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ALAN C.  WEEDON. Can. J. Chem. 62, 1933 (1984). 
An apparent deuterium solvent isotope effect upon the photochemical reactions of the a,P-unsaturated esters ethyl 3,4,4-tri- 

methyl-2-pentenoate, 1. and ethyl 3.4-dimethyl-2-pentenoatc. 4, is re-examined; it is concluded that the changes in reaction 
rate can be attributed to interception of the reaction intermediates (photochemically produced dienols) by basic impurities 
present in the solvent used. This conclusion is used to explain the apparently anomalous photochemistry of esters 1 and 5 in 
non-deuterated solvents. The results described also exemplify the use of a base to enhance the efficiency and to alter the 
direction of deconjugation in the photochemical conversion of a,P-unsaturated esters to their P.y-unsaturated isomers. 

ALAN C.  WEEDON. Can. J .  Chem. 62, 1933 (1984). 
On a rCCtudiC un effet isotopique apparent de solvants deuteres sur les reactions photochimiques des esters a,p-non saturks, 

trimethyl-3,4,4 pentene-2 oate de mCthyle ( I )  et dimethyl-3.4 pentene-2 oate dc n~Cthyle (4); on en conclut que les changements 
dans les vitesses de reactions peuvent &tre attribuks a I'interception des intermediaires reactionnels (des diCnols produits 
photochimiquement) par des impuretts basiques prCsentes dans,le solvant utilisk. On utilise cette conclusion pour expliquer 
la photochimie apparemment anormale des esters 1 et 5 dans des solvants qui ne sont pas deutCrCs. Les resultats dCcrits servent 
aussi d'exemples pour demontrer I'utilitC d'une base pour augmenter I'efficacitC et pour modifier la direction de la dCcon- 
jugaison lors de la transformation photochimique d'esters a.p-non satures en leurs isomkres p.7-non saturks. 

[Traduit par le journal] 

Introduction 
Direct irradiation of &,a-unsaturated esters with ultraviolet 

light results in E-Z isomerization around the double bond with 
a quantum efficiency of the order of 5- 1070 ( I ) .  If the ester 
possesses hydrogen substituents at the 4-position oriented syrl 
with respect to the ester function, then these can be abstracted 
in competition with E-Z isomerization to yield a dienol inter- 
mediate which can reketonize by protonation at the 2-position 
to give a P,y-unsaturated ester (Scheme 1). This photo- 
enolization reaction has been shown to proceed via the singlet 
excited state (2), and may be regarded as a photochemically 
allowed antarafacial 1,5-sigmatropic hydrogen shift. The for- 
mation of P,y-unsaturated esters by this pathway has fre- 
quently been observed (3-8) and has been proposed as a syn- 
thetic route to these compounds (9). 

One of the earliest rep& concerning this reaction described 
an exception (10); ultraviolet light irradiation of ethyl 
3,4,4-trimethyl-2-pentenoate, 1,  in diethyl ether resulted in 
formation of the cyclopropane derivative 2 rather than the ex- 
pected product, the P,y-unsaturated ester 3, which would be 
formed following photoenolization. This result is especially 
surprising in view of the relative bond energies of the C-H 
bonds undergoing cleavage and because formation of 2 pro- 
ceeds via 6 rather than the normally preferred y-hydrogen ab- 
straction. A later report from the same laboratory (1 1 )  de- 
scribed the irradiation of 1 in methanol, and in this solvent the 
products were the cyclopropane derivative 2 along with the 
P,y-unsaturated ester 3. The chemical yield of the latter was, 
however, found to be erratic, varying from 2% to 30-40%. 
Subsequent work (12) revealed that when the reaction was 
performed in methanol-0-d the product ratio was dramatically 
altered with the P,y-unsaturated ester 3 being formed in 
90-95% yield. A remarkable deuterium solvent isotope effect 
was also found with the esters 4, 5, and 6 (12): when 4 was 
-- 

' Contribution number 322 from the Photochemistry Unit, Depart- 
ment of Chemistry, The University of Western Ontario, London. 

irradiated in methanol, 7 was the major product along with 
small amounts of the alternative deconjugated isomer 8; how- 
ever, when the reaction was carried out in methanol-0-d the 
two P,y-unsaturated esters were found to be formed in com- 
parable amounts. In contrast to the results obtained with 1, the 
use of a deuterated solvent with 4 resulted in an enhanced 
chemical yield of the product obtained from cleavage of the 
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stronger C-H bond, rather than the weaker as was observed 
with 1. In the case of ester 5, irradiation in methanol-0-d 
enhanced the chemical yield of the P,y-unsaturated ester 9 and 
with ester 6 the vield of 10 was enhanced relative to 11. 

