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I. INTRODUCTION 

A survey of the recent literature shows a marked increase in investigations 

concerned with the preparation and reactions of organoazidosilanes. This review 

aOrganopseudohalosilanes I: Cyano-, Isocyano- and Isothiocyanato-silanes, 
R. M. Pike and M. F. Mangano, J. Organometal. Chem. Library, 12 (1981) 53. 

0022-328X/83/$03.00 Q1983ElsevierSequoiaS.A. 
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paper discusses the chemistry of this class of organopseudohalosilanes having 

the C-Si-N3 linkage. It does not include species such as (C2H50)3SiN3 or 

siloxanes containing the Si-N3 grouping. 

The last review on organoazidosilanes was by Peterson in 1974 [l]. Several 

additional publications have included the chemistry of these compounds as part 

of the broader aspects of the organopseudohalosilane or organometallic areas. 

Included in this list are the works of Wannagat [2], Thayer [3], Lappert and 

Pyszora [4], and Thayer and West [5]. Reviews on synthetic applications of 

organosilicon compounds have included reactions of trimethylazidosilane 163, 

187, 1881. The present review summarizes the work reported on organopseudohalo- 

silanes through 1981. 

The table containing the known organoazidosilanes includes for each com- 

pound listed its molecular formula, structural formula, selected physical 

properties and references. Compounds are 

on the basis of spectral evidence. Those 

tabulations of organosilicon compounds by 

included for the sake of completeness. 

included that have been identified 

organoazidosilanes listed in the 

previous workers [l-5, 61 are 

II. METHODS OF PREPARATION 

Organoazidosilanes were first reported in 1962 by several groups. 

Cleavage of the ?Si-NH- linkage in selected silylamine type compounds was 

found to lead to the desired Zii-N3 linkage. However, the more general 

method that developed consists of the reaction of organohalosilanes with metal 

asides. 

A. CLEAVAGE OF :Si-N= 

In 1962 Birkofer and co-workers reported the synthesis of an hydrazoic 

acid derivative containing an organosilicon moiety, (CH3j3SiN3, obtained by 

the pyrolysis of 1-(N-trimethylsilylamino)-3-trimethylsilyltetrazole 17, 81. 

Trimethylsilyl substituted siiatetrazoles also led to the formation of 

azidosilane compounds on thermal decomposition [9]. 

150D 

(CH3)3Si-NH-; - ; - KH3j3SiN3 + (CH3)3Si-N=C=N-Si(C~3)3 
N N 

'N' 

CH 

“Si' 
CH3 

(CH3)3Si-y 
/\ 

r-Si(CH3)3 

A _ ~CH~)~S~]~N-~?N~ 

-CH3 

1-h 
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Wiberg and co-workers have shown that pyrolysis of trimethylsilyl 

substituted triazenes and tetrazenes lead to the generation of trimethylazido- 

silane [lo, 11, 12, 131. 

(CH3) JS( H 
/ 

N-N=N-N (CH3)3SiN3 A 
/ \ 

+ [ (CH3)3Sil*~ 

(CH3)3Si Si(CH3)3 

my3si, 
N-N=N-0CH3 NH31 3SiN3 A 

/ 
_ + (CH3)3SiOCH3 

(CN3)3Si 

Reaction of hydrazoic acid with bexsmethyldisilasane produces (CH3)3SiN3 

[7]. 

3 BB3 + (cH3)3SlNHSi(CH3)3--+ 2 (cH~)~s~N~ + BH4N3 

Cleavage of silylamines with organoacylazides also leads to the formation of 

azidosilanes [14]. 

AlCl3 

(C~3)3Si~C4H9-~ + C6H5C0~3 - (CH3)3SiN3 + c~n~Co~c4H9-~ 

B. CLEAVAGE OF %I-X (X = F, Cl, Br) 

The major route developed for the synthesis of organoazidosilanes involves 

the cleavage of the balosilane linkage by reaction with a metal aside. As 

starting materials, the chlorosilane derivatives have been used extensively 

with infrequent use of the fluoro- or bromo-silanes. 

solvent 

Rn=X4_n + *3 - R Sf(N ) n 3 4-n + n74X 
(n * 1, 2, 3; X = F, Cl, Br) 

A wide range of metal azides and solvents have been utilized. 

Connolly and Urry prepared (CH3)3SiN3 using tr~ethylchlorosi~ane and 

aluminum azide in tetrahydrofuran solvent [16]. This approach was modified by 

West and Thayer [15, 17, 181 by the use of a sodium azide-aluminum chloride 

mixture which forms aluminum aside in situ. Sundermeyer used sodium aside in a 

ZnC12-KC1 melt with good results [19, 20, 391. 

Extensive work has been reported on the use of various metal aside-solvent 
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systems. Sodium or lithium azide has been used in tetrahydrofuran [21, 22, 23, 

241, pyridine [17, 23, 26, 281, quinoline or 2,4-lutidine [26], and toluene 

128, 291. Weidenbruch and Pesel reported the use of potassium azide in toluene 

in the presence of 18-crown-6 for the preparation of tri-t-butylazidosilane 

[301. A method using potassium azide in absence of a solvent has been patented 

L.281. Several workers have employed the use of aprotic solvents with alkali 

.metal azides to obtain good yields of the azidosilanes. An Organic Synthesis 

method employs diethylene glycol dimethyl ether (diglyme) [31], and Washburn 

and Peterson report that hexamethylphosphortriamide is a superior solvent 

giving azidosilanes in high yields [32]. However, mixed chlorosilyl azides 

cannot be prepared with this latter solvent and II-, (CH3)2N- and CH2=CH- 

functionality on silicon is incompatible employing these aside/chloride 

reaction conditions. Dimethylformamide was also investigated as a solvent with 

less spectacular results [32]. A patent has been issued covering the use of 

sodium azide in carboxamide, nitrile and ketone solvents [33]. Elseikh and 

Sommer report the use of acetonitrile solvent [34]. Reaction of silver azide 

with (CH3)3SiC1 in ether solvent is reported to produce (CH3)3SiN3 in good 

yield [18]. 

C. EXCHANGE REACTIONS 

Sundermeyer reported the first preparation of azidosilanes using the 

exchange technique 119, 391. This led to the successful preparation of di- 

and tri-azidoorganosilanes. 

AlC13 

2 (CH3)3SiN3 + (CH3j2SiC12 - (CH3)2Si(N3J2 + 2 (CH3)3SiC1 

C6H5SiC13 + 3 (cH~)~sIN~ - C6H5Si(N3)3 + 3 (CH3)3SiC1 

Later work by Riihlmann and Ettenhuber extend the utility of the method by 

providing a route to prepare organoazidosilanes containing the Si-H linkage 

[221. Miiller and Van Wazer obtained equilibrium,constants and AGo values for 

the exchange of azido groups with chloro, methoxy, methylthio and dimethyl- 

amino groups on the dimethyl silicon moiety [35]. The results indicate that 

the azido group acts as a pseudohalide in the exchange reaction. The exchange 

reaction of Si-N3 groups with Si-N= units had been previously reported 1221. 

(CH3)2Si(N3)2 + (E-C~H~N‘)~SI(CH~)~ -2 (CH3)2Si(N3)(NC4Hg-:) 

A method has been patented covering the exchange reaction and includes the 

exchange of Si-N3 with Si-CN groups 1361. 
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xylem 

(C6H5CH2)2Si(N3)2 + (C6H5-CH2)2Si(CN)2- 2 (C6H5CH2)2Si(N3)(C~) 
25O 

Wiberg and co-workers utilized the reaction of metal salts of hexamethyldi- 

silazane with tosylazide to form the desired organoazidosilane compounds [41]. 

D. MISCELLANEOUS METHODS 

Seyferth and co-workers report the preparation of a SI-N3 linkage by 

the opening of the Si-C bond of a substituted silacyclopropyl ring using 

hydrazoic acid in benzene solvent [37]. 

Vorbri;ggen and Krolikiewicz demonstrated the in situ generatlon of 

(CH ) 33 SIN3 using sodium azide, trimethylchlorosilane and the reactive sub- 

strate in dimethyl formamide solvent [38]. This technique was successful with 

aldehydes, ketones or isothlocyanates as the-reactive substrate. 

Organoazidosilanes containing chloro substitutents may be obtained by 

reaction of organoazidosilanes having the SI-H functional unit with chlorine 

in carbon tetrachloride solvent [22]. 

(C6~51~Si(H)N3 + cl2 
ccl4 

-(c6H5)2Si(c1)~3 + Hc1 
-15" 

III. 

rise 

1300 

STRUCTDRE 

Early work demonstrated that the azido groui, attached to silicon gives 

to an asymmetric stretch near 2100 cm -1 and a symmetric stretch near 

cm -' [17, 261. An overtone band for the NNN bending vibration is also 

observed near 675 cm-1 [lB]. Triphenylasidosilane exhibits very strong 

absorption at 2149 cm -1 which is higher than predicted. Thayer and West 

attribute this to dative n-bonding between silicon and nitrogen with the 

resonance hybrid, A, having increased contribution to the overall structure 

[ITI. 

R3Si 
\z+ 

R3Si 
N-N%: - 

A B 

Similar results were observed for (CH3j2Si(N3j2 [20] and (CH3)3SiN3 [16, 51, 
541. Microwave data for the latter compound indicates the molecule is non- 

linear [lg]. The infrared assignments for a series of organoazidosilanes 
including mono-, di-, and tri-functional species has been reported by 
several groups [23, 451. 
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Work by Bcerger [54] and later a complete vibrational assignment by 

Durig and co-workers [70] established that for (CH ) SIN3 the SIC3 anti- 

symmetric deformation band is located at 282 cm 
-1 3 3 

(gas phase) in the far 

infrared region. The symmetric SIC3 stretching mode appears at 627 cm -1 as 

a very strong polarized band in the Raman spectra [70]. This observation 

indicates that the azido group has C, molecular symmetry, The NRN out of 

plane bending and in plane bending modes have been assigned for (CH3j3SiN3 at 

689 cm -1 and 584 cm -l, respectively [70]. It was concluded that this indi- 

cates the Si-N-N angle in (CH ) 33 SIN3 is considerably smaller than the 

corresponding angles in (CH3)3SiNC0 and (CH3)3SiNCS. The Raman spectrum 

for (CH3j3SiN3 showed the Si-N= bend for the azido group in both the gas and 
-1 liquid phase at 102 and 111 cm , respectively. The vibrational spectrum 

indicates that this molecule is permanently bent in the ground vibrational 

state [70, 761. 

