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Abstract

Three indolyl- and pyrrolylsilylamines 1-3 were prepared from lithiated heterocyclics and fluoresilylamines. Further reaction with
di-reri-butyldifluorosilane led to the fluorosilylpyrrolylsilylamines 4 and 5. The fluorosilylpymolylsilylamine 6 was prepared by reaction
of bis(fluorodiisopropylsilylamine and lithium pyrrolide. Lithiiation with n-butyllithium of 4-6 solved in THF gave the iminosilane-LiF
adducts 7-9; in contrast, lithiation of § in n-hexane led to the lithium fluorosilylamid 10. Heating of the iminosilane-LiF adduct 7 gave
the bicyclic system 11, an intramolecularly stabilized iminosilane. Addition of chlorotrimethylsilane to 9 led to fluorine—chlorine
exchange and elimination of lithium chloride. The product is the intermolecular stabilization of the intermediate iminosilane as a
four-membered ring 12. The X-ray structures of 1, 11 and 12 have been determined,
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1. Introduction iminosilanes. All these 81 sN compounds were charac-

terized by NMR and some by X-ray. The synthesis is

In 1986, five years after the syntheses of the first based on a complicated process of many steps, e.g.

silacthene and disilene [1-6), two independent routes N, /NaCl and LiCl eliaination. Qur group developed a

for the preparation of uncoordinated iminosilanes were different route based on fluorine—chlorine exchange on
published. Wiberg and coworkers [7.8] managed the lithiated fluorosilylamines [9,10]:

synthesis of an iminosilune and two THF adducts of

By tBu + -Gyt tBu  1Bu Bu  tBu
| | THF | +CiSIMe; |
Ph—8j—~N —Si=1tBu ———» Ph—§|—~N=Si~{By ——=p Ph=§j== N - Si-—Bu
| | | - P=CqH1p | é - FS‘MO‘; } | |
F Bu Li CI
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I MBu
{Bu

* Corresponding author.
' Cryslal structures,

0022-328X /96 /515.00 © 1996 Elsevier Science S.A. All rights reserved
P11 S0022-328X(96)06429-7



204 A. Frenzel et al. / Journal of Orgunomelallic Chemistry 524 (1996) 203-209

Aminofluorosilanes have NH and SiF functional
groups. Lithiation of the NH function makes either
elimination of lithium fluoride or fluorine~chlorine ex-
change by chlorotrimethylsilane possible. The latter
variant leads to thermally less drastic conditions for the
elimination of lithium chloride [9,11-13].

Altogether, three free iminosilanes, one THF adduct
of an iminosilane and all intermediate products, have
been synthesized and characterized by NMR and some
by X-ray {9.10,12-14], many cycloadditions were car-
ried out {15].

Iminosilanes like the di-terr-butylphenylsilyl-di-terr-
butyliminosilane {13} with bulky substituents are stable
in a monomeric state. In the case of less bulky alkyl
groups, dimerisation via [2 + 2}-cycloaddition and for-
mation of a four-membered (SiN), ring is observed
[16].

Here we discuss the synthesis of heteroaromatic sub-
stituted aminofluorosilanes and their role as precursors
for intra- and intermolecularly stabilized iminosilanes.

2. Results and discussion

2.1, Synthesis of fluorosilyl(indol-1-yl) and -(pyrrol-]-
yl)silylamines

In the reaction of di-rert-butylfluoro(indol-1-ylsilane
and lithium amide the latter acts as the lithiation reagent
for the more basic nitrogen atom of the heteroaromatic
system. The products are lithium indolide and di-rerr-
butylfluorosilylamine. For this reason a reverse syn-
thetic strategy is necessary to obtain the silylamine I:

+ESIBUNHy =t

- Lif

1 crystallizes in n-hexane, Fig. 1 shows the crystal
structure of 1,

The Si(1)=N(1) distance (169.3 pm) is shorter than a
typical single bond (173 pm) [17], while the Si(1)=N(2)
bond length is elongated (178.9 pm).

Becuuse of the bulky indolyl substituent the smaller
pyrrolyl substituent was chosen for the synthesis of
heterouromatic substituted fluorosilylamines. In the re-
action of lithium pyrrolide [18] and di-terr-butyl-
fluorosilylamine or fluorodiisopropylamine the pyrrol-
1-ylsilylamines 2 and 3 are formed:

]I || +FSiRNH, ——» l! |
-LiF ‘4

[‘.

