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Summary: Trigonal-blpyramldal azasilatranes of the type 
ZSi(NHCH2CH2hN (Z = H, Me, OEt) sotvolyze In MeOH 10 
give N(CH2CH2NH2h (Iren) and ZSI(OMeh. Whereas in· 
lermediates In this reaction are not detected, ZSi[N. 
(SiR3)CH2CH2laN species afford delectable intermediates 
of the type ZSI[N(SIR3)CHtCH2]" (NHCH2CH2b..,, N (n = 1. 
2) before complete conversion 10 Iren and ZSI(OMe)3 
occurs. In cases where steric encumbrances weaken 
lhe Si-Nax bond In these molecules, monocycllc Interma· 
dlates are detected. I n contrast, methanolysls of HSI[N. 
(BMe2)CH2CH213N gives N(CH2CH2NHBMe2h (and HSi· 
(OMeh), which In the presence of c 0 30 0 gives 
(C0 30 )" SI(OMe)4." and the nove l adduc t N· 
[CH2CH2NHOoB(OC03)Me2] 3' The possible sterlc and 
electronic Influences of the equatorial substltuents on the 
solvolysis pathways are discussed. 

In recent publications we have shown that azasilatranes 
of type I , where R = H, undergo stepwise substitution of 
the NH hydrogens with a variety of electrophilic groups 
(e.g., RaSi,2,3 PPh24) as well as protonation of one of the 
NH sites.s During the course of those investigations we 
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observed, as had othen in a smaller number of examples,s 
that azasilatranes appeared to be more sensitive to hy
drolysis than the analogous silatranes 2. It was therefore 
of interest to determine whether the substituents Z and 
R in I were influential in the course and rate of solvolysis. 
Here we show that room-temperature methanolysis of I 
cleaves the tricyclic system via Si-N ... bond cleavage. Such 
cleavage generally follows stepwise solvolysis of the R 
groups when R is a silyl moiety, but not when R :::: BMe2. 
In the case where R '" SiMes and Z = Me, Si-Neq cleavage 
is fonowed by format ion of detectable quantities of two 
eight-membered- ring intermediates. 

Res ults and Discussion 

Equatorial Hydrogen Azas ilatranes. Azasilatranes 
3-5 reacted with methanol at room temperature to give 
tren (6) and the XSi(OMe)s derivatives 7a-c (Scheme I). 
Silanes 7a and 7c were found to react further with meth
anol to give 7d and a mixture of 7c-e, respectively, as the 
final silicon -containing products. Consumption of more 
than 99% ofthe start ing material was found to require less 
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than 2 h for 3, about 6 h for 4, and 12 h for 5 (50% CDsOD 
in CDCls at room temperature). Monitoring these reac
tions by IH and 29Si NMR spectroscopy revealed the ab
sence of detectable quantities of intermediates containing 
silicon and tetraamine. Because the tricyclic structure of 
3-5 gains considerable stability from a strong Nu - Si 
interaction7 and the entropic chelat ing effect, it is rea
sonable to assume that solvolysis occurs by a stepwise 
ring-opening process. Thus, the fi rst N ... -Si cleavage by 
MeOH is suggested to be the rate-determining step. Since 
no NMR spectroscopic evidence for methoxyazasilatrane 
(I, R '" H, Z '" OMe)8 could be detected throughout the 
reactions of 3 or 5 with MeOH, the formation of 7d from 
3 probably occurs via oxidative methanolysis9 of 7a rather 
than by substitution of the hydrogen in 3. Similarly, the 
formation of 7c-e from 5 is attributable to exchange of the 
alkoxy groups of 7c (Scheme I). 

Equatoria l Silyl Azasilatranes, Azasiiatranes Sa-12a 
and 13a (Scheme II) possess organosilyl substituents on 

(7) Voronkov, M. G.; DyaJcov, v. M.; Kirpichenko, 5. V. J. Orglll'lOmet. 
Chern. 1982,233, 1 and .efe,ene" ciled therein. 