Recently in this laboratory the photoenolization and photo- 
deconjugation reaction has been investigated for a ,P-  
unsaturated ketones and esters in the presence of weak organic 
bases (13- 15), and the results of these studies suggest that the 
photochemically formed dienol can reketonize by two com- 
peting pathways; the dienol can isomerize back to the 
a,P-unsaturated carbonyl compound, by way of a thermally 
allowed suprafacial 1,5-sigmatropic hydrogen shift, or it can be 
intercepted by a base to give the P,y-unsaturated isomer. In 
view of these results it seemed that the apparent deuterium 
solvent isoto~e effects described above couldbe a result of the 
presence in the solvents of species capable of intercepting the 
photochemically produced dienols and catalysing their con- 
version to the P,y-unsaturated products. Described here are the 
results of a study designed to investigate this possibility. 

Results 
The esters 1 and 4 were prepared as shown in Scheme 2 by 

base catalysed elimination of the acetates prepared from the 
Reformatsky hydroxy esters 12. This procedure has been de- 
veloped by Fung et al. (16) and readily yields large quantities 
of the a,P-unsaturated esters, predominantly in the thermo- 
dynamically more stable E-geometry, and with minimal con- 
tamination by the P,  y-unsaturated isomers. 

The esters 1 and 4 were irradiated with ultraviolet light of 
wavelength 254 nm as 0.1 M solutions in diethyl ether, meth- 
anol, and methanol-0-d in both the presence and absence of a 
weak organic base, under conditions such that the esters ad- 
sorbed all of the incident light. The base used, 1,2-dimethyl- 
imidazole, was chosen because it is soluble in the solvents 
used, adsorbs very weakly at 254 nm, and is insufficiently 
strong to catalyse reconjugation of the P,y-unsaturated ester 
products or attack the ester functions as a nucleophile. The 
quantum yields measured in each reaction are shown in Tables 
1 and 2, and the progress of typical reactions in Figs. 1 and 2. 

Irradiation of ester 1 in diethyl ether resulted in relatively 
rapid' (+ = ca. 0.1) E-Z isomerization to give a photo- 
stationary state with E-1 and Z-1 present in the ratio 74:26, 
respectively. Continued irradiation resulted in slow loss of 1 (+ 
= 0.0084), with the cyclopropane 2 being formed as the major 
product (10). Also formed, but at a ten-fold slower rate, was 
the P,y-unsaturated isomer of the starting material, ester 3. At 
complete conversion the esters 2 and 3 were present in 76% and 

TABLE 1. Quantum yields" for conversion of 1 to 2 and 3 

Photostationary 
state composition 

Solvent $1" $2' $311 (% Z-1) 

Et2O 0.0084 0.0066 0.00065 26 
MeOH 0.012 0.0043 0.0021 27.5 
MeOD 0.01 1 0.0035 0.0031 27.5 
Et20 + base" 0.053 0.0068 0.046 29.5 
MeOH + baser 0.056 0.0055 0.048 33 
MeOD + baseP 0.049 0.0043 0.040 33 

"Quantum yields were measured close to the photostationary state and are 
accurate to L 10%. 

"Quantum yield of disappearance of E + Z- 1. 
' Quantum yield of appearance of 2. 
"Quantum yield of appearance of 3. 
" [ I  ,2-Dimethylimidazole] = 1.73 x 10" M. 
'[I ,2-Dimethylimidazole] = 1.78 X lo-' M. 
* [ I  ,2-Dimethylimidazole] = 1.75 x lo-' M. 

