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Abstract

N,C.-dilithio-2-allylpyrrole (1) in THF reacts selectively with various element halides 1o give Z-isomers, and in the case of element
dihalides (Me,SiCl,, Me,SnCl,, Cp,ZrCl,) or SiCl, to give new heterobicycles [E = Si (7), Sn (8), Zr (12)] or the spirosilane 6.
Treatment of 1 with triethoxyborane gives the heterobicyclic borate 9 which reacts with Me,SiCl to give the heterobicyclic eﬂwxybomw

10. The synthetic ponennal of 8 is shown by its tmnsform;\tmn 1o the

by muttinuclear including the
measurement of 'J(2SLISND, 1J('Sn.*N) and 2D UC/ Hh

bicyclic ethylborane 11. All compounds were ch

of modified (Hahn-echo extended) polarization transfer pulse sequences for

lear shift for the determi

constants "J(''%$n,3C) and “* ' J("7Sn.' H).

of signs of coupling
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1. Introduction

The synthetic potential of N,C-dilithiated compounds
in the synthesis of heterocycles is well documented
[1,2]. Recently, we have found that 2-allylpyrrole reacts
with two equivalents of n-butyl lithium to give N,C-di-
lithio-2-allylpyrrole 1 [3]. The stereachemistry of the
reactions of 1 with numerous electrophiles is solvent-
controlled, leading to Z-isomers in THF and to E-iso-
mers in diethylether or hexane [3]. Taking into account
that the conditions leading to the Z-isomers are ideal for
heterocyclic synthesis, we have now studied the reactiv-
ity of 1 towards some Group 14 element halides
(Me,SiCl,, Me,SnCl,, SiCl,). Cp,ZrCl, and B(OE),.

2. Results and discussion
2.1. Synthesis
As shown in Scheme 1, the reaction of 1 in THF with

trimethyltin chloride (to give 3a) or Et,0 (to give 3b)
proceeds with the same selectivity as in the case of
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Me,SiCl [3]. However, the reaction of 1 with 9-chloro-
9-borabicyclo[3.3.1]nonane (C1-9-BBN) in THF affords
only 2 1:1 mixture of 4a and 4b. [t is possible that the
borane—-THF adduct which is formed in the first step
prevents the stereoselective reaction. Thus, the aliyl-
lithium function can react with CI-9-BBN-THF at the
I-position and the 1:i mixture of 4a/4b is the result of
allylic rearrangement. The pure E-isomer 4b can be
obtained by working in hexane. Therefore we have used
tricthoxyborane rather than boron halides in our at-
tempts to prepare heterocycles containing boron.
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The reactions of 1 leading to new heterocycles are
summarized in Scheme 2. The reaction of 1 with
Me,SiCl, in THF affords the product 5a together with
the desired heterobicycie 7, which are separated by
fractional distillation. The formation of 5a can be ex-
planed by the greatly differing reactivity of the C- and
N-lithiated functions in 1. The C-lithiated function is
expected to react already at low temperature with the
SiC} function. Therefore it is important to work at room
temperature, o use an excess of Me, SiCl,. and to add
the THF solution of L. For similar reasons the yield of
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the spirosilane 6 is rather low (36%), and numerous
unidentified compounds are formed. Various attempts at
the synthesis of the tin analogue of 6 have failed,
whereas the compound 8 is readily accessible. The
better yield of 8 as compared with 7 is most likely the
result of the more labile Sn—C and Sn-N bonds (com-
pared with Si—C and Si-N bonds) which would allow
for rearrungement to 8 if a tin compound analogous to
5a were formed in the reaction of 1 with Me,SnCl,.
Considering the reactivity of Sn—N and Sn—C bonds, 8
may be useful for further transformation (vide infra).
The reaction of 1 with triethoxyborane in THF gives the
borate 9 which crystallizes with THF. It is necessary to
remove #s much of the THF as possible in order to
convert 9 to 10 by the reaction with Me;SiCl. Finally.
the dark violet solid zirconium derivative 12 is obtained
in good yield via the smooth reaction of 1 with
Cp,ZiCl,.

