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1-Alkynyl(diethylamino)dimethylsilanes [C=CR: R= Me
(1a}, nBu (1b), SiMe; (1¢)] react with triethylborane stereose-
lectively by 1,1-ethyloboration to give the alkenes with the
boryl and silyl group in cis-positions at the C=C bond.
Owing to the strongly intramolecular coordinative N-—B
bond, these products are 2,5-dihydro-1,2,5-azoniasilaborato-
les (2a—c). Protic reagents such as azoles (indole, pyrazole,
imidazole, triazole, indazole, benzotriazole} react with 2 to
give diethylamine and the respective N-azolyl derivatives

3—8 which contain tetracoordinate boron in the case of 4—8.
Compound 7, derived from indazole, was characterized by an
X-ray analysis. With ethanol, the corresponding 2,5-dihydro-
1,2,5-oxoniasilaboratoles 9 are obtained. Treatment of 2 with
water affords 1,2,5-oxasilaborolanes 11, presumably via an
intermediate 10 with the structure of a 2,5-dihydro-1,2,5-0xo-
niasilaboratole. All products were characterized by their 'H-,
HRB., 13C-, N-, and ?*Si-NMR data.

Heterocycles containing reactive silicon- and boron-el-
ement bonds are of considerable interest for further syn-
thetic use. In organotin chemistry, 1,1-organoboration of
1-alkynyltin compounds proved to be extremely useful in
heterocyclic syntheses!), whereas similar strategies in or-
ganosilicon chemistry have so far been demonstrated only
for four types of heterocyclic systems, namely 1,2-dihydro-
1,2,5-disilaborepines(?], silolest®~3], 1,1’-spirobisiloles!®!, and
recently for the synthesis of heterobicyclic boron com-
pounds!”,

The synthesis of 2,5-dihydro-1,2,5-azoniasilaboratoles of
the type 2 was described previously by the route shown in
eq. (P In this paper we report on a more direct way [eq.
(3)], using 1,1-organoboration, by starting from 1-alkynyl-
(diethylamino)dimethylsilanes 1 and triethylborane, Et,B.
The compounds 1 were prepared in high yield according to
€. (2), whereas in the literature differing routes such as the
aminolysis of 1-alkynylchlorodimethylsilanes'® or 1-alky-
nyl(trifluorosulfonato)dimethylsilane!®! are described.

The synthetic potential of the heterocycles 2 was tested in
reactions with some protic reagents such as various azoles,
ethanol, and water.

Results and Discussion
Preparative Results

The 1-alkynyl(diethylamino)dimethylsilanes 1 are color-
less liquids, easy to purify by distillation, but sensitive to
moisture. In contrast to the corresponding tin com-
pounds!'®!l they are not in equilibrium with the sym-
metrically substituted silanes, even at a temperature of
100—120°C. The reaction of 1 with Et;B proceeds slowly
(several days) at 100°C, either in pure Et3B or in toluene,
and gives the compounds 2 in high yield [eq. (3)].
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The 2,5-dihydro-1,2,5-azoniasilaboratoles 2 are colorless
liquids and can be distilled at reduced pressure. They are
sensitive to traces of moisture, but can be stored for several
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months without showing any sign of decomposition. The
coordinative N—B bond is evident from all NMR data. Al-
though it is well-known that N-silylamines are rather weak
bases, this does not prevent an intramolecular ring closure
by the coordinative N—B bond. In the following, the reac-
tions are described mainly for 2a, but the same type of reac-
tions can also be carried out with 2b or 2¢ as was found by
experiments on a small scale for NMR measurements.

The reaction of 2a with indole [eq. (4)] proceeds
smoothly and essentially quantitative to give 3a, indicating
that even weak protic reagents react with 2. In compound
3, all NMR data (Table 4) point to the presence of a
tricoordinate boron atom, as expected because of the poor
basic properties of the indole nitrogen atom. The yield of
3a after distillation was only 57%, owing to thermal de-
composition. Originally, it was hoped to induce elimination
of ethane to obtain a new heterocycle [eq. (4b)], but there
was no convincing evidence for the formation of this prod-
uct,
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Pyrazole and 1,2,4-triazole react with 2a to give the het-
eroeycles 4a and 5a [eq. (5)] in very high yield (up to 90%
after distillation). In the case of 4a, the corresponding tin!!?
and lead derivatives!'® are also known, and therefore a
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complete NMR data set is available now for comparison
(vide infra). Imidazole reacts with 2a [eq. (6)] in the same
way as the other azoles. However, the product 6a is a poly-
mer because of coordinative N—B bonds between the imi-
dazole nitrogen atom in 3-position and the boryl group. Its
general properties have not been studied as yet.

The general validity of this route to new heterocyclic sys-
tems is further illustrated by the smooth reactions of 2 with
indazole and benzotriazole [eq. (7)] to give the tricyclic
compounds 7a and 8a, respectively. After recrystallization
from CH,Cl,, the product 7a, derived from indazole, gave
crystalline material suitable for a single-crystal X-ray analy-
sis (vide infra).