Electron diffraction studies with (CH3)3SiN3 (gas phase) showed the 

Si-N= angle to be 128' [71]. It was further concluded that the molecule has 

neither Cgv nor Cs symmetry, but Cl symmetry. X-ray analysis of solid 

(C6H5)3SiN3 gave a Si-N-N angle of 120.5' which indicates sp2 hybridization 

of the nitrogen atom bonded to silicon [72]. The Si-N bond length was 

measured as 1.75 A0 and the azido group was found to be linear within experi- 

mental error (176.6 3.0'). The most important resonance contribution to the 

overall structure of (C6H5)3SiN3 is given as (C6H5)3Si-fj=$=E:, based on the 

above results. 

The 14N NMR spectrum for (CH3j3SiN3 has been reported [78]. An attempt 

to use NMR data to clarify the nature of the bonding in (C6H5j3SiN3 was 

unsuccessful [72]. The species, m or PFC~H~(C~H~)~-SIN~ was included in a 

study of 19F NMR chemical shifts [45]. Schempp and Chao measured the nuclear 

quadrupole resonance frequencies of 14N in (CH3)3SiN3 at 77'K 1741. It was 

shown that the nitrogen atoms were inequivalent and that the compound can 
crystallize in two different forms. 29 Si NMR spectra have been recorded for 

(CH3j3SiN3, (CH3j2Si(N3)2 and (C6Hs)2Si(N3)2 1771. A compilation of NMR 

proton spectra include several organoazidosilanes 1751. 

Thayer and West report the ultraviolet spectrum of (CH3)3SiN3 [Ml. 

Two absorption bands were detected at 396 nm (E 23) and 472 nm (E 225) in 

acetonitrile solvent. The absorption6 were assigned T + xx* and 
Y 

-X 
+ Try* transitions, respectively. Small shifts were observed in ether 

and isooctane solutions. 

IV. CHRMISTRY 

A. HYDROLYSIS 

The organoazidosilanes are susceptible to hydrolysis, the relative rate 



189 

increasing as the number of organ0 groups decreases: R3SiN3 C R2Si(N3)2 < 

RSi(N3)3 115, 391. The azido group was found to hydrolyze more slowly than 

the corresponding chlorides. The hydrolysis reaction was observed to be 

catalyzed under acidic and basic conditions [15]. The relative rate of 

hydrolysis was estimated qualitatively in aqueous acetone solutions by form- 

ation of the deep-red [Fe(H20)5N3]* complex [15, 171. Sundermeyer observed 

that hydrolysis of (CH3)2Si(N3)2 produced methylpolysiloxane and hydrazoic 

acid [20]. Although (CH3)3SiN3 reacts rapidly with water under all condi- 

tions, (C6H5)3SIN3 is relatively stable to water and atmospheric moisture, 

undergoing hydrolysis slowly. The reaction is much more rapid in mixed 

organic-aqueous media 115, 181. The azidosilanes are readily miscible with 

all organic solvents [15, 231. 

The heat of hydrolysis for (CH3)3SiN3 was determined as 6.8 ?2 Kcal/mole 

employing calorimetric methods [60]. The hydrolysis proceeded as illustrated, 

(CH3) 3SiN3 + l/2 H20 -l/2[(CH3)3Si]20 + HN3, 

as shown by PMR measurements. From the data, the bond energy of the Si-N3 

linkage was calculated as 76 Kcal/mole [60]. 

B. THKRMOLYSIS 

Early workers repeatedly refer to the unusual thermal stability of the 

organoasidosllanes. Wiberg and co-workers demonstrated that nitrogen gas 

evolution was not observed over a long period on heating (CH3j3SiN3 at 400°C, 

even in the presence of copper powder [24]. Connoley and Urry reported that 

(CH3)3SiN3 heated at 200' f or eight hours was recovered essentially unchanged 

1161. Birkoffer and co-workers also remarked on the thermal stability of 

this material [7]. Sundermeyer commented on the remarkable stability of 

(CH312Si(N312* boiling at 143.3-C without decomposition [20]. West and 

Thayer reported that (C6H5j3SiN3 was only 50% destroyed after 10 hr. at 

220" in n-hexadecane solution (15, 171. They proposed that this unexpected 

thermal stability is due to strong dative pi bonding from the azido group to 

silicon. 

I ‘, 
E; I f: 

-Si - N 
I 

. . 
I . . 

Reichle observed that the tendency toward stabilization is best effected by 

phenyl groups bonded to silicon [26]. Whereas C6H5Si(N3j3 decomposed above 
325*C, CH3SI(N3j3 was stable only to about 18O'C. Further work with (C6H5j3SiN3 
demonstrated that nitrogen gas was evolved on heating with formation of 

hexaphenylcyclodisilazane and polymeric sllazanes [26]. 
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(C6"5)3SiN3~ N2 + 

Ettenhuber and Riihlmann isolated cyclodisilazanes from the thermal decomposi- 

tion of methyldlphenyl- and dimethylphenyl-silanes 1221. Patil and Rao 

investigated the thermolysis of (C6H5)3SiN3 utilizing DTA and TGA techniques 

['311. Both groups visualized the formation of the nitrogen-containing pro- 

ducts in terms of formation of an "imidogen-like " intermediate followed by 

rearrangement of the phenyl group from silicon to nitrogen. 

Q 0 
iEN 

(c6”5)2si-~‘- IK6”5)2:i_..@ I + N2- hexaphenylcyclodisilazane 

Gaidis and West showed that dimethyl(2-biphenyl)silyl azide decomposes 

to form lO,lO-dimethyl-10,9_silazaphenanthrene, probably by means of a 

"nitrene" intermediate. 

New light was shed on the thermolysis reaction by the work of Parker and 

Sommer [62]. These workers investigated the high temperature gas-phase 

pyrolysis of a series of organoazidosilanes, (CH3)3SiN3, C6H5(CH3)2SiN3 and 

(C6"5)3SiN3, in the presence of a suitable trapping agent. The technique 

provided a clean reaction and permitted isolation of products in reasonable 

yields. The evidence obtained established that silaimines, [R2Si=WR1, are 

formed as intermediates. 

(C"3)< 

610' 
(C"3)3SiN3 - N2 + [(CH3)2SimNC"3] __) 0jii-NYZ(C"3)2 

[ KH3)26101 3 I 

@"3)ZSi\ 
b 

o- 
4 
(C"3)2 

610' 
(C6"5)3SiN3x N2 + [(C6"5)2SiPNC6"51+R2C=NC6"5 + [(C6"5)2Si-0]3 

* 
L 

610' 
(C"3)3SiN3 - N2 + [(C"3)2SI=NC"3] 

[(C"3)2SiNC"312 

fC"3)2 

C"3" '='NCH3 
11 

(C"3)2S<N,Si(C"3)2 
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C. PHOTOLYSIS 

The first reports on the preparation of azidosilanes included preliminary 

evidence that these compounds react under photolytic conditions. West and 

Thayer demonstrated that triphenylazidosilane was completely decomposed by 

prolonged ultraviolet irradiation at 30' [15]. They proposed that the decom- 

position occurs through the formation of aaene intermediates. Reichle showed 

that (C6H5)3SiN3 irradiated (2537 i> in cyclohexane appeared to produce 

partial decomposition, but a pure species was not isolated [26]. Connolly and 

Urry found that photolysis of (CH3),SiN3 produces nitrogen, a trace of hydrogen 

and a non-volatile oil [16]. 

Photo decomposition of (CH3)3SiN3 in a solid argon matrix at 17'K was 

followed using infrared spectroscopy 1661. The complicated overlapped nature 

of the spectrum made complete analysis difficult. However, an assignment 

indicating the formation of (CH3)2(H)Si-N=CH2 and not a silaimine such as 

(CH3)2Si=~-~~3, as the intermediate decomposition species was postulated. 

Perutz investigated ultraviolet photolysis of trimethylazidosilane in 

argon, nitrogen and carbon monoxide matrices at lOoK and showed the major 

product was either (CH3)2(H)Si-N=CH2 or (CH3)2(H)Si-CH=NH (67, 791. NO 

evidence for a x-bonded Si=N species was obtained. 

A detailed photolytic study using (CH3)3SiN3, I&C~H,(CH~)~SIN~ and 

(CH3)3SiSi(CH3)2N3.was reported in 1971 [65]. The reactions were monitored 

neat or in a 10% benzene solution. The first products of photolysis for each 

of the azidosilanes was a silazane azide species, R(CH3)2SiN(R)Si(CH3)2N3 which 

subsequently reacted to yield cyclosilaxane products. The data provided no 

conclusion as to the nature of the chemical intermediate, but two different 

mechanistic pathways leading to the observed produces were envisioned 1551. 

Path A 
[R2Si=NRl 

(SIN3 insertion) 

-lljsiNg\ 
R3SiN3 

[R~S~N:I 

, R3SiN(R)Si(R2)N3 R3SiN3 

(SIR insertion) 

Work by Parker and Sommer [55] produced conclusive evidence for the 

formation of silaimine intermediates utilizing the technique of a trapping 

reagent. Photolysis of several azidosilanes In the presence of t-butyl 

alcohol or hexamethylcyclotrisiloxane produced products, the formation of 

which, can only be rationalized on the basis of a reactive intermediate con- 

taining a px-pn silicon-nitrogen double bond. A olarized double bond 
& 8- 

structure was proposed for the silaimine, R2SIzNR. Further confirmation was 

obtained studying the photolysis of triethylazidosilane in the presence of 

triethoxysilane or trimethoxysilane [68]. 
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2537 ; 
(C2H5)3SiN3 - N 

(C2H50)3SiR 
2 + [K2R5)2Si==RC2H5] 

Photolysis of l-azido-1-silabicyclo[2*2.l]heptane and l-azido-l- 

silabicyclo[2.2.2]octane gave evolution of nitrogen accompanied by rearrange- 

ment and ring enlargement [34]. The silaimine intermediates were trapped 

using methyltriethoxy silane and triethoxy silane. 

