, and the 
amount of the desired isomer of l-phenyl-2-butene formed was 
determined. In each determination, the amount of product formed 
was corrected for back reaction by the method of Lamola.23 

In all quantum yield experiments no loss of l-phenyl-2-butene was 
observed. The light intensity was determined during the irradia­
tion of the l-phenyl-2-butene solution by uranyl oxalate actinom-
etry. 

Quenching Experiments. Eight Vycor glass tubes (2.4 cm o.d. 
and 18.5 cm long) were filled with 50 ml of spectral grade cyclo­
pentane and about 25 mg (1.89 X 10-4 mol) of purified trans-1-
phenyl-2-butene. In the /7ww-2-hexene quenching experiments, 
varying amounts (0.17 to 1.09 g, 2.1 X IO"3 to 1.3 X 10"2 mol) of 

The electrolysis of carboxylates is generally assumed 
to involve the intermediacy of both free radicals and 

in some cases carbonium ions.2-11 The exact nature 

(1) From the Ph.D. Thesis of P. H. R., The Pennsylvania State Uni­
versity, 1967. 

(2) C. Walling, "Free Radicals in Solution," John Wiley and Sons, 
Inc., New York, N. Y., 1957, p 581. 

(3) E. J. Corey, R. R. Sauers, and S. S. Swann, /. Am. Chem. Soc, 
79, 5826 (1957); E. J. Corey and R. R. Sauers, ibid., 81, 1743 (1959). 

(4) E. J. Corey, N. L. Bauld, R. T. LaLonde, J. Casanova, and E. T. 
Kaiser, ibid., 82, 2645 (1960). 

(5) N. L. Bauld, Ph.D. Thesis, University of Illinois, 1959. 
(6) R. J. Maxwell, M.S. Thesis, The Pennsylvania State University, 

1963. 
(7) L. Eberson, Acta Chem. Scand., 17, 1196, 2004 (1963). 
(8) F. F. Rawlings, G. W. Thiesen, T. G. Lee, M. J. Murray, Jr., and 

J. L. Seago, Eleclrochem. Technol, 2, 217 (1964). 
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(10) J. G. Traynham and J. S. Dehn, ibid., 89, 2139 (1967). 
(11) J. T. Keating and P. S. Skell in "Carbonium Ions," G. A. Olah 

/ran.s-2-hexene were added to six of the tubes. In the a's-piperylene 
experiments varying amounts (7.3 to 61 mg, 1.1 x 10~4 to 9.0 X 
10-4 mol) of m-piperylene were similarly added to six tubes. In 
both of the quenching studies two of the tubes served as standards 
with zero quencher concentration. The sample tubes were de­
aerated for at least 1 hr with argon after which time they were placed 
in a rotating turntable apparatus approximately equidistant from 
each other and approximately equidistant (4.0 cm) from a centrally 
located mercury resonance lamp situated in a quartz immersion 
well. The entire system, contained in a water-filled glass vessel, 
was maintained at 25.0 ± 0.2° using a Bronwill Constant Tem­
perature Circulator. The turntable apparatus was constructed so 
that the tubes could be rotated around the centrally located lamp 
during irradiation. After allowing the tubes to come to thermal 
equilibrium with the bath, the samples were irradiated, and after 
irradiation a known weight of internal standard was added to each 
tube and the amount of ew-l-phenyl-2-butene formed was deter­
mined. The amount of the cis isomer formed was corrected for 
back reaction as previously mentioned and, in the piperylene experi­
ments, correction was made for the amount of light absorbed by the 
c/s-piperylene. When using /ra«j-2-hexene as quencher no loss of 
l-phenyl-2-butene was observed. In the ra-piperylene quenching 
experiments, l-phenyl-2-butene was shown not to have disappeared 
except in the three samples which contained cw-piperylene in con­
centrations greater than 1.2 X 1O-2 M. In these three samples 
the loss of l-phenyl-2-butene was 1.5% or less. 

Light Sources. For the photostationary state and quantum yield 
determinations a Hanovia low-pressure, mercury resonance lamp 
emitting at only 253.7 m,u was employed. The lamp itself was made 
from Vycor glass to remove the 184.9-m,u mercury resonance line. 
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of the initial carboxylate-anode process, however, is not 
well understood.1 2 The transient existence of alkyl 
carboxylate radicals (RCO 2 - ) has generally been ac-

RCO2- (solution) — > RCO2 • (adsorbed) + e" — > 

R- (adsorbed) + CO2 (1) 

cepted despite the fact that alkyl carboxylate radicals 
from chemical processes have very short lifetimes (10 - 9 

to 1O-10 sec).13 Most chemists concerned with anodic 
oxidation of carboxylates have assumed or have offered 
varying degrees of evidence that RCO2- produced 

and P. von R. Schleyer, Ed., Interscience Publishers, Inc., New York, 
N. Y., in press. 

(12) B. E. Conway and M. Dzieciuch, Can. J. Chem., 41, 22, 38, 55 
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Abstract: Two steps are observed in chronopotentiometric oxidations of cesium salts of 2,2-dimethylpropanoic 
and 2,2-dimethylpentanoic acids on a platinum electrode in acetonitrile. The first step is a diffusion-controlled, 
one-electron oxidation; the second is not diffusion controlled and indicates that the product of the first step is par­
tially lost in reactions not involving electrochemical oxidation. Acids less substituted on the 2 position show simi­
lar but less reproducible behavior. 
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