Treatment of 2a or 2¢ with an excess of ethanol leads to
an almost quantitative conversion with formation of the
2,5-dihydro-1,2,5-oxoniasilaboratoles 9a and 9¢ [eq. (8a)].
Such compounds were prepared in a way analogous to
that shown in eq. (1), except that potassium hydroxide in-
stead of NaNH, was used in the first step [eq. (1a)]. The
reaction of the resulting potassium salts, after elimination
of methane, with various electrophiles, similar to the reac-
tion eq. (1c), affords different O-substituted derivatives cor-
responding to 9. This study!'*! has shown that the first logi-
cal product of the hydrolysis of 2 should be 10, with hydro-
gen linked to oxygen [eq. (8¢c;)]. Apparently, compounds of
type 10 are fairly instable and rearrange to 1,2,5-oxasilabo-
rolanes 111'*l, In contrast to the procedure reported pre-
viously™, the reaction according to eq. (8¢;,c;) proceeds
without formation of side products, and the compounds 11
were obtained in =70% yield after distillation. The com-
pound 2¢ was included here, since it seemed important to
find out whether R = SiMe; hinders the rearrangement of
10¢ to 11c. However, the reaction proceeds in the same way
as for R = Me. Interestingly, treatment of 2 with an excess
of EtOH at 70°C for several hours also leads to 11 [eq. 8b]
together with the formation of diethyl ether.
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X-Ray Analysis of the Tricyclic Compound 7a

Experimental data relevant to the X-ray analysis of 7a
are listed in the experimental part!!?). The molecular struc-
ture of 7a is shown in Figure 1. All bond lengths are found
in the expected range. The tricyclic system is almost planar:
The planes of the indazole and of the atoms
Si—C(3)~C(5)~B form an angle of 6.5°. The surroundings
of the silicon atom corresponds to a sliglitly distorted tetra-
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hedron because of the endocyclic bond angle
N(2)—Si—C(3) = 105.8(1)°. In the case of the boron atom,
the deviation from tetrahedral angles is smaller. As ob-
served for several other molecular structures with the Et,B
group in a similar environment!'%!7 both B-ethyl groups
are oriented towards the six-membered ring.

Figure 1. Molecular structure of 7a. Selected bond lengths [pm]
and angles [°]: B—N(1) 163.2(4), B—C(5) 162.1(4), Si—N(2)
179.1(2), Si—C(3) 182.8(3), C(3)—C(5) 134.3(4), N(1)-N()
136.9(3), C(5)-B—N(1) 111.92), N@)-Si—C@3) 105.8(1),
B—N(1)~-N(2) 127.5(2), Si—N(2)—N(1) 122.4(2), B—C(5)—C(3)

128.2(3), Si—C(3)—C(5) 122.8(3)

NMR-Spectroscopic Results

13C-, ’N-, and ?’Si-NMR data of the 1-alkynyl(diethyl-
amino)dimethylsilanes 1 are listed in Table 1. Tables 2 and
3 contain !'B-, 13C-, 1°N-, and #*Si-NMR data of the 2,5-
dihydro-1,2,5-azoniasilaboratoles 2 and of the products
3a—8a obtained by the reaction of 2a with the azoles. In
Table 4, 1B-, 13C-, and ?°Si-NMR data of the 2,5-dihydro-
1,2,5-oxoniasilaboratoles 9 and 1,2,5-oxasilaborolanes 11
are given. In Tables 2, 3, and 4 NMR data of corresponding
tin and lead compounds were included for comparison.

Table 1. '3C-, °N-, and 2°Si-NMR datal® of 1-alkynyl(diethylami-
no)dimethylsilanes 1la—c¢

No. 1a 1 [] ic
3 Me Mgy SiMe,

sBc(siC=) | 83.9 [93.5] 84.6 [93.5] 112.2 [77.8,13.8]
5§C(=CR) | 101.2 [18.7] 106.2 [17.71 14.2 [12.8,82.7]
87C(SiMe,)| 0.7 [64.0] 0.8 [64.0] 0.4 [64.9)

5YC(R) 45 22.2,311,19.813.7 | 0.0 [57.1]
EVCINEL,) | 40.7, 16.1 406, 15.9 405, 15.8

§¥N -348.4 [23.2] |-348.3 [23.2 -348.1 [23.2]

52%i -18.6 -175 -18.5, ~19.3 {SiMe,)