TABLE 2. Quantum yields" for conversion of 4 to 7 and 8 

Photostationary 
state composition 

Solvent $4" 48' $711 (% Z-1) 

MeOH 0.047 0.0028 0.032 46.5 
MeOH + baseL' 0.083 0.027 0.038 53.5 
MeOD 0.050 0.0028 0.031 46.5 
M e O D + b a s e r  0.071 0.031 0.035 53.5 

"Measured close to the photostationary state and are accurate to ? 10%. 
"Quantum yield of disappearance of E + Z 4. 
'Quantum yield of appearance of 7. 
"Quantum yield of 'appearance of 8. 
'Base = I ,2-dimethylimidazole, conc. = 7.0 x lo-' M. 
'Base = 1,2-dimethylimidazole, conc. = 9.6 X 10-'M. 

lysis of the esters.' 
Irradiation of ester 1 in methanol also resulted in the rapid 

formation of a photostationary state (27.5% Z-1) followed by 
subsequent production of the cyclopropane 2 at a rate similar to 
that in diethyl ether (Table 1); however, the chemical yield of 
2 was suppressed to 36% at complete conversion due to com- 
petitive formation of the deconjugated ester 3, which was pro- 
duced at a three-fold faster rate in this solvent, resulting in a 
chemical yield of 25% at complete conversion. 

Very similar results were obtained when methanol-0-d was 
used as solvent; the quantum yield of formation of 2 was found 
to be the same as in methanol within the experimental error of 

8% yields, respectively, along with small amounts of two fur- ' When esters l and 4 were irradiated in methanol, or methanol-0-d, ther products which were "'lated and identified as the d31 and similar losses of were observed, but the extra products were 
forms of ,2-diethoxybutane from I H  nmr and mass 'pet- not isolated or identified. The losses by this route in the faster reac- 

troscopic evidence. These last products, which account for the tions did not exceed ca. 3%, but in the slower reactions (i,e., in 
missing 16% of the starting material, are presumed to arise absence of added base) were as high as 30%. In all reactions, the 
from inefficient abstraction of hydrogen from the solvent by quantum yield of disappearance of ester to unidentified products by 
either photo-excited esters, or by radicals formed from photo- this route was approximately constant at 0.005. 
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Einstein x lo3 

F~G. 1. Plot of reaction mixture composition against amount of 
light absorbed for the irradiation of 10.00 mL of a 0.100 M solution 
of ester 1 in methanol containing I ,2-dimethylimidazole (1.73 X 

M).  @, E-1; +, Z-1; a, 3; A, 2. 

the determination, while the quantum yield of formation of 3 
was slightly increased in deuterated solvent (Table 1). 

Addition of catalytic amounts of 1 ,2-dimethylimidazole to 
solutions of 1 in diethyl ether, methanol, or methanol-0-d 
resulted in a large increase in the rate of formation of 3, while 
the rate of formation of 2 increased only slightly (Table 1). The 
course of a typical reaction in methanol is shown in Fig. 1; very 
similar results were observed in methanol-0-d and diethyl 
ether. As can be seen in Fig. 1, irradiation produces fast E-Z 
isomerization of 1, as was observed in the absence of base, but 
now deconjugation to 3 also occurs at a comparable rate with 
the result that the position of the photostationary state between 
E- 1 and Z- 1 is shifted from 27.5% 2- 1 in the absence of base 
to 33% with base present. Subsequent to attainment of the 
photostationary state, the rate of formation of 2 and 3 becomes 
zero order and the quantum yield of formation of 3 at this point 
is an order of magnitude greater than the yield when base was 
absent. When diethyl ether was used as solvent, the increase in 
rate of formation of 3 following addition of base was even 
greater, with the quantum yield of formation of 3 rising by a 
factor of 70. In both methanol and methanol-0-d the addition 

of ethyl 3-methylene-4-methylpentanoate, 8. The quantum 
yields are shown in Table 2, and the chemical yields at com- 
plete conversion were 6% for 8 and 58% for 7. When a catalytic 
quantity of 1,2-dimethylimidazole was added to the irradiation 
mixture, the rate of formation of 7 was increased slightly, the 
position of the photostationary state was perturbed, and the rate 
of formation of 8 was increased by a factor of ten to a rate 
similar to that for the formation of 7. In constrast to the pre- 
viously reported work (12), identical results were obtained 
when the irradiations were performed in methanol-0-d. 

Discussion 
The previously published work on the photochemistry of the 

esters 1 and 4 found that use of a deuterated solvent exerted a 
large effect upon the rate of deconjugation (12). In the study 
reported here this effect was not found; in the case of ester 4 
identical results were obtained in methanol-0-d and methanol, 
while with 1 a slight increase in the quantum efficiency of 
deconjugation was noted when methanol-0-d was used. How- 
ever, the previously observed behaviour could be obtained if a 
weak base was added to the solvents. 

