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nanceI6 is highly indicative of the presence of h2-3, 
because this configuration, in which the ligands are 
positioned in a pseudotetrahedral arrangement about 
Ti, appears to be the only possible monomeric structure 
containing magnetically equivalent nitrogen nuclei.” 
The large 15N nmr chemical-shift difference for h1-3 
and h2-3 is gratifying and augurs well for 15N nmr 
spectroscopy for studies of soluble dinitrogen com- 
plexes. 

The infrared spectrum of 3 in heptane at -65018 
provides quite convincing evidence for two distinct 
isomers which differ in their modes of nitrogen co- 
ordination to Ti. There is a band at  2056 cm-1 of 
medium intensity and a strong band at  2023 cm-’, 
which may be attributed to the N=N stretching fre- 
quencies of h2-3 and hl-3. Although we are unable to  
make specific assignments, the observation of two bands 
is clearly consistent with eq 4. Furthermore, the rela- 
tively small separation of these ir bands indicates that 
the edge-on and end-on nitrogen coordinations involve 
comparable changes of the N=N bond order. 
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(16) The possibility of the singlet resonance arising from free ‘ ~ N z  
seems remote because its solubility at -60” is at least 200 times less 
than the experimental concentration of 3.  

(17) An alternative interpretation of the data can be based on the 
assumption that 3 is an equilibrium mixture of h1-3 and a dimer such as 
[C~(CH~)~]ZT~(~-(~~-~~)NZ)ZT~[CS(CH~)~]Z; however, the small tem- 
perature dependence of the equilibrium, observed in the 1H and I3C 
nmr and ir experiments,4 is more indicative of the intramolecular pro- 
cess, h1-3 = h2-3. 

(18) The ir spectra were obtained on a Perkin-Elmer 225 spectro- 
photometer in a vacuum-tight solution cell equipped with sapphire 
windows. Except for small frequency shifts, identical results were ob- 
served in toluene; however, this solvent was less suitable than heptane 
due to the interference of several weaker solvent peaks in the region of 
interest. 
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Thermolysis of Silacyclobutanes in the Presence of 
Imines. Definitive Evidence for a pr -pr  
Silicon-Nitrogen Double-Bonded Reaction Intermediate 

Sir : 
In recent years evidence for the formation of inter- 

mediates containing pT-pr silicon-carbon, ]. silicon- 
silicon,2 and silicon-oxygen3 double bonds has ap- 
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peared in the literature. However, only two reports‘s6 
have considered the possibility of formation of a tran- 
sient silicon-nitrogen doubly bonded species. In both 
of t h e ~ e , ~ , ~  the only evidence comprised isolation of a 
cyclodisilazane from reactions which may easily be 
envisaged as proceeding by pathways not involving a 
silicon-nitrogen double-bonded intermediate. 

Based upon previous work showing formation of 
R2Si=CH2 as an intermediate in the gas-phase pyrolysis 
of silacyclobutanes, we believe that the experiments 
described below provide strong evidence for the exis- 
tence of intermediates containing pr-pr silicon-nitrogen 
double bonds. 

Gas-phase pyrolysis6 of benzene solutions of a 1,l- 
disubstituted silacyclobutane and an N-phenylimine,T 
afforded roughly comparable yields (see Table I) of 
olefinic product and the corresponding cyclodisilazane. 
Considering the nature of the reactants, isolation of 
cyclodisilazane and olefinic products is reasonably ac- 
commodated by the mechanism outlined in Scheme I. 
Scheme I 

CH,=CH, 
O i R ,  + 

til 1 + --t [CHI=SiRL] 
Ph + 
R ‘C=NPh 

‘C=NPh / Ph 

R’ 

L Ph PhJ [PhN=SiRI] ’ 
I I1 

Glpc analysis of the crude pyrolysates indicated that 
these were reasonably clean reactions. Volatile by- 
products, other than the imine decomposition p r o d u ~ t s , ~  
were not formed in appreciable quantities (<5 z). 

In an effort to trap the proposed silicon-nitrogen 
bonded species (11) directly, a pyrolysis using a second 
trapping reagent (benzophenone) was carried out. 
Pyrolysis of a solution of 1,l-dimethylsilacyclobutane 
(5.06 mmol), N-phenylbenzaldimine (20.0 mmol),s 

Thermal decomposi- 
tion of triphenylsilyl azide at 680” gave up to  60% yields of hexaphenyl- 
cyclodisilazane with the remainder being the corresponding linear 
polymer. 

Much of this ma- 
terial is summarized in an earlier review: w. Fink, Angew. Chem., 
R r .  Ed. Engl., 5,760 (1966). Reaction of diorganosilanes with primary 
amines using catalytic amounts of alkali metals or their hydrides gave 
high yields of cyclodisilazanes. 

2RNHz + 2H2SiRz’ ___f 2RN(H)Si(H)Rz’ -+ (Rz’SiNR)2 
(6) Identical pyrolysis conditions (nitrogen flow system, 760 Torr, 

61 1 ”) were used for all of the reactions discussed below. 
(7) When either N-phenylbenzaldimine or benzophenone phenyl- 

imine was pyrolyzed alone (0.4 M in benzene) glpc analysis of the 
pyrolysates using internal standards indicated 22 and 40 decomposi- 
tion, respectively: N-phenylbenzaldimine yielded comparable amounts 
of benzonitrile and biphenyl; benzophenone phenylimine gave com- 
parable amounts of biphenyl and benzophenone imine, PhzC=NH. 
Both reactions also produced small quantities of high molecular weight 
products. It is unlikely that decomposition products of the imines are 
precursors to the observed products and many of the isolated product 
yields in Table I are larger (50 us. 2 2 4 0 % )  than the amount of decom- 
position of the corresponding imine. 