5 In 'C§D6 (ca. 15—25% v/v) at 25 * 1°C; coupling constants
7J(*8i,1°C) and 'J(*8i,'°N) [Hz] are given in square brackets.
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Table 2. 'B-, 13C-, ’'N-, and ?’Si-NMR datal® of the 2,5-dihydro-
1,2,5-azoniasilaboratoles 2a—c and of 2a(Sn) and 2a(Pb,NH,) for

comparison
No. 2a 2ai(Sn} 2a({Pb,NH,) 2h 2c
R Me Me Me "Bu SiMe,
§C(SIC=) [124.7 [82.7) |128.8 {653.9) |144.0{7411) |130.9 [81.7] 129.3 [61.0, 63.0]
5CBC=) | 1825 (br) | 182.0 (br) 178.1 (br) 182.4 (br) 212.2 (br)
57C(SIMe,}| 0.6 [52.2] | -2.1{276.01 [12.4{+10.4} |20 [52.2] 3.2 [51.2]
87CI=CR)} |12.4 [9.8] 18.8(136.7) [23.01289.91 |33.7,28.323.3,14.4| 2.5 149.2]
$CCEt) | 25.8, 143 | 26.4,14.8 26.5 145 |26.0, 15.2 329, 16.4
{115.0115.6}  |1252.4}{28.3}
S'C(BEy) | 13.9 (br), 11.8(14.6(br),12.0 118.4(br),10.8 [13.9 (br}, 1.8 3.9 (br), 11.8
5"C(NEL,) | 45.8, 13.2 456, 14.7 - 46.0, 13.2 464, 13.4
58 6.0 1.6 -2.1 5.0 4.0
sNbl 3322 16,51 |-330 (5N} |-384.5 fami|-338.3 6.5) 3376 15.3)
&8 1255 +124.1(5"%5n [427.6 (5%°Pb) | 25.6 30.4, -14.9(S5iMeg)
i I J [16.3] [16.3)

Bl 1n C?D(,— (ca. 15—25% v/v) at 25 % 1°C; coupling constants [Hz]
7J(298i,3C),k LA(*°Si,'°N), and 2J(*°Si,2Si) are given in square
brackets, "J(!1°Sn,'>C) [2a(Sn)] and "J(**"Pb,1*C) [2a(pb,NH,)] in
curved brackets; (br) denotes a broadened *C(B)-NMR signal;
n.m. = not measured. — ™ §1°N data for comparison; 2a(NH,):
--354.48 2a(NHMe): —356.8811, 2a(NMe,): —358.081,

All NMR data support the proposed structures. The
313C, 81°N, and 3*°Si data as well as the coupling constants
J(®Si13C) and J(*Si,”°N) of the compounds 1 are typical
of both alkynylsilanes!'®! and aminosilanes!?l.

The 'H(BCH,)-NMR signals of the compounds 2 show
the expected pattern for diastereotopic protons proving the
coordinative N—B bond. In contrast, the coordinative B—O
bond in 9 appears to be weaker [compare also the 8!!B data
for 9a and 9a(Sn,0Me), 9a(Pb,OMe)}, since the splitting of
the '"H(BCH,)-NMR signals is not resolved. The dia-
sterotopic nature of these protons is lost if the coordinative
B—O bond is opened and rotation of the Et,B group about
the B—C= bond is fast with respect to the NMR time scale.
In principle, one expects the pattern for diastercotopic pro-
tons also for the "H(NCHS,) signals of 2 which, however, is
only observed in the case of 2¢. Therefore, it is possible that
the N—B bond is opened and closed at a rate which does
not allow rotation of the Et,B group but rotation of the
Et;N group about the longer Si—N bond, at least in 2a, b.
Low-temperature 'H- and 13C-NMR spectra of 2a, 2¢ and
of the corresponding tin derivative 2a(Sn) indicate that
these rings are non-planar, since different signals of the
SiMe groups are clearly resolved at low temperature (—70
to —80°C). The presence of the Me;Si group in 2¢ causes
an increase in the barrier to ring inversion. The AGT
values®”! of 2a and 2a(Sn) are of similar magnitude: 39.0
+ 0.5 and 38.1 + 0.5 kJ/mol; that of 2¢ is larger: AGT =
47.2 £ 0.5 kJ/mol.

