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Table I. Electroreductive Acylation of a, /3-Unsaturated Esters 1 and 2, and Nitriles 3 with Acid Anhydrides 
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Z-C3H7 

CH3 
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Z-C3H7 

CH3 

CH3 

CH3 

C2H5 

CH3 
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C H 3 C O C H 2 C H 2 C O O C H 3 

W - C 3 H 7 C O C H 2 C H 2 C O O C H 3 

/ - C 3 H 7 C O C H 2 C H 2 C O O C H 3 

CH 3COCH (CH 3)CH2C00CH 3 
W - C 3 H 7 C O C H ( C H 3 ) C H 2 C O O C H 3 

/ - C 3 H 7 C O C H ( C H 3 ) C H 2 C O O C H 3 

CH3COC(CH3)2CH2COOCH3 

C H 3 C O C H ( C H 3 ) C H ( C H 3 ) C O O C H 3 

CH 3COCH (C6H 5)CH 2COOC 2H5 

C2H5COCH(C6H5)CH2COOC2H5 

r^N—COOC2H3 

L^J-COCH3 

C H 3 C O C H ( C H 3 ) C H 2 C N 

CH3COCH(C6H5)CH2CN 

No. 

4a 
4b 
4c 
4d 
4e 
4f 
4g 
4h& 
5a<? 
5b 

5cd 

6a 
6b 

Yield, %a 

62 
63 
30 
75 
82 
74 
64 
68 
58 
75 

74 

51 
76 

isolated yields. b Methyl 2-acetyl-2, 3-dimethyllevulinate was also formed in a 7% yield. ^Ethyl 3-phenylpropionate and ethyl 2-acetyl-3-
phenyllevulinate were also obtained in 14 and 8% yields, respectively. dA mixture of cis (18%) and trans (56%) isomers. 
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method seems one of the most promising methods of the syn
theses of such compounds as may be expected to be formed 
from the reaction of acyl anion. 

A typical procedure is described below. A solution of 20 g 
(0.067 mol) of tetraethylammonium p-toluenesulfonate in 80 
ml of anhydrous acetonitrile was placed in cathodic (64 ml) 
and anodic (16 ml) chambers of a cell equipped with carbon 
rod electrodes, a reference electrode, and a ceramic diaphragm. 
To the catholyte was added 1.00 g (0.01 mol) of lb and 10.2 
g (0.10 mol) of acetic anhydride. The catholyte was stirred with 
a magnetic bar and electrochemically reduced at the cathode 
potential of —2.3 to —2.5 V vs. SCE under the external cooling 
with a water bath until 4 F/mol of electricity was passed. The 
usual workup gave the 7-keto ester 4d in a 75% yield (bp 96-98 
°C (24 mm); lit6 bp 82-83 0 C (10 mm)). In a similar manner, 
7-keto esters 4a-h and 5a-c and nitriles 6a,b were obtained in 
satisfactory yields as shown in Table I.7 

Generally, the acyl group was introduced exclusively to the 
/3-carbon atoms of 1, 2, and 3, and the formation of a,(3-di-
acylated products was <2-3% except Id and 2a. The electro-
reduction of methyl methacrylate under similar conditions, 
however, gave a mixture of a 7-keto ester and a a,/?-diacylated 
ester in 43 and 50% yields, respectively, though the factors 
which controlled the a,)3-diacylation were not known. 
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The substitution of acid anhydrides by acid chlorides8 in this 
electroreduction brought about generally a considerable de
crease in the yields of 4 and 5.9 For instance, the electrore
duction of 2a in the presence of acetyl chloride and propionyl 
chloride gave 5a (39%) and 5b (56%), respectively. The con
trolled potential electrolysis (CPE) of 2a10 '11 in the presence 
of acetic anhydride at -1.95 V vs. SCE12 led to the formation 
of 5a, while that at -1 .40 V vs. SCE resulted in the almost 
complete recovery of 2a. Similarly, the 7-keto ester 4d was 
formed from the CPE of lb at -2 .40 V vs. SCE.10 '11 These 
facts suggest that the electron transfer from the cathode to the 

activated olefins yielding anionic species is the initiation step 
of the reductive acylation. The detail of reaction mechanism 
will be the subject of future study. 
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Solvent Regulated Photochemical Behavior 
of a Tris(/3-diketonate)rhodium(III) Complex 

Sir: 

Numerous studies1'2 have established the general photo-
reactivity patterns of first row transition metal /3-diketonate 
complexes (I). Thus visible or near-ultraviolet irradiation in-
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Figure 1. Photochemical quantum yields (254-nm irradiation) for the 
isomerization and decomposition of fra«i-Rh(tfa)3 in mixed 2-propa-
nol-cyclohexane solvents. 

duces either stereochemical rearrangement (Cr) or redox 
decomposition (Mn, Fe, Co, Ni, Cu). We have recently ob
served that /rans-Rh(tfa)3 (tfa has Ri = CH3 , R2 = CF 3 in 
I) can undergo either or both processes, depending upon the 
nature of the solvent. Indeed we have been able to regulate the 
photochemical behavior by varying the solution composition 
over a narrow range. Our results, which constitute the first 
detailed photochemical study of a second row transition metal 
0-diketonate complex, are reported here. 