Table 1
YR, e, PN, PSi and ''°Sn NMR data * of the bicyclic compounds
1 6 7 8 9 10 11 12

E 1/28i SiMe, SnMe, B(OED);  BOEt BE( ZCp,

sYB 56 34.2 547

STSiC NTSIND —10605M° 79(i24) ¢

8'saf K" 80! N)] 28.1 {52.6] ¢

513N -227.2 —2278 ~2212 -225.0 -196.2 —1526

5*C C-1 1328 1224 121.7(1.8) 1252]6.4] 1187 1194 120.6 124.5

(aUsi'*cn -2 98.7 1127 1.4 1105[18.0]  108.6 1129 1144 1118

["sn"*O) C-3 1064 1120 10.? 111.8[10.2] 1065 110.2 1104 1108
C-3a 1232 1356 135.0 1359[<2] 1368 1369 1354 139.0
c4 763 1222 1218 1246 (51.0] 1215 1211 120.8 121.8
[oX} 1468 1165 117.5¢4.5) 11595211 1244 1207 123.0 1300
c-6 453 12.0(66.5) 13.0(56.7) 12.2[398.9]  18.5[br] 14.0 [br) 19.9 [br] 59.1
Me/Et/Cp — — —1.2(57.7) —5.5[3758] 574185 580188 tLofbrl 86 1413

* Silunes were measured in CDC!,. All other compounds were meas
coupling.
" Measued al —30°C.
A gs = — 134 4+ Tppb.
ATINCTSn) = - 58.0 + 4 ppb.

ured in C,Dy. [br] Broud signal due :0 partially relaxed '2(''C.''B)



73

/ Journal of Organometallic Chemistry 332 (1997) 71-77

B. Wrackmeyer et al.

qf JO ASOY) 01 JT|IWIS AT KIIUNLOKAL I QP YIM XN | 1| PATISe 10U (NEE-6) O

tlQ

Suydnos (g, ), Paxy Aped o) anp [rues prolg [1q] “*a”D ur pamseaw apsam spunadios sao YL, 4130 Ul PAINKEAN 1M U] N
L/ £-D) 95T
(8/9/1// TJ)
(33
(8740}
[SoeEl 8t - freeglin - I'eE— {ujoce B [seitl 68— [siicles—  (619)61-  (OIH0T-  H-af
LU ED T L/ EDILET
(8/.9/4/.23) R/ 9/ 8/
C(H)) 68 (139 v
(FHD) (S/1-0) ($/2-0)
(L4 [+a] £'L2 (3 [} e .m [s'96¢] 9 — [S96£]19v—  (18S) L0 088)T0
[otet] LT [oonej el ru B [6'S0E] 921 [oe6zl o't [serlecs (@ 96l
[Lbs] o6t [ssshegil Lyxd] $5zl le'vs] 1'9zi [rsslssTy (3714} &'sTl
[Res] Tozl 81 LAl st [Talleeslselr  [Eel{zisIsen 1021 81l
L§2) 621 I'stl L9z [ z4! szt TELH Leet
€911 9'911 TEH s¥l Ivvlleoti Lol [riz)eont roit €11
6TIt et (X4 ren [®11] €901 [r1g)eont 9201 9601
[S61] 1'9E1 [Latl £9et 961 o9t letlvatlrsel [zl [y8ilesel LLEl (4431
LE0 = 001 — It 96
99 669
6T 9l [
sl ri i
858 88
'8¢ 298 A L9 AL ) a-N [: T4
Hug "o HusaW SIS NE8-6  NAg6 faWus s OIS ‘ars 4
“1ag NEE6  1DPMIS NH8-6  NA9-6 ‘anus faus “amis fas a-N
(Z)er1 (Z) ¥EL (Z)es Dar (2% @ ue (Z) %€ @az (e

spunodwoea ey uado ay jo , wiep YWN ug o PURIS N "Dy ]
T alqeL



™ B. Wrackmeyer et al. / Journal of Organometallic Chemistry 532 (1997) 71-77

The tin compound 8 is reactive towards 9-bora-
bicyzlo]3.3.1lnonane-dimer (in THF) and tetraethyldibo-
rane (in hexane in the presence of a large excess of
triethylborane [4]). As shown in Scheme 3, compound
13a is formed exclusively by cleavage of the Sn—-N
bond, and the same type of reaction takes place with
tewraethyldiborane, leading to 14a. If the latter reaction
is carried out in THF from the beginring, only unidenti-
fied polymeric material is formed. However, if THF is
added afier the formation of 14a, a clean cyclization to
11 takes place by elimination of tralkyltin hydride,
presumably first as Me, EtSnH which, after some time
in THF, is in equilibrium with Me,SnH. Et,MeSnH and
Et,SnH.