There are only few examples of geminal coupling con-
stants 2J(*°Si,'*C) across an olefinic carbon atom. Such
data were readily observed in the compounds studied here.
Their sign is negative [2K(*S1,'3C) > 0; K is the reduced
coupling constant: K(A,X) = 4n? - J(A,X) * (yayxh) ], as
determined by using W-BIRD modified !H-detected
(HMQCR!) 1H/?°Si shift correlations???, and also 2D z-fil-
tered '>C/H heteronuclear shift correlations3). The abso-
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Table 3. I'B-, 13C-, I°N-, and ?Si-NMR data of the indole derivative 3a and the heterobi- and -tricyclic compounds 4a—8a
No 3a T&n 4a(Sn) 4a(Pb) Q. 6a Ta 8a
derived from| indole pyrazole pyrazole pyrazole triazole imidazole indazole benztriazole
§13¢(sic=) 1126.6 [80.71 |117.7 [85.6] |125.7 {672.8) |146.6(670.8} |116.7 [86.6] |121.8[82.6] |118.5[85.2] |117.1[86.5]
$McBe=) [167.4 (br) 176.4 (br) 175.8 (br) 172.6 (br) 176.2 (br) 185.7 (br) 174.6 (br) 175.9 (br)
513C(SiMe;) -1.3 6711 |[-0.3[56.1] -3.8{312.0}) |15.3{+38.4} {-0.6[56.1] 1.4 [46.0] -0.9[55.6] |-1.1[56.1)
&%C(=CMe) | 14.8 14.1[9.5] 20.4{133.0} |23.4{288.8} |12.8 18.6 14.0 131
1 8MC(=CEY) 22.4, 121 25,0, 13.3 25.8, 14.7 271, 15.2 245, 13.6 27.8,13.7 25.1,13.4 25.2,13.7
[7.0] {116.6} (16.3} |(247.0}{29.4}
513C(BEtz) 20.5(br),9.0 | 19.0(br),10.3 {19.2 (br),10.9 |17.7 (br), 1.1 ]18.2(br), 9.8 | 16.3 (br), 10.0 19.7 (br},10.2]18.6 (br),10.5
| 8"Clazole) [130.2 (2 [138.1 (3 |137.8 () [135.4{14.7) 1) 148 200 1389 ()  [134.0 1437
1047 3 _[1076 (4 (1063 4  |1057(8.01 _|149.60) 1256 (4) [122.7 136.7
1316 Go9d]134165)  |136.45)  [137.2(22.6)P! 12115 1438 |ingled
&' 87.2 -0.7 -0.6 -1.2 -0.5 -3.2 0.5 3.6
&8N -240.4 [12.6]] -165.8 [7.4] [-155.2{104.5}|-154.2 (358.4}| ~158.7 [4.8] |n.m. ~191.0 n.m.
-123.8 -119.0{8.5}) |-126.9 -127.6 -125.4{ n.m. -112.9 n.m.
§¥si 1.4 -0.1 9.1 (6"%sn) |+180.5(5%%Pb)| 2.0 39 -1.9 4.6

@ In CeDy (ca. 15—25%

viv) at 25 + 1°C; coupling constants [Hz] 'J(*°Si,'C), 7J(**Si,!N) are given in square brackets, "J(}'°Sn,'3C),

7 J(11%8n,13N) [4a(Sn)], "J(*°7Pb,3C) and ' J(*"7Pb,!’N) [4ang)] in curved brackets; (br) denotes a broadened *C(B)-NMR signal; n.m. =
not measured. — ™ No assignment given. — 9 Further 8'3C values of the indole group: 119.8 (4), 120.5 (5), 121.1 (6), 113.1 (7), 140.2
(7a). — M Further 3'°C values of the indazole group: 112.0, 128.6, 122.6, 121.9. — [l Further 8'*C values of the benzotriazole group:
129.5, 126.0, 120.4.

Table 4. 1'B-, 13C-, I°N-, and Si-NMR datul of 2,5-dihydro-1,2,5-oxoniasilaboratolcs 9a, 9¢, of the compounds 9a(S1,0Me) and
9a(Pb,0Me)[! for comparison, and of the 1,2,5-oxasilaborolanes 11a and 11c

B In CeDg (ca. 15—25% v/v) at 25 + 1°C; coupling constants [Hz] *J(**Si,'*C), and 2J(*°Si,°Si) are
nJ(1198n,13C), 2J(?7Pb,"*C) in curved brackets; (br) denotes a broadened. 1*C(B)-NMR signal. — [ Ref. 32,

lute magnitude of these coupling constants is somewhat
larger than in most alkenes bearing the Me,Si and the Et,B
group in cis positions. This finding is in agreement with
the same trend for 2J(!'°Sn,'*C) and 2J(*7Pb,'3C) in the
corresponding tin and lead compounds (see Tables 2—4).
This was also observed for 27(?°Si,2°5i) =~ 16 to 17 Hz, e.g.
in 2¢ and in 9¢ when compared with 2J(*°Si,2°Si) = 8.6 Hz
in 2-(diethylboryl)-1,1-bis(trimethylsilyl)-1-butene, sug-

150

No. 9a 9a(Sn.OMe) [9a(Pb,OMe) | 9¢ No. Ha e

R Me Me Me SiMe, R Me SiMe, ‘

81c(sic=) [124.2 187.5] [128.71697.5) [150.1(652.9} |130.9 (66.9,61.0] |s'CisiC-3) | 22.7 160.1] 21.3[48.2,49.2]

&PClBC=) [173.9 (br)  |176.3(br) 174.8 (br) 2016 (or) §YcC-4) |40.7 (bn) 44.8 (br)

3PC(SiMe,) | -0.6 [54.1] {-1.6{288.3) 120.9{-38.7} {1.7 [55.1] 5¥C(siMe,) |-1.8155.1),0.6 [57.1] 1.7 153.21, 2.8 (59.0}

§¥C(=CR) |11.9 [11.8] 18.7{146.0) 123.31279.01 | 2.2 [51.2 &§¥c(c-3-R) | 11.7 2.2{50.21

8YC(=CEt) {23.3,13.2 |245, 13.8 26.6,14.0 311, 14.7 §1C(C-4-EV)| 26.5,28.8,7.3,7.7 | 31.8,33.4,11.9,12.6

[8.91 {116.6) (16.9) |(247.4}(27.2}

8YC(BEL) {14.31br),10.5{13.4(br), 105 [14.1(br), 10.7 |14.6 (br), 10.4 §3C(BEL) 12.4 (br), 9.9 1.0(br}, 7.9