Rh(tfa)3 was prepared and separated into trans (II) and cis 
(III) isomers by a published procedure.3 Irradiation at 254 nm 
was accomplished with a low pressure mercury (Pen-Ray) 
lamp whose output is 92% at this wavelength, while a high 

pressure mercury lamp and suitable filters were employed at 
other wavelengths. Light intensity was measured by ferriox-
alate actionometry.4 

Since nanogram quantities of II and III are readily sepa
rated and identified by gas chromatography,5 it has been 
possible to monitor both the steric and chemical transforma
tions of the system. This flexibility has enabled us to detect 
either or both of two photoinduced processes, depending upon 
the solvent system employed. Thus trans to cis isomerization 
is the sole observable photoprocess {4>\som = 9.2 ± 0.4 X 1O-5) 
in deaerated cyclohexane upon 254-nm irradiation of trans-
Rh(tfa)3, while at wavelengths >302 nm the complex is pho-
toinert within our detection limits (0iSOm < 6 X 10 - 6) . Sharply 
contrasting behavior obtains in deaerated 2-propanol in that 
only photodecomposition6 of the complex occurs. The quantum 
efficiency of this process decreases with increasing wavelength 
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aM' denotes the metal has undergone a one-electron reduction. 

Table I. Effect of Solvent on the Photodecomposition of Analogous 
Cobalt and Rhodium Tris(ff-diketonate) Complexes _ _ 

</>dec> 254 nm 

Alkane" Ethanol 
Cyclohexane + 

0.01 M HSn(^-Bu)3 

r/-a/u-Co(tfa)3 
trans-Rh(tfa)i 

0.038* 
<6X 10-

0.12* 
4.5 X 10" 

0.038-1' 
-0.1 

" Solvent is hexane for Co, cyclohexane for Rh. * From ref 2.c See 
footnote 12. 

of irradiation (0dec is 2.3 ± 0.2 X 10 - 3 at 254 nm, 4.4 ± 0.3 X 
1O-4 at 302 nm and < 1.5 X 10 - 5 at 366 nm), but is unchanged 
at 254 nm upon addition of a 100-fold excess of LiCl or a 3-fold 
excess of H2SO4. 

The key role of solvent in regulating the photochemical 
behavior of 7rans-Rh(tfa)3 is particularly evident in mixed 
solvent systems. As illustrated in Figure \,both isomerization 
and decomposition are observed upon 254-nm irradiation of 
the complex in cyclohexane solutions containing up to 0.065 
M 2-propanol. The two processes are competitive as evidenced 
by the inverse responses of <t>isom and </>dec to increasing alcohol 
content. Isomerization is completely suppressed in the presence 
of 0.24 M 2-propanol, and, significantly, the limiting value of 
0dec under these conditions is experimentally indistinguishable 
from that measured in the pure (~13 M) alcohol. 

Both photoreactions are quenched by oxygen, but with de
composition being affected to the greater extent. Thus the 
quantum yield ratio, 0dec/</>isom> measured in cyclohexane 
solution containing 0.013 M 2-propanol decreases from 5.8 to 
4.0 upon bubbling the sample with oxygen. Furthermore the 
ratio is wavelength dependent, increasing from 5.8 at 254 nm 
to >14.7 at 302 nm. Both observations provide compelling 
evidence for the existence of more than one photoactive excited 
state in fra/u-Rh(tfa)3.7 

While additional work is required to assign these photoactive 
states confidently, some insight as to their interaction with 
solvent can be offered. Thus the direct correspondence between 
0dec and 2-propanol concentration (see Figure 1) is reminiscent 
of the effect of alcohol in promoting the photoreduction of 
cobalt(III) l a and iron(III) , b /3-diketonate complexes. The 
postulated mechanism2 in these cases involves hydrogen atom 
donation from the alcohol to a monodentate bound ligand 
radical (IV) produced in the primary photochemical step 
(Scheme I). If this or a similar pathway were prominent in 
trans-Rh(tfa)j, photodecomposition should be particularly 
favorable in the presence of a facile hydrogen atom donor such 
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as HSn(H-Bu)3.
89 Indeed we find that (/W rises to ~0.1 upon 

254-nm irradiation of the complex in a cyclohexane solution 
containing 0.01 M hydride.10 This result strongly implicates 
hydrogen atom abstraction as a key step in the photodecom-
position of ?/-«n5-Rh(tfa)3. Furthermore we infer from such 
behavior that the population of at least one of the photoactive 
excited states imparts considerable radical character to the 
complex.11 This premise is also consonant with the indepen
dence of <£dec to changes in ionic strength or hydrogen ion 
concentration (vide supra), since any likely metal or ligand 
centered radical species are not expected to develop any sig
nificant charge separation or function as good Br^nsted 
bases. 

Finally, the present study allows the first comparisons to be 
drawn between the photochemical behavior of corresponding 
first and second row transition metal /3-diketonate complexes. 
We note from Table I that while the photodecomposition of 
?ra«5-Rh(tfa)3 is generally less efficient than that of trans-
Co(tfa)3, it is also considerably more sensitive to the solvent 
environment. Thus the large disparity in <t>dec values measured 
in alkane solvents nearly disappears when the complexes are 
photolyzed in the presence of a potent hydrogen atom donor 
such as HSn(«-Bu)3.12 Flash photolysis studies currently un
derway should prove valuable in elucidating the factors re
sponsible for this behavior. 
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Results in related systems (to be published separately) 
caused us to reinvestigate the photolysis of phenyldiazoethane 
in 13CH2=C(CH3)2 (10 or 12 atom % enriched) at -196 0C 
(matrix). 13C NMR analyses of four new, independent reac
tions (two different samples of labeled isobutene) showed that 
the 13C label was 94-99% at C(I) of the product 2-methyl-
4-phenyl-l-pentene, and only 1-6% at C(3). The new results 
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