2.2. NMR spectroscopic results

"B, “C. "N, Si and "’Sn NMR data of the
heterobicyclic compounds 6-12, together with the data
for 1, are listed in Table 1, and Table 2 contains the
NMR data of the compounds 2a,b—4a,b. 5a. 13a and
14a for comparison. 'H NMR data are given in Section
4. If "H NMR data are not fully conclusive with respect
to structural assignments, as is the case in 3a,b owing to
overlap of 'H(I') and ' H(2') signals, '*C NMR data are
reliable in alt cases. Mutual assiznments of 'H and *C
resonances are based on the appropriate 2D Bc /'H
heteronuclear shift correlations (HETCOR). All sets of
NMR data are consistent with the proposed structures.

2.2.1. Chemical shifts 6''B, 8'°C and 8N

In the series of compounds 6-11. changes in the
6'*C values of the olefinic carbon atoms are small,
indicating only a weak influence of the heteroatoms Si,
Sn or B on the bonding situation. The differences in the
§"C values between the borate 9 and the boranes 10
and 11 can be ascribed to the presence of the trigonal
planur boron atom in the latter. The negligible change
¢ the 8"C values between 10 and 11 excludes any
sigaificant N-B(pp)m imteractions, in spite of the well
suited steric conditions for this type of interaction [S].
The 8N values of 6-8 and 10 cover a small range. The
reduced nitrogen nuclear shielding in 11 is typical of
dialkyl(N-pyrrolyDboranes {6], and indicates the pres-
ence of the unoccupied p, orbital at the boron atom, but
should not be taken as an indication of strong N—-B(pp)w
bonding. The ccordination number of the boron atoms
in 9, 10 and 11 follows from the 8'"' B data, which also
enable one to distinguish clearly between 10 and 11 [7].
Most 8"°C data and the 8N value of 12 show signifi-
cant changes compared with 6-11. In general, marked
deshielding of '*/'*N and "*C nuclei is observed which
can be traced to the presence of the zirconium atom
with its partially unoccupied 4d orbitals [8). The
deshielding effect concems in particular the nuclei adja-
cent to Zr ["'N,'*C(6)), and to a lesser extent the "C

nuclei which are separated by two bonds from Zr
[1*C(1,3a,5)], whereas the nuclear shielding of the other
¢ nuclei ['C(2,3,4)] remains unaffected.

2.2.2. Coupling constants '1(?°Si,°N), 'J1("!*Sn,* N} and
n](”‘isn.ljc)

The coupling constants 'J(**Si,'”N) = (+)12.4 Hz
and 'J("'°Sn,*N) = (—)52.6 Hz have been measured
for 7 and 8 from **Si and ''""Sn NMR specira (Fig. 1)
respectively, using Hahn-echo extended (HEED) [9]
polarization transfer Pulse sequences. such as INEPT
[101 The value 'J(’Si)*N) =(+)15.7Hz for 6 was
determined by observing the “Si satellites in the N
NMR spectrum. The increase in magnitude of
'J(¥Si,'°N) in 6 compared with 7 is expected [11]
[compare Me,Si~NEt, (+19.2Hz) and Me,Si(NEt,),
(+23.1 Hz) with regard t0 lJ(”Si,”N)], however, the
contribution of the N-pyrrolyl group to 'J(*Si,'*N)
appears to be much less positive than that of a dialky-
lamino group. This trend is even more pronounced in
the case of the tin compound 8, where a negative sign
of 'J(""Sn,"*N) is suggested by comparison with the
experimentally determined coupling sign of
'J(*"Sn,""N) in other N-triorganylstannyl pyrrole
derivatives [12). The corresponding values for the
trimethylsilyl and -stannyl derivatives are +13.5 and
—37.2Hz [9). Owing to the greater polarity of the
Sn-N bond, the magnitude of '#("'°Sn,"N) is mare
sensitive to structural changes than 'J(**Si,'*N). The
HEED technique also enables one to measure the iso-
tope induced chemical shifts 'A'* " N(*Si) = — 134 +
Ippb and 'A'"/"N("'°Sn)= —58 + 4ppb at natural
abundance of the nuclei involved. The interpretation
and classification of these data must be postponed until
a larger data set becomes available.