In the previously published work, the possibility that im- 
purities could cause the observed apparent isotope effect was 
con'sidered, but discounted on the grounds that methanol-0-d 
prepared by different routes gave the same results, and delibe- 
rate addition of acid did not produce a rate change (12). In the 
work described here the methanol-0-d was prepared by additon 
of deuterium oxide to excess sodium methoxide followed by 
distillation. Two batches were prepared; one was used for the 
experiments with ester 1 and the other for experiments with 
ester 4. The slight rate enhancement observed in this work for 
ester 1 but not for ester 4 may reflect the relative purities of the 
two samples of deuterated solvent. 

The effect of addition of base can be understood in terms of 
the mechanism of the photoenolization and deconjugation reac- 
tion proposed in a previous publication from this laboratory 
(15) and outlined in Schemes 3 and 4 for esters 1 and 4. 

For ester 1 irradiation of E-1 produces 2-1 which when 
present in sufficient quantity can itself absorb light and either 
isomerize back to E-1 or undergo intramolecular hydrogen 
abstraction from the &position to yield the biradical 16.3 This 
in turn can couple to give en01 17 whose only fate can be acid 
or base catalysed reketonization to 2. In competition with isom- 
erization around the double bond, photo-excited E-1 can un- 
dergo intramolecular hydrogen abstraction to yield dienol 14. 
As this is a singlet excited state process (2, 1 l ) ,  a biradical need 
not be an intermediate on the reaction pathway and the for- 
mation of 14 may be regarded as a photochemical 1,5-sigma- 
tropic hydrogen shift proceeding antarafacially. In the absence 
of a base 14 reverses rapidly to E-1, by a thermal 13-sigma- 
tropic hydrogen shift, this time proceeding suprafacially; if 
base is present, either as an impurity or deliberately added, 14 
can be intercepted and converted to the dienolate 15 which on 
C-protonation can yield 1 and 3. In the absence of added base 
the formation of 3 is inefficient, but is faster in methanol; this 

of base resulted in chemical yields at complete conversion of 
7% for 2 and 92% for 3. 'A referee has suggested that E-1 and 2-1 may react from a 

- common excited state. However, if this were the case no induction 
The photochemistry of ester a parallel and period would be observed prior to the formation of products derived 

Fig. 2 shows the progress of a reaction in methanol; initial rapid from 2-1. such an induction period was observed, as in ~ i ~ .  
E-Z ~somerization and f~rmation of a photostationary state are 1, and has been observed in the photochemistry of other esters (see 
followed by formation of ethyl 3,4-dimethyl-3-pentenoate, 7. refs. 2 and I I ) ,  suggesting that the singlet excited states of E and Z 
Production of 2-4 and 7 was accompanied by slower formation a,P-unsaturated esters are distinct. 
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Einstein x lo3 

FIG. 2. Plot of reaction mixture composition against amount of light absorbed for the irradiation of 10.00 mL of a 0.100 M solution of ester 
4 in methanol. a, E-4; +, 2-4; m, 7; A ,  8. 

OEt OEt OEt 

OEt OE t OEt OEt 

may reflect the relative purities of these solvents or the relative 
basicities of ether and methanol if the solvent is acting as the 
base, or it may reflect the lower solvating power of ether which 
would destabilize 15 and decrease its rate of formation relative 
to the rate of thermal reversal of 14 to E-l .4  

This mechanism suggests that the quantum yield of for- 
mation of 2 from Z-1 should not be affected by the addition of 
base. As can be seen in Table I ,  this appears not to be the case 
as the quantum yield of formation of 2 is increased slightly by 
the presence of base; this can be understood in terms of a shift 
in the position of the photostationary state towards Z-1 when 
base is present, which increases the rate of light absorption by 
Z-1. The change in photostationary state composition is 
caused by removal of E-1 to give 3 at a rate comparable to 
E-Z isomerization. 