Ando and co-workers proposed the formation of digonal silicon inter- 

mediates such as silacarbodiimides on photolysis of N,N-diazidodiorganosilanes 

[691. These species were trapped by use of L-butyl alcohol. 

hv t-BuOH - 
(C6R5)2Si(N3)2- [(c~H~-N=sI=N-c~H~] - C6H5NRSi@C4Hg-t)2NHC6H5 

Evidence to date is not sufficient to distinguish between this pathway 

and that based on the formation of the silaimine intermediate of the type 

RSi(N3)=NR. 

v. CHEMICAL TRANSFORMATIONS 

The organoazidosilanes have been utilized successfully in achieving a 

wide variety of chemical transformations. The majority of these reactions have 

employed trimethylazidosilane, (CH3j3SiN3, as the reactive species [187, 1881. 

The scope of the reactivity of organoazldosilanes is summarized. 

A. REACTION WITH ALEYNES 

Birkofer and co-workers demonstrated that (CH3)3SiN3 undergoes a 

1,3-dipolar addition reaction with a variety of alkynes in aprotic solvents 

to form triazoles in moderate yield [SO]. 

f ’ 
(CH3) 3SiN3 

WN(C2H5)2 

150* 

B 42 hr 

Alkyl and/or aryl mono- and di-substituted alkynes [SO], those containing 

functional groups [8] and diynes were found to react over varying periods of 

time [80]. Later work showed that the reaction goes poorly with aryl mono- 

substituted alkynes containing electron-withdrawing substituents [81]. 

Additional work employing this basic synthesis of triazoles includes work 
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by Wille and Schwab [98], the use of methyl tetrolate 1821, and the reaction 

of beta-D-ribofuranosyl propiolate to produce the corresponding triazole 

ester [184]. Two patents have been issued utilizing this basis reaction, 

one a route to anti-inflammatory compounds [83] and the other for the synthesis 

of anti-wear agents in lubricants [1841. 

B. REACTION WITH ALRENES 

The reaction of cyclohexene and triethylvinylsilane with (CH3j3SiN3 was 

reported by Ettenhuber and Riihlmann to give the corresponding aziridines in 

yields of 13% and 201, respectively [22]. Later work by Washburn and MacMillan 

showed that cyclohexene did not react with (CH3)3SiN3 in the absence of di- 

methylformamidesolventoveratwo week period [86]. Bassendale and co-workers 

[122] repeated the reaction of (C2H5)3SiCH=CH2 with (CH3)3SiN3 under various 

conditions, including those of the original report [22]. In all cases, the 

product obtained, whose spectral properties were incompatible with an 

azirldene (A), was found to be the bis(silyl)enamine, N-triethylsllyl-N- - 
trimethylsilylaminoethene (B). 

(C2H5)3S< - + 

N 
I 
si(CH3)3 

(A) (B) 

The appropriate triazolene appears to be an intermediate in the sequence of 

reactions. 

Similarly, trans-trimethylsilylphenylethene gave the enamine product. 

+ 
'6'L,' 

H'- B 
(CH3)3Si~3- - 

i(CH3j3 H' ' N[SI(CH~)~]~ 

No reaction occured between trimethylvinylsilane and (CH3j3SiN3 at reflux 

temperature, but In a sealed tube using hexane solvent the desired enamlne was 

formed. Triphenylvinylsilane and trans-triphenylsllylstyrene failed to react. 

Bridged bicycle-alkenes were found to undergo a facile 1,3-cycloaddition 

reaction with trlmethylazidosilane [40, 87, 2131. Norbornene and l-methyl- 

norbornene gave the corresponding triazoline adduct in excellent yield. 
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0 I + (CH3)3SiN3- (R = H, CH3) 

R 

Dicyclopentadiene produced a mono-adduct, but d,&+-pinene failed to 

react under similar conditions. The enhanced reactivity of the norbornene 

systems is attributed to increased ring strain of these bridged alkenes [87]. 

The reaction of tetrachloro- and tetrabromo-cyclopropene gave the corres- 

ponding 1,2,3-triazines [BS]. 

DMP 
+ (CH313SiN3 85" (X = Cl, Br) 

, 8h. 
X X 

The reaction 

tetraacetate as a 

of alkenes and azidosilanes, in the presence of lead 

transfer reagent, has been explored by Zbiral and co-workers 

(88, 89, 901. The main products produced in the reaction are 

and 1-azido-2-acetoxy compounds. A lead azidoacetate species 

as the reactive intermediate. 

Pb(OAc)4 + (CH~)~SIN~ -[Pb(OAc) 4-ncN3)n1 

/ 

RCH=CHR 

RCH(N3)CH(N3)R + RCH(N3)CH(OAc)R 

1,2-diazido- 

is postulated 

Steroidal olefins were found to produce a-azidosteroids [21] as did a-pinene 

190, 911. Steroidal dienes were also shown to undergo the reaction [92]. 

Aco~~Aco& ., 
R.T. 

At lower temperatures reaction with unsaturated 

to an opening of the ring containing the double 

[931. 

steroids was found to lead 

bond to produce a ketonitrile 

CH2C12 



195 

A phenyliododiacetate-trimethylazidosilane reagent has been shown to 

react readily with a wide range of alkenes to form a-azidocarbonyl compounds. 

Steroidal d-olefins are transformed to 5,6-seco-5-oxo-6-oic nitrlle deriv- 

atives [941. Alkadienes, cycloalkadienes and cholestadiene systems react 

similarly 12101. Cyclic olefins and bridged olefins also react readily 1951. 

The reactive species in these reactions is apparently C6H51(OAc)2_n(N3)n [95]. 

Transfer reactions by means of a thallia triacetate-tri-methylazidosilane 

system have also been developed by Zbiral and co-workers [96]. A'-olefins, 
R-CH=CH2, react with the reagent to give thallium containing adducts which on 

treatment with iodide, thiocyanate, chloride or bromide ions produces the 

organoazido compounds I and/or II. 

R-CH- H2 

l!! 3 
R-jH-FH2 
N3 x 

where X = I Cl, Br, SCN . 

I II 

On reaction with HP (40X), the thallium-azidoacetate adduct is trans- 

formed into hydroxyazides, I and II (X = OH). Rearrangements were observed 

in some systems. Reaction of the reagent with methylene cyclohexane 1961, 

cyclohexene [971, and a-pinene [96] were also investigated. 

C. REACTION WITH NITRILBS 

Ettenhuber and Riihlmann Investigated the cycloaddition reaction of azido- 

silanes with nitriles [22]. Aryl and alkyl nitriles were shown to react with 

(CH3)3SiN3 to form the corresponding tetrazoles. 

B 
-N 

150" 
(CH3)3SiN3 + R-C=N 16 R = C6H~,C6H5CH2-, C2R5-. 

I 
Si(CH3)3 

Reichle observed that (C6H5)3SiN3 did not react with benzonitrile (200", 20 hr.) 

to yield a tetrazole [26]. However, reaction of (CH3)3SiN3 with benzonitrile 

in the presence of ammonium chloride did lead to the desired tetrazole in low 

yield [99]. Triethylamine is effective as a catalyst for the reaction of 

azldosilanes with trihaloacetonltrlles [loo]. 

Washburne and Peterson found reaction of a series of organosilylazides 

and diazides with arylnitriles gives mixtures of tetrazoles, 3,5-diaryl-1,2,4- 

triazoles and 2,5-diaryl-1,2,4,5_tetrazines [loll. Reaction of cyanoferrocene 

with (CH3)3SiN3 in the presence of aluminum chloride produced 5-ferrocenyl 

tetrazole [loll. Haloacetonitriles, X3CCN (X = Cl, F) react with (CH3)3SiN3 

in the presence of triethylamine to yield the corresponding tetrazoles [1861. 

The reaction of cyanoformates with organoazidosilanes to produce the corres- 
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pending tetrazoles has been utilized in a route to prepare compounds for 

treatment of allergies 11891. 

R PC, 

0 

__ - 

D. REACTION WITH ISOCYANATES AND ISOTHIOCYANATES 

The reaction of trimethylazidosilane with phenylisocyanate is reported 

to be catalyzed by ammonium chloride and'to afford a 1:l adduct that is a 

mixture of the corresponding tetrazole and tetrazolinone [99]. 

'gH5 
\ 

C6H5NC0 + (cH,),SIW~ 
NH4Cl 

l i"\"" + 
kNr\ 

Si(CH313 OSi(CE 

A similar reaction of organoisothiocyanates with (CH3j3SiN3 produced 

5-anilino-1,2,3,4-thlatriazoles [102]. 

N&-NHR 
R-NCS + (CH3j3SiN3, 

The (CH3)3SiN3 reactant may be generated 

1381. 

iI II 
N-N 

in situ using (CH3)3SiC1 and NaN3 

Substitution can occur on a reactive carbon site in the presence of an 

isocyanate group [197, 1981. 

F3C?(R)NCo + 
(CH3),SiN3 - F CC(R)NCO 

31 
I N3 

(R = C6H5-, z-CH3-C6H4-, E-F3C-C6H4-) 

E. REACTION WITH ADDEHYDES AND KETONES 

Birkofer and co-workers investigated the reaction of aldehydes with the 

azidosilane moiety. Straight and branched chain aldehydes react readily with 

(CH3)3SiN3 in the presence of zinc chloride catalyst to yield the corresponding 

a-(trimethylsiloxy)alkylazide [103, 1041. 
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osfm3)3 
/ 

R-CHO + (CH313SiN3 
- RC: 

N3 

Higher yields and milder conditions resulted when a RN3-crown ether complex 

was employed 11051. 

Carbonyl insertion reactions with ketones using organoazidosilanes have 

also been reported. Birkofer found yields much lower than with aldehydes 

using (CH3)3SiN3 [103]. Ettenhuber and Riihlmann demonstrated that diphenyl- 

methyl- and dimethylphenyl-azidosilane react with benzophenone to give moderate 

yields of organosilylbenzamides [22]. It has been reported that hexafluoro- 

acetone reacts with (CH3),SiN3 at room temperature to give a substantial yield 

of the insertion product [106, 1081. 

(CH3)3SiN3 + (CF3j2C0 - (CH3)3Si~(~~3)2~3 

The in situ technique was used to obtain 1-azido-1-trimethylsiloxycyclohexane. 