! R—Si—R
|
NH,
2.3

R =tBu (2), iPr (3)

Lithiation of 2 and 3 and addition of di-ters-butyl-
fluorosilane led to the desired fluorosilyl(pyrrol-1-
yl)silylamines 4 and 5 in good yield:

R 1. n-CyHpli R 1Bu
== | 2.F5SitBuy — | |
l N = Si—~NH; B — N-=8je N=-Si—~ tBu
e 'R < neGgkyp Z [ H ":
- LiF
23 4,5

R=1tBu (2 4),iPr (3, 5)

In contrast, the very basic NH function of 4 led to
direct lithiation of 4 and formation of further products.

Another member of this class of substances can be
synthesized via the reaction of lithium pyrrolide and
bis(fluorodiisopropylsilyamine. The product of the
monosubstitution 6 is formed:

iPr iPr 1 | Pe Pr
F=8=N =g <P « N ey N\CQBIMN““S&*IP(
oW Yoo e/ 1 W
i F P [3
[

2.2. Lithiation and reactions of the fluorosilvlpyrrol-1-
yl)sitylamines 4-6

The fluorosilyl(pyrrol-1-yDsilylamines 4-6 dissolved
in n-hexane /THF and added by n-butyllithium give the
LiF adducts of iminosilanes 7-9:

Fig. 1. Crystal structure of 1, selected bond lengths (pm): Si(1)-N(1)
169.3(2), Si{1)-N(2) 178.92).
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R R

l_ : | |
N—ii—- u“S‘i =R +nC.Hyli

F

4-8

7 is also formed in the reaction of the lithium deriva-
tive of 2 and di-rerr-butyldifluorosilane. The lithium
di-rerr-butyl(pyrrol-1-yl)silylamide has the effect of a
lithiation reagent on the bis(silyl)amine 4. The silyl-
amine 2 is formed again. When two equivalents of
n-butyllithium are added for the lithiation, 7 will be
directly formed in a one-step synthesis:

tBu + 2 n- CaHglLi t8u tBu
= l +1Bu,SiF; == | )
l N«?i-— NH, N—S")l —N= Sl' = FLITHF)y
= «2nCatlyg L=
By -UF Bu 1Bu
2 7

The fluorosilylamines § and 6 dissolved in THF react
in quantitative yield to give the LiF adducts of iminosi-
lanes 8 and 9. In contrast, lithiation of § with n-butyl-
lithium in n-hexane gives the lithium fluorosilylamide
10, which was characterized in solution by NMR. In
non-polar solvents like hexane, which do not react as a

77777 lBu l
I «SI N SI == FLI(THF)y --_-
- LiIF
-3 THF

Single crystals of 11 were obtained in n-hexane and
the X-ray structure was determined. Fig. 2 shows the
crystal structure of 11.

11 is a bicyclic system. The pyrrolyl ring is disor-
dered by exchanging M(1) and C(1). The two coupled
five-membered rings lie almost in one plane (angle
between the two planes 4.5° and 7.0° for the second
position). The Si(1)-N(2) and Si(2)-N(2) distances are
172.7 and 173.1 pm.

205
R R
THF = | !
E—— l N—Si—N = Si—FLi{THF);
= N-CqHro = Eli Il'\“
7-9
| R | R
4.7 Bu tBu
58 iPr tBu
6.9 iPr iPr

donor ligand, 10 probably has a dimeric structure

[13,16):
iPr iPr
A4 {Bu
=\ S !
N N = Si — 1By
iPr tBu s=f N7
== | ! + 2 n-C4Mgll |
2 N--Si =~ N —8§i ~1Bu —_— I
— I W - 2n-CaHyo f U =
iPr F Bu-gj — N
| ~ S‘/ e
tBu Y\
iPr iPr
[} 10

2.3. Crystal structure of the bicyclic system 11

The lithium derivatives of the fluorosilyl(pyrrol-1-
yDsilylamines 7 and 9 make further, different reactions
possible. Under drastic thermal conditions, 7 eliminates
lithium fluoride. The intermediately formed iminosilane
rearranges intramolecularly to the bicyclic system 11
(Eq. (9], an example for an insertion reaction of an
ininosilane into a polar C-H bond:

