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a-Deoxysilylation of Hydroxylamine Derivatives. 
A New Method for Nitrene Generation 

Sir: 

Eliminat ion of alkoxysilanes according to eq 1, 
which may be described as an a-deoxysilylation process, 

[RnM:] + R3SiOR (D 
^ O R 

R M ^ I 
SiR3 

1, M = C, Si; n- 2 
2, M = N; n = 1 

OSi(CH3)3 OCH3 OSi(CH3)J 
C6H5Nx^ C 6 H 5 N^ C H 3 N ^ 

Si(CH3), Si(CH3), Si(CH3)3 

2a 2b 2c 

has been heretofore restricted to pyrolyses of systems 
(1) wherein the central a tom (M) is a member of the 
group IV elements, viz., c a rbon 1 and s i l i con . 2 3 We 
now repor t prel iminary p roduc t and kinetic studies 
which indicate tha t the scope of eq 1 may be usefully 
extended to ni trene ( R N : ) generation via pyrolysis of 
molecules in which the elimination center is ni trogen 
(2), the first representat ive of group V elements. 

Fo r compara t ive purposes , our initial investigations 
focused on hydroxylamine derivatives tha t would in 
principle generate phenylni t rene (3), since a consider
able body of da t a 4 a is available on this reactive inter
mediate . Thus , A^,0-bis(trimethylsilyl)phenylhydroxyl-
amine 6 (2a) was prepared (20%, nonopt imized) from 
/V-phenylhydroxylamine (4) according to the react ion 
sequence in eq 2. The propensi ty of 2a toward frag
menta t ion according to eq 1 was first evidenced by its 
mass spectrum (70 eV), which featured a relatively weak 
paren t ion and a base peak at m/e 91 , presumably due 
to [C6H5IN':]+. This tentat ive conclusion was sub
stant iated by the observat ion tha t 2a undergoes es
sentially complete react ion at 100° (16 hr) in cyclo-
hexene (0.1 M) to yield hexamethyldisi loxane (5, ca. 
100%, vpc), and at least eight addi t ional p roduc ts (vpc). 
Prepara t ive vpc of this mixture led to isolation and 
identification (ir, nmr ) of aniline (6, 20 % ) , 7-phenyl-7-
azabicyclo[4.1.0]heptane6 (7, 2 % ) , secondary amine 8 
(4 % ) , and bicyclohexyldiene7 9. Trace amoun t s ( < 1 %) 
of imine 106 and azobenzene (11) also eluted shortly 
before two final and as yet unidentified minor ( < 1 % ) 
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components . The yield of aniline is not appreciably 
altered by heat ing 2a in either toluene or cyclohexane, 
a l though the latter solvent does yield a small a m o u n t of 
iV-cyclohexylaniline (12, 5 %, vpc), as expected4" for 3. 
F o r m a t i o n of products 6 and 8-10 from 2a in cyclo-
hexene is neatly accommoda ted by applicat ion and 
simple extension of k n o w n 4 " 8 intermolecular reaction 
modes for ground state (triplet) 3, and it should be 
emphasized tha t isolation of 7 is part icularly significant, 
since there is currently little evidence tha t arylnitrenes 
(whether singlet or triplet) form aziridines by react ion 
with any olefin.4a Kinetic studies which address this 
impor t an t point and are designed to exclude conceivable 
non-ni t rene pathways to 7 are in progress. 

L 2re-QH,Li 
2. 2(CH1J1SiCl 

C6H6N(OH)H —<- 2a 
ether, -40° H - N - C 6 H 5 

C6H12 (CH3)3SiOSi(CH3)3 + [C6H5N:] ̂ ^ 6 + 
5 3 

|o 
C6H5NH2 + C6H5NC^J + QftN—/~S + 

C 6H 5N=ZJ + C6H5N=NC6H5 + < ^ V ^ ( ~ ) (2) 

10 

T o quantify the rate for a-deoxysilylation of 2a and 
provide information regarding the transit ion state for 
this novel reaction, kinetic measurements were carried 
out using 0.10 M solutions in toluene (sealed ampoules , 
o-dibromobenzene vpc internal reference). Linear 
least-squares analysis of first-order plots for the disap
pearance of 2a with t ime at tempera tures of 90, 100, and 
110° were clearly linear ( two- three half-lives, ± 1 0 % 
slope error) , as was a least-squares fit ( ± 5 % slope error) 
of log (k/T) vs. \jT which led to values of A i / * = 27.7 
k c a l / m o l a n d A S * = -3 .8eu(z \G*ioo» = 29.1 kcal /mol) . 
The unimolecular na ture of the fragmentat ion was con
firmed by appropr ia te kinetic experiments with various 
concentrat ions of 2a. Compar i son of these rate da ta 
with those repor ted 9 for phenylazide (13) in decalin 
reveals tha t elimination in 2a is almost 300 times faster 
t han N 2 evolution from 13 and suggests tha t the present 
method may compete favorably with azide pyrolysis as 
a technique for nitrene generation under nonionic 
thermal condit ions, especially in view of new and im
proved methods 1 0 for synthesis of aryl- and alkylhy-
droxylamine derivatives. 