(8) Gudat, D.: Lensink, C.; Schmidt. H.; Xi, S.·K.; Verkade, J. G. 
Phruphoru&, Sulfur Siliton Rewt. Elem. 198', 41,21. 

(9) Pawlenko, S. In Houben· Weyl Methoden der Orgonirehen Che
mie; Thieme: Stulll',l, FRG, 1980; Vol. 13, Part ~. 
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Table J. Selected 18 and IISI NMR Data for N·Sllylated Aza.ilatrane. of Formula ZSi(NRCHtC8J)~(NHCH,CH')'_AlY' 

~(~i), ppm 

Z R " ZSiN, 

3 H 0 -83.2 
8. H SlHMe, 3 -78.0 
8b H SlHMe2 2 - 79.7 
8< H SlHMe2 1 -8L1 

" H SlMe, 3 -70. 1 
9b H SiMe, 2 - 79.4 

" H SiMe, 1 -81.4 
10, H SiPhMe2 3 -78.3 
lOb H SlPhMe2 2 -80.1 
10, H SiPhMe2 1 - 81.6 , Me 0 ~8.3 
11, Me SlHMe! 3 -29.2 
llb Me SlHMe2 2 -43.4 
11, Me SlHMe, 1 -£0.8 , E,O 0 -82.9 
12, E'O SlHMe2 3 -58.7 
12b E'O SiHMe! 2 -75.7 
12, E,O SlHMe2 1 -80.9 
13b E,O SiMe, 2 -£5.5 
130 E,O SiMe, 1 -79.4 

GRoom temperature in CDCl,. bNo unequi llocal assignment pOlisible. 

all three and on two Neq sites, respectillely. With the steric 
encumbrance at the pentacoordinate silicon engendered 
by N~ substitution, it may be anticipated that the four
coordinate silicon atoms of the N ... substituents will be 
fallored for nucleophilic attack by methanol. This hy
pothesis is substantiated by the observed course of the 
methanolysis of these equatorially substituted azasila
tranes. Thus, upon treatment of CDCl3 so~utions of Sa- 12a 
and 13a with ca. one-third the stoichiometric amount of 
MeOH for complete methanolysis, lH and 29Si NMR 
spectroscopic monitoring of the reaction revealed the 
presence of a mixture of products identified as partitllly 
N ... ·silylated azasilatranes 8b ,c-12b,c and 13b2 and the 
methoxytriorganosilanes 14a-c (Scheme Il). Only traces 
of t ren (6) and 7a- c were observed at this stage of the 
solvolysis, thus strongly suggesting cleavage of the exocyclic 
Si-Noq bonds as the predominating reaction. The formu
lation of the methanolysis intermediates 8b,c- 12b,c as 
azasilatranes was ascertained independently by synthes· 
izing mixtures of the identical products via partial silyla· 
tion of 3- 5. Further substantiation of these tricyclic 
structures came from the lH and 29Si NMR data in Table 
1. The high-field 29Si shifts in this table attest to retention 
of the pentacoordinate geometry of the central silicon.2A1G 

Complete methanolysis to give tren (6) and the silanes 7a-e 
and 14a-c was observed by 'H and 29Si NMR spectroscopy 
following the addition of excess methanol. 

Whereas rupture of all of the Si-N bonds in the methyl 
azasilatranes 15a,b was observed in excess methanol, 
partial methanolysis experiments revealed the stepwise 
nature of the reaction (Scheme III). Treatment of l5a 
or ISb with 2 equiv of MeOH gave the three new products 
16b-d in addition to 7b, 14b, and traces of tren (6). In
terestingly, lsb was not detected in the partial methano
lysis of 15a. Assignments of the structures of 16b-d were 
made on the basis of lH and 29Si NMR data and on 
GC/MS data obtained from the reaction mixture. Selec· 
tive enrichment of intermediate 16c was achieved by 
modifying the reaction conditions, thus allowing the iso· 
lation of a product mixture containing only 16c (88%), tren 
(8%), and 4 (4%). The last compound was not present 
in the original reaction mixture and may halle formed 

