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Scheme II 

r PhCH2- + R3SnNO3 

Ib (X = H) + AqNO 3 —- Ib*NO3 + Ag0 

• • PhCH2ONO2 + R3Sn-

(5, 36%), and tri(«-butyl)tin nitrate (11, 36%).I0 Analysis of 
the product mixture according to Scheme II indicates that the 
partition ratio of 4a:4b (cf. eq 4) is 52:48. Kinetically free 
benzyl and (n-Bu^Sn radicals are implicated since bibenzyl 
and 5 are isolated." However, products derived from formal 
cationic intermediates appear to be formed via in-cage pro­
cesses: when the Ib-Ag+ reaction is carried out in CH3CN-
CHCl3-CH3OH, benzylmethyl ether is not present (GC 
analysis) at early stages after reaction, but appears only 
after methanolysis of the primary product benzyl nitrate. 

We conclude that charge transfer induced radical ion for­
mation in the systems 1-TCNE or 1-Ag+ proceeds via tight 
radical ion-ion caged partners, and that in-cage ion recombi­
nation at either a benzyl or a tin center displaces a tin-centered 
radical or a benzyl radical, respectively. The initial ion re­
combination site appears to be determined by both the nucle-
ophilicity of the counterion (or ion radical in the case of 
TCNE--) and the relative electrophilic character of the ben-
zylic and tin centers in I+- as modulated by substituents. 
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(4) Yields 78% (CH2CI2), 59% (CH3CN); mp 190-200 °C dec; NMR (DMSO-

CZ6-Me4Si) 5 7.6-7.1 (m, 5 H), 6.20 (S, 1 H), 0.55 (S, 9 H); IR (KBr) 2207 
(conjd CN), 2145 (C=C=N), 1190 (Sn-C), 690 cm" ' ; UV (acetone), Xn^1 
(e), 408 (22 100 M - 1 cm -1). Anal. (C, H, N, Sn) and high resolution MS 
(calcd M+ , 357.0288; found, 357.0246). Raman spectrum showed no un­
conjugated nitrile. 

(5) NMR (CDCI3-2% CH2CI2) 5 7.4 (m, 5 H), 3.33 (S, 2 H), 0.41 (S, 9 H). During 
the preparation of this manuscript, Reutov and co-workers (Reutov, O. A.; 
Rozenberg, V. I.; Gavrilova, G. V.; Nikanorov, V. A. J. Orgmet. Chem. 1979, 
177, 101) reported the Ia-TCNE reaction to afford a product whose 
properties closely match those of 3. These workers concluded that the 
adduct would have the structure resulting from 1,2-oxidative addition rather 
than that of the 1,4-addition product that we propose for 3. We prefer the 
structure shown for 3 based on its conversion into 2 but cannot rule out 
the 1,2-addition structure conclusively. 

(6) (a) Products were isolated by silica gel chromatography and compared with 
authentic samples (4 and 5); compounds 6 were characterized by UV/vis 
and NMR spectroscopy, (b) Isolated yields of 6 were 10-28%. 

(7) Reutov5 obtained 6 (X = H) and Me3SnCN as the ultimate products from 
reaction of 1a and TCNE, and proposed a thermal elimination of Me3SnCN 
from 3 as an explanation for the formation of 6 (X = H). We have not ob­
served decomposition of 3 to 6 (X = H). Reutov further showed facile HCI 
cleavage of 3 to Me3SnCI and 1,1,2,2-tetracyanopropylbenzene (12). We 
have eliminated an acid cleavage route to 5 in the present work based on 
our failure to observe 12 and on the systematic change in the 5:4 ratio 
obtained as a function of substituent. 

(8) We do not imply that true bipartite fragmentation of 1 + - occurs. The triple 
cage species C-1 and C-2 are valence-bond representations of interme­
diates which we believe to be required to rationalize the nature of the 
products and the substituent dependence of their ratio. 