It could not be prepared by direct reaction between cyclohexanone and 

(CH3)3SiN3 [103, 104, 1071. 

Reaction of trimethyl azidosilane with N,N'-thiocarbonylimidazole gave 

5-(l-imidazoyl)-1,2,3,4_thiatriazole in 55% yield [123]. 

c=s + (CH3)3S1193 - 

In the presence of thiophosgene a quantitative yield of product was obtained. 

F. REACTION WITH EPOXIDES 

The reaction of (CH3j3SiN3 with epoxides was reported in 1967 [103]. 

beta-Trimethylsiloxyalkylazides are formed. 

Cyclohexene oxide produced exclusively trans-2-(trimethylsiloxy)-cyclohexyl 
azide 11041. Styrene oxide readily underwent the ring opening reaction to 

give 2-phenyl-2-(trimethylsiloxy)ethyl azide. Russian workers have used this 
addition reaction with epoxides to prepare organoisocyanates [log]. 
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G. REACTION WITH ANHYDRIDES 

In 1972, Washburne and co-workers in the U.S. [ill] and the Kricheldorf 

group in Germany [X0] reported extensive investigations covering the reaction 

of organic anhydrides with organoazidosilanes. 

Reaction of a series of anhydrides of the type (RC0)20 gave the silyl- 

ester and corresponding isocyanate in good yield. 

(RC0)20 + (CHS)SSiNS - RNCO + RC02Si(CH3)g 

R = C2H5-, (CR3)2CH-, @I&C-, C6H5-[llo, 1161 
R - C3H7- [ill] 

Thus, a method of using (CHS)BSiNS for the conversion of anhydrides to amines 

with one less carbon atom is available. Cyclic anhydrides, such as succinic 

anhydride, produced the w-isocyanatoalkyl silylester [llO, 1111. 

C/p 
A\ 

(CH2)nLc~ 

+ R(CH3)2SiN3- 0CN-(CH2)nC02Si(CH3)2R 

-0 n=2,3 R=CE- ,, , Buo- 

Kricheldorf reported that bicyclic anhydrides also give products containing 

the isocyanato and silyl ester group [llO]. 

0 

R -4 

3, 

0 

\ 
0 

Washburne [ill] showed that 

a mixture of the isocyanate 

anhydride species (20%). 

+ (CH3)3SiN3 - R 5 
C02Si(CH3)B 

NC0 

R - -CB2-CH2-,-CH=CH-, -CHBrCHBr- 

phthalic and hexahydrophthalic anhydride produced 

product (80%) and an N-trimethylsilyl-N-carboxy- 

Use of mixed cyclic anhydrides such as 0 
0 

0 
0 -a 

\Y’ 

(Y = so2, 02C) (R = B, CH3-; z = 0, NCH3) 

proceeded with a pyridine catalyst and produced unstable isocyanate products. 

Washburne and co-workers discovered that maleic anhydride reacts with 

(CH3),,SiR3 to produce the oxazinedione derivative [ill]. 
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0 c I 0 

\ 
0 

+ (CH3)3Si~3 - 

An analagous reaction with N-alkyl maleimides forma a triazoline, The use 

of N-butylisomaleimide gave 3-butyluracil, opening a new route to the 

pyrimidinedione ring system [ill]. 

0 / c 0 

I + (CH3j3SiN3 - 

0 

Further work by the Kricheldorf group has Included reaction of 1,2- 

cyclopropane dicarboxylic anhydride 11121, use of S-membered cyclic 

anhydrides to produce trimethylsilyl-beta-amino acid N-carboxyanhydrides 

[1131, and a series of cyclic anhydrides to produce trimethylsilyl-4-iso- 

cyanatocarboxylates [114, 1151. 

Washburne and co-workers extended the reaction of (CH3)3SiN3 with a 

series of substituted maleic anhydrides to produce a superior route for 

synthesis of O-substituted oxazlne diones 1117, 118, 1191. Reaction of 

citraconic anhydride with (CH3j3SiN3 or (C H ) 253 SIN3 produced a mixture of 

the 4- and 5-methyl-substituted oxazine diones [120]. (C6H5)3SlN3 failed to 

react. Halo-substituted oxazinedione species have been reported [121]. 

The reaction of anhydrides with (CH3j3SIN3 was utilized in the synthesis 

of cardiac stimulants (1241. 

H. REACTION WITH ACID CHLORIDES 

In recent years, the reaction of acid chlorides with (CH3j3SiN3 has been 

utilized to prepare carbonyl asides which are intermediates on the route to 

isocyanates through the well known Curtius Rearrangement 

R9Cl __ + (CH~)~SIN~ 
- 

E 
R- -N3 7 

[138]. 

R-CNO + N2 

Acid chlorides such as fluoroacyl chlorides [125. 129, 1301, triethyl- 

silylacetyl chloride 11261, fat;.y acid chlorides.[l27], cyclopropyl-acid 

chloride [128], 3-(dichlorophosphinyl)propionyl chloride [186], chloroformates 

[131] and thiochloroformates [132] have been utilized in the reactfon. Diiso- 
cyanates have been prepared using this method 12151. 
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Reaction of (CH3)3SiN3 with di- and tri-substitutedchloroiminium chlorides 

produced tetrazoles in a new Curtius type rearrangement (133, 1371. 

The reaction has been used in the preparation of herbicides 11341, 

antibacterial compounds [135] and tetrazoles for treatment of allergies 

[136]. 

I. REACTION WITH LEWIS ACIDS 

Organoazidosilanes undergo reaction with Lewis acids to form fairly 

stable complexes or enter into exchange reactions. Thayer and West found 

that SnC14 and BBr3 form stable, solid 1:l adducts with (C6H5)3SiN3 and 

(CH3)3SiN3 [139]. CH3(C6H5)2SiN3 reacted violently with SbC15 to give an 

unidentified black residue [139]. Earlier, Wiberg and Schmid report that 

(CH3)3SiN3 and (C6H5)3SiN3 react with SbCl5 to form the dimer (C14SbN3)2 

and the corresponding chlorosilane,(CH3)3SiC1 or (C6H5)3SiC1, respectively 

[140, 1411. Under certain conditions the [C14SbN3]2*nSbC15 complex was 

obtained. These later workers also report that the reaction of (CH~)~SIN 
3 

with SnC14, in methylene chloride solvent forms C12Sn(N3)2, whereas in 

Pentane solvent C12Sn(N3)2 and C13SnN3'(CH3)3SiN3 are formed [142]. 

Tellurium tetrachloride was found to react with (CH~)~SIN~ to form 
C13TeN3, C12Te(N3)2 and (CH3)3SiC1, while SC14 and SeC14 underwent reduction 
[1431. 

SC14 + 2 (CH3)3SiN3-SC1 2 + 3N2 + 2 (CH3)3SiC1 

SeC14 + 3 (CH3)3SiN3 -"SeCl" + 4.5 N2 + 3 (CH3)3SiC1 

Tellurium tetrabromide gave no reaction under similar conditions [143]. 

Organogermanium halides react with (CH3)3SiN3 to form mainly the corres- 

ponding organoazidogermanes [144]. Triphenylsilicon, germanium and tin 

hydrides undergo reaction with (C6H5)3SiN3 to form the corresponding silazane 

or silylamine derivatives [145]. 

(c~H~)~s~N~ + (C~H~)~SIH - (C6H5)3~i~~~i(~6~5)3 + ~~ 

(C6~5)3~i~3 + (C6H5)3GeH - (C6H5)3SiNHGe(C6H5)3 + N2 

(C6H5)3SiN3 + 2(C6H5)3SnH B (C6H5)3~i~~2 + (C6H5)6Sn2 + ~2 

Group II halides, BeC12, MgX2(X = Cl, Br, I), and group IIIhalides, 

BX'3 (X' = F, Cl, Br) and A1C13 all react with (CH3)3SiN3 in methylene 

chloride or ether solvent to form [BeC1N3*0(Et)2]2 and polymeric Be(N3)2, 

Mg(N3)2 and polymeric MgXN3, [BX'2N3]3and A1C12N3 and polymeric A1C1(N3)2, 

respectively [146]. 



The titanium complexes, [Ti(n'-C,H,)Cl,(N3) I, [Ti(n5-C5H5)2Cl(N3)], 

TiCI (N3)t3NEt2)2 and Ti(N3)(S2CNEt2)3] have been prepared by reactions of 
corresponding metal halide with (CH3)3SiN3 [147]. 

201 

the 

Reaction of triethyloxonium tetrafluoroborate with (C6H5)3SiN3 did not 

give the expected N-diazonium salt, but triphenylfluorosilane [148]. 

(C6H5)3Si~3 + 
+ - 

(C2H5)30 BF4 ----) 
(CsH5)3Si\ + C ,N-NZN.BF - - 

C2H5 
4 1 

(C6H5)3Si~ + c2~5N3 + (C,H,),O.BF~ 

J. REACTION WITH PHOSPHINES. PHOSPHITES AND PHOSPHINE IMIDES 

Early workers investigating the reactions of organoazidosilanes found 

that triorganophosphines readily converted the azidosilanes to the corresponding 

phosphine imines 18, 15, 17, 18, 23, 27, 155, 156, 1571. 

R3P + R;SiN3-R PaNSiR' 3 3 + N2 

Later work has shown this to be a general reaction for a wide variety of tri- 

organophosphines [149, 159, 161, 1621, tetraorganodiphosphines [158, 1601, 

triorganophosphites [151-1541, and phosphine imides 1152, 153, 163, 164, 165, 

2141. 

(c~H~)~PP(c~H~)~ + (c6H5)3SiN3- (C6H5)3SiN=P(C6~5)2P(C6H5)2=NSi(C6H5)3 

[ (C2H5) 2Nl 3P + KH3]3SiN3- [(C2H5)2N]3P=NSi(CH3)3 

The reaction of diphenylphosphine with triphenylazido silane was observed to 

proceed through an intermediate stage to form a compound wherein phosphorus 

is in a pentavalent state [160]. 

(C6B5)2PH + (C6H5)3Si~3 - (C6H5)3~~~~~(~6~5)2 * 

(c6H5)3sflmPc6~5)Z=~~i(~g~5)3 

Diazidodisilanes undergo the reaction [166] as do a, epolymethylene 

triphosphines [167]. 