If one assumes, as has been suggested I b , 2 a for a-
deoxysilylation of 1, that a "concerted" elimination 
(cf. 14) is operative for 2a, then requisite decrease in 
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14 

rotational/vibrational degrees of freedom is consistent 
with the negative (albeit small)AS* value observed. 
The possible oversimplification of this interpretation 
is underscored, however, by noting that A S * = —4.3 eu 
for N2 elimination from 13. In connection with transi
tion state considerations it is interesting that fragmenta
tion of O-methyl-JV-trimethylsilylphenylhydroxyl-
a m i n e M 1 (2b) in toluene at 170° to yield methoxytri-
methylsilane and aniline (50% at low conversion) 
proceeds with a rate roughly 200 times less than that of 
2a. This reactivity order is opposite that predicted on 
purely steric grounds and is tentatively ascribed to the 
electropositive nature of the oxygen-bound silicon 
nucleus in 2a, relative to its carbon counterpart in 2b, 
which can lead to increased oxygen nucleophilicity 
and/or inductive stabilization of transition state 14. 

Like other reactions peculiar to organosilicon 
chemistry,13 the "driving force" for a-deoxysilylation of 
2 may be reasonably associated (in part) with Si-O bond 
formation in 14; especially in view of our finding that 
0-trimethylsilylphenylhydroxylamine5 (15) is essentially 
inert toward pyrolysis under those conditions (100°, 19 
hr) which cause complete fragmentation of 2a. 

OSi(CH3)3 

C6H5NC" 
H 
IS 

An additional substituent effect in the pyrolysis of 2, 
akin to those manifest with 1,lb was revealed by studies 
with A^O-bis^rimethylsilyOmethylhydroxylamine14 (2c) 
in cyclohexane (ca. 200°) since elimination of hexa-
methyldisiloxane from 2c was found to be approximately 
1000 times slower than elimination from 2a. While 
this relative reactivity order parallels that for nitrene 
generation from ethylazide1S and 13,9 evidence for methyl-
nitrene (16) production from 2c is presently tenuous for 
it rests on our isolation of only a trace amount (1.5%) 
of hexamethylenetetramine together with white crystal
line polymer, which are considered to be characteristic4b 

of 16 when thermally produced under a variety of con
ditions. No ammonia, methylamine, or VV-methyl-
cyclohexylamine were detectable (vpc). 

Our study of photochemically induced a-deoxy
silylation of 2 has, to date, been limited to 2a (XlS1*

12 

249 m/x, log e 3.88) and 2b (X f̂x
12 247 m/x, log e 

3.93). Both systems undergo complete reaction within 
10 min at ca. 35° when irradiated at 2537 A in cyclo
hexane (0.005 M), but at this wavelength product 
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studies are complicated by extensive photodecomposi-
tion of the products, viz., 6 and 12. A comparison of 
thermal and photochemical reactions of 2, together 
with an investigation dealing with the application of 
a-deoxysilylation to other group V elements will be 
reported in the future. 
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Mechanistic Studies of Oxidative Addition to 
Low-Valent Metal Complexes. III. Mechanism of 
Formation of Platinum to Carbon Bonds 

Sir: 

Although addition reactions of zerovalent d10 com
plexes have been extensively studied1 and offer con
siderable practical utility,2 few mechanistic studies are 
presently available.3 We present evidence that a major 
(but not sole) pathway for the addition of alkyl halides 
to the complexes M(PEt3)3 (1) (M = Pt, la; M = Pd, 
lb) 4 6 involves a radical chain process. Further ob
servations on reactions of certain very reactive halides6 

will be described in a following communication. 
Despite earlier reports,7 addition reactions of alkyl 

halides with Pt0 complexes are often quite complex. 
For example, excess 1-bromobutane reacts with la in 
degassed toluene at 25° for 2 hr to produce trans-Pt-
RBr(PEt3)2 2a (R = Bu), ?ra«s-PtHBr(PEt3)2 3a, 
and /ran.s-PtBr2(PEt3)2 4a (approximate relative yields 
95:4:1), as well as small quantities (^5%) of butane 
and but-1-ene.8 Further reaction causes the growth 
of 4a, alkene, and alkane at the expense of 2a, while 
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