10N *NY = 526 HE

Mp o0 0s pTL A 2E gngy

1,

Fig. 1. 186.5MHz '""Sn NMR spectrum of 8 (ca. 25% in C,D,, at
254 1°C). recorded using the HEED-INEPT pulse sequence [9],
refocused with 'H decoupting (Hahn-echo delay 0.05s: acquisition
time 2.5s: 3000 transiems: 140min spectrometer time). The BN
sutellites according to 'J('"°Sn."*N) = 52.6Hz are shown 1ogether
with the residual broad pareat signal of the *'”Sn, "N isatopomer.
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Numerous ''°Sn—'3C coupling constants have been
measured for 3a,b (Table 2) and 8 (Table 1). The signs
of 'J("1%Sn,C(6)) (< 0), *J(1"*S$n,°C(5)) (> 0) and
22(11°8n,"*C(4)) (< 0) were determined by observing
the tilt of the relevant cross-peaks in the 2D P'C/'H
HETCOR experiments [13] (Fig. 2). The absolute signs
of "J(**Sn,"*C) can be based on the known [14] sign of
2J("1°Sn,' H(6)) > 0. To the best of our knowledge, this
is the first time that signs of "J(''"Sn,’C) and
"1 ("198n,'H) have beea determined for allylic tin
compounds.

The magnitude, and most likely also the sign, of
coupling constants “J(*'*Sn,'’C(pyrrole)) (n =2, 3) in
3ab is similar to other N-triorganylstanny! pyrroles
(eg. in Me,Sn-(2,5-Me,)NC,H, 21("%sn,c2.5) =
—12.5Hz, “J("""$n,”C(3,4)) = —19.6Hz [12]. How-
ever, there are significant differences between
“J(""°Sn,"*C(pyrrole)) in 3ab and 8, as a consequence
of the ring closure. In the case of 2J(''"Sn,"*C(3a)) <
2 Hz for 8, the contribution of another coupling pathway
according to *J('*Sn,'*C(32)) cannot be neglected, in
particular since this coupling constant is observed for
3a,b. Other changes in "J(!'?Sn,"*C(pymole)) can be
attributed to the more rigid structure of 8 as compared
with 3a,b, having an influence on the contribution of
the 7 system in mediating indirect nuclear spin—spin
coupling.

e A

i
Y . ;— 1.60
e
;?“\ Lies [sw
.\‘]/ ;
v
| P10

o i [

A |

5C

Fig. 2. Contour plot of the 125.8MHz 2D "'C/'H heteronuclear
shift correlation [based on 2J("*C(5),' H(6)] of 8. The relevant cross-

aks are marked and their positive till indicates alike signs of
270, H6) (> 0) and *J("'*Sn.1*C(SN).

3. Conclusions

The reagent N.C-dilithio-2-allylpymole (1) is an at-
tractive starting material in heterocyclic synthesis. The
products themselves can serve again for further transfor-
mations to new heterocycles as shown for the tin /boron
exchange (8/11). In addition to the synthetic potential
of the new heterocycles, they possess interesting NMR
spectroscopic properties which can be explored by ad-
vanced NMR techniques as shown for some of these
compounds.

