
no satisfactory explanation for the complete order of the 
ozonide anions at room temperature, which is in contrast 
with the comparable RbN02151. Intermolecular interactions 
between the ozonide ions (dimerization) can be ruled out 
on the grounds of the large intermolecular distances[31. 
Also still inexplicable are the marked differences in the 
stability of the compounds with 19-electron systems (NF2, 
SO 5, 0 7, S 7, CIOz) towards dimerization. Whichever of 
the conceivable criteria is analyzed for an explanation (re- 
pulsion of non-bonding electron pairs, differences in elec- 
tronegativityf6', charge of the monomer, state of aggrega- 
tion) there are inconsistencies. 
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Destabilized 2-Norbornyl Cations 
By Wolfgang Kirmse*, Uwe Mrotzeck, and 
Rainer Siegfried 

A conspicuous property of the 2-norbornyl cation 1 
( = 1 ') is the equivalence of C-1 and C-2 in its spectra and 
reactions"], as expressed by the o-delocalized ("nonclassi- 
cal") structure 2.  If an acceptor substituent is present at C- 
6, Wagner-Meerwein rearrangement and attack by the sol- 
vent appear to compete with each other; norbornyl cations 
of this type are considered to be unsymmetrically 

[*I Prof. Dr. W. Kirmse, DipLChem. U. Mrotzeck, Dr. R. Siegfried 
Abteilung fur Chemie der Universitat 
Universitatsstrasse 150, 0-4630 Bochum 1 (FRG) 

h \ 
I lk ,I- 

1 2 1' 

bridged[''. The presence of four fluorine atoms or four tri- 
fluormethyl groupd3I at C-5 and C-6 should intensify the 
electron deficiency and at the same time maintain the sym- 
metry of the parent system. We have found that the Wag- 
ner-Meerwein rearrangement is completely forestalled by 
such a substitution pattern-largely with retention of the 
exo-selectivity. 

Scheme I .  a, X = F ;  b, X=CF,.  Tf=trifluoromcthylsuIfonale 

The reactions of the substituted norbornenes 314] 
sketched in Scheme 1 proceeded in good yields. Solvolysis 
of the endo-trifluoromethylsulfonate(triflate) 6 in dioxane- 
water afforded predominantly the exo-alcohols 7 (Table 1 )  
without scrambling of a 2D-label. The exo-triflate 8a 

[endo- 3 - U ]  - 9 [endo- 3 - 11 1 - 7 ( 1 - D l - 9  

h h e m r  2 a ,  X = t ,  b, X = C t t  

Table 1. Distribution of products upon solvolysis of the triflates 6 and 8 

Educt Conditions 3 7 5 exo:endo 

endo-Series 
6a 
6a CF3CO2H, CF,C02Na, 

6b 
6b HC02H,  HC0,Na 

exo-Series 
8a Dioxane-H20 (7 :3),  80°C 
8a Dioxane-H20 (1 : I ) ,  80°C 
8a Dioxane-H,O (3 :7), 80°C 
8a CF,CO2H, CF3C02Na, 80°C 
Sb 
8b HC02H,  HC02Na,  100°C 
8b CF,C02H, CF,C02Na, 65°C 

Dioxane-H20 ( 1  : l), 80°C 

110°C 
Dioxane-H20 ( I  : I) ,  100°C 

Dioxane-H20 (1 : I ) ,  100°C 

8.6 
1.9 

1.3 
trace 

69.0 
71.8 
60.0 
58.1 

36.3 
59.2 

> 99 

91.2 0.2 ~ 

96.1 2.0 - 

98.7 ~ ~ 

>99 ~ ~ 

5.3 25.7 0.21 
6.4 21.7 0.29 

14.4 25.6 0.56 
36.6 5.3 6.85 

62.4 1.3 48 
40.7 trace > 100 

trace ~ ~ 
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(Scheme 2) reacts only three- to four-times more rapidly 
than the endo-triflate 6a and 20-times slower than 7-nor- 
bornyl triflate (ca. lO”-times slower than exo-2-norbornyl 
triflate). The strongly solvent-dependent product ratio 7 : 5 
(Table 1 )  suggests a competition between an SN2 and an 
SN1 reaction; the s N 1  reaction dominates only in trifluoro- 
acetic acid. In contrast, in dioxane-water the exo-triflate 
8b underwent practically only elimination to give the al- 
kene 3b ; in formic acid and trifluoroacetic acid 8b reacted 
with high exo-selectivity (SN1) (Table 1). In trifluoroacetic 
acid or formic acid the labeled triflates [2-D]-6 and [2-D]-8 
led to a scrambling of D in 7 (Table 2). As indicated by the 

Table 2. Deuterium scrambling in 7 upon solvolysis of 12-D]-6 and [2-D]-8. 

