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tion state of the type shown below for which electronic 
and steric factors will be important. A consideration 

O=C=O 

+J 1 ,,Me 

b ’Me 
M-N’ 

of the structures of W(NMe2)65 and 1 leads us to be- 
lieve that steric factors are not the sole controlling 
factors in the formation of 1. We suggest that inser- 
tion is limited by the nucleophilicity of the NMe2 lig- 
ands. Six dimethylaminato ligands, Me2N-, offer 
tungsten a total of 24 electrons although the available 
metal valence orbitals can accommodate only 18 elec- 
trons. Thus for W(NMe& ligand to metal ir-bonding 
may lead to a maximum W-N bond order of 1.5. 
However, in W(NMe2)3(02CNMe2)3 replacement of 
three NMez ligands by weaker ir-donating oxygen lig- 
ands leads to greater N to  W ir bonding as evidencTd 
by the very short W-N bond length of 1.922 (7) A; 
cf. W-N 2.032 (25) A in W(NMe2)B.5 Thefac-WN303 
geometry of 1 allows for maximum W-N ir bonding. 
The nucleophilic character of the dimethylamido lone 
pairs is thus diminished and further insertion of C 0 2  
is not favored. Insertion of COz into metal-nitrogen 
covalent bonds may thus parallel the insertion of C 0 2  
into metal-alkyl bonds for which the importance of the 
carbanionic character of the alkyl group has recently 
been emphasized.’ 
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Photochemistry of Aromatic Compounds. 
Photorearrangement of 3,5-Dimethoxybenzyl Acetate 

Sir: 
The photochemical reaction pathway of a carboxylic 

acid ester is dependent on structure and on reaction 
conditions. * Reactions involving either stepwise or 
concerted homolytic processes usually predominate, 

York, N. Y., 1966, pp 434-441. 
(1) J. G. Calvert and J. N. Pitts, Jr., “Photochemistry,” Wiley, New 

including, for example, photodecarboxylation, photo- 
decarbonylation, 2 c * 3  Norrish type I1  analog^,^ and the 
photo-Fries rearrangement.5 Several reactions involv- 
ing heterolytic processes have also been observed, for 
example, photosolvolysis of substituted benzyl ace- 
tates$ and photohydrolysis of aryl benzoates.’ We wish 
to report the novel photochemical rearrangement of a 
substituted benzyl acetate to a relatively stable non- 
aromatic isomer.8 

Irradiationg of a 0.006 M hexane solution of acetate 
la6 gave a mixture of l a  (3.6X),1° 1,3-dimethoxy-5- 
methylene-6-acetoxycyclohexa-1,3-diene (La, 17.2 Z), 

la, R = H  2% R = H  
b, R = D  b, R = D  

311 (5.6%), 412 (46.8%), 5 (9.573, mp 106-107° (lit.13 
102O), and614(17.2%) obtainedasamixture.15 Column 

Y F O C O C H ,  
CH~R CR,H 

3, R = H  7a, R = H 
4, R=CH3 b , R = D  

6, R = C ~ H ~ , J  
5, R = 3,5-(CH30)&6HaCH? 
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Hydrogen abstraction by and dimerization of 9 yield 
3 and 5, respectively. Decarboxylation of acetoxy 
radical followed by combination of resultant methyl 
radical and 9 yields 4, which could also result from a 
concerted photoinduced expulsion of COz from la .  
Hydrogen abstraction from solvent by 9, acetoxy, or 
methyl radical would yield hexyl radical, which com- 
bines with 9 to yield 6. Formation of 2a can proceed 
by recombination of 9 and acetoxy radical or by a 
concerted process from la.  For the latter route photo- 
chemical [ 1,3]- and [3,3]-acetoxy shifts are symmetry 
allowed and forbidden, 2 2 , 2 3  respectively. For a 
thermally excited ground state both shifts should be 
symmetry allowed. 2 2  We plan to investigate the 
mechanism of the 1 to 2 transformation. 
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partial separation of the product mixture. Elution of 
2a as an oil overlapped with that of l a  and 7a which is 
formed by rearrangement of 2a. The identity of 7a 
was confirmed by independent synthesis, Hydroxyla- 
tion of 3 with m-chloroperoxybenzoic acid in CHzClz 
at  0" yielded .2,4-dimethoxy-6-methylphenol (8), l6  

which was converted to  7a,14 mp 56-57'. 
The ir spectrum (neat) of 2a17 displayed bands at 

2830 (CH30), 1740 (C=C), and 1615 cm-' (C=C); 
the uv spectrum (hexane) A,,, 316 nm (log E -2.6); 
and the pmr spectrum (100 MHz, CDCL) a singlet at  6 
2.01 (3 H, OCOCH& a triplet at 6 5.58 for He, J c e  = 
2.0 and J d e  = 2.5 Hz, a triplet at 6 5.16 for H,, J,, = 
2.0, J,, = 2.0, and Jcd -0 Hz, a doublet of doublets at 

6 4.65 for Hb, J a b  = 1.4 Hz, a singlet at 6 3.62 (3 H, 
CHIO) overlapping with a multiplet for Ha at  6 3.58, 
and a singlet at  6 3.24 (3 H, CH30). The pmr assign- 
ments were confirmed by the spectrum of 2b, prepared 
by photolysis of lb,18 in which H, and Hd were absent 
and Ha and He appeared as doublet, Jab = 1.4 Hz, and 
singlet, respectively. All other resonances were un- 
altered with respect to the spectrum of 2a. Further 
confirmation of the structural assignment was obtained 
by spin decoupling. With irradiation of H,, He was 
unaltered, Hb appeared as a singlet, and H, and Hd 

appeared as doublets, J,, = 2.0 and J d e  = 2.5 Hz, re- 
spectively. 

When a 0.017 M benzene solution of 2a17 was stirred 
at  55"  for 3 hr, 2a was converted in -90% yield to 7a. 
Analogously, 2b yielded 7b (eq 1). The rearrangements 

2-7 ( 1 )  

of 2a and 2b to  7a and 7b, respectively, support the 
structural assignment of 2.zos2l It is interesting to note 
that 2 rearranges to 7 in an apparently thermal process 
by a symmetry-forbidden22 [ 1,3]-hydrogen shift and not 
to  1 by symmetry-allowed22 [ 1,3]- or [3,3]-acetoxy shifts. 

The formation of 3, 4, 5, and 6 is consistent with 
initial photoinduced cleavage of l a  to give 3,5-dime- 
thoxybenzyl (9) and acetoxy free radicals, Scheme 1. 
Scheme I 
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Frontier Control Nucleophilic Reactivity and 
Photoelectron Spectroscopy Data within the 
Klopman Equation. The Thiocarbonyl Group 

Sir : 
Many equations correlating the rate of reaction be- 

tween various nucleophiles and electrophiles with 
physicochemical parameters have been established. l-6 

The approach of Hudson and Klopman5s6 illustrates 
the relative importance of the control of reactivity by 
charges and by frontier orbitals. 

Unfortunately this approach has been difficult to 
check experimentally because of the lack of a tool ca- 
pable of measuring the effective energies of orbitals in- 
volved in reactivity. Photoelectron spectroscopy (pes) 
now fills this gap. 

We wish to report the results arising from a com- 
parison of kinetic measurements' and the ionization 
potentials of some heterocyclic thiocarbonyl com- 
pounds. 

The kinetics of the reaction have been studied by a 
(:>C=S + CHJ -(;>C<-SCH, acetone 

1- 
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