4. Experimental

All preparative work and handling of samples was
carried out under an atmosphere of dry N, using
oven-dried glassware and dry solvents. Starting materi-
als ("BuLi in hexane, Me;SnCl, Me,SnCl,, B(OE);,
SiCl,, Cp.ZrCl,) were commercial products and used
without further purification. Other starting materials
were prepared according o literature procedures (NC-
dilithio-2-allylpyrrole [3], C1-9-BBN [15] H-9-BBN
(161, *“*Et,BH" [17D. Mass spectra (EI-MS; 70eV)
were recorded with a VARIAN-MAT CH 7 instrument
with direct inlet. NMR spectra were recorded by using
Jeol EX270 ('H, "’C) and Bruker ARX 250 and AM
500 spectrometers ('H, ''B, °C, N, "N, ’Si, '’sn).
Chemical shifts are given with respect to Me,Si
[8'H(CHCI,/CDCl;) 7.24,(C,D,) 7.15; 5 *C(CDCl,)
77.0, (C,D,) 128.0]. Et,0-BF, [8"'B with Z("'B)=
32.083971 MHz), neat MeNO, [8"N with S(*N)=
7.223656 MHz] and Me,Sn [5'°Sn with S(''"°Sn) =
37.290665 MHz).

4.1. 3a /b and 4a / b

3a/b and 4a /b were prepared analogously to the
procedure described far 2a /b [3]. 4a cannat be obtained
pure, but only as a 1:1 mixwre with 4b.

4.1.1. N.3"-bistrimethylstannyl)-2(prop-T'-enyl) pyvrrole

3a: 'H NMR (C,D;: 250MHz) 8'H {J('H,'H)}}
[A("Sn,' )] = 5.31 (d) {2.6} (H-3); 6.26 (1) {2.6} (H-4);
6.49 (m) (H-5); 5.89 (d) {11.5} (H-1');; 5.55 (d1} {11.5)
(9.7) (H-2'), 2.01 (d) 9.7} (H-3'); 0.27 (s) [57.9] (N-
SnMe,); 0.05 (s) [52.3] (3"-SnMe;).

3b: 'H NMR (C,D,: 250MHz) §'H (J('H.'H)}
[2("°Sn, H)] = 6.35 (m) (H-3): 6.20 () {2.9} (H-4);
6.47 (m) (H-5): 6.0 (m) (H-V, H-2'); 1.75 (m) [68.0]
(H-3'); 0.26 (s) [59.1] (N-SnMe,); 0.03 (s) {52.5] (3-
SnMe, ).
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4.1.2. N,3"-bis[9'-(9"-borabicvclof 3.3.1Inonyl)]-2(prop-
I-enyl) pyi rrole 4

da: 'H NMR (C,D,; 250MHz) §'H {J('H,'H)} =
642 (@ (3.2} (H-3% 629 (m) (H-4, H-I'); 7.06 (m)
(H-5); 5.47 (a0 {11.8} {10.1} (H-2"); 2.32 (@ (10.1}
(H-3).

4b: 'H NMR (C,D,; 250MHz) 8'H {J('H,'H)} =
6.41 (m) (H-3); 6.23 (O (2.6} (H4); 7.04 (m) (H-5)%
6.41 (@) {15.7) (1i-1); 6.08 (dv) {15.7} {7.6} (H-2'); 2.31
(@) {7.6} (H-3'); 1.10-1.30 (m), 1.60-2.00 (m) (3-BBN).

4.2. 7.7'(7aH,7d H)-spirobil 7a-aza-7-sila-6.7-dilvvdro-
indenel 6

To a stirred solution of 8.27ml (70 mmol) SiCl; in
150 m! of ether, 2.92 g (24 mmol) of 1 in 150 m! of THF
was added at room temperature within 30min. The
colour of the reaction mixture tumed to orange. After
removal of the solvent the residue was extracted with
ether. Fractional distillation gave 2.1 g (36%) of 6 as a
light brown liquid (b.p. 110°C,/1Tor). 'H NMR
(CDCI, 250MHz) 8'H {J('H,'H)} = 6.72 (m) (H-1);
6.30 (m) (H-2); 6.26 (m) (H-3); 6.52 (d) {10.2} (H-4);
5.75 (m) (H-5); 1.90-2.00 (m) (H-6). EI-MS: m /£ (%)
238 (100) [M*]; 133 (10) [M*—C,H,N]; 105 (14)
[C,H,N*].