(10) Kupce. E. ; Llepin·sh. E. E .• Lap&inl. A.; Zelehan, G. I.; LukeYi o;s, 
E. E. J. Orillnomel. Chem. 1987,333,1. 
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because of the relatively vigorous workup conditions em
ployed in the modified reaction (see Experimental Section). 
Confirmation of the structure of ISc was obtained by 
high-resolution MS and one-dimensional PH, 13(:, 29Si) and 
two-dimensional (IH-'H, 'H_I3(: COSY) NMR spectros· 
copies. With excess methanol and longer reaction times, 
lSa and ISb gave 7b, 14b, and tren (S). 

The formation of ISb- d can be rationalized if the re
activities of both the endo- and exocyclic Si-Noq links are 
assumed to be similar, leading to nonregiospecific bond 
cleavage. Because ISb is not detected in the methanolysis 
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Scheme IV 
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(CD30)"si(OMe) .. _" + N[C~CH2NHO·B(OCOl)Me~h , .. 
of 15a, it is reasonable to suppose that the initial reaction 
of 15a with MeOH involves cleavage of the endocyclic 
Si-N6q bond, giving 16a, which is not detected because of 
its rapid conversion to detectable 1Gb (Scheme III ). 
Subsequent methanolyses cleave another Me3Si-N bond, 
then a ring Si-N link, and fi nally the remaining Si-N 
bonds in acyclic ISd. All of the intermediates 16b-d 
disp lay 29Si chemical shifts that reflect the presence of 
te tracoordinate silicon rather than a pentacoordinate ge
ometry induced by coordination of the CaN tertiary ni
t rogen. 

In contrast to 8a-10a, 12a, and 13a, which display 29Si 
shifts typical of a pentacoordinate geometry for the central 
silicon (Table I), the 29Si shifts of lIa , 15a , and 15b are 
below this range (-29.2, -25.7, and -36.2 ppm, respec
tively3) , in accord with a more tetrahedral silicon.ll As 
we have recently shown, 15a is sufficiently sterically con
gested to markedly weaken and lengthen the Si-N .. bond 
and this is p robably also the case in Ila .! The resultant 
destabilization of the chelated tricyclic structure in 15a 
would be expected to render the central silicon at least 
electronically and perhaps sterically more susceptible to 
nucleophilic attack, giving rise to the in it ial ring-opening 
reaction observed (Scheme III ) rather than an initial ex
ocyclic MeaSi- Noq cleavage. Steric congestion of the type 
described here for 15a and 15b is expected to be less than 
in 8a- IOa , 12a , and 13. The MezSiH groups in lI a , being 
sterically more accessible to nucleophilic attack and also 
more electrophilic than the MeaSi groups in 15a, appar
ently allow Iia to methanolyze by initial attack at the 
exocyclic Me2SiH group. 

Equa torial Bor y l Azuilatr a ne. In contrast to 
equatorial sHyl substituents, the boryl groups in 17 form 
B-Neq bonds sufficiently robust to survive methanolysis 
(Scheme TV). Reaction of 17 wit h 3 equiv of MeOH in
stantaneously produced 7a and the new borylamine 18a , 
which was characterized by lH , 13C, and liB NMR and 
mass spectroscopies_ Further reaction of eDaOD with 78 
and 188 resulted in solvolysis of the B-N bonds in I8a, 
to give a product whose NMR data are consistent with the 
tren adduct 18b in Scheme IV.12 With less than 3 equiv 
of MeOH, no evidence fo r intermediates was detected. 