For ester 4 the quantum yield of deconjugation is increased 
greatly by addition of base for the P,y-unsaturated ester 8, but 

" A  referee has suggested that the greater efficiency of decon- 
jugation in polar solvents may reflect hydrogen bonding of the dienol 
which would inhibit the thermal reversion of 14 to E-I.  

only slightly for 7. The mechanism which accounts for this is 
shown in Scheme 3. Irradiation of E-4 yields 2-4 which, after 
an induction period during which its concentration builds up to 
a level at which it can absorb light, undergoes photoenolization 
to give dienol 20 in the cis conformation of the diene. Bond 
rotation allows adoption of the more stable trans conformation 
by relieving the unfavorable steric interaction between the hy- 
droxyl and isoproylidene functions. Adoption of the trans con- 
formation slows reversion of 20 to 2-4 and allows base im- 
purities or weakly basic solvent to compete effectively by cata- 
lysing reketonization of 20 to give 7 via dienolate 21. The very 
small effect of addition of base upon the quantum yield of 
formation of 7 suggests that the rate of conversion of 20 to 7 
via 21 is fast compared to thermal reversion of 20 to 4; it is 
possible that all of 20 undergoes base catalysed reketonization 
with no reversion to 4, and that the observed rate enhancement 
with base is derived from a shift in the photostationary state 
towards 2-4  caused by depletion of E-4 to give 8, as was 
described for 2. 

In competition with double bond isomerization, E-4 can 
photoenolize to 18 which is fixed in the cis conformation be- 
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.-;-"" - : $,H base 1-"" - H + 

C- 
8 +  4 

18 19 

hrl  hr 

OEt OEt z-4k L$H C- - $ H  z & o - ~  7 + 4  

cause of destabilization of the t r ans  conformation by the bulky 
isopropyl substituent. This being the case, thermal reversion of 
18 to E-4 via a 1,5-sigmatropic hydrogen shift is fast relative 
to conversion to 8 via 19 unless a high enough concentration of 
base is present to intercept 18 and convert it to 19. Thus the 
yield of 8 is low unless sufficient base is present. 

The reported photochemistry of ester 6 can be explained in 
an identical manner. It was observed (12) that irradiation of 6 
in methanol gave 11 only, but that in methanol-0-d the yield 
of 10 was enhanced. This is reasonable if the dienol produced 
by irradiation of E-6 reverts to E-6, while the dienol from 
2-6 is forced into a t r ans  conformation by the bulky 
y-substituent and undergoes base catalysed reketonization to 
11. In methanol-0-d higher levels of basic impurities can inter- 
cept the dienol from E-6 prior to reversion and so the yield of 
10 is enhanced. 

I 

Conclusions 
The effect of a deuterated solvent w o n  the efficiencies of the 

photochemical reactions of esters 1 and 4 can be accounted for 
in terms of basic impurities present in the methanol-0-d used 
and is not due to the presence of deuterium. The observations 
described also explain the anomalous behaviour of esters 1 and 
5 in non-deuterated solvents. In the case of 1, 6-hydrogen 
abstraction in Z- 1 of a non-allylic hydrogen appears to proceed 
with similar efficiency to y-hydrogen abstraction of an allylic 
hydrogen in E-1, as indicated by the relative chemical yields 
of 2 and 3. However, addition of base demonstrates that the 
true rate of y-hydrogen abstraction in E-1 is greater than the 
rate of 8-hydrogen abstraction in Z-1. In the case of 5, irra- 
diation in methanol leads to products derived from fragmen- 
tation following abstraction of the cyclopropyl methine and not 
to the deconjugated ester 9, apparently indicating a faster rate 
of abstraction for a hydrogen bound to a cyclopropyl ring than 
a primary allylic C-H (12). This would be the expected result 
if the dienol formed from E-5 reverts efficiently to 5 rather 
than undergoing base catalysed reketonization to yield 9, and 
leads to the prediction that 9 would be a major product if base 
were present. In fact, when 5 was irradiated in methanol-0-d 
(12) the yield of 9 was increased, and in view of the results 
described here this can be ascribed to basic impurities in the 
deuterated solvent. 

The observations reported here support the previously pro- 
posed (15) mechanism for base catalysed deconjugation of 
a,P-unsaturated carbonyl compounds. They also extend the 
synthetic utility of photochemical deconjugation as a useful 
procedure for the preparation of P,y-unsaturated carbonyl com- 

pounds by demonstrating how the efficiency and yield of de- 
conjugation, and the direction of deconjugation in non- 
symmetrically P,P-disubstituted a,P-unsaturated carbonyl 
compounds can be modified by addition of base. 

