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it,12 while energies of optimized geometries were recalculated using the 
ilit-valence 4-31G basis set.13,1* See W. A. Lathan, L. A. Curtiss, W. J. 
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Cyclization and Rearrangement in the Reaction of 
Allylbis(dimethylglyoximato)cobalt(III) Complexes 
with Tetracyanoethylene. Crystal Structure of 
fra/JS-3,3,4,4-Tetracyano-2-phenylcyclopentylbis-
(dimethylglyoximato)imidazolecobalt(III) 

Sir: 

Mainly because of their biological analogues, 1,!-rear­
rangements' are of considerable importance in organocobalt 
chemistry. Indeed, despite appreciable efforts to understand 
1,2-migrations of functional groups catalyzed by adenosyl-
cobalamin, they are not understood at all2 and present theories 
have had to rely almost exclusively on results from synthetic 
"model" systems. We here describe a further example of a 
1,2-rearrangement in organocobaloxime chemistry which also 
has analogues in the organic chemistry of other organometallic 
complexes.3 

Several allylbis(dioximato)pyridinecobalt(III) complexes 
(e.g., 1) react with tetracyanoethylene (2) in dichloromethane 
to give 3,3,4,4-tetracyanocyclopentylbis(dioximato)pyri-
dinecobalt(III) complexes (e.g., 3). Thus, allylbis(dimethyl-
glyoximato)pyridinecobalt(III) ( la) gives a near quantitative 
yield of 3a (eq 1), but the yield of cyclic product from 3-sub-
stituted allyl complexes lb, Ic and Ie is lower5 (40-70%) and 
that from the 2-substituted allyl complex Id is negligible. 

The 1H NMR spectra and chromatographic behavior of the 
products from lb, Ic and Ie indicate that only a single cyclic 
product is formed in each case and the solid (3e) obtained from 

RCH=CR'CH2Co(dmgH)2B + (NC)2C=C(CN)2 

1 2 
la, R = R' = H; B = py 
lb, R = Me; R' = H; B = py 
Ic, (trans)R = Ph; R' = H; B = py 
Id, R = H; R' = Me; B = py 
Ie, (trans)R = Ph; R '= H; B = imidazole 

NC CN 

N C 

R > 
I T 

3a, R. 
3b, R 
3c, R 
3e, R 

7 r-cN 
CsV 
T ^ ft 

Co(dmgH)2py 
3 

= H; B = py 
= Me; B = py 
= Ph; B = py 
= Ph; B = imidazole 
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Ph H 

H XH2CoIU(dmgH)^B 
+ TCNE 

Ph H 

L L 

H CH2CoIV(dmgH),B+ 
-J- TCNE 

(2) 

Co(dmgH),B+ 

Ie gave only a single crystalline species which remained un­
changed through various crystallization processes. Pale yellow 
crystals were obtained from acetone for structure analysis. 

The structure of 3e was solved by heavy atom analysis, using 
2973 independent reflections collected on a Stoe Stadi-2 dif-
fractometer and refined by block diagonal least-squares to a 
current R of 0.082. The cobalt was allowed anisotropic thermal 
parameters and all other non-hydrogen atoms have been given 
isotropic parameters. 

The structure of 3e (Figure 1) shows clearly that, though 
the metal and the phenyl group are in mutual trans-positions 
with respect to the cyclopentane ring, the phenyl group is 
constrained to lie (a) close to and almost parallel with the plane 
of the dioximato ligands, and (b) centered approximately below 
one of the glyoximato oxygen atoms [O(l)]. These results have 
both spectroscopic and mechanistic consequences. 