2 R3P + N3Si(CH3)2Si(CH3j2N3- R3P-NSi(CH3)2SI(CH3)2~=p~3 

(C6H512P(CH2)n~(~6~5)2 + (CH3)3SiN3 - 

(n * l-3) 
(CH3)3SiN=P(C6H5&-(CH2)n~(~6~5)2-~~i(~~3)3 
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(CH3)2Si(N3)2 also undergoes the latter reaction to yield linear and cyclic 

products. The reaction of organoazidosilanes with substituted phosphines has 

been used to prepare heat resistant polymers 1168, 1691. 

It is noted that 

yield diphosphazenes 

the organoazidosilanes react with phosphine imines 

[170, 171, 1731. 

+ (CH#iN3- (CH~)~PINP[C(CH~),I,=NSI(CH~)~ 

to 

Wannagat and co-workers observed that oxidative addition of the -NSi(CH,,)3 

group to the P atom occurs when (CH3)$iN3 reacts with 

,Si(CH3+N(CH3)\ 
CH3N\ 

Si(CH3+NKH$ 
/P-R 

(R - CH - 3 , C6H5-) [1721: 

K. REACTION WITH CHLOROPHOSPHINES 

The reaction of organoazidosilanes with chlorophosphines leads to the 

formation of azidophosphine intermediates by an exchange reaction. These 

intermediates decompose to yield phosphonitrilic materials plus nitrogen 

[174]. 

(C6H5)3SiN3 + (C6H5)*PC1- l/X[(C6R5)2~~lX + ~2 

\ I(C H ) PN 1 1652 31 

The course of the reaction is dependent on solvent, temperature, and to some 

extent concentration. The rate of exchange of Cl on P with the N3 group 

increases with the extent of C H - substitution on the trivalent P atom: 65 

with 

PC13 < C6H5PC12 < (C6H5)2PC1. 

Azidophosphorus compounds are formed when chlorophosphine imides react 

(CH3)$iN3 1175, 1761. 

[ 
[(CH3)2CH12N 2~c1 + 1 (CH3)3SiN3 - [ [(CH3)2C~12~ 2~~3 3 

The reaction of pyrocatechol chlorophosphite with (CH3),,SiN3 gives the 

corresponding azidophosphorus compound [177]. Chlorophosphanes of this type 

containing single or double catechol bidentate ligands.were shown to react 

with (CH,),SiN3 through the formation of hexacoordinated phosphorus complexes 
[178]. 



'\-Cl + 
/ 

(CH#iN 3- 
\O 
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It is possible to obtain the phosphonitrilic trimer as the product, under 

suitable conditions [179].' 

Phosphinyl azides may be prepared by reaction of the corresponding chloro 

compound with organoazidosilanes 11801. 

R2P(O)Cl + R3SiN3 - R2P(0)N3 + R3SiC1 

L. REACTION WITH MISCELLANEOUS REAGENTS 

(a) LITHIUM ANB MAGNESIUM CGMPOUNUS 

Wiberg and co-workers investigated the reaction of organoasidosilanes, 

with respect to Grignard and organolithium reagents [1811. Based on conditions, 

both substitution and addition reactions were observed. 

substitution 

R3SiN3 + R'-M 
_- R3SiR' + MN3 

R3SiN(R')M + N2 

(M = Li, MgR', MgX) 

The addition reaction opens a route for converting aromatic halides to aromatic 

amines. 

H2° H+ 
R$iN(R')M _ R3SiN(R')H _ H2?R' 

The monomeric form of the Grignard reagen& R'MgX, was ahowa to act as a 

Lewis base toward the azidosilanes [182]. The reaction is visioned as a 

nucleophilic substitution. The dimeric form, (R'MgX)2, acts as a Lewis acid 

forming a complex, R3SiN3.R'MgX, which is thermally unstable. This route 

produces products through the addition sequence illustrated above. Employing 
15 N NMH, the Grignard complex was shown to have an N-diazonium group. This 

complex can decompose thermally via two pathways [183]. 

(b) CARBOHYDRATES 

A series of tetra(penta)-U-acetyl-aldopento(hexo) pyraaoses give with 

(cH~)~sIN~, in the presence of BF., or SnC14, the corresponding glycoeyl 
azides [185]. Only the anomerlc glycosyl azide having the axido group trans 

to the 2-acetoxy group is obtained In each case. 



0 

% 
OAc 

BF3 or SnClA 
* 

(CH,),SiN3 

OAc 

A OAc 

0 k N3 

'+ N3 

(c) TRANSITION METAL COMPOUNDS 

The reaction of Ru(C0)12, IT-C5H5Co(C0)2 and (lT-C5H5Rh)3(C0)2 with 

(CH3)3SiN3 leads to the formation of the corresponding y-trimethylsilylimido 

complexes [190]. Dicyclopentadienyl vanadium, (C5H5)2V, reacts with R3SiN3 

(R = CH3-, C6H5-) to give [(C5H5)2V12NSi(CH3)3 and (C5H5)2VNSi(C6H5)3, 

respectively [191]. Chatt and co-workers found (CH3),SiN3 to be a convenient 

reagent for the preparation of MO(W) and MO(V) nitrido complexes [192-1951. 

The thionitrosyl complexes of molybdenum,rhenium and osmium were also reported. 

(d) DIAZONIDM SALTS 

Aromatic azides are readily prepared by reaction of (CH3)3SiN3 with the 

corresponding diasonium salts [196]. 

1. HCl, NaNO,, 0' 
m-H2N-C6H4COOH 2 

h / g-N3-C6H4-CCCH (82X) 
. (CH3) 3Sm3 

(e) LACTONES 

Rricheldorf found that reaction of a-propiolactone with.(CH3)3SiN3 

in the presence of pyridine catalyst gave the 3-azido isomer of the silylester 

[207]. 

CH2-CH PY 
II + 
o-c=0 

(CH3)3SiN3 + N3CH2CH2COOSi(CH3)3 

Strongly activated carbonylesters, RCOOR' , produced the carbonyl azide which 

decomposed to the corresponding isocyanate RNCO. Reaction of diketene with 

(CH3)3SiN3 produced isomeric isocyanates [2061. 

H2C=C-CH2 
II + 
o-c=0 

(CH3)3SiN3- CH2=C-CH2NC0 + (CH3)3SiOC(CH3)=C(H)NC0 

OSi(CH3)3 
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(f) ORTHOESTERS 

Hartmann and co-workers observed that reaction of 1,2-glycol cyclic 

orthoesters with (CH3)3SiN3 produce the corresponding azidohydrin [199, 2001. 

+ 
OCH3 

(CH3)3SiN3 T AcO-(CH~)~N~ 

Threo and erythro isomers are obtained with substituted dioxolane starting 

materials. Becsi and Zbiral demonstrated that cyclic orthoesters of trans-1,2 

cyclohexanediol, and related systems in the steroidal series, give the 

corresponding azido compound [201]. 

H H 

L=@ 

00T0CH3 
(C~3)3~i~3 

- d 
0% 

N3 

CH3 CR3 
H H 

(g) ZWITTER IONS, S03, (CH3)3A1 and S 

The reaction of (CH3)3SiN3 with zwitter ions of the diazaphosphonialumin- 

atacyclobutane type has been investigated [206]. 

The insertion of SO3 into (CH3)3SiN3 gives N3S020Si(CH3)3 as product 

[207]. (C6Rs)2Si(N3)2 gave the disubstituted compound. 

2 so3 + 

Azido complexes 

(C6H5)2Si(N3)2 - (c~H~)~sI(OSO~N~)~ 

of elements of group IIIA and IVA were investigated [208]. 

+ (CH3)3Al - (CH3)3SiN3'Al(CH3)3 

Reaction of sulfur with (CH3)3SiN3 gave S7NH and traces of S6(NH)2 

isomers [209]. Cyclic alkyldithiophosphonic anhydrides on reaction with 

(CH3)3SiN3 led to the insertion of the -NSi(CH3)3 group [211]. 

S 
+ Af$+s 

R Op\xO kR 

(CH3)3SiN3 Sk 9, as 
R AN/p\ R 

I 
Si (CH3) 3 

(R - CH3-, C2H3-; X = S) 
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Dichloroimine compounds react with (CH3)3SiN3 [212]. 

r 

1 
/Cl + 

(CH3j2~=c, 
I 

cl- + 
Cl 

(CH3)3Sm3 +CH3j2N-<:;l Cl- 

M. APPLICATIONS - POLYMER FORMATION 

Washburn and Baldwin in a series of patents covered the reactions of 

diorganodiazidosilanes with organ0 phosphines, arsines and stibines to yield 

fairly high molecular weight silylimido-phosporanes, -arsanes and -stilbanes, 

respectively [202]. (C6H5)2SI(N3)2 treated in bulk or in solution with phos- 

phines or arsines of the structure (C6H5)2Z(CH2)nZ'(C6H5)2 (2, i' = P, As; 

n = O-2) produced oligomers having a SI-N=Z linkage [203]. Reaction of 

chloromethylated divinyl benzene-styrene copolymers with (CH3)3SiN3 produced 

the corresponding azidomethyl substituent which on reaction with (C2H50j3P, 

[(c~H~)~N]~P or (C2H5)3P gave polymers containing -CH2N=P(OEtj3, 

-CH2N=P[(N(C2H5)2]3 or -CH2N=P(C2H5j3 units 12041. 

S13N4 coatings for insulation, protection or reduction of reflections 

at the surface of semiconductive devices are deposited by exposing a substrate 

to a plasma discharge in a vapor of (CH3J3SIN3 [205]. 
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VI. TABLE 

ORGANOAZIDOSILANES 

In the table under the column I*, the symbols 

spectroscopy, MS = mass spectroscopy, NMR = nuclear 

R - Raman spectroscopy. 

used are: IR - infrared 

magnetic resonance, and 

The density and refractive index values are at 20" unless otherwise noted. 