4.3. Bis{3'-[N-dimethylchlorsityl-2-prop-Z)-1'-enyllpyr-
raIe]/dimethyIsilane 5a and 7a-aza-7,7-dimethyl-6,7-di-
hydro-7-sila-7aH-indene 7

0.5g (4.2mmol) of 1 in 20ml of THF was added
within 10min to a stirred solution of 1.6 g (12.6 mmol}
of Me,SiCl, in 30ml THF at room temperature. The
colour of the reaction mixture turned to brown. The
solvent was then removed in vacuo and the residue
extracted with hexane. Fractional distillation gave 0.18 g
(31%) 7 (b.p. 43°C/1Torr) and 0.68 g (36%) 5a (b.p.
185°C / 1Torr) as almost colourless hqunds

Sa: 'H NMR (CDCl; 250MH2) 8'H {J('H,'H)} =
6.66 (d) {2.8) (H-3); 6.54 (t) {2.8} (H-4); 7.04 (d) {2.8}
(H-5); 6.71 (d) {11.6} (H-I). 5.92 {dr) {116} {89}
(H-2'); 2.25 (d) {8.9} (H-3'); 1.04 (s) (N-SiMe,); 0.38
(s) (3’-SnMe,)

7: "H NMR (CDCl,; 250MHz) 8'H {(J('H,'H)) =
6.89 (m) (H-1); 646 (1) {2.9} (H-2); 6.33 (m) {H-3)
6.53 (dv) {10.2} {1.8) (H-4); 5.80 (dt) {10.2} {5.2} (H-5);
1.78 {ad) {5.2} {1.8} (H-6); 0.55 (x) (SiMe,). EI-MS:
m /z (%) 163 (100) [M*]; 148 (52) [M*-Mel: 133 (6)
[M*-2Me]; 105 (4) [M*-SiMe,].

4.4. 7a-Aza-7.7-dimethyl-6.7-dihydro-7-stanna-7aH-
indene 8

To a stirred suspension of 3.6g (30mmol) of 1 in
200 m] of ether at — 78 °C, a solution of 6.54 g (30 mmol)

of Me,SnCl, in 30ml of THF was added slowly. The
mixture was stirred for 15h while warming up to room
temperature. After filtration and removal of the solvent
from the filtrate in vacuo, the residue was distilled
(94°C /0.1 Torr). 15ml of pentane was then added to
the raw product and the mixture was left for 20h at
—78°C. 8 precipitated quantitatively. The precipitate
was washed with another portion of pentane cooled to
—78°C and 5.2 g (68%) of 8 was obtained as colour]ess
crystals (m.p. 35°C; b.p. 94°C/O 1 Tor). 'H NMR
(C, Dy, 250MHz) 8'H {J( H."H)}} [J('"*Sn,' H)] = 6.53
(m) (H 1) 6.31 (1) {2.6} (H-2); 6.22 (m) (H-3); 6.32 (dv)
{11.2} {1.7) [+1.6] (H-4); 549 (d {11.2} {5.2)
[~ 128.5] (H-5); 1.63 (dd) {5.2} {1.7} [60.3] (H-6); 0.13
(s) [58.3] (SnMe, ). EI-MS: m /z (%) 255 (70) [M*];
240 (80) [M*-Mel; 225 (30} [M*-2Me], 106 (100)
[M*-SnMe, ].

4.5. Lithivm-7u-aza-7,7-diethoxy-7-borata-6,7-dihvdro-
7aH-indene 9

To a stirred solution of 5.3 mi {30 mmol) of B(OE®),
in 50ml of THF at —78°C. 4g (30mmol) of 1 in
100 ml of THF was added slowly. The colour of the
reaction mixture turned to red. Removing the solvent in
vacuo left a mixture of 9 and LiOEt which can be
directly used for the preparation of 10. The residue was
extracted with hexane. Removal of the hexane in vacuo
cave 0.8 g (13%) of 9 as a viscous yellow oil. Colour-
less crystals of a THF adduct of 9 were obtained from
loluene/hexane 1:1 al —78°C. '"H NMR (C, D,
250MHz) 8'H (J('H.'H) =7.0 (m) (H-1); 655 (t)
{1.9} (H-2); 6.49 (m) (H-3): 6.66 (d) {9.5} (H-4); 6.11
(dt) {9.5} {4.6) (H-5); 1.53 (@) {4.6) (H-6): 3.54 () (7.0}
(OCH,); 1.00 (1) {7.0} (CH,).