(1) The trans-stereochemistry of the product 3e from the 
/ran^-cinnamyl complex Ie6 clearly indicates that the reaction 
must involve either a concerted 2 + 3 cycloaddition7 with a 
1,2-migration of the cobalt, or attack of the tetracyanoethylene 
or its radical anion on the 7-carbon of the cinnamyl complex 
(Ie; path A, eq 2) or its oxidation product (4; path B, eq 2), 
respectively, to give the intermediate 5 with antarafacial 
coordination8 of the cobalt to the a,j3-double bond. This step 
determines the stereochemistry and subsequent ring closure 
accompanied by a further shift of the metal from the a$-
double bond to a <r-bond at the /^-position would give the ob­
served trans-product 3.9-10 

While there is no evidence that free radicals are directly 
involved in this reaction,'2 a preliminary electron transfer from 
the substrate to tetracyanoethylene (eq 2) is possible.13 

However, any cinnamyl radicals formed by homolysis of the 
cinnamylcobaloxime(IV) intermediate 4 would react with the 
tetracyanoethylene radical ion to give either the 1,1,2,2-
tetracyano-3-phenylpent-4-enyl or l,l ,2,2-tetracyano-5-
phenylpent-3-enyl carbanion which would be expected to have 
a far greater capacity for reaction with the cobaloxime(III) 
species at the carbanionic center, giving insertion products,15 

than at the olefinic bond. 
(2) The asymmetry of the cyclopentyl substituent and the 

proximity of the phenyl ring to the plane of the dioximato li­
gands are also evident in solution, for there is a marked effect 
in the ' H NMR spectra of 3c and 3e, which is not evident in 
those of the products 3a or 3b. Thus, the two diagonally op­
posite pairs of methyl groups Ci, Cs, and C4, C 5 of 3b, c and 
e are diastereotopic and those of 3c and e have markedly dif­
ferent chemical shifts in CDCI3/CD3OD; this difference in 
chemical shift varies, for 3c, from 0.22 ppm at 60° to 0.30 ppm 
at - 6 0 ° and, for 3e from 0.18 to 0.21 ppm. 

(3) Bond lengths and angles are generally unexceptionable. 
The Co-N bond lengths within the near-planar cobaloxime 
moiety average 1.89 (1) A, the Co-N(imidazole) bond length 
is 2.01 (1) A and the Co-C bond length is 2.06 (1) A. The in­
teraction between the asymmetric organic ligand and the 
dioximato ligands causes some distortion both of the co­
baloxime plane and of the axial ligand-cobalt-axial ligand 

Figure 1. 

axis. The O — O bond distances are therefore different, 
O1- - -O3 (2.51 (1) A) O2- - -O4 (2.44 (1) A), and the C 9 -
Co-N 9 angle is 174.94°. 
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Photochemistry of Aromatic Compounds. Photosolvolysis 
of 2-(3,5-Dimethoxyphenyl)ethyl Methanesulfonate 

Sir: 

Photochemical solvolyses of numerous substituted and un-
substituted benzyl systems have been studied.1 We wish to 
report the first example of photosolvolysis of a 2-arylethyl 
system which is initiated by excitation of the aryl group and 
accompanied by its migration.2 Furthermore, solvolysis 
product distributions suggest the involvement of a phenonium 
ion. 

Irradiation3 of a 0.0065 M solution of 2-(3,5-dimethoxy-
phenyl)ethyl methanesulfonate4,5 ( la) in 50% (v/v) aqueous 
methanol yielded 2a6a (28.5%),7 3a5 (19.1%), 4a6b (8.1%), 5a8 

(5.3%), 66c (1.1%), V (3.3%), and recovered la (8.0%).9 The 
ir spectrum (neat) of 5a displayed bands at 2840 (CH3O) and 
1610 c m - ' (aromatic); the uv spectrum (hexane) Xmax 275 (« 
1600), 277 (( 1600), and 282 nm (e 1670); and the 1H NMR 
spectrum (100 MHz, CDCI3) broadened singlets at 5 6.24 and 
6.21 (2 H, aromatic), equal singlets at 8 3.78 and 3.67 (6 H, 
CH3O), and an A2B2 multiplet centered at 8 3.1210 from 5 2.98 
to 3.27 (4 H, CH 2CH 2) . Irradiation3 of a 0.0065 M solution 
of «-octyl methanesulfonate" in 50% aqueous methanol 
yielded only recovered ester. Therefore, photosolvolysis and 
other processes of 1 are the result of an initial interaction of 
the excited 3,5-dimethoxyphenyl chromophore with the 
methanesulfonate group.12 