TA
BL

E 
I 

OR
GA

NO
AZ

ID
OS

IL
AN

ES
 

Mo
le

cu
la

r 
St

ru
ct

ur
al

 
Fo

rm
ul

a 
Fo

rm
lh

 
bp

('
C)

(T
or

r)
 
mp

("
C)

 
4”

 
dz

o 
4 

1*
 

Re
fe

re
nc

es
 

CE
,C

lN
,S

i 

CH
3C

12
N3

SI
 

CH
3N

9S
i 

C2
H6

C1
N3

SI
 

C2
H6

PN
3S

i 
C2

H6
N6

81
 

C3
89

N3
Si

 

C3
H9

N3
0S

i 

C3
89

N3
SS

I 

C4
Hl

lN
30

SI
 

C4
B1

2N
4S

i 

C5
H1

3N
3S

i 

C5
H1

5N
3S

i2
 

C6
H4

N1
8S

i2
 

C6
H5

N9
Si

 

C6
Hl

lN
3S

i 

C6
H1

5N
3S

i 

C6
H1

5N
3S

i 
C6

H1
5N

30
Si

 

47
(2

0)
 

10
0.

5 

70
-7

3(
20

) 

I.
20

 

36
(1

8)
 

63
(0

.0
1)

 

1.
45

79
 

1.
41

61
 

1.
40

46
 

1.
45

72
 

1.
44

24
 

1.
08

45
 

0.
87

63
 

-.
 

. 

M
S 

21
,3

9,
42

 

21
,3

9,
43

 

MS
 

26
,3

9,
44

 

39
,4

3.
44

 

NN
R 

35
 

IR
 

14
,2

0,
26

,3
9 

IR
,W

,R
a 

8,
16

,2
6,

46
 

NM
R 

35
 

NN
R 

35
 

IR
 

22
 

NM
R 

35
 

IR
,N

NR
 

65
 

IR
.N

MR
,M

S 
22

 

28
 

18
,2

6,
39

,4
4 

IR
,N

MR
,M

S 
34

 

23
,5

3 

IR
,N

MR
,M

S 
55

 

11
0 

: 



Mo
le

cu
la

r 
St

ru
ct

ur
al

 

Fo
rm

ul
a 

Fo
rm

ul
ai

 

h3
 

z 
bp

('
C)

(T
or

r)
 
mp

("
C)

 
20

 
20

 
nD

 
d4

 
1*

 
Re

fe
re

nc
es

 

(C
H

3)
 2 

(n
-C

4H
gN

”) 
S

IN
3 

75
(2

0)
 

(C
H,

)~
SI

N(
CH

~)
S~

(C
H~

)~
N~

 

CH
3(

C6
H5

)S
i(

N3
)2

 
12

0-
12

2(
22

) 

CH
3(

C6
H5

)(
H)

Si
N3

 
95

(1
5)

 

E 
Sl

-N
3 .

 
(C

H3
)2

(C
6H

5w
N3

 
89

(1
1)

 

[(
CH

3)
3S

i1
2N

Si
(C

H3
)2

N3
 

50
-5

2(
va

c)
 

(I
I'

C~
H~

)~
S~

N~
 

7(
13

) 
(C

H3
)3

Si
(N

CH
3M

CH
31

~2
(N

CH
3)

si
(C

H3
)2

N3
 

- 

n-
C,

H7
Si

(C
H3

)2
"(

C3
",

'~
)s

"(
CR

3)
2N

3 
g-

C3
H7

Si
(C

H3
)2

N(
CH

3)
Si

(C
H3

)(
C3

H7
-n

)N
3 

- 

(C
H3

),
si

(C
H3

),
si

N[
si

(i
CA

3)
 

31
Si

(C
H3

)2
~3

 
- 

(C
H3

)(
~-

C4
Hg

)(
C6

H5
MN

3 
98

-9
4(

1.
5)

 

Cf
f3

(C
,H

5~
)S

i[
oC

(~
H3

))
3J

N3
 

(C
6H

5)
2C

lS
iN

3 
13

4-
5C

O.
5)

 

(C
6H

5)
2S

i(
N3

)2
 

12
1-

3(
0.

1)
 

(C
6H

5)
2(

H)
Si

N3
 

13
9(

Z)
 

CH
3(

C5
H~

p6
H5

m$
 

il
l-

11
3(

1.
0)

 

(C
H3

)2
C,

 
,C

H1
2 

I 
C-

-C
H 

/\
 

I 

CR
2 

I 
c(

CH
3)

2 
(C

H3
)2

-S
i-

N3
 

41
-4

3(
0.

01
) 

1.
44

09
 

1.
53

68
(1

9)
 

- 

1.
51

82
 

IR
 

22
.4

7 

IR
,N

MR
 

65
 

NM
R 

21
.3

2 

IR
 

22
 

IR
.N

MR
.M

S 
34

 

1.
51

89
 

1.
44

68
(2

3)
 

- 
IR

,N
MR

 

IR
 

IR
,N

MR
 

IR
,N

MR
 

IR
*N

MR
 

IR
,N

MR
 

1.
50

09
(2

7.
8)

 
- 

1.
58

31
3 

IR
 

1.
58

87
 

IR
,N

MR
 

1.
58

85
 

IR
 

l.
i9

78
(2

7.
8)

 
- 

IR
 

1.
48

50
(2

5)
 

- 
NM

R 

15
,2

2,
28

,4
7 

9 21
 

65
 

65
 

65
 

65
 

21
 

69
 

22
 

26
,3

9,
47

,5
2 

22
 

21
 

37
 



Mo
le

cu
la

r 
St

ru
ct

ur
al

 

PO
rt

nu
la

 
Fo

rm
ul

a 
bp

('
C)

(T
or

r)
 
mp

("
C)

 
20

 
"D

 
d2

' 4 
1*

 
Re

fe
re

nc
es

 

88
(0

.0
01

) 

19
6-

8(
47

) 

15
2c

6.
5)

 

lo
o-

5(
0.

00
1)

 

17
0(

0.
01

) 

18
0(

0.
05

) 

11
4-

16
 

67
.5

-6
8.

5 

59
.5

-6
0 

81
 

87
.5

 

68
.5

 

18
9 

1.
45

22
(2

2)
 

- 

1.
57

99
 

1.
57

45
(2

5)
 

- 

IR
 

23
.5

3 

IR
,N

MR
,M

S 
56

 

IR
 

NM
R 

NM
R 

IR
 

IR
 

IR
 

22
,3

9.
47

,4
8,

57
 

36
 

29
 

36
 

45
 

45
 

15
,1

7,
22

,5
9 

23
 

23
,5

3 

45
 

45
 

28
 

23
 



VII. REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. R. M. Washburn, U. S. Pat., 3,232,958 (1966). 

29. J. M. Gaidis and R. West, J. Am. Chem. Sot., 86 (1964) 5699. 

30. M. Weidenbruch and H. Pesel, Z. Naturforsch., 33B (1978) 1465. 

W. R. Peterson, Jr., Rev. Silicon, Germanium, Tin and Lead Compounds, 

1 (1974) 193. 

LJ. Wannagat, Adv. Inorg. Chem. Radiochem., 9 (1964) 225. 

J. S. Thayer, Organometal. Chem. Rev., 1 (1966) 157. 

M. F. Lappert and H. Pyszora, Adv. Inorg. Chem. Radiochem., 9 (1966) 

133. 

J. S. Thayer and R. West, Adv. Organometal. Ghan., 5 (1967) 169. 

V. Bazant, V. Chvalovsk$, J. Rathousk?, "Organosilicon Compounds," 

4 Vols. Czechosolvak. Acad. Sci., Prague, Czechoslovakia, 1973. 

L. Birkofer, A. Ritter and P. Richter, Angew. Chem. Internal. Ed. 

Engl., 1 (1962) 267. 

idem., Chem. Ber., 96 (1963) 2750. 

N. Wiberg and G. Ziegleder, Chem. Ber., 111, (1978) 2123. 

N. Wiberg and W. Uhlenbrock, Chem. Ber., 105 (1972) 63. 

N. Wiberg, H. Bayer and G. Ziegleder, Z. Anorg. Allg. Chem.., 459 

(1979) 201. 

N. Wiberg, H. Bayer and S. K. Vasisht, Chem. Ber., 114 (1981) 2658. 

N. Wiberg, S. K. Vasisht, H. Bayer and R. Meyers, Chem. Ber., 112 

(1979) 2718. 

K. Riihlmann, A. Reiche and M. Becker, Chem. Ber.,98 (1965) 1814. 

R. West and J. S. Thayer, J. Am. Chem. Sot., 84 (1962) 1763. 

J. W. Connolly and G. Urry, Inorg. Chem., 1 (1962) 718. 

J. S. Thayer and R. West, Inorg. Chem., 3 (1964) 406. 

idem., 3 (1964) 889. 

W. Sundermeyer, Angew. Chem. Int. Ed. Engl., 1 (1962) 552. 

idem., 1 (1962) 595. 

S. -L. Liu, c. -Y. Chen and C. -L. Shen, J. Chin. Chem. Sot., 17 

(1970) 229. 

E. Ettenhuber and K. R;h&nann, Chem. Ber., 101 (1968) 743. 

N. Wiberg and B. Neruda, Chem. Ber., 99 (1966) 99. 

N. Wiberg, F. Raschig and R. Sustmann, Angew. Chem. Int. Ed. Engl., 

1 (1962) 335. 

L. Birkofer and A. Ritter, Angew. Chem. Int. Ed. Engl., 4 (1965) 

417. 

W. T. Reichle, Inorg. Chem., 3 (1964) 402. For (CH3)2Si(N3)2 also see 17, 

22, 28, 32, 45. 

N. Wiberg, F. Raschig and R. Sustmann, Angew. Chem. Int. Ed. Eng., 1 

(1962) 551. 



211 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

L. Birkhofer and P. Wegner, Org. Syn., 50 (1970) 107. 

S. S. Washburn and W. R. Peterson, Jr., J. Organometal. Chem., 33 (1971) 

153. 

H. Dickopp and G. E. Mischk, Ger. Offen., 1,965,741 (1971). 

M. Elseikh and L. Ii. Sommer, 3. Organometal. Chem., 186 (1980) 301. 

H. Miller and J. R. VanWazer, J. Organometal. Chem., 23 (1970) 395. 

K. Moedritzer, W. Groves and J. R. VanWazer, U. S. Pat. 3,466,314 (1969). 

D. Seyferth, C. K. Haas, R. L. Iambert, Jr., and D. C. Annarelli, J. 

Organometal. Chem., 152 (1978) 131. 

