
5942 

moser, Angew. Chem., Int. Ed. Engl., 12, 914 (1973). 
(10) The physical and chemical properties of 14 were identical with those re­

ported by Eschenmoser.9 We are most grateful to Professor Eschen-
moser for providing us with additional detailed spectral data. 
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Exciplex and Electron-Transfer Chemistry.1 Reactions 
of Naphthonitrile Si States with Tetramethylethylene 

Sir: 

There is much current interest in the photophysics2'11 

and photochemistry 1>10~18 of excimers and exciplexes, with 
particular regard to their role in cycloadditions and other 
photochemical processes. We have been active in this field 
for some time,1,18 and have used nitriles in studying the 
photochemical effects of charge transfer. Aryl nitriles have 
recently attracted considerable attention because they can 
form fluorescent exciplexes with olefins.7-11 

We now report recent work with 1- and 2-naphthonitrile 
(1-NN and 2-NN) and tetramethylethylene (TME), which 
indicates that (a) exciplexes of the nitriles and TME are in­
termediates in the cycloadditions which occur in benzene, 
(b) different factors seem to determine the formation of the 
exciplexes, and their collapse to products, and (c) in polar 
solvents, electron transfer dominates the chemistry. The re­
sults are as follows. Irradiation19 of 1-NN and 2-NN with 
TME in benzene gives l-cyano-7,7,8,8-tetramethyl-2,3-
benzobicyclo[4.2.0]octa-2,4-diene (1), and the previously 
described20 6-cyano isomer (2), respectively. 

The cycloadducts were isolated by chromatography. 1 
had mp 60-61.5° and in the NMR spectrum (100 MHz, 
CCl4 or CDCl3) showed resonances at 8 1.40, 1.32, 1.00 
and 0.81, singlets (area of each, 3), assigned to the methyl 
groups; a doublet of doublets at 8 3.20, J = 4.5 and 2.0 Hz 
(area 1), is assigned to the bridgehead methine proton; two 
doublets of doublets at 5 5.71, / = 10.0 and 4.5 Hz, and at 5 
6.31, 7 = 10.0 and 2.0 Hz, are assigned to the vinylic pro­
tons, and multiplets at 8 7.1 (area 3) and at 6.9 (area 1) are 
assigned to the aromatic ring protons. 2 was obtained as an 
oil, and had NMR20 and other spectra, in full agreement 
with the assigned structure. 

Dilution plots for both of these addition reactions in ben­
zene solvent are shown in Figure 1. The linear form of these 
plots is described by eq 1. 

$ a ^ - ' ( 1 + V 1 I T M E ] - ' ) (D 
<t>a is the quantum yield of addition, $nm is its value at infi­
nite TME concentration, and Ksv is the slope of the Stern-
Volmer plot for quenching of the naphthonitrile fluores­
cence by TME. Scheme I, which involves an exciplex inter­
mediate,"3 will be used to interpret the photochemistry in 
benzene. In this scheme,1 la 

= kQ(kp + Ig' + k{)r 
sv k-a + kc + U + kf 
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Figure 1. Dilution plots for cycloadduct formation in deoxygenated 
benzene: (A) 2-NN and TME giving 2, (B) 1-NN and TME giving 1. 
Values of slopes and intercepts are given in Table I. 

Table I. Stern-Volmer Data and Limiting Quantum Yields for 
Naphthonitrile-TME Reactions" in Benzene 

Ksv (from fluorescence 
quenching), Af"1 

A ŝv ( from formation of 
adduct),A/-' 

*lim 

1-Naphthonitrile 

41.7* 

18.4,22.8 

0.14 

2-Naphthonitrile 

0.72 

0.68 

0.21 

where T = (kf + kd)~\ and *i;m = kp/kp + k/ + k{ 

aAll determinations were in deaerated benzene at 20°. SValue for 
hexane, taken from results of Taylor, ref 7, is 23.1. 