4.6. 7a-Aza-7-ethoxy-7-bora-6,7-dihydro-7aH-indene 10

To a suspension of 25 mmol of crude 9 in hexane,
3.2ml (25 mmol) of Me,SiCl was added at room tcm-
perature. The solution was stirred for 15 h. After that the
mixture was filtered. Distillation of the filtrate gave
23¢g (57% with respect to 1) of 10 as a colourless
llquld (bp 58°C/l Torr). 'H NMR (C,D,; 250 MHz)
8'H {J('H,'H)} =737 (d) {2.7} (H- 1) 6.41 () {2.7}
(H-2); 6.29 (m) (H-3); 6.53 (d) {9.5) {1.8} (H-4); 5.58
(d0} {9.5} {4.5} (H-5); 1.29 (dd) {4.5} {1.8} (H-6); 3.40
(@) {7.1} (OCH,); 092 (1} {7.1} (CH,). EI-MS: m/z
(%) 161 (18) [M*]; 132 (100) [M+ Et]; 105 (12)
[M*~BGEt].

4.7. 7a-Aza-7.7-bis(n’-cyclopentadienyl)-6,7-dihydro-

7-zirconig-7aH-indene 12

To a stired suspension of 0.6g (2.1 mmol) of
Cp,ZrCl, in 100ml of ether cooled to —78°C, 0.24¢
(Zmmol) of 1 in 30ml of THF was added within



B. Wrackmeyer et al. / Journal of Organomerallic Chemistry 532 (1997} 71-77 k)

10 min. The colour of the reaction mixture became dark
brown and changed to dark red while warming up to
room temperature. After removing the solvent in vacuo
the residue was extracted with ether and filtered. Re-
moval of the ether i in vacuo left 0.5g (73%) of 12 as
dark v1olet crystals. 'H NMR (CDy; 250MHz) §'H
(JOH,"H)} = 6.51 (m) (H-1); 6.64 (1) {2.7} (H-2); 647
@ 2.7} (H-3); 653 (d) {105} (H4); 6.21 {d {10.5}
{8.1} (H-5); 1.92 (d) {8.1} (H-6); 5.71 (s) (Cp).

4.8. N-borabicyclo{3.3. ! Inonyl-2(prop-(Z)-I'-enyl-3'-di-
methyistannylpyrrole 13a

6.2 g (5.1 mmol) of 9-BBN was added in one portion
to a solution of 1.3g (5.1 mmol) of 8 in 20ml THF at
room temperature. The mixture was stirred for E5h.
Removal of the solveni gave 7.3 g (100%) of 13a as a
colourless oil. 'H NMR (C,D,, 250MHz) &'H
{JCH, H} LJC"Sn, H] = 7.11 (o) (H-1); 631 () {2.9)
(H-2); 6.20 (m) (H-3); 6.48 (d) {10.7} (H-I'); 5.69 {dt)
{10.7} (9.1} (H-2'); 2.15 (d) (9.1} [72.4] (H-3'); 5.00 (m)
[1744.0] (SnH); overlapping multipletts at 1.82-1.34
(9-BBN group); 0.09 (s) [53.6] (SnMe).

4.9.  N-diethylboryl-2{prop-1'-(Z)-enyi-3'-dimethyistan-
nyl)pyrrole 14a

To a suspension of 1.3g (5.1 mmol) of 8 in pentane
at 0°C a rixture of 2.1 mmol of tetraethyldiborane with
an excess of BEt, was added. After Smin the suspen-
sion became clear. Removal of the volatile material left
1652 (100%) of 14a as a colourless oil. '"H NMR
(C,D;. 250MHz) 8'H {J('H,'H)} [J(""°Sn,'H] = 7.0}
(m) (H-1); 630 (1) (3.1} (H-2); 6.46 (m) (H-3); 6.15 (d6)
{11.8) {1.2} (H-1); 5.65 {dr) {11.8} {9.3} (H-2’); 2.09
(dd) {9.3} {1.2} (H-3'); 5.01 (m) [17.09.6] (SnH); 1.26
(@) {7.6}, 095 (1) (7.6} (BE);, 0.06 (d) {1.5} {55.2]
(SnMe).