(9) Yields are expressed in terms of total benzyl fragment or tin fragment yield. 
All compounds were isolated, except the tin nitrate (cf. note 10), by chro­
matography and compared with authentic samples. Silver metal was 
identified by atomic absorption spectroscopy. 

(10) Not isolated. An authentic sample was prepared from 5 and AgNO3 and 
its presence in the reaction mixture proved by IR. Analysis was performed 
by determining 5 by GC and then adding fluoride ion to precipitate all ionic 
tin (5 and 11), which was weighed; 11 was determined by difference. 

(11) Alternate mechanisms involving PhCH2Ag or Bu3SnAg species cannot be 
eliminated at this time. 

David F. Eaton 
Contribution No. 2752 

E. I. du Pont de Nemours and Company 
Central Research and Development Department 

Experimental Station, Wilmington, Delaware 19898 
Received January 2, 1980 

One-Electron Oxidation of Benzyltrialkylstannanes. 2. 
Excited-State Quenching of 9,10-Dicyanoanthracene 

Sir: 

Group 4a organometallics containing M-C a bonds situated 
/3 to a neighboring 7T system are exceedingly electron rich as 
indicated by photoelectron spectroscopy,1 facile formation of 
charge transfer (CT) complexes with electron-poor acceptors,2 

and reactivity toward electrophiles.3 The one-electron oxida­
tion of organotin compounds by electron acceptors is well es­
tablished.4 We now report that benzyltrialkylstannanes (1) 

<-@>-CHs SnBui 

a , X 

c , X 

I 
Cl ; b , X = F 

II, d , X = C H 3 

f , X • OCH, 

are efficient quenchers of the electron-deficient singlet excited 
state of 9,10-dicyanoanthracene (DCA). Steady-state analysis 
of fluorescence quenching and photochemical product for­
mation as a function of quencher concentration allows nearly 
complete dissection of the exciplex-mediated decay kinetics 
of the (1-DCA)* system and reveals several unusual facets of 
the processes which occur. 

Observed rate constants for fluorescence quenching of sin­
glet DCA* in benzene solutions ([DCA] ~ 1O-4 M; [1] ~ 
10_3-10_1 M) are listed in Table I. Stern-Volmer rate con­
stants kq

{, were derived from both lifetime and intensity 
measurements using Tf°(DCA) = 15.3 ns.5 No new emission 
features (exciplex emission) were observed. A plot of log 
(&q

x/£:qH) vs. a was linear with slope p = —1.4 which impli­
cates a degree of electron transfer, in the direction ( I + — 
DCA--), during the quenching act. 

Photobleaching of DCA was observed on irradiation6 of 
1-DCA solutions in degassed benzene. In a preparative ex­
periment (Pyrex filter) with the pair Ic-DCA, products iso­
lated were bibenzyl (3%), hexa(«-butyl)ditin (48%, 96% based 
on tin), 9-benzyl-10-cyanoanthracene (28%7), and a material 
tentatively identified as 9-cyano-10-(tri-n-butyl stannyl)an-
thracene (l-2%8). We propose that the observed products 
result from secondary photolysis of an initial 9,10 adduct (29) 

via preferential benzyltin homolysis. Under analytical condi­
tions6 (uranium glass filter), the progress of DCA photo-
bleaching in the presence of various concentrations of la-e can 
be cleanly followed spectrophotometrically to ~80% conversion 
of DCA. Isosbestic points in the visible spectra of DCA are 
retained throughout the experiments indicating that only one 
photoreaction occurs. Plots of the inverse of the quantum yields 
for DCA disappearance ($P

_1) vs. inverse quencher concen­
tration10 yield a family of straight lines (Figure 1). 