The high sensitivity of the Si-N6q bonds in 17 compared 
with t hat of its B-Neq links can be attributed at least in 
part to the for mally double· bond character of the B=N 
link. Donation of N«I lone-pair density to the boron would 
also be expected to weaken the N«I-Si bond. The multiple 
character of the B=-N bond is substantiated by our ob
servation of two sets ;J diastereotop ic methyl groups in 

( II) For 1.3-diou-6-aza-2-!ilacyclooctane-s. the formation of a trans
annular Si- N interaction;1 accompanied by llpfield liSi NMR . hifts that 
lU'e similar to thOle for the c:orJ'elpondin, ailatnnee (Ku~, E.; Liepin·sh. 
E. E.; Llikevic • . E. E. J. Orsanomet . Chem. 1983. 248. 13 1). 

(12) Compare Me180Me.NMe~: 6(1181 II 32.9 (NMh. H.; Vahren· 
kamp. H. Chem. Be •. 1966. 99,1(49). 

Notes 

the IH NMR spectra of 17 and also in 18a . 
Conclusions . The solvolysis of azasilatranes by meth

anol does not occur by initial displacement of t he mono
dentate axial substituent but rather by attack on the 
tricyclic structure. Scission of the cage structure can be 
preceded by solvolytic disp lacement of exocyclic (sily!) 
substituents_ In some cases monocyclic intermediates can 
be observed in the stepwise opening of the tricycl ic 
structure. The rate and pathway of methanolysis appear 
to be strongly dependent on t he strength of the exocyclic 
substituent bond and on the steric crowding these groups 
experience with the exocyclic axial group. Substant ial 
steric crowding of this sort leads to weakening of the Si-Nu 
interaction. 

Experime nta l S ection 
All reactions were carried out with strict exclusion of moisture 

under an atmosphere of dry argon. Solvents were dried by 
standard methods and distilled before use. Commercially available 
bromodimethylborane (Aldrich) was used without purification. 
AUlsiiatranes 3-5, 8a-12a, and 13a were prepared as described 
elsewhere.1.3 

NMR spectra were recorded on Nicolet NT 300 (IH , ISC) and 
Bruker WM200 (liB, ~i) instruments with internal lock. TMS 
(l H, 13C, ""SO and BF3·0Et (IlB) were used as exUlmal standards. 
29Si NMR data of H-Si or Me-Si azasilatranes and their decom· 
position products were obtained with use of the DEPT technique.13 
The remaining spectra were recorded under inverse gated de
coupling conditions. Assignments of CH2 and CH3 resonances 
were made from DEPT_13C spectra. Assignment of the NCH2 
protons of Ilk was established from IH_1H and IH-1SC 20 (COSY) 
NMR spectra. High-resolution mass spectra were recorded on 
a Kratos MS-50 spectrometer with electron impact ionization (70 
eV). GC/ MS and normal·resolution MS measurements ',,,.ere made 
on a Finnigan 4000 GC/ MS instrument using both EI (70 eV) 
and CI Ulchniques. 

Hydro-N ,N',N"-trll(dimethylboryl)azasilatrane (17). To 
a stirred solution of771 In( (4.50 romo!) of 3 in 7 mL of benzene 
was added vis syringe 3 roL of triethylamine, followed by 1.83 
g (15.2 mmo!) of bromodimethylborane. The solution became 
hot, and a colorless precipitate began to form immediately_ 
Another 5 mL of bemene was added, and the solution was stirred 
for 2.5 h. The precipitate was removed by filtration and washed 
twice with ErmL portions of benzene. The combined filtrates were 
evaporated to dryness. Fractional sublimation of the residue (0.1 
Torr with a bath temperature of 35-45 °C) produced a small 
amount of colorless solid, which was discarded. Increasing the 
bath temperature to 100-130 °C produced 760 mg (58% yield) 
of pure 17 as colorless crystals: mp 125-126 °C; 'l8Si NMR (CDClil 
6 - 55.1 (d, IJSiH = 237 Hz); liB NMR (CDCI3) 6 51.1; 13C NMR 
(CDCI~ 6 57.91, 42.00 (NCH2), 7.0 (br, BCH3); lH NMR (CDC I~ 
65.34 (s, 1 H, lJSiH .. 230 Hz, SiH), 2.98 (m, 6 H, NCH1), 2.49 
(m. 6 H, NCH2), 0.49 (s, 9 H, BCH,), 0.34 (5,9 H, BCHv; HRMS 
(EI, 70 eV) m/e (relative intensity) caled for CuHIf:)(IlB)3N4Si (M+ 
- H) 291.25188 found 291.25466 (100), calcd for CI1H28(llB)3N~Si 
(M+ - CH3) 277.23623, found 277.23675 (55). 