- tButBu
t?u tBu \s\/
‘3\ / N~
N=-8l = N =8| rww-a NH
= i t\B =~ g
tBu . téu\eu
11

2.4. Crystal structure of the cyclodisilazane 12

9 reacts with chlorotrimethylsilane under fluorine--
chlorine exchange. Elimination of fluorosilane and
lithium chloride are observed. The iminosilane stabi-
lizes under [2 + 2)-cycloaddition and 12 is isolated:
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iPr iPr
== { |
’ N—S8i — N =Si—FLi(THF)3
— | |
iPr iPr
9

Fig. 3. Crystal structure of 11, selected bond fengths (pm) and angles
C) Si1=NQ) 172.7(2), N(2-8i(D) 173.102) Sil1D-N(2)-8i(2)
HIR(1),

The formation of the lithium chloride derivative of 6
is proved by the reaction of the distillution residue with
stlver nitrate,

Single ecystals of 12 were obtained in n-hexane. Fig.
3 shows the erystal structure of 12,

The ring angles of the cyclodisilazane 12 are within
the normal range of 90° for a symmetric four-membered
ring. The angles at N(1) and N(2) are a little smailer
than the angles at the silicon atoms. The sums of the
angles at N(1) and N(2) are 359.0° and 339.1°, and
represent the trigonal-planar suucnes. The  silicon-
nitrogen distances of the central .. membered ring
(about 177.2 pm) are a little longer than the silicon-
nitrogen single bonds. The lengths of the exocyclic
silicon-nitrogen bonds of Si(3) and Si(4) are 173.3 and
173.6 pm. The Si(1)-Si(2) distance is 252.6 pm.

3. Experimental section

All reactions were carried out under exclusion of
water and under inert atmosphere (N,, Ar). The degree
of purity of the isolated compounds was checked by
NMR spectroscopy and gas chromatography. Solvents

-FSiMes

iPr iPr
+ CiSiMe; | = | |
E—— N—Si—N—Si —Cl
|_> I L
-3 THE iPr iPr
x2 1 - LiCt
—SiiP
e
—SiiPr.
) poa 2

i
iF’(zSi—N\ ==
iPRSi—N

92

Fig. 3. Crystal structure of 12, selected bond lengths (pm) and angles
{“) Sil1=N(1) 176.8(2), Si(1)=N(2) 177.042), N(1)=8i(3) 173.3(2),
NOD-SH) 197.302), SHD-NID 177.72), N(2)-Si{4) 173.6(2),
SI3)- N3 178.5(2), Si(2)-N(4) 178.302) NUI-Si{1)-N(2) ¥0.3(1),
S NOD-8i01) 135.000), Si(3)--NOD-Si(2) 133.001), Si1)-N(1)-
Si(2) 91001, NO-Si2)-N(2) 88.901), Si(d)-N(-Si() 136.100),
Sild)-N(2Y-8i(2) 132.201), Sit1)-N(2)-Si2) YO.8(1) NC1)Y-Si(3).
NU3) 11001, N(2)-Si{4)-N(4) 110.8(1).

were dried by the usual methods and stored over sodium
where possible.

MS: Varian CHS or Finnigan MAT 8200 or 9500
spectrometer, NMR: 30% solution in CDCi, or C D,
(7-10); T™S i, C,F,, CH,NO,. LiCl ext., Bruker
AM 250 or 400 specirometer, MSL 400 spectrometer
(""F NMR).

In the following, the abbreviation **pyr'* is used for
the pyrrolyl substituent.