Experimental 
Preparation of E-ethyl 3.4.4-trimethyl-2-penrenoate, 1 

Ethyl 3-hydroxy-3,4,4-trimethylpentanoate (12, R = Me) was pre- 
pared in 36% yield by the Reformatsky reaction between pinacolone 
and ethyl bromoacetate (17, 18). Compound 12 (R = Me) (10 g, 
0.053 mol), N,N-dimethylaniline (7 g, 0.058 mol), and acetyl chlo- 
ride (4.4 g ,  0.056 mol) were dissolved together in chloroform 
(30 mL) and the solution was refluxed for 9 h after which time gc (5% 
SE 30, 120°C) of a worked-up sample indicated complete reaction. 
The reaction mixture was poured into excess dilute sulphuric acid (100 
mL) and extracted with two portions of ether (75 mL, 25 mL). The 
organic extracts were dried (MgSO, + NaZCO,) and evaporated to 
yield an oil which on distillation gave the acetate 13 (R = Me), 7.74 
g (63%), bp 80-82"C/0.6 Torr (ITorr = 133.3 Pa); 'H  nmr (CDC13, 
60 MHz): 1.01 (9H, s), 1.21 (3H, t, J = 7 Hz). 1.59 (3H, s), 2.01 
(3H, s), 2.9 (2H, m), 4.02 (2H, q ,  J = 7 Hz) ppm. 

The acetate 13 (R = Me) (7.74 g ,  0.0337 mol) was dissolved in dry 
tert-butanol (15 mL) and added over 5 min to a stirred solution of 
potassium tert-butoxide in tert-butanol (50 mL of a 1.03 M solution). 
The solution became warm during the addition and a white gelatinous 
precipitate began to form when half of the acetate had been added. At 
completion of the addition the mixture was stirred for 15 min. poured 
into water (200 mL), and extracted with ether (100 mL, 2 X 50 mL). 
The organic phases were combined, dried (MgSOJ. and evaporated 
to give an oil which was distilled to give 3.58 g (63%) of 1, bp 
97"C/19 Tom (lit. (18) 65"C/6 Torr; 'H nmr (CDCI,, 60  MHz): 1.12 
(9H,s ) ,  1.31 (3H, t, J = 7 H z ) , 2 . 2 0 ( 3 H V d , J  = 1 Hz) ,4 .15(2H,  
q ,  J = 7 Hz), 5.72 ( IH ,  q ,  J = I Hz). From the gc (10% OV101, 
100°C) the prepared sample was 96% E-1, 3% Z-1, and I% decon- 

jugated isomer 3. 

Preparation of Z-ethyl 3,4,4-trimerlzyi-2-perltenonte. I 
A sample of the Z isomer was prepared for gc calibration as follows. 
E-ethyl 3,4,4-trimethyl-2-pentenoate, 1 (0.2265 g),  was irradiated 

in pentane (10 mL) using a low pressure mercury lamp for 2 h after 
which time gc (5% SE30, 110°C) indicated that the mixture consisted 
of 26% Z-1 and 74% E-1. The pentane was evaporated and the 
residue was separated by gc (10% OVIOI, 100°C) to give Z-1 (30 
mg) which had 'H nmr (CDC13, 60 MHz): 1.19 (9H, s) ,  1.28 (3H, t, 
J = 7 H z ) ,  1 . 8 1 ( 3 H , d , J =  I H z ) , 4 . 1 0 ( 2 H , q , J = 7 H z ) , 5 . 5 8 ( 1 H ,  
q, J = I Hz) ppm. 

Preparation of ethyl 2-(11,2',2'-trimethylcyclopropyiJncetate, 2 
A sample of 2 was prepared for gc calibration as follows. 
Ester 1 (0.194 g) was dissolved in ether (10 mL) and irradiated in 