Methu olysls of AzasUatranes 3-5, 8a- 12a. a nd 13a 
(General Procedure). Typically, 100-300 mgofazasiltrane was 
dissolved in 2.5 mL of CDCI3 in a 10·mm NMR tube. Approx
imately one-third of the amount of MeOH necessary for complete 
alcoholysis was added via syringe, and the reaction was monitored. 
by lH and 29Si NMR spectroscopy, until the spectra showed no 
further change. Excess MeOH was then added, and the reaction 
was monitored until complete solvolysis was achieved. The 
identities of the silanes formed (7a--e and 14a-e) were confirmed 
by comparison of their ~Si NMR data with literature values. 14 
Partially substituted azasil tranes were identified in the reaction 
mixture by comparison of their 2fSi and IH NMR data (Table 
II with those of independently synthesized samples (see below)_ 

(13) Blinh. T . A.; H~tmer . B. J .; West. R. Adv. O'sanomel. Chem. 
1984.23. 193. 

(14) Mal'!lmenn. H. In NMR-Bmic Principle, and Pro,.e,.; Diehl. P .• 
Fluck. K. Kos(ekl. R .. Ed,.: Springer. VerlaI' Berlin. 1981: Vol. 17. p 65ft. 
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The assignment of the constitution of the intermediates 16b-d 
was supported by the following data. 

5.(2.AmIDoethyl)-I-methoxy-l-metbyl-2,8-bil(lrimetbyl
lilyl)-Z,5,8-triaza-I'llIacyclooctane (16b) : 29Si NMR (CDeI3) 

64.1 (SiMeal, -19.5 (SiMe); GC/MS (CI, NH3) 363 (l00%, MW) 
331 (63%, MW - MeOH); lH NMR (CDCl,) 3.27 (OCH3), 0.14 
(SiCH3), 0.10 (Si(CH3h). 

5-(2-Amlnoethyl)-1·methoxy·l·methyl-2-(trimethyl
lilyl)-Z,5,s·tria:ta-l·silacyclooctane (lSe). The presence and 
constitution of lSe were further substantiated by spectroscopic 
characterization of an enriched sample obtained under optimized 
reaction conditions. Thus, undried methanol (64 mg, 2.0 mmol) 
was added via syringe to a solution of 314 mg (0.9OO mmoles) of 
13b in 3 mL of CHCIs- The solution was refluxed for 15 min. After 
the solution was cooled to room temperature, volati les were reo 
moved in vacuo. The residue was distilled in a Kugelrohr dis· 
tillat ion apparatus, yielding 217 mg of a yellow oil (bp 85-90 
°C/ O.l Torr), which was identified by ita NMR and GC/MS data 
as a mixture of IGc (ca. 88%), 4 (ca. 4%), and tren (G, ca. 8%). 
No further purification of the product was attempted: :&si NMR 
(CDClal6 2.90 (SiMe3), -21.70 (SiMe); 13(: NMR (CDCI3) 661.21, 
58.51, 56.66, 48.13, 42.17, 39.04 (NCH2), 49.43 (OCHal, 0.97 
(Si(CHalal, -2.62 (SiCHal; IH NMR (CDClal6 3.28 (s. 3 H . OCH3), 