3.1 Silvlamines 1-3

0.2 mol indole (1) or pyrrole (2, 3) was solved in 50
wl n-hexane and 30 mi THF and added to the equimolar
amount of n-butyllithium. The reaction mixture was
refluxed for 1 h and added to 02 mol di-rert-
butylfluorosilylamine (1, 2) or 0.2 mol fluorodiiso-
propylsilylamine (3). After refluxing for 3 h more the
lithium fluoride was separated. The crude product was
purified by fractional distillation.
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3.1.1. Di-tert-buryl(indol-1-yl)silylamine (1)

C o HyoN,Si (274.47). Yield: 1592 g (29%); byp.
102°C (0.01 mbar). H NMR (400.13 MHz): 8 = 1.13
(s, 18H, C(CH,),). 1.32 (s, 2H, NH,), 6.67 (ad,
*JHH) =330 Hz. J(HH)=066 Hz, IH, H-3),
7.13-8.17 (m, 5H, H-2, H-4-H-7). "C NMR (100.6
MHz): & =21.16 (s, 'J(C,Si) = 68 Hz, C(CH,),), 28.29
(s, C(CH,),), 10458 (s, C-3), 115.08 (s, C-7,
119.68/120.28/121.07 (s, C-4/C-5/C-6), 131.03 (s,
C-2, C-9/C-}), 142.10 (s, C-8/C-9). >N NMR (40.56
MHz): 8 = —375.54 (br, 'J(N,H) = 75.5 Hz, NH,. ©*Si
NMR (79.46 MHz): & = —0.04 (s). MS (70 eV, EI)
m [z (%): 274 (33) M*, 217 (100) [M-C H,]*.

3.1.2. Di-tert-butyl-(pyrrol-1-ylsilylamine (2)
C),Hy,N,Si (224.42). Yield: 35.46 g (79%); bip.
56°C (0.01 mbar). 'H NMR (250.13 MHz): & = 1.01 G,
18H, C(CH,),), 628 (1 ° *J(HH) = 1.98 Hz, 2H,
CH-0), 6.96 (: Y J(H,H) = 1.98 Hz, 2H, CH-N).
3C NMR (62.89 MHz): & = 20,02 (s, C(CH,),), 27.70
(s, C(CH,),), 109.60 (s, CH-C), 124.37 (s, CH-N).
Si NMR (49.69 MHz): & = —0.86 (s). MS (70 eV,
ED) m /z (%): 224 (38) M*, 150 (100) [M—C,H ,N]*.

3.1.3. Diisopropyl(pyrrol-1-ylsilylamine (3)

CoHxN,Si (19637) Yield: 32.99 g (84%); b.p.
4°C (0 01 mbar). 'H NMR (200.13 MHz): § = 0.92-
1.03 (m, 12H, CH(CH ),), 1.05-1.32 (m, 2H,
CH(CH,), ) 6.30 (0 ", *J(HH) = 1.99 Hz, 2H, CH- 0),
6.87 (t *, “JALH) = 1.9 Hz, 21, CH-N). "C NMR
(62.89 MHI.) 8= 1192 (s, CH(CH,),), 16.71 (s,
CH(CH,),), 110,05 (s, CH-C), 123.43 (5, CH=N).
i NMR (49.69 MH2): 5 = 0.95 (s). MS (70 eV, ED
m/z (%) 196 (62) M*, 153 (100) [M-C,H,]".

3.2, Fluorosilyl(pyrrol-1-yl)silylamines (4) and (5)

0.2 mol 2 (4) or 3 (5) were solved in SO ml n-hexane
and 20 ml THF and added to 0.2 mol n- butyHithium.
The reaction mixture was refluxed for 2 h and 0.2 mol
di-ter-butyldifluorosilane added. The reaction mixture
was narrowed down and refluxed for 2 days. The
lithium fluoride was separated and the crude product
purified by fractional distillation.

3.2.1. Di-tert-butylfluorosilyl-(di-tert-butyl(pyrrol-1-
ylsilyl)amine (4)

CyoH, FN,Si, (384.72). Yield: 16.16 g (21%); bop.
ll7°C (0.01 mbar). 'H NMR (250.13 MH2): 8 = 1.05
(d, “J(H,F) = 0.94 Hz, lSH FSiC(CH,),), 1.11 (s, 18H,
pyrb|C((,H ), 6.27 (¢, ‘J(HH) = 2. 02 Hz, 21[ CH--C),
2.01 (t *, *J(H.H) = 2.02 Hz, 2H, CH-N). "C NMR

* Pseudotriplet.