H. Vorbr;'ggen and K. Krolikiewicz, Synthesis, (1979) 35. 

W. Sundermeyer, Chem. Ber., 96 (1963) 1293. 

P. Scheiner, Tetrahedron, 24 (1968) 2757. 

N. Wiberg, W. Ch. Joo and M. Veith, Inorg. Nucl. Chem. Letters, 4 (1968) 

223. 

W. Sundermeyer, Angew. Chem. Inter. Ed. Engl., 2 (1963) 559. 

W. Sundermeyer, Angew. Chem., 75 (1963) 684. 

W. Sundermeyer, Angew. Chem., 74 (1962) 875. 

S. Yolles and J. H. R. Woodland, J. Crganometal. Chem., 54 (1973) 95. 

L. Birkofer, A. Ritter and P. Richter, Angew. Chem., 74 (1962) 293; 

For (CH3)3SiN3 also see 3, 13, 15, 17, 18, 22, 25, 31, 32, 39, 44, 

47-54. 

K. Rchlmann, A. Reiche and M. Becker, Chem. Ber., 98 (1965) 1814. 

W. Sundermeyer, Angew. Chem., 74 (1962) 717. 

L. Birkofer and S. M. Kim, Chem. Ber., 97 (1964) 2100. 

L. Birkofer, A. Ritter and H. Uhlenbrauck, Cheat. Ber., 96 (1963) 3280. 

J. S. Thayer and D. P. Strommen, J. Drganomet. Chem., 5 (1966) 383. 

N. Wiberg, F. Raschig and R. Sustmann, Angew. Chem., 74 (1962) 716. 

For (C6H5)2Si(N3)2 also see 23, 24, 32. 

N. Wiberg and B. Neruda, Intern. Symp. Organosilicon Chem., Sci. Commun., 

Prague (1965) 232. 

H. Buerger, Monatsh. Chem., 96 (1965) 1710. 

D. R. Parker and L. H. Sommer, J. Am. Chem. Sot., 98 (1976) 618. 

P. M. Nowakowski and L. H. &namer, J. Grganometal. Chem.. 178 (1979) 95. 

W. Sundermeyer, Angew. Chem., Int. Ed. Engl., 1 (1962) 595. 

N. Wiberg, F. Raschig and R. Sustmann, AngewChem., 74 (1962) 388. 

N. Wiberg and K. H. Schmid, Angew. Chem. Inter. Ed. Engl., 3 (1962) 444. 

For (C6H5)3SiN3 also see 23, 24, 26, 28, 39, 48, 50, 53, 57, 58. 

S. 0. Adeosun, Inorg. Nucl. Chem. Lett.. 12 (1976) 301 

K. C. Patil and C. N. R. Rao, Indian J. Chem., 6 (1968) 220. 

D. R. Parker and L. H. Sommer, J. Organometal. Chem., 110 (1976) Cl. 

W. C. Groutaa and D. Felker, Synthesis, (1980) 861. 

H. Sakurai, Kagaku (Kyoto). 35 (1980) 1010. 



212 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 
89. 

90. 

91. 

92. 

93. 

D. W. Klein and J. W. Connolly, J. Organometal. Chem., 33 (19719 311. 

J. F. Ogilvie, Nature, 218 (1968) 1248. 

R. N. Perutz, J. Chem. Sot. Chem. Commun., (1978) 762. 

M. Elsheikh, N. R. Pearson, L. Ii. Sommer, J. Am. Chem. SIX., 101 (1979) 

2491. 

W. Ando, H. Tsumaki and M. Ikeno, J. Chem. Sot. Chem. Commun., (1981) 

597. 

J. R. Durig, J. F. Sullivan, A. W. Cox, Jr. and B. J. Streusand, 

Spectrochim. Acta., 34A (1978) 719. 

M. Dakkouri and H. Oberhammer, Z. Naturf..27A (1972) 1331. 

E. R. Corey, V. Cody, M. D. Glick and L. J. Radonovich, J. Inorg. Nucl. 

Chem.,35 (1973) 1714. 

P. N. Preston. L. H. Sutcliffe and B. Taylor, Spectrochim. Acta, 28A 

(1972) 197. 

E.Schempp and M. Chao, J. Phys. Chem., 80 (1976) 193. 

B. L. Shapiro and L. E. Mohrmann, J. Phys. Chem. Ref. Data, 6 (1977) 

919. 
. 

P. Pulay, B. Lakatos, G. Tbth, A. Hesz and Zs. Vet&ssy, Acta. Chim. 

(Budapest), 60 (1969) 333. 

H. C. Marsmann, Chem. Ztg., 96 (1972) 288. 

J. Muller, J. Organometal. Chem., 51 (1973) 119. 

R. N. Perutz, J. Photochem., 9 (1978) 195. 

L. Birkofer, P. Wegner, Chem. Ber., 99 (1966) 2512; Org. Syn., 50 (1970) 

107. 

Y. Tanaka, S. R. Velen, S. I. Miller, Tetrahedron, 29 (1973) 3271. 

R. S. Klein, F. G. Delas, S. Y. K. Tam, and I. Wempen, J. Hetero. Chem., 

13 (1976) 589. 

R. T. Buckler, H. E. Hartsler, S. Hayao, G. Nichols, U. S. Pat., 

3,948,932 (1976). 

K. D. Schmitt, U. S. Pat., 4,115,288 (1978). 

R. Gompper and K. Schb;nafinger, Chem. Ber., 112 (1979) 1529. 

S. S. Washburne and J. H. MacMillan, unpublished results. See 

reference 87. 

W. R. Peterson, Jr., B. Arkles and S. S. Washburne, J. Grganometal. 

Chem., 121 (1976) 285. 

E. Zbiral and K. Kischa, Tetrahedron Lett.,.(1969) 1167. 

K. Kischa and E. Zbiral, Tetrahedron Lett., (1970) 1417. 

A. St;tz and E. Zbiral, Liebigs Ann. Chem., 765 (1972) 34. 

E. Zbiral and G. Nestler, Tetrahedron, 27 (1971) 2293. 

H. Hug1 and E. Zbiral, Tetrahedron, 29 (1973) 753. 

E. Zbiral, G. Nestler and K. Kiscba, Tetrahedron, 26 (1970) 1427. See 

also H. Hug1 and E. Zbiral, Tetrahedron, 29 (1973) 759. 



213 

94. 

95. 

96. 

97. 

93. 

99. 

100. 

101. 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

124. 

E. Zbiral and G. Nestler, Tetrahedron, 26 (1970) 2945. 

J. Ehrenfreund and E. Zbiral, Justus Liebigs Ann. Chem.. (1973) 290. 

E. Mama, E. Zbiral, G. Schulz and E. Baslinger, Justus LiebigsAnn. 

Chem., (1975) 1705. 

G. Emmer and E. Zbiral, Justus Liebigs Ann. Chem., (1979) 796. 

F. Wllle and W. Schwab, Montaah. C&m., 109 (1978) 337. 

A. D. Sinitsa, N. A. Parkhomenko and L. N. Markovskii, Zh. Obshch. 

Khim., 47 (1977) 232. 

L. A. Lazukima and V. P. Kukhau, Zh. Org. Khim., 15 (1979) 2216. 

S. S. Washburne and W. R. Peterson, Jr., J. Grganometal. Chem., 2% 

(1970) 427. 

L. Floch, A. Wartvox, M. Uher, J.LeHko, and W. Weis, Collect.Czech. 

Chem. Commun., 42 (1977) 2945. 

L. Birkofer, F. Miiller and W. Keiser, Tetrahedron Lett., (1967) 2781. 

L. Birkofer and W. Kaiser, Justus. Liebigs Ann. Chem., (1975) 266. 

D. A. Evans and L. K. Truesdale, Tetrahedron Lett., (1973) 4929. 

E. W. Abel and C. A. Burton, J. Fluorine Chem., 14 (1979) 105. 

E. F. Kyba and A. M. John, Tetrahedron Lett., (1977) 2737. 

U. Utebaev, E. M. Rokhlin and I. L. Knmyants, Izv. Akad. Nauk. SSSR, 

Ser. Khim., (1974) 2260. 

R. A. Bekker, B. L. Dyatkin, and I. L. Knunyants, Zh. Org. Khlm., 11 

(1975) 1368. 

H. R. Kricheldorf, Chem. Ber., 105 (1972) 3958. 

S. S. Washburne, W. R. Peterson, Jr., and D. A. Berman, J. Org. Chem., 

37 (1972) 1738. 

H. R. Kricheldorf and W. Regel, Chem. Ber., 106 (1973) 3753. 

Ii. R. Kricheldorf, Makromol. Cham., 173 (1973) 13. 

8. R. Kricheldorf, Makromol. Chem., 176 (1975) 57. 

H. R. Kricheldorf, blakromol. Chem., 176 (1975) 2755. 

H. R. Kricheldorf and E. Leppert, Synthesis, (1976) 43. 

J. D. Warren, J. H. MacMillan and S. S. Washburne, J. Org. Chem., 40 

(1975) 743. 

J. H. MacMillan and S. S. Washburne, J. Heterocycl. Chem., 12 (1975) 

121s. 

J. H. MacMillan, Org. Prep. Proced. Int., 9 (1977) 87. 

S. S. Washburne and 8. Lee, J. Org. Chem., 43 (1978) 2719. 

J. Farkas, 0. Fliegerova and J. Skoda, Collect. Czech. Chem. Commun., 

41 (1976) 2059. 

A. R. Bassindale, A. G. Brook, P. F. Jones and J. A. G. Stewart, J. 

Grganometal. Chem., 152 (1978) C2S. 

A. Martvon, L. Floch and S. Sebretiir, Tetrahedron, 34 (1978) 453. 

K. A. Jaeggi, F. Ostermayer and B. Schroeter, Ger. Offen., 2,700,193 

(1977). 



214 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

153. 

154. 

W. R. Peterson, Jr., J. Radell and S. S. Washburne, J. Fluorine Chem., 
2 (1973) 437. 

Yu. I. Baukov, A. S. Kostyuk, 0. S. Sytina and I. F. Lutsenko, Zh. 

Obshch. Khim., 44 (1974) 955. 