8¥C(OEt) |60.1, 60.3 | 49.0{4.4}(Me)|49.3 (6.5} Me)| 60.3, 16.4

&M 230 10.7 8.2 19.9 5B 58.7 59.2

&g 26.5 174.6 (§'%Sn) 1656.0 (52°7Pb) | 33.8, -15.0 (SiMe,)] §2Si 38.9 38.8, 2.5 (SiMe,)
(17.0] 117.0) k2] 2]

— e

%iven in square brackets and
’)

Ref [13.256]

gesting that the sign of this coupling constant is also posi-
tive [2K(*°8i,2°Si) > 0].

The data set of the compounds 4a, 4a(Sn), and 4a(Pb)
(Table 3) shows that most NMR data of 4a and 4a(Sn) are
similar, as in the case of 2a and 2a(Sn) (Table 2) and 9a
and 9a(Sn,OMe) (Table 4). However, in the case of 4a(Pb)
some marked changes can be noted, revealing the influence
of a strained ring structure with extremely polar bonds.

Chem. Ber. 1996, 129, 147—153
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This is also obvious from the comparison of the data for
2a, 2a(Sn), and 2a(Pb,NH,), %a, 9a(Sn,OMe), and
9a(Pb,OMe), although one tin compound and the lead
compounds are not strictly analogous since they do not
contain NEt, or OEt groups. The coupling constant
LJPY7Pb, 3 Cpe) in both 2a(Pb,NH,) and in 4a(Pb) is small,
although still positive as in Me4Pb, as proved by 2D 3¢/
'H heteronuclear shift correlations™!. The sign of
TJ(**7Pb,"*Cpe) in 9a(Pb,0OMe) is negative, one of the few
examples where an inversion of this coupling sign was ob-
served?%®, Furthermore, there is a marked shift of =29
ppm to low field for the 13C(Pb—C=) resonance signal in
4a(Pb) as compared to that of '3C(Si—C=) in 4a. The
changes in the bonding situation seems to concern mainly
the “soft” part of the molecule with Pb—C bonds since
815N values are much less affected. However, one notes that
the coupling constants |'J(¥Si,'*Cco)], [WJ(11Sn,'3Ceo)l,
and |1J(?7Pb,'3C)| are rather large (all reduced coupling
constants 'K(M'3Ce. were found to be positive for the
compounds studied). In contrast, the coupling constants
LJ(*Si,N) are fairty small, but most probably still posi-
tivel'T [LK(¥Si,'°N) > 0], in 2a (6.5 Hz), 4a (7.4 Hz), and
5a (4.8 Hz) when compared with 3a (12.6 Hz). This implies
negative contributions to the reduced coupling constants
1K(?°81,1°N) (assuming the dominance of the Fermi contact
term as coupling mechanism%) which arise most probably
from the strongly polarized Si—N bond in 2a and in the
heterobicyclic molecules. The polarization of the Sn—N and
Pb—N bond in the analogous tin and lead compounds will
be even greater, and negative contributions to 'K(1'%Sn,'>N)
and 'K(?**"Pb,!1°N) are expected to increase. Therefore, the
reduced coupling constants  'K('°Sn,'>N)  and
LK(**"Pb,!°N) will be large and negative. In the case of most
triorganotin amides, the coupling constants 1J(1'°Sn,!3N)
are small and negativel!”! [1K(1'%Sn,'N) < 0]. So far,
LJ(7Pb,I°N) values for all organolead(IV) amides were
found to be large and positivel!*27 ['K(?**7Pb,!SN) < 0]. It
should be noted that the value ! J(?*’Pb,!°N) = 358.4 Hz for
4a(Pb) exceeds all values for organolead(1V) amides meas-
ured as yet,

The NMR data of the 2,5-dihydro-1,2,5-oxoniasilabora-
toles (Table 4) are conclusive and agree with literature
datal'¥l, The same is true for the 1,2,5-oxoniasilaborolanes
where already the 'B-NMR spectra®®l of crude reaction
solutions show the presence of tricoordinate boron atoms.

Support of this work by the Folkswagen-Stiftung, the Deutsche
Forschungsgemeinschaft, and the Fonds der Chemischen Industrie is
gratefully acknowledged. We thank Prof. Dr. R, Kdster, Miilheim
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Experimental