Scheme I 

(NN)* + TME = ^ (NN-TME)* — - e .g . , 1 
* - i / \ 

NN + Iw NN NN + TME + hv' NN + TME 

Values for $Hm and Ksv for 1-NN and 2-NN are given in 
Table I. A"Sv's derived from fluorescence quenching, and 
from the plots in Figure 1, are in reasonable agreement. 
The additions clearly involve the naphthonitrile Si states.21 

The simplest explanation for the different AVs but simi­
lar $]im's for the two naphthonitriles is that formation of 
the exciplex determines Ksv, while its collapse to product 
determines $iim ' '22 A scheme involving separate, parallel 
processes for Si quenching and addition, respectively,22,23 

can also explain the results, but would require that the two 
processes vary in the same way with substitution of the na­
phthonitrile. 

Calculation24 of the enthalpies of exciplex formation 
using the reduction potentials and Si excitation energies of 
the naphthonitriles, and the oxidation potential of TME,25 

gives AH = -7.4 and -1.8 kcal/mol for 1-NN and 2-NN, 
respectively, with TME. The more negative AH for 1-NN 
and TME is consistent with the larger A"sv in that case.26a 

The difference in Ksv between 1-NN and 2-NN is not due 
to the difference in lifetimes of Sj.27 Similar suggestions 
have been made7,113 concerning the relationship between 
ionization potentials of olefins and their behavior as 
quenchers of 1-NN fluorescence! 

The similarity in <I>i;m for the two reactions (Table I) 
shows that different factors control $iim (=kp/kp + k/ + 
&d') and Ksv. Thus, the exciplex which is the more stable 
(from 1-NN) collapses to product less efficiently. This 
could be consistent with a heteroexcimer bond which is 
longer in the more stable case (1-NN-TME) and shorter in 
the 2-NN-TME exciplex.26b Thus, radiationless processes 
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(kd'), including chemical reaction (kp), may be more rapid 
in the latter case, relative to kr1. Interestingly, the exciplex 
from 2-NN and TME differs from 1-NN and TME7'1 la in 
being nonfluorescent. 

The remaining evidence derives from solvent effects. In 
benzene, the fluorescence of the 1 - N N - T M E exciplex7 has 
$ n m = 0.04, and adduc t 1 is formed. In acetonitr i le , both 
exciplex fluorescence7 and cycloaddition still occur, but 
with much lower efficiencies than in benzene. Similar ly, 
with 2 - N N and T M E , formation of 2 is totally quenched in 
methanol ; instead, products of photoreduct ion of 2 - N N 
(e.g., 3 and 4) are observed.1 5 e Also, the fluorescence of 

OCH1, 

2 - N N is quenched at the diffusion controlled ra te (Ksv = 
148 A / - 1 ) in methanol . Thus , both quenching and reaction 
of 2 - N N with T M E apparent ly proceed by different mecha­
nisms in methanol and benzene. 

Each of the above pieces of da ta is an indication ra ther 
than a requi rement of exciplex intermediacy in the cycload-
ditions. However, taken together the results make a strong 
case for Scheme n.i.10,12,13,28-30 Pa th (a) is favored in ben­
zene but (b) predominates in acetonitri le and methanol . In 
some solvents, both (a) and (b) pathways may be impor­
tant. 

Scheme II 
exciplex , 

naphthonitrile S1 b 

+ "*• electron 
TME transfer 

exciplex chemistry, 
e.g., cycloaddition 

fluorescence {—hv) 
ion pair chemistry 
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Reduction of New 7r-Bound Molybdenocene-Nitrile 
Complexes via Isolatable Iminium Intermediates 

Sir: 

In our continuing efforts to elucidate the possible role of 
electron deficient molybdenum species in nitrogenase, 
unique new molybdenocene complexes of organic nitriles 
have been prepared. Treatment of various nitriles with in 
situ generated molybdenocene1'2 has resulted in the first 
synthesis of ir-bound molybdenum-nitrile complexes (eq I). 
Primary support for the suggested mode of coordination is 
the dramatic reduction in the infrared stretching frequency 
of the nitrile group. Acetonitrile, trifluoroacetonitrile, and 
benzonitrile complexes exhibit intense C = N stretches at 
494, 526, and 489 cm -1, respectively, below that of the par­
ent nitrile. These are the greatest reductions in C = N 
stretching frequency ever observed upon coordination of 
these molecules. All of the molybdenum complexes are red, 
air-sensitive, sublimable solids. Mass spectra, 1H and 19F 
NMR data, and elemental analyses are consistent with the 
proposed structures. 

Sterically induced rj2 coordination has been suggested 
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