S. S. Washburne and W. R. Peterson, Jr., J. Amer. Oil Chem. Sot., 49 

(1972) 694. 

H. R. Kricheldorf, Synthesis, (1972) 551. 

W. Lidy and W. Sundermeyer, Chem. Ber., 109 (1976) 1491. 

W. Lutz and W. Sundermeyer, Chem. Ber., 112 (1979) 2158. 

H. R. Kricheldorf, Synthesis, (1972) 695. 

H. R. Kricheldorf, Synthesis, (1974) 561. 

K. E. Peter-man and J. M. Shreeve, J. Fluorine Chem., 6 (1975) 83. 

R. Ariss, Fr. Pat., 2,297,840 (1976). 

W. E. Barth, U. S. Pat., 4,143,039 (1979). 

A. C. Ramsden, P. Knowles, E. J. Lewis, E. Lunt and D. E. Wright, Ger. 

Offen., 2,846,931 (1979). 

R. Imhof, D. W. Ladner and J. M. Muchowski, J. Org. Chem., 42 (1977) 

3709. 

S. S. Washburne and W. R. Peterson, Jr., Syn. Commun., 2 (1972) 227. 

J. S. Thayer and R. West, Inorg. Chem., 4 (1965) 114. 

N. Wiberg and K. H. S&mid, Angew. Chem., 76 (1964) 380. 

N. Wiberg and K. H. Schmid, Chem. Ber., 100 (1967) 741. 

N. Wiberg and K. H. S&mid, Chem. Ber., 100 (1967) 748. 

N. Wiberg, G. Schwenk and K. H. S&mid., Chem. Ber., 105 (1972) 1209. 

J. E. Drake and R. T. Hemmings, Can. J. Chem., 51 (1973) 302. 

T. Tsai, W. L. Lehn and C. J. Marshall, Jr., J. Organometal. Chem., 22 

(1970) 387. 

N. Wiberg, W. C. Joo and K. H. Schmid, 2. Anorg. Allg. Chem., 394 (1972) 

197. 

R. Choukroun, D. Gervais and J. R. Dilworth, Transition Met. Chem., 4 

(1979) 249. 

N. Wiberg and K. H. Schmid, Angew. Chem. Int. Ed. Engl., 3 (1964) 444. 

R. Appel and I. Ruppert, Chem. Ber., 108 (1975) 589. 

J. C. Wilburn, P. Wisian-Neilson and R. H. Neilson, Inorg. Chem., 18 

(1979) 1429. 

R. S. Hay, B. P. Roberts, S. Karamjit and J. P. T. Wilkinson, J. Chem. 

sot., Perkin Trans. 2, (1979) 756. 

0. Schlak, W. Stadelmann, 0. 

Allg. Chem., 419 (1976) 275. 

E. P. Flindt, H. Rose and H. 

(1977) 155. 

Stelzer and R. Schmutzler. 2. Anorg. 

C. Marsmann, 2. Anorg. Allg. Chem., 430 

E. P. Flindt and H. Rose, 2. Anorg. Allg. Chem.. 428 (1977) 204. 



215 

155. 

156. 

157. 

158. 

159. 

160. 

161. 

162. 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

175. 

176. 

177. 

178. 

179. 

180. 

181. 

182. 

183. 

184. 

185. 

186. 

187. 

188. 

189. 

H. Schmidbaur and W. Wolfsberger, Chem. Ber., 100 (1967) 1000. 

L. Birkofer, A. Ritter and P. Richter, Chem. Ber., 97 (1964) 2100. 

J. S. Thayer and R. West, Inorg. Chem., 4 (1965) 114. 

R. Appel and R. Milker, Chem. Ber., 107 (1974) 2658. 

W. Buchner and W. Wolfsberger, Z. Naturforsh., 29B (1974) 328. 

K. L. Paciorek and R. H. Kratzer, J. Org. Chem., 31 (1966) 2426. 

K. Itoh, M. Okamura and Y. Ishii, J. Organometal. Chem., 65 (1974) 327. 

H. G. Horn, R. Koentges, F. Kolkmann and Ii. C. Marsmann, Z. Naturforsh., 

33B (1978) 1422. 

J. Lorberth, J. Crganometal. Chem., 71 (1974) 159. 

W. Wolfsberger and W. Hager, Z. Anorg. Allg. Chem., 433 (1977) 247. 

0. J. Scherer and R. Thalacker, 2. Naturforsch., 27B (1972) 1429. 

W. Wolfsberger, Chem. Ztg., 101 (1977) 360. 

R. Appel and I. Ruppert, 2. Anorg. Allg. Chem., 406 (1974) 131. 

K. Paciorek, U. S. Pat. Appl., 907,479 (1978). 

K. Paciorek, U. S. Pat. Appl., 907,435 (1978). 

W. Wolfsberger and W. Hager, J. Organometal. Chem., 118 (1976) C65. 

W. Wolfsberger and W. Hager, 2. Anorg. Allg. Chem., 425 (1976) 169. 

H. H. Falius, K. P. Giesen and U. Wannagat, 2. Anorg. Allg. Chem., 

402 (1973) 139. 

E. Niecke and W. Flick, Angew. Chem., 86 (1974) 128. 

R. H. Kratzer and K. W. Paciorek, Inorg. Chem., 4 (1965) 1767. 

0. J. Sherer and W. Glaessel, Chem. Ztg., 99 (1975) 246. 

0. J. Sherer and N. Kuhn, Chem. Ber., 107 (1974) 2123. 

N. I. Gusar', I. Yu. Budilova and Yu. G. Gololobov, Zh. Obshch. Khim., 

51 (1981) 1477. 

A. Skowronska, M. Pakulski and J. Hichalski, J. Amer. Chem. Sot., 101 

(1979) 7412. 

D. Dahmann and H. Rose, Chem. Ztg., 100 (1976) 340. 
K. L. Paciorek and R. H. Kratzer, U. S. Pat. 3,272,846 (1966). 

N. Wiberg and W. Joo, J. Organometal. C&em., 22 (1970) 333. 

N. Wiberg, W. Joo and P. Olbert, J. Organometal. Chem., 22 (1970) 341. 

N. Wiberg and W. Joo, J. Organometal. Chem., 22 (1970) 349. 

F. G..DeLas Heras, S. Y. Tam, R. S. Klein and J. J. Fox, J. Org. Chem., 

41 (1976) 84. 

H. Paulsen, Z. GySrdydgak and M. Friedmann, Chem. Ber. 107 (1974) 1568. 

V. F. Gamaleya and V. A. Shokol, Zh. Obshch. Khim., 47 (1977) 2759. 

S. Huenig, Chimia, 36 (1982) 1. 

W. P. Weber, "Silicon Reagents for Organic Synthesis," Vol. 14 of 

Reactivity and Structure, Springer-Verlag New York, Inc., Secaucus, 

N.J., 1982. 

A. C. Ramsden, P. Knowles, E. J. Lewis, E. Lunt and D. E. Wright, Ger. 

Offen., 2,846,931 (1979). 



216 

190. 

191. 

192. 

193. 

194. 

195. 

196. 

197. 

198. 

199. 

200. 

201. 

202. 

203. 

204. 

205. 

206. 

207. 

208. 

209. 

210. 

211. 

212. H. G. Viehe and P. George, Chimia. 29 (1975) 209.. 

213. D. M. Stout, T. Takaya and A. I. Meyers, J. Org. Chem., 40 (1975) 563. 

214. E. P. Flindt, Z. Anorg. Allg. Cbem., 447 (1978) 97. 

215. H. R. Kricheldorf, Justus Liebigs Ann. Chem., (1975) 1387. 

E. W. Abel, T. Blackmore, and R. J. Whitley, Inorg. Nucl. Chem. Lett., 

10 (1974) 941. 

N. Wiberg, H. W. Haering and U. Schubert, 2. Naturforsch, 35B (1980) 

599. 

J. Chatt and J. R. Dilworth, J. Chem. Sot. Chem. Commun.,.(1974) 517. 

J. Chatt and J. R. Dilworth, J. Indian Chem. Sot., 54 (1977) 13. 

J. Chatt, R.~hmkroum, J. R. Dilworth, J. Hyde, P. Vella and J. 

Zubleta, Transition Met. Chem., 4 (1979) 59. 

M. W. Bishop, J. Chatt and J. R. Dilworth, J. Chem. Sot., Dalton Trans., 

(1979) 1. 

M. Tisler, B. Stanovnik and 2. Zrinsik, Vestn. Slov. Kern. Drus., 26 

(1979) 163. 

V. N. Fetyukhim, V. I. Gorbatenko, A. S. Koretskii and L. I. Samarai, 

Zh. Org. Khim., 12 (1976) 464. 

V. I. Gorbatenko, V. N. Fetyukhin, N. V. Melnichenko and L. I. Samarai, 

Zh. Org. Khim., 13 (1977) 2320. 

W. Hartmann and H. G. Heine, Tetrahedron Lett., (1979) 513. 

W. Hartmann, H. G. Heine and K. 8. Scholz, Ger. Offen., 2,813,827 (1979). 

F. Besci and E. Zbiral, Monatsh. Chem., 110 (1979) 955. 

R. M. Washburn and R. A. Baldwin, U. S. Pats., 3.112.331 (1963); 

3,341,477 (1967); 3,341,478 (1967); 3,311,646 (1967);3,445,492 (1969). 

H. G. Horn and W. Steger, Makromol. Chem., 175 (1974) 1777. 

G. L. Butova, E. S. Gubnitskoya, N. G. Feshchenko and A. V. Kirsanov, 

Zh. Obshch. Khim., 46 (1976) 923. 

N. J. Nelson, U. S. Pat., 4,158,717 (1979). 

E. Niecke and R. Kroeher, Z. Naturforsch., 34B (1979) 837. 

H. R. Kricheldorf and E. Leppert, Synthesis, (1975) 49. 

N. Roeder and K. Dehnicke, Chimia, 28 (1974) 349. 

J. Bojes and T. Chivers, J. Chem. Sot., Dalton Trans., (1975) 1715. 

F. Cech and E. Zbiral, Tetrahedron, 31 (1975) 605. 

H. W. Roesky and M. Dietl, Angew. Chem. Inter. Ed. Engl., 12 (1973) 

425. 