2.99 (m), 2.88 (m), 2.77 (m), 2.74 (m), 2.73 (m), 2.68 (m), 2.59 (m), 
2.55 (m), 2.45 (m), 2.36 (m), 2.28 (m). 2.27 (m, NCH2), l.09 (br, 
NlfJ, 0.79 (br 1. N/fJ. om (5, 3 H, SiCH3), -<).02 (9, 9 H, SHCH3)al; 
GC/ MS (CI, isobutane) mIt (relative intensity) 291 (100, MW), 
275 (12), 260 (33), 259 (44, MW - MeOH), 231 (18); HRMS (EI, 
70 eV) mIt calcd for Cloli21N.OSi2 (M" - CHa) 275.17234, found 
275.17207. 

N,N ·Bis(2·aminoethyl)· N '·( trimethylsilyl)· N '-( (dimeth
o:r:ymethyl)silyl)ethylenediamine (16d): 'l9Si NMR (CDCI3) 
62.84 (SiMe,), -26.2 (SiMe); GC/MS (CI, N H3) m/ e (relative 
intensity) 323 (100, MW); I3C NMR (CDCla) 6 57.57, 57.48, 41.49, 
39.55 (NCH2), 49.20 (OCHa), 0.90 (Si(CH3)3)' -5.35 (SiCH3); IH 

NMR (CDClal6 3.16 (OCHal, .. {U9 (Si(CH3h), --{) .23 (SiCH3h). 
Methanolysis of 17, MeOH (48 mg, 1.5 mmol) Willi added via 

syringe to a solution of 145 mg (0.500 mmol) of 17 in 2.5 mL of 
CDeI3• Formation of 7a and a second p roduct Willi established 
by IH and 'l9Si NMR spectroscopy. The constitution ofthe second 
product was determined to be 1Sa by its NMR (IH, liB, IlC, 29Si) 
and MS data. In a separa te experiment, the mixture of 7a and 
18a obtained by the procedure described was treated with excess 
C030D. The product!! formed in this reaction were assigned l1li 

(CH30)~Si{OCO') ... n (n - 3, 4)1. and N[CH2CH2N HD.B(OC· 
D3)(CH312h (l8b) via NMR spectroscopy. 

Tris(2-« dimethylbaryl)amino)etbyl]amine (18a): lIB 
NMR (CDCla) 645.7; 1"C NMR (COCl,) 6 56.8, 40.7 (NCHJ, 6.6 
(br), 2.4 (br, BCH3); IH NMR (CDCI3) 64.2 (br, 3 H, NH), 2.98 
(m, 6 H, NCH2), 2.42 (t, 6 H, NCHJ, 0.20 (br, 9 H, BCH3), 0.16 
(br, 9 H, BCH3); MS (eI, NH3) m/ e (relative intensity) 323 (lOO, 
MW). 

Tris[ (methoxy·d i)dimethy Iborane-(2-( deuterioamino)
ethyl]amine (l 8b): I B NMR (CDClal6 26.6; 13(: NMR (CDClal 
654.2,37.9 (NCH2), 5.0 (br, BCH3); IH NMR (CDCI3) 6 3.5 (br , 
3 H , NlfJ. 2.63 (m, 6 H, NCH2), 2.42 (m, 6 H, NCH2), -0.12 (s, 
18 H, BCHal, 3.47 Is, wk, BOCHa due to OCH3/OCDa scrambling). 

Synthesis of Mixtures of Partially SUylated Auaailatranes 
8a--c and 12a--c. Typically, 1 mmol of the 87.IIlIilatranes 3-5 was 
dissolved in 5 mL of bemene, w which was then added 2.5 mL 
of triethylamine followed by 1.5-2 mmol of chlorotriorganosilane 
via syr inge. The mixture was t hen stirred for 1 h, afte r which 
the precipitate that formed was removed by filtration. After the 
volatiles were removed in vacuo, the residue was dissolved in 
CDCI3, and the producta were characterized by IH and:&si NMR 
spectr06COpy (see Table lJ. 
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