(62.89 MHz): 8 =12088 (d, ‘J(CF)=154]1 He
FSiC(CH;),). 2113 (s, pyrSiC(CH,),), 27.57 (.
SHC.F) = 035 Hz, pyrSiC(CH,),). 28.43 (d. *J(C,F)
= 1.95 Hz, FSiC(CH}),), 109.70 (s, CH-C), 124.94
d, *J(CF)=1.16 Hz, CH-N). "F NMR (235.32
MHz): 5 = 3.28 (d, J(F H) = 9.11 Hz. ®Si NMR (49.69
MHz): § = ~0.93 (d, *J(Si,F) = 1.21 Hz, Sipyr), 2.89
(d, 'J(Si,F) = 305.70 Hz, SiF). MS (70 eV, EI) m/z
(%): 384 (12) M*, 327 (100) [M—C H,]*.

3.2.2. Di-tert-butylfluorosilyl-(diisopropyl(pyrrol-1-
ylsilyl)amine (5)

C\4H,FN,Si, (356.67). Yield: 5493 g (77%); b.p.
118°C (0.1 mbar). 'H NMR (400.13 MHz): & = 0.99~
141 (m, 32H, CH(CH,).. C(CH,),, 629 (¢ ",
J(HH) = 1.99 Hz, 2H. CH-C). 6.88 (& - , JJ(HH) =
1.99 Hz, 2H, CH-N). *C NMR (100.6 MHz): & = 13.17
(s, CH(CH,);), 17.23 (m, CH(CH,),), 17.32 (m,
CH(CH,), ) 2059 (d, 2J(C.F) = 14.78 Hz. C(CH,),),
2060 (d, 2J(CF) = 1480 Hz, C(CH)),), 27. 36 (.
C(CH,),), 110.29 (s, CH-C), 123.67 (s. CH-N). “F
NMR (376.50 MHz): & = —2.48 (d, J(F, H) =11. 25
Hz). ¥Si NMR (49.69 MHz): = 4.11 (d, 'J(Si,F) =
301.63 Hz, SiF), 0.63 (d, *J(Si,F) = 0.75 Hz, Sipyr).
MS (70 eV, ED) m/z (%): 356 (42) M*, 313 (100)
[M-C,H,]".

3.3. Diisopropylfluorosilyl-(diisopropyl(pyrrol-1-
ylsilyl)amine (6)

0.1 mol bis(fluoro-diisopropylsilyamine in 40 mi
n-hexane was added to 0.1 mol lithium pyn'olidu in 50
ml n-hexane and 30 ml THF and refluxed for § L. The
crude product was separated from the lithium fluoride
and 6 purified by fractional distillation. C,, 11,,FN, Si,
(328.62). Yield: 27.60 g (84%); b.p. 82°C (0.01 mbar).
' NMR (400.13 MHz): 8=1.01-1.40 (m, 28H,
CH(CH )2) 6.30 (1 *, J(HH) = 2.00 Hz, 2H CH=0),
6.85 (t *, ‘J(H, H)m200 Hz, 2H, CH-N). "*C NMR
(100.6 MI-Iz) 8= 1265 (d, “J(CF) = 0.60 Hz,
NSiCH(CH,),), 13.24 (d, “J(C,F) = 1627 Hz,
FSiCH(CH,),). 1697 (4, JICF) = 115 Uz,
FSiCH(CH, ) ), 17.11 (d, *J(C.F) = 0.65 Hz,
NSiCH(CH, ) ) 110.51 (s, CH-C), 123, 70(~.,CH~=N)
"N NMR (40.56 MHz): & = —366.52 (d. "J(N.F) =
5.90 Hz, NH). “F NMR (376.50 MHz): 8 = 7.60 (d,
*J(F,H) = 5.69 Hz). ’Si NMR (79.46 MHz): & = 2.00
(s, Sipyr), 5.08 (d, 'J(Si,F) = 295.17 Hz, SiF). MS (70
eV, EI) m /7 (%): 328 (28) M*, 285 (100) [M-C,H,]".

3.4. Iminosilane-LiF adducts 7-9 and lithium fluorosi-
Iylamide 10

0.1 mol 4 (7), 0.1 mol § (8, 10) or 0.1 mol 6 (9) was
solved in 50 ml n-hexane and 20 ml THF (in the case of
10 in 50 ml n-hexane only) and added to an equimolar
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amount of n-butyllithium. The lithium derivatives 7-10
were stirred for 6 h at room temperature and character-
ized by NMR in solution.