quartz to complete conversion (gc; 5% SE30. 100°C) using a low 
pressure mercury lamp. The ether was distilled off through a short 
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Vigreux column and the residue was separated by gc (10% OV101, 
100°C) to give 2.3-diethoxybutane (12 mg) as the more volatile com- 
ponent and the cyclopropane ester 2 (67 mg). The 2.3-diethoxybutane 
was isolated as a mixture, presumed to be the d.1 and tneso isomers and 
had 'H nrnr (CDC13): 1.0- 1.3 (12H, m), 3.2-3.7 (6H, m) ppm; m/e: 
146, 73, 45. Mol. Wt. calcd. for CHHIs02: 146.1307; found: 
146.1300. For the cyclopropane ester 2, 'H nrnr (CDCI,, 100 MHz): 
0 . 2 2 ( 1 H , d , J  = 4 . 5 H z ) , 0 . 3 2 ( 1 H , d , J  = 4.5Hz). 1.11 (6H,s) ,  
1.15(3H,s), 1 . 2 6 ( 3 H , t , J = 7 H z ) , 2 . 2 4 ( 1 H , d . J =  15.5Hz),2.49 
(1H,d,  J = 15.5 Hz).4.16(2H,q,  J = 7 Hz)ppm. 

Preparation of ethyl 4,4-dimethyl-3-tnet/1ylenepet1tc1t10ate, 3 
A sample of 3 was prepared for gc calibration as follows. 
Ester 1 (0.198 g) and 1,2-dimethylimidazole (0.016 g) were dis- 

solved in ether (10 mL) and irradiated in quartz to complete con- 
version (gc; 5% SE30, 100°C) using a low pressure mercury lamp. 
The ether was evaporated and the residue separated by gc (10% 
OV101, 100°C) to give 3 (0.092 g); 'H nmr (CDCI,, 100 MHz): 1.07 
(9H, s), 1.26(3H, t, J = 7Hz), 3.06(2H, d, J = 1 Hz).4.16(2H, 
q , J  = 7 H z ) , 4 . 9 0 ( I H ,  d, J = 1 Hz), 5 .07(1H, s)ppm. 

Preparatiotz of E-ethyl 3,4-dirnethyl-2-perlfar1oate, 4 
Ethyl 3,4-dimethyl-3-hydroxypentanoate. 12 (R = H), was pre- 

pared by the Reformatsky reaction between 3-methyl-2-butanone and 
ethyl bromoacetate in 72% yield and had bp 12OoC/50 Torr; 'H nrnr 
(CDC13, 100 MHz): 0.90 (3H, d, J = 6.5 Hz), 0.94 (3H, d, J = 6.5 
Hz), 1.16 (3H, s), 1.28 (3H, t, J = 7 Hz), 1.77 (IH, septet. J = 6.5 
Hz), 2.37 (IH, d, J = 15 Hz), 2.55 (IH,  d, J = 15 Hz), 3.60 (IH,  
exchanges with DrO), 4.18 (2H, q, J = 7 Hz) ppm. 

The hydroxy ester 12 (R = H) was converted to the acetoxy ester 
13 (R = H) as follows. 

Compound 12 (R = H) (31.2 g, 0.179 mol), N,N-dimethylaniline 
(25.0 g, 0.207 mol), and acetyl chloride (1 5.0 g, 0.191 mol) were 
refluxed together in chloroform (50 mL) for 2.5 h after which time gc 
(5% SE30. 120°C) of a worked-up sample indicated that the reaction 
was complete. The reaction mixture was washed with excess dilute 
sulphuric acid and dried (Na,CO, + K2C03). The chloroform was 
evaporated and the residual oil distilled through a 12-in Vigreux col- 
umn to yield acetate 13 (R = H), 34 g (88%), bp 8WC11.2 Torr which 
had 'H nmr (CDCI,. 100 MHz): 0.93 (6H, d, J = 7 Hz), 1.25 (3H, 
t, J = 7 Hz), 1.43 (3H, s), 1.99 (3H, s), 2.40 ( IH,  septet, J = 7 Hz), 
2.86 ( lH,  d, J = 14 Hz), 3.05 (IH,  d, J = 14 Hz), 4.13 (2H, q, J 
= 7 Hz) ppm. 