All compounds were handled under Ar or N, by using carefully
dried solvents and glassware. Deuterated solvents were stored over
molecular sieves and saturated with Ar. (Diethylamino)chlorodime-
thylsilane was prepared according to the published procedurel?”, —
'H/BC NMR: Jeol INM-EX270E, Bruker ARX 250, Bruker AC
300, Bruker AM 500 (270.67 MHz/67.94 MHz, 250.13 MHz/62.8
MHz, 300.13 MHz/75.5 MHz, 500.13 MHz/125.8 MHz, respec-
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tively). — "B NMR: Jeol FX90Q (28.7 MHz), Et,0 - BF; as exter-
nal standard. — "N NMR (refocused INEPT pulse sequencel®”
with 'H decoupling): Bruker AC 300 and AM 500 (30.4 and 50.7
MHz), neat MeNO; as external standard. — #°Si NMR (refocused
INEPT pulse sequence®” with 'H decoupling): Bruker ARX 250
and AC 300 (49.7 and 59.6 MHz), with SiMe, as external standard
(311%Sn and 8?*7Pb data are given with respect to external Me,Sn
and MeyPb). — MS: EI-MS (70 ¢V), Varian MAT CH 7. - IR
(in hexane): Perkin Elmer 983 G. — Elemental Analyses: Pascher,
Remagen, and Dornis & Kolbe, Miilheim.

1-Alkynyl{ diethylamino) dimethylsilanes (1a—c¢): To a suspension
of 180 mmol of the respective lithiated alkyne in 250 ml of hexane
30 g (180 mmol) of (diethylamino)chlorodimethylsilane was added
at room temp. within 30 min. After heating of the reaction mixture
at reflux for 5 h, insoluble material was filtered off. The solvent
was removed in vacuo and the fractional distillation of the residue
gave the compounds 1a (79%), 1b (78 %), and 1e¢ (55%) as colorless,
moisture-sensitive liquids.

1a: B.p. 40°C/15 Torr. — IR; W(C=C) = 2190 cm~!. — 'H NMR
(CsDg): & = 0.04 (s, 6H, Me,Si); 2.82, 0.88 (g, 4H, t, 6H, Et;N);
1.57 (s, 3H, MeC=). — CgH;oNSi (169.3): caled. C 63.6, H 11.3,
N 8.3; found C 634, H 11.2, N 8.5.

1b: B.p. 120°C/15 Torr. — IR: w(C=C) = 2181 cm™!. — 'H
NMR (C¢Dg): & = 0.16 (s, 6H, Me,Si); 2.82, 0.96 (q, 4H, t, 6H,
Et,N); 2.02, 1.32, 1.31,0.76 (t, 2H, m, 2H, m, 2H, t, 3H, nBuC=).

1c: B.p. 90°C/15 Torr. — IR: w(C=C) = 2110 cm~!. — '"H NMR
(CeDy): & = 0.08 (s, 9H, Me;Si); 0.15 (s, 6 H, Me,Si); 2.78, 0.95 (q,
4H, t, 6H, ELN). — C;,H,sNSi, (227.5): caled. C 58.1, H 11.1, N
6.2; found C 57.9, H 11.2, N 6.2.

1,1,4,5,5-Pentaethyl-2,5-dihydro-2,2-dimethyl-3-R-1,2,5-azonia-
silaboratoles (2a—c): A mixture of the respective 1-alkynyl(diethyl-
amino)dimethylsilane la—c (25 mmol) and an excess of triethylbo-
rane (135 mmol) were heated at 100°C (reflux) for 3 d. Excess tri-
ethylborane was removed in vacuo and collected for the next reac-
tions. Fractional distillation of the yellowish, oily residue gave the
pure compounds 2a (81%), 2b (87%), and 2¢ (92%) as colorless,
moisture-sensitive, oily liquids.

2a: B.p. 115°C/0.005 Torr. — "H NMR (C¢Ds): & = 0.14 (s, 6 H,
Me,Si); 2.61, 0.85 (q, 4H, t, 6H, Et,N); 0.66, 0.77, 1.08 (m, 2H,
m, 2H, t, 6H, Et,B); 1.65 (s, 3H, MeC=); 2.36, 1.02 (g, 2H, t,
3H, EtC=). — MS, m/z (%): 267 (2) [M*], 252 (R), 267 (100), 130
(20), 41 (10). — C;5H34BNSI (267.3): caled. C 67.4, H 12.8, N 5.2;
found C 67.2, H 12.7, N 5.0.

2b: B.p. 150°C/0.005 Torr. — 'H NMR (C¢Dg): 6 = 0.22 (s, 6 H,
Me.Si); 2.63, 0.88 (q, 4H, t, 6H, Et;N); 0.64, 0.76, 1.04 (m, 2H,
m, 2H, t, 6H, EB); 2.17, 1.31, 0.92 (t, 2H, m, 4H, t, 3H,
nBuC=); 2.32, 1.01 (q, 2H, t, 3H, Et-C=). — MS, m/z (%): 309
(1) [M™], 294 (2) [M*— Me], 280 (100), 130 (15), 49 (8), 41 (5).

2¢: B.p. 137°C/0.005 Torr. — '"H NMR (C¢Dg): & = 0.16 (s, 9H,
Me,Si); 0.27 (s, 6H, Me,Si); 2.62, 2.60,0.88 (m, 2H, m, 2H, t, 6H,
Et;N); 0.54, 0.71, 1.01 (m, 2H, m, 2H, t, 6H, Et,B); 2.47, 1.04 (q,
2H, t, 3H, EtC=). — MS; m/z (%): 310 (1) [M* — Me], 296 (100),
252 (5), 130 (12), 73 (10), 59 (5). — C7H4xBNSI; (325.5): caled. C
62.7, H 12.4, N 4.3; found C 62.6, H 12.4, N 4.1.