Irradiation3 of a 0.0065 M solution of lb 1 3 in 50% aqueous 
methanol yielded 2 (26.7%),7 3 (21.7%), 4 (9.3%), 5 (6.3%), 
6 (0.4%), 7 (2.1%), and recovered 1 (10.7%). By mass spec­
trometry15 1, 2, 3, and 5 each contained > 1.98 atoms of excess 
deuterium per molecule, and by 1H NMR 1 consisted of a 6.1:1 
mixture respectively of lb and Ic, 2 of a 1.1:1 mixture re­
spectively of 2b and 2c, 3 of a 1.1:1 mixture respectively of 3b 
and 3c, and 5 of a 2.4:1 mixture of 5b and 5c.16 By mass spec­
trometry15 4 contained 1.89 atoms of excess deuterium per 
molecule, and by 1H NMR only 4b was detected. The spectrum 
consisted of a doublet at 5 2.53, J = 7.5 Hz (2 H, benzyl), a 
broad multiplet centered at 8 1.19 from 8 1.07 to 1.30 (1 H, 
methyl), and resonances for aromatic (3 H) and methoxy 
protons (6 H) unaltered with respect to the spectrum of 4a. For 
minor components 6 and 7 deuterium content and location 
were not determined. A second photolysis3 of lb resulted in a 

CH3O- OCH3 

CX2CY2OSO2CH3 

la, X = Y = H 
lb, X = H; Y = D 
Ic, X = D; Y = H 

C H 3 O . ^ . O C H 3 

V 
CX2CY2OH 

2a, X = Y = H 
2b, X = H; Y = D 
2c, X = D; Y = H 

CH3O. OCH3 CH3O, .OCH3 

CX2CY2OCH3 

3a, X = Y = H 
3b, X = H; Y = D 
3c, X = D; Y = H 

H 3°^^/° C H 3 

1W 
X 

Sa1X = Y = H 
5b, X = H; Y = D 
5c, X = D; Y = H 

CH2CY2H 

4a, Y = H 
4b, Y = D 

^0W0 0 1 

XJ 
I 

H — C — O R I 
CH3 

6, R = H 
7 , R = CH3 

comparable product distribution and in almost identical mass 
spectral and 1 H N M R analyses. 

There are several mechanistic interpretations consistent with 
the product distribution obtained with l b , but all of them in­
clude phenonium ion 8 as an in termedia te or transit ion state . 
One possible mechanism involves initial photoinduced clea­
vages to give 8 and free radical 9. For 9 in t ramolecular sub­
stitution yields 5b and hydrogen abstract ion from methanol 
4b. If 8 is simply a transition state, it opens to essentially equal 
amounts of carbenium ions 10a and 10b, which then undergo 

CH3O. 

[ I b ] * 

lb 

OCH3 CH3O 

CH2-CD2 

8 

.OCH3 

CH3O. OCH3 

\̂ A.2v-̂  I 2 

10a, X = H; Y = D 
10b, X = D; Y = H 

several processes: (a) cap ture by solvent to give 2 and 3; (b) 
cap ture by methanesulfonate to give 1; (c) in t ramolecular al-
kylation to give 5; and (d) hydride migration to give carbenium 
ion 11. Cap tu re of 11 by solvent yields deute ra ted analogues 
of 6 and 7.1 7 

CH3O- OCH, CH3O. .OCH3 

(D)H-C-Me 
+ 
11 

If 8 is an intermediate, capture by water, methanol, and 
methanesulfonate would lead directly to 2, 3, and 1, respec-
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