3.4.1. Di-tert-busyl-(di-tert-butyl(pyrrol-1-yl)silyl)imin-
osilane~LiF adduct (7)

Cy, Hy FLIN,O,Si, (606.92). Yield: 60.69 g (100%).
’Li NMR (9721 MHz): 8= ~0.04 (s). "F NMR
(235.32 MHz): 5=9.86 (s). ®Si NMR (49.69 MHz):
8= ~17.13 (s, Sipyr). —6.22 (d, 'J(Si,F) = 261.28
Hz. SiF).

3.4.2. Di-tert-buryl-(diisopropyl(pyrrol-1-yl)silyl)imin-
osilane-LiF adduct (8)

C 1o HeyFN,0,8i, (571.97). Yield: 57.20 g (100%).
Li NMR (9721 MHz): 8= -028 (s). "F NMR
(188.32 MHz): 8 =8.79 (s). °Si NMR (49.69 MHz):
§= —18.77 (d. *J(Si,F) = 10.23 Hz, Sipyr), —5.59 (d,
"J(Si.F) = 260.31 Hz, SiF).

3.4.3. Diisopropyl-(diisopropyl(pyrrol-1-yl)silyl)imin-
osilane-LiF adduct (9)

CH (FLIN,O,Si, (550.81). Yield: 55.08 g (100%).
Li NMR (155.45 MHz): 8= =020 (s). °"F NMR
(376,50 MHz): 8 = 7.63 (s). °Si NMR (79.46 MHz):
5= —15.14 (d, 'J(8i.F) = 13.08 Hz, Sipyr), —2.22 (d,
'J(8i,F) = 250.91 Hz, SiF).

3.4.4. N-lithium-(di-tert-butylfluorosilyl)(diisopropyl-
(pyrrol-1-ylsilyl)amide (10)

(C gH 4, FLiN,Si,), (725.12). Yield: 72.51 g (100%).
"Li NMR (97.21 MHz): 8 = 0.27 (s). *C NMR (62.89
MHz): & =11.59-42.11 (m, CH(CH,),, C(CH,),),
111.35 (s, CH-C), 123.49 (s, CH-N). ’F NMR (376.50
MHz): 3=5.11 (s). ®Si NMR (79.46 MHz): & =
-13.30 (s, Sipyr), —0.19 (d, 'J(Si,F) = 262.87 Hz,
SiF).

3.5. 2,2,4,4-Tetra-tert-butyl-1,3-diaza-2,4-disilabi-
cyclo{3.3.0]octane (11)

The lithium fluoride was thermally separated from
0.1 mol 7. The crude product was purified by fractional
distillation and recrystallization from n-hexane.

(Cl’ls)a('\ /C(CHJ)J

8
Si
N’
1@ NH
i
6 N\
{CH3)C C(CHz)

Structure 1.

Table |

Crystal data for 1, 11 and 12

Structure 1 n 12
Eﬁ‘lpiﬁs‘al formula C",H;ﬁN;s‘ C;(\H,‘()N‘!s"g C\: HMNJSM
Fornula weight 274.48 364,72 617,23
Cryatal system ofthorhombie monoclinic triclinic
Space group Peal, P2 /e ri

o (pm) 2058, 3(0) L789.3(1) 1001.1(2)
b (pm) R17.1(3) 882.4(1) 1195.2(2)
« (pm) 956.73) 1438.8(1) 1628.K3)
a® 90 90 103.2K1)
8 90 94,08(1) 104.841)
y{* 90 90 91.30(1)
V (nm*) 1.609((9) 2.2265%3) L.826}(6)
¥4 4 4 2

D Mgm-") 1133 1.069 1122
p(mm- ") 0137 0.161 0.189
F(000) 600 RO8 680
Crystal size (mm') 0.4x0.4 x08 0.3%x04%05 0.4x0.4x05
20 range (9) 7-50 7-50 7-50
Reflections collected 4531 5474 14463
Independent reflections 2839 4021 6353

R 0.0254 0.0320 0.0429
Data used 839 4021 6351
Parameters 180 279 377
Restraints 2 1 0