The acetate 13 (R = H) (20 g, 0.093 mol) was dissolved in tert- 
butanol (15 mL) and added over 5 min to a stirred solution of potas- 
sium tert-butoxide in tert-butanol (prepared from 4.6 g, 0.12 mol K 
and I00 mL tert-butanol). Following completion of the addition the 
solution, which had become warm and precipitated a gelatinous white 
solid, was stirred for 15 min, poured into water (250 mL), and extrac- 
ted with ether (200 mL, 2 X 100 mL). The extracts were combined, 
dried (MgSO,), and evaporated, and the residual oil was distilled 
through a 12-in Vigreux column to give 4, 7.7 g (53%). bp I00°C/37 
Torr (lit. (20) bp 80°C/20 Torr). The gc analysis (10% OV101, 
100°C) of the sample of 4 prepared indicated that i t  consisted of 90% 
E-4, 9% 2-4, 0.7% ethyl 4-methyl-3-methylenepentanoate, 8, and 
0.3% ethyl 3.4-dimethyl-3-pentenoate, 7. For E-4, 'H nrnr (CDC13, 
60 MHz): 1.1 (6H, d, J = 7 Hz), 1.3 (3H, t, J = 7 Hz), 2.1 (3H, d, 
J = 1 Hz), 2 .4(IH,  septet,J = 7 H z ) , 4 . 2 ( 2 H , q , J  = 7Hz),5.73 
(lH, broad, s) ppm. 

Preparation of ethyl 3.4-ditnethyl-3-pet~tanoate. 7 
A sample of 7 was prepared for gc calibration as follows. 
Ethyl 3,4-dimethyl-2-pentenoate. 4 (0.167 g), was dissolved in 

diethyl ether (10 mL) and irradiated using light of wavelength 254 nm 
until gc (10% OV101, 100°C) indicated no starting material remained. 
The ether was evaporated and the residual oil was purified by gc (20% 
Carbowax 20 M, 1 10°C) to give 7, 0. I00 g as a colourless oil; 'H nmr 
(CDCI,, 60 MHz): 1.23 (3H, t, J = 7 Hz), 1.77 (9H, s), 3.05 (2H, 
s), 4.10 (2H, q ,  J = 7 Hz) ppm. 

Preparation of ethyl 3-methylet1e-4-rnetI7ylpet1tar1onre, 8 
A sample of 8 was prepared for gc calibration as follows. 
Ethyl 3.4-dimethyl-2-pentenoate, 4 (0.165 g), and I ,?-dimethyl- 

imidazole (0.018 g) were dissolved in diethyl ether (10 mL) and 
irradiated using light of wavelength 254 nm until gc (10% OVIOL, 
100°C) indicated no starting material remained. The ether was evapo- 
rated and the residual oil was purified by gc (10% UCON LB 550X, 
100°C) to give 7, 0.070 g, and 8, 0.041 g, as colourless oils. For 8, 
'H nrnr (CDCI,, 60 MHz): 1.04 (6H, d, J = 8 Hz). 1.24 (3H, t ,  J = 
7Hz),2.0-2.6(1H, m) ,3 .04(2H,s ) ,4 .01  ( 2 H , q , J  = 7Hz),4.86 
(IH,  s), 4.93 ( IH,  s) ppm. 

Irradiations 
Irradiations were performed using a low pressure mercury lamp 

housed in a quartz tube which was immersed into the solution to be 
irradiated in such a manner that all of the emitted light entered the 
solution. Since the lamp became warm during operation (ca. 40°C) the 
solution being irradiated was placed in a bath maintained at 21' k 
0.5"C. 

Quantum yields were determined by performing the irradiations on 
solutions containing a non-light-absorbing, inert internal standard and 
monitoring the progress of the reactions with time by gas chro- 
matography using 10% OV 101 on Chromosorb at 100°C for 4 and 
120°C for 1. Internal standards used were dimethylsuccinate for 1 and 
n-pentylacetate for 4. 

The light source was calibrated following each irradiation using 
azoxybenzene as an actinometer according to the procedure developed 
by Bunce et 01. (2l).' Solutions of azoxybenzene (0.035 M) in 95% 
ethanol were irradiated to 5% conversion; 1.00-mL aliquots were 
withdrawn periodically during the irradiations and diluted to 10.00 mL 
with 5% KOH in 95% ethanol. The amount of 0-hydroxy azoxyben- 
zene formed was determined from the absorbance of these solutions at 
454 nm assuming an extinction coefficient of 7600, and the light 
intensity was calculated assuming a quantum yield of 0.017 for the 
conversion of azoxybenzene to 0-hydroxyazobenzene. The lamp out- 
put in all irradiations performed in this work was ( 1  . I6  ? 0.06) x 
lo-' Einsteins s-I. 
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