4.10. 7a-Aza-7-bora-7-ethyl-6,7-dilivdro-7aH-indene
n:

THF (5ml) was added to 3.25g (10 mmol) of 14a.
After 10min of stirming at room temperature all volatile
material was removed in vacuo and the residue was

condensed at a pressure of 10~* Torr into a comed tube
(—78°C). In this way 9.3g (20%) of 11 was obtained
as a colowrless oil (bp. 65 °C/0.1Tom). 'H NMR
(C¢D,, 250MH2) §'H {J('H,'H)} = 6.87 (m) (H-1);
6.35 (1) {3.1} (H-2); 6.19 (m) (H-3); 6.52 (de) {9.6} {1.7}
(H-4); 5.71 (dv) {9.6} {4.2) (H-5% 1.63 (ad) (4.2} {1.7}
(H-6; 1.12 (q) {7.6}, 0.85 (1) {7.6} (BEY).

Acknowledgements

Support of this work by the Fonds der Chemischen
Industrie and Volkswagen-Stiftung is gratefully ac-
knowledged.

References

[1] D. Hinssgen and E. Odenhausen. Chem. Ber.. 112 (1979} 2389;
). Schulze and G. Schmid, J. Organomet. Chem., 193 {1980)
83.
{2] B. Wrackmeyer and H. Zhou, J. Organamet. Chen., 375 (1989}
1: S.A. Bums, RJ.P. Corriu, V. Huynh and 3 J.E. Mosean, J.
Organomet. Chenm, 333 (1987) 281.
[3) B. Wrackmeyer, . Ordunz and B. Schwarze, J. Organosier.
Chem., in press,
[4] R. Kdster, G. Bruno and P. Binger, Just. Lieb. Ann. Chem., 644
agen) 1.
5] B. Wrackmeyer, B. Schwarze and W. Milius. Inorg. Chim.
Acta, 241 (1996) 87.
{6] H. N6th and B. Wrackmeyer. Chem. Ber.. 106 (1973) 1145.
[7]1 H. Ntth and B. Wrackmeyer. Nuclear magnetic resonance
of boroa ds. in P. Diehl. E. Fluck and R.
Kosfeld (eds) NMR Basic Principles and Progress. Vol. 14,
Springer. Berlin, 1978; B. Wruckmeyer and R. Kostr, in R.
Kiister {ed.). Houben-Weyl, Methoden der Organischen Cherrie,
Vol. 13/3c, Thieme, Stuttgart, 1984, pp. 377-611.
{8] J. Mason, Chem. Rer., 81 (1981) 205.
{91 E. Kupce and B. Wrackmeyer, J. Magn. Reson.. 97 (1992) 568.
110} D.P. Burum and R.R. Emst. J. Magn. Reson., 39 {1980) 163.
[11] B. Wrackmeyer and E. Kupee, in M. Gielen (ed), Topics in
Physical Organometallic Chemistry, Val. 4, Freund Publishing.
Tel Aviv. 1992, pp. 289-352.

[12] B. Wrackmeyer. G. Kehr and H.E. Maisel, in preparation.

[13] A Bax and R. Freeman. J. Magn. Reson.. 45 (1981) 177.

[14] V.S. Petrosyan, Progr. NMR Spectrosc., 11 (1977) 115.

[15] R. Koster and M.A. Grassberger. Just. Lieb. Ann. Chene., 719
(1968) 169.

[16] H.C. Brown. EF. Knights and C.G. Scouten. J. Am. Chem.
Soc., 96 (1974) T765.

[17] R. Koster, G. Bruno and P. Binger, Just. Lieb. Aan. Chem., 644
(96D L