Educt Conditions endo-2-D endo-3-D 

endo-Series 

[2-D]-6a CFIC02H,  CF,CO,Na, 80°C 95 5 
[2-D]-6b HC02H,  HC02Na, 100°C 85 15 

exo-Series 

[Z-DI-Sa CF,C02H, CF,C02Na, 80°C 61 39 
[2-DI-86 CF,COZH, CF3COINa, 80°C 84 16 
[2-D]-8b HCOZH, HC02Na,  100°C 78 22 

chemical shift in the 2H-NMR spectrum and the coupling 
in the ‘H-NMR spectrumi5], the rearrangement product 
bore deuterium at the endo 3-position, but not at the brid- 
gehead (C-1). A Wagner-Meerwein rearrangement had 
therefore not occurred, but rather an exo,exo-3,2-H shift. 
Scrambling of D in the solvolysis of [2-D]-6a is less than in 
[2-D]-8a, which indicates a higher SN2 contribution in the 
reaction of 6 a ;  the difference is less pronounced for 6b/ 
8b. 3,2-H shifts are also known in 2-norbornyl cations; 
however, here they have the highest activation energy of all 
rearrangements and are insignificant under solvolysis con- 
dition#”. As indicated by the behavior of the cations 9,  the 
bridged structure 2 is more destabilized by F or CF3 sub- 
stituents than the open form 1.  The absence of Wagner- 
Meerwein rearrangement unequivocally characterizes 9a,  
b as open (“classical”) cations. The exo-selectivity of the 
3,2-H shift cannot be accounted for here by a-delocaliza- 
tion, but must have its origins elsewhere. The steric effects 
of the endo-substituents[1%61, torsional effects along the 
Cl-C2 bonds[’I, and deformation of the p-orbital at C-2 
(“nonequivalent orbital extension”)l*] have all been dis- 
cussed in this connection. 
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Nitrile Imines: Thermal Generation, Direct 
Observation, and Subsequent Trapping** 
By Curt Wentrup*, Stephan Fischer, Andre! Maquestiau, 
and Robert Flammang 

Nitrile imines are important intermediates for 1,3-dipo- 
lar cycloadditions in solution“]. Diphenyl- and N-phenyl- 
nitrile imine have been observed by IR and UV spectros- 
copy following low-temperature irradiation of matrix-iso- 
lated precursors[’]. Also trapping with protic solvents and 
use of an intramolecular cycloaddition reaction have been 
describedi2‘]. However, no direct observation of a ther- 
mally generated nitrile imine has been reported, there is no 
evidence for the existence of discrete nitrile imines in the 
gas phase, and the crucial link between the gas-phase or 
matrix-isolated species and the solution-phase interme- 
diates, trappable in intermolecular 1,3-dipolar cycloaddi- 
tion reactions and presumed to be nitrile imines, has not 
been established. We now wish to report evidence for each 
of these points. 

In order to observe a nitrile imine in thermal reactions, 
gas-phase generation with short contact times and subse- 
quent low-temperature isolation are appropriate. However, 
nitrile imines with N-aryl groups undergo rapid cyclization 
to indazoles in the gas phase, thereby precluding direct ob- 
servation“’. Furthermore, N-methyl and related nitrile im- 
ines isomerize in the gas phase to azines and carbodiim- 
idesi4]. A nonisomerizing N-substituent is therefore re- 
quired, and N-silyl substituents proved to be the best in 
this respect. 

Flash vacuum pyrolysis of C-phenyl-2-trimethylsilyl- 
tetrazole 1I5I at 710 K/10-3 torr gave gaseous C-phenyl-N- 
trimethylsilylnitrile imine 2, which was led directly into 
the ion source of a mass spectrometer situated ca. 1 cm 
from the exit of the pyrolysis tube, or trapped on a KBr 
window at 77 K as the neat solid for IR spectroscopy. For 
UV spectroscopy the nitrile imine was co-condensed with 
isopentane on a quartz window at 77 K. 

The molecular ion from 1 disappeared as a result of the 
pyrolysis, leaving an intense signal of the molecular ion of 
2 (m/z  190). The collisionally induced dissociation (CID) 
mass spectrum of the latter ion was significantly different 
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