S , 1.034 1.048 1.052
R11>20() 0.0366 0.0468 0.0456
wR, {all data) 0.0816 0.1054 0.1298
Extinction coefficient 0.0033(7) — -
Absolute structure parameter {21} =0.06(13) — —
Largest difference peak (¢ am ) m 319 478
Largest difference hole (e nm %) -136 -233 -291
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C,oH ,N.Si, (364.71). Yield: 3173 ¢ (87%); byp.
96°C (0.01 mbar); m.p. 107°C. 'H NMR (250.13 MHz):
8=0.70 (s, 1H, NH), 1.06 (s, 18H, C(CH),), 107G,
18H, C(CH,),), 6.45 (dt, *J(H, H) = 2.65 Hz. SJ(H.H)
=065 He, 1H, H-7), 6.51 (dd, J(HH) 3.00 Hz,
J(HH)——090 Hz, 1H, H-6), 7.04 (dd, *J(H.H) = 2.35
Hz, *J(H.H) =090 Hz, 1H, H-8). “C NMR (62.89
MHz): 8 =21.27 (s, C(CH,),), 22.10 (s, C(CH,),),
28.86 (s, C(CH,),), 29.44 (s, C(CH,),), 113.23 (s,
C-6/C-7), 117.23 (s, C-7/C-6), 125.14 (s, C-8). PN
NMR (25.35 MHz): 3 = — 377.22 (br, NH). Si NMR
(49.69 MHz): & = 3.02 (s, N-Si-=N), 7.92 (s, N-Si-C).
MS (70 eV, ED) m/z (%): 364 (4) M*, 307 (100)
[M-C,H,]".

3.6. 1.3-Bis(diisopropyl(pyrrol-1-ylsilyl)-2,2,4,4-tetra-
isopropylcyclodisilazane (12)

0.1 mol 6 in 50 ml THF was added to an equimolar
amount of chlorotrimethylsilane. To complete the fluo-
rine~chlorine exchange the reaction mixture was stirred
for 5 h at room temperature. The lithium chloride was
separated and the crude product purified by fractional
distillation and recrystallization from n-hexane.
CypH N 4S|J (617.22). Yield: 33.33 g (54%); m.p.
132°C. 'H NMR (400.13 MHz) 8 =0.87-1.46 (m,
S6H, CH(CH,),), 6.20 (1 *, "J(H,H) =198 Hz, 4H,
CH-C), 679 (t*, *J(HH) = 1.98 Hz, 4H, CH-N). *C
NMR (100.6 MHz) d=1581/17.53/18. 8%/19.07/
1983 (s, pyrSiCH(CH ,),. Sl(CII(CH VJ3)2) 109.70
(s, CH=C), 124.28 (s, CH-N). ¥Si NMR (79.46 MHz):
b= ~9.42 (s, Sipyr), 12.36 (s, NSiN). MS (70 eV, El)
m /(%) 616 (3 M', 573 (100) [M-C,H,]".

3.7, X-ray structure determination for 1, 11 and 12

Crystal data are summarised in Table 1. Data for 1
and 11 were collected at —120°C on a Stoe-Siemens
AED diffractometer and for 12 at = 60°C on a Stoe-Sie-
mens AED2 diffractometer, both with monochromated
Mo Ka radiation (X = 71.073 pm). The structures were
solved by direct methods [19). All non-hydrogen atoms
were refined anisotropically [20). For the hydrogen
atoms bound to carbon atoms the riding model was
used. The structures weu. refined against F? with a
weighting scheme of w™' =oX(F) +(g,PY +¢,P
with P=(F2?+2F?)/3. The R values are defined as
R, =LIF, - |F I/ F)| and wR, = [Ew(F2 -

F, 5)2 /Z:wF 1*.

In structures 1 and 11 the hydrogens bound to nitro-
gen were refined with distance restraints. In structure 11
the ring N(DC(1)C(2)C(3)C(4) is disordered. The posi-
tions of N(1) and C(1) are interchanged. The whole ring
was refined with distance restraints and restraints for the
anisotropic displacement parameters.

4. Supplementary material available

Further details of the crystal structure investigations
are available on request from the Director of the Cam-
bridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 I|EZ, UK on quoting the full journal
citation.
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