{ E)-3-{ Diethylboryl)-2-( 1-indelyldimethylsilyl)-2-pentene  (3a):
Indole (1.2 g, 10 mmol) was added in one portion to a solution of
2.7 g (10 mmol) of 2a in 50 ml of hexane. The mixture was heated
at reflux for 1 h. After the solvent and diethylamine had been re-
moved in vacuo, fractional distillation of the residue at 115°C/
0.005 Torr gave 1.8 g (57%) of 3a as a colorless liquid. — 'H NMR
(CsDg): 6 = 0.66 (s, 6H, Me,Si); 1.42, 1.17 (g, 4H, t, 6H, Et,B);
1.95 (s, 3H, MeC=), 2.31, 1.22 (q, 2H, t, 3H, EtC=), 6.82 (d, 1 H,
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3'-H); 7.35 (m, 1H, 4’-H), 7.36 (d, 1 H, 2’-H),; 7.37 (m, 1H, 6'-H);
7.75 (m, 1H, 7'-H); 7.86 (m, 1H, 5'-H). — MS, m/z (%): 311 (14)
[M™], 282 (85), 254 (100), 174 (30), 117 (20), 97 (15), 87 (10), 73
(10), 59 (15), 43 (5). — C,9H3,BNSi (311.4): caled. C 73.3, H 8.7,
N 4.5; found C 73.2, H 8.7, N 4.6.

4,5,5-Triethyl-2,2,3-trimethyl-1-aza-6-azonia-2-sila-5-boratabi-
cyclo[4.3.0 jnona-3,6,8-triene (4a): To a solution of 2a (2.7 g, 10
mmol) in 50 ml of dicthyl ether 0.68 g of pyrazole was added in
one portion at room temp. Then the mixture was stirred for 15 h.
Solvent and diethylamine were removed in vacuo, and fractional
distillation of the residue gave 2.44 g of 2a (b.p. 110°C/0.005 Torr)
which solidified as a colorless solid (m.p. 40°C). — 'H NMR
(CeDg): 8 = 041 (s, 6H, Me,Si); 0.76, 0.66, 0.39 (m, 2H, m, 2H,
t, 6H, Et,B); 1.84 (s, 3H, MeC=), 2.24,0.99 (q, 2H, t, 3H, EtC=),
7.84 (d, 1H, 7-H); 6.53 (dd, 1H, 8-H); 7.60 (d, 1H, 9-H). — MS,
milz (%): 233 (100) [M* — Ef], 205 (90), 189 (30), 175 (25), 137
(20), 125 (30), 111 (30), 97 (85), 83 (50), 81 (40), 69 (35), 67 (25),
59 (45), 43 (30). — C14H,;BNLSi (262.3): caled. C 64.1, H 10.4, N
10.7; found C 63.9, H 10.3, N 10.6.

The compounds Sa and 8a were prepared in the same way. In
the case of 6a, hexane was used as solvent, whereas CH,Cl, was
employed as solvent for the preparation of 7a.

5a: Yield 87%, b.p. 130°C/0.005 Torr, m.p. 45°C. — 'H NMR
(CsDg): & = 0.40 (s, 6H, Me,Si); 0.79, 0.67, 0.26 (m, 2H, m, 2H,
t, 6H, Et,B); 1.72 (s, 3H, MeC=); 2.11, 0.86 (g, 2H, t, 3H, EtC=);
8.22,8.23 (s, 1H, s, 1 H, 7,9-H). — C;3H2BN;Si (263.3): caled. C
59.3, H 9.9, N 16.0; found C 59.2, H 9.9, N 15.8.

6a: Yield 100%. — 'H NMR (C¢Dy); 8 = 0.37 (s, 6H, Me,Si);
1.10, 0.62 (m, 4H, t, 6H, Et,B); 2.03 (s, 3H, MeC=); 2.57, 1.18
(g, 2H, t, 3H, EiC=); 6.98, 7.14, 7.30 (1 H broad, | H broad, imi-
dazole).