We adopt the kinetic scheme delineated in eq 1 in which 
initial, reversible, exciplex (E*) formation is followed by either 

S1 + Q ^ = t E* — 
fe-, 

(D 

S 0 + Q 
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Table I. Kinetic Parameters for Quenching of DCA* by Benzylstannanes la-e" 

k\kB 

X 

Cl 
F 
H 
CH3 
CH3O 

k f 
/Cq 

3.8 
5.9 
7.9 

10 
21 

a 

0.91 ±0.08 
0.55 ±0.05 
0.45 ± 0.04 

b 
0.11 ±0.01 

(* -, +kr + kp) 

3.5 ±0.5 
2.5 ± 0.4 
2.8 ±0.5 

b 
2.7 ±0.5 

A:qP = a V 

3.5 ±0.3 
3.2 ±0.3 
3.5 ±0.4 

b 
2.1 ±0.2 

V = ( i - a ) V 
0.3 ±0.3 
3.1 ±0.3 
4.8 ± 1 

b 
18± 1 

" Rate constants are given in units of M ' s 1 XlO 9. * Not determined. 

Table II. Exciplex Reversibility vs. Radiationless Decay0 

X 

250 500 
- 1 / [ Q l , M - ' — -

750 !0OO 

Figure 1. Plot of inverse quantum yield for DCA disappearance (<j>f ') 
vs. inverse quencher concentration ([Q]-1) for the photoreaction DCA* 
+ 1. 

radiationless decay to ground states {kr) or to photoproduct(s) 
(kp). Analysis according to this sequence provides the pa­
rameters listed in Table I: V derived from fluorescence 
quenching represents overall bimolecular exciplex decay, at­
tenuated by exciplex reversibility, through both product-
forming and non-product-forming channels; a, the efficiency 
of product formation at [Q] „, and k\kp/{k\ + k-{ + kp), the 
pseudo-rate constant for product-forming steps, arise from 
4>p~

l vs. [Q] -1 plots. Multiplication of kq
r by a yields kqP, the 

overall rate constant for product-forming channels, and con­
versely the quantity (1 — a) V corresponds to radiationless 
but non-product-forming channels.11 

The following trends emerge. Although the overall rate 
constant for deactivation (kq) increases rapidly as the sub-
stituent X becomes more electron donating, the efficiency of 
product formation (a) simultaneously decreases. We find, 
quite surprisingly, that kq? is nearly invariant with substituent 
X in 1, but that kq

T strongly depends on the nature of X, 
varying by a factor of 50 from X = Cl to X = OCH3. 

A degree of insight into the peculiar behavior of the (1-
DCA)* system is provided by assuming12 that k i = k&f (that 
is, exciplex formation occurs with diffusional efficiency), in 
which case eq 2 and 3 obtain: 

V/(*dif - V ) = (*r + * p) /*- i (2) 

a{kT + kp)/k-x = kp/k-{ (3) 

With this assumption the values in Table II are derived. These 
data indicate that exciplex reversibility strongly depends on 
the nature of the substituent X in 1: as X becomes increasingly 
electron donating, exciplex reversion to Si and Q {k-\ channel) 
becomes increasingly unlikely, while decay via radiationless 

(fcr + y/fc- l fcp/fc-1 

Cl 
F 
H 
CH3 
CH3O 

0.61 
1.4 
3.8 
ind* 
ind* 

0.55 
0.79 
1.7 

c 
ind* 

" Derived from parameters in Table I assuming that ^i = km; see 
text. * For these substituents A;q

f ~ km so that application of eq 2 
becomes indeterminant. The values are >5. c Not determined. 

channels (kT or kp) becomes dominant. These results strongly 
implicate a charge-stabilized exciplex intermediate in the 
photophysical decay of the (1-DCA)* system and provide 
valuable insight into the electronic factors which contribute 
to various modes of exciplex decay. 
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Double-Bond Participation in Cyclopent-3-enyl Tosylate 

Sir: 

There has been essentially universal agreement that w 
participation in cyclopent-3-enyl systems is entirely absent 

0002-7863/80/1502-3281 $01.00/0 © 1980 American Chemical Society 