(8) It was necessary to use a large excess of N-phenylbenzaldimine 
relative to benzophenone since the latter is a much more efficient trap 
for the silicon-carbon double bond. 

(4) W. T. Reichle, Inorg. Chem., 3, 402 (1964). 

(5) W. Fink, Helv. Chim. Acta, 49, 1408 (1966). 

-2H1 - 2Hz 

Journal of rhe American Chemical Soc ie t y  1 96:2 1 January 23, 1974 



61 5 

Table I. Pyrolysis of Silacyclobutane-Imine Solutions at 611 a 

Silacyclobutane Imine Benzene 
(mmol) (mmol) (mmol) ,---------Products (%  yield^------- 

(CHz)&Me2 (21.2)  PhCH=NPh (14.5) (59) (MezSiNPh)z (41) P h C H d H z  (32) 
(CHz)3SiMe2 (13.2)  Ph2CbNPh (5.20)  ( 5 5 )  (MezSiNPhX (30) PhzCbCHz (56) 

PhzC=CHZ (33)b (CH&SiPhz (6.33)  PhzC=NPh (3.03)  (62) (PhzSiNPh)z (25)*+ 

a These are based on  the amounts of material actually isolated (either by preparative glpc or crystallization) and are probably 10-207$ lower 
than the quantities actually present. All reaction products are known compounds and, except as  noted, were completely characterized by 
their ir and nmr spectra and, where applicable, melting points. * Calculated after correction for a 24% recovery of limiting reagent. Ma- 
terial was impure (mp 335-343", lit.6 mp 355.5"). Further recrystallization did not afford a purer sample. 

benzophenone (4.73 mmol), and benzene (66.7 mmol) 
afforded a homogeneous, yellow pyrolysate which, after 
resolution by preparative glpc afforded benzophenone 
phenylimine (0.79 mmol), styrene (0.78 mmol), 1,l- 
diphenylethylene (1.95 mmol), octamethylcyclotetra- 
siloxane (0.04 mmol), hexamethylcyclotrisiloxane 
(trace), benzophenone (1.74 mmol), and N-phenyl- 
benzaldimine (12.7 mmol). Glpc analysis of the 
pyrolysate did not detect any 1,3-diphenyl-2,2,4,4- 
tetramethylcyclodisilazane, (MezSiNPh)2. Isolation of 
benzophenone phenylimine provides definitive evidence 
for the formation of MezSi=NPh and its reaction with 
benzophenone since pyrolysis of equimolar quantities 
of either benzophenone and N-phenylbenzaldimine or 
benzophenone and (Me2SiNPh)z did not produce de- 
tectable quantities of this material. An explanation 
which accommodates all of these observations is out- 
lined in Scheme 11. Assuming quantitative formation 

Scheme I1 

--t [Me2Si=CH?I + CH?=CH? 3 G1l" 
Me,Si 

PhN=CHPh/  1ph2C-0 

+ Ph,C=CH, 

+ [Me2Si=O] 

PhCH =CH, + 

1 [MelSi=NPh] -x+ (Me,SiNPh)? 

I 

Ph,C=Pu'Ph + [Me,Si=Ol 

of Me&=CHz and correcting, on the basis of the 
isolated yield of 1, 1-diphenylethylene, for the fact that 
38.5 % of the MezSi=CH2 produced reacted with 
benzophenone, then the 0.79 mmol of benzophenone 
phenylimine isolated represents a 25.4 % yield of trapped 
MezSi=NPh. This is a minimum value since isolated 
yields were used and factors such as decomposition of 
the trapping reagents and products and other side 
reactions were ignored. The absence of significant 
side reactions and the relatively high yield of benzo- 
phenone phenylimine indicate that reaction schemes 
more complex than I1 are unlikely. 

The absence of (Me2SiNPh)z and the comparable 
quantities of styrene and benzophenone phenylimine 
observed indicate that benzophenone is a very efficient 
trapping reagent for silicon-nitrogen doubly bonded 
intermediates. This is in accord with our observa- 
tionle that benzophenone is an excellent trapping re- 
agent for intermediates containing silicon-carbon 
double bonds. 
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Mechanisms of Unimolecular Gas-Phase ?-Hydrogen 
Rearrangements of Radical Cations. The Influence 
of Entropy as Opposed to Energy 

Sir : 
Those y-hydrogen rearrangements commonly re- 

ferred to as McLafferty-type rearrangements have 
probably attracted more attention than any other 
rearrangement encountered in mass spectrometry; yet 
there is still considerable contention as to whether these 
ubiquitous rearrangements occur in a concerted or a 
stepwise manner. 2-6 We have sought to elucidate this 
persistent question by applying the powerful capabilities 
of field ionization kinetics (FIK)7-9 to a study of two 
complementary y-hydrogen rearrangements in hexa- 
nal.lOtll The FIK allows rates of uni- 
molecular gas-phase reactions of (radical-) cations to 
be measured over a time range extending from 10-l2 or 
10-11 sec to 

The rates of formation of mle 45 (CzH3DO) and m/e 57 
or 10-6 sec. 
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