7a: Yield 72%, b.p. 135°C/0.005 Torr, m.p. 90°C. — 'H NMR
(CeDy): & = 0.45 (s, 6 H, Me,Si); 0.35, 0.71, 0.27 (m, 2H, m, 2H,
t, 6H, Et,B); 1.92 (s, 3H, MeC=); 2.18, 0.93 (q, 2H, t, 3H, EtC=);
7.18 (ddd, 1H), 7.41 (ddd, 1H), 7.53 (dd, 1 H), 7.72 (ddd, 1 H),
8.30 (d, 1H) indazole. — C;3H3,BN,Si (312.3): caled. C 69.2, H
9.7, N 9.0; found C 69.0, H 9.8, N 9.1. — X-ray analysis!**}: Color-
less platelet, crystal size [mm] 0.60 X 0.40 X 0.08, crystal system
triclinic, space group PI; unit cell dimensions [pm]: « = 752.5(2),
b= 92272), c= 1512.7(3), = 83.23(2), P= 76.27(2), v =
71.42(2)°, volume 966.1(4) A3, Z = 2, p(caled.) = 1.074 Mg/m®,
absorption coefficient 0.120 mm~!, F(000) = 340, diffractometer
Siemens P4, temperature 296 K; radiation [pm] Mo-K,, A = 71.073,
graphite monochromator, 2@ range 3.0 to 50.0°, scan type w; reflec-
tions collected 4198, independent/observed reflections 3361 (R;,; =
0.115)/3361 [F > 0.06(F)], number of refined parameters 200; solu-
tion: direct methods (SHELXTL PLUS), weighting scheme w™! =
c%(F) + 0.0000 F2, final R indices (obs. data): R = 9.09, wR =
3.95%; max./min. residual electron density [eA*] 0.28/—-0.28.

8a: Yield 97%, b.p. 130°C/0.005 Torr, m.p. 80°C. — 'H NMR
(CsDg): & = 0.62 (s, 6H, Me,Si); 0.87, 0.35 (m, 4H, t, 6H, Et,B);
1.92 (s, 3H, MeC=); 2.33, 1.05 (q, 2H, t, 3H, BtC=); 7.49 (ddd,
1H), 7.62 (ddd, 1H), 7.73 (dd, 1H), 8.18 (dd, 1 H) benzotriazole.
— Cy7H,sBN;Si (313.3): caled. C 65.2, H 9.4, N 13.5; found C 65.0,
H 9.3, N 13.7.

1,4,5,5-Tetraethyl-2,5-dihydro-2,2-dimethyl-3-R-1,2,5-0xonia-
silaboratoles (9a, 9¢): A solution of 2a (1.6 g, 6 mmol) in 15 ml
of ethanol was stirred for 20 h at room temp. Then ethanol and
diethylamine were removed in vacuo, and 1.33 g (92%) of 9a (R =
Me) was obtained by fractional distillation (35°C/0.005 Torr) as a
colorless liquid. — "TH NMR (¢Dg): & = 0.13 (s, 6H, Me,Si); 0.53,
0.70 (m, 41, m, 6 H, Et,B); 1.63 (s, 3H, MeC=); 2.07, 0.96 (q, 2H,
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t, 3H, EtC=); 3.58, 1.00 (g, 2H, t, 3H, EtO). — C;3H,,BOSi
(240.3): calcd. C 65.0, H 12.2; found C 64.8, H 12.1.

Compound 9¢ (R = SiMe;) was prepared in the same way as
described for 9a. Yield 96%, b.p. 55°C/0.005 Torr. — 'H NMR
(CeDg): 6 = 0.21 (s, 9H, MesSi); 0.16 (s, 6H, Me,Si); 0.55, 0.68
(m, 4H, m, 6H, Et,B); 2.27, 0.98 (q, 2H, t, 3H, EtC=); 3.55, 1.06
(@, 2H, t, 3H, EtO). — MS, m/z (%): 297 (8) [M* — H], 284 (10),
269 (100), 241 (65), 183 (15), 169 (20), 73 (35), 59 (10).

4,4,5-Triethyl-2,2-dimethyl-3-R-1,2,5-oxasilaborolanes (11a, 11c):
A solution of 2.7 g (10 mmol) of 2a in 10 ml of THF was added
to 50 ml of water, and the mixture was stirred for 15 h at 60°C.
After several extractions with hexane, the combined organic layers
were dried with Na,SO,, and then the solvents were removed in
vacuo. Fractional distillation of the residue gave 1.38 g (65%) of
11a (R = Me) as a colorless liquid with b.p. 30°C/0.005 Torr. —
'H NMR (CgDg): 8 = 0.27, 0.31 (s, 3H, s, 3H, Me,Si); 0.43 (q,
1H, 3-H); 1.43 (d, 3H, 3-Me); 0.83, 1.11 (m, 2H, t, 3H, EtB); 1.37,
1.44,1.51,1.69, 0.72, 0.80 (m, 1H, m, 1H, m, 1H, m, 1 H, t, 3H,
t, 3H, Et,C-4). — C,,H,sBOSi (212.2): caled. C 63.3, H 11.9; found
C63.1,H11.8.

Compound 11¢ (R = SiMe;) was prepared in the same way as
described for 11a. Yield 78%, b.p. 45°C/0.005 Torr. — 'H NMR
(CsDg): 8 = 0.06 (s, 9H, Me,Si); 0.23, 0.29 (s, 3H, s, 3H, Me,Si);
0.85, 1.10 (m, 2H, t, 3H, EtB); 0.41 (s, 1 H, 3-H); 1.34, 1.48, 1.52,
1.72,0.74,0.81 (m, TH, m, 1H, m, 1H, m, 1H, t, 3H, t, 3H, Et,C-
4). — C5H5;BOSi, (242.3): caled. C 64.4, H 12.9; found C 64.3,
H 13.0.
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