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(57, MY), 340 (46, M* - CO), 312 (42, M* - 2CO); IR (hexane)
»(CO) 1978, 1907 em™; *H NMR (C¢Dy) 4 4.82 (s, CgH;Mes), 1.90
(S, CGHSM 63)'

Preparation of [(mes)Os(C;H,),] (18). A suspension of 1
(105 mg, 0.14 mmol for n = 2) in 12 mL of ethanol was treated
with an excess of dry Na,COj; (ca. 100 mg). While a slow stream
of ethylene was passed through the suspension, it was heated to
80 °C under continuous stirring. After 6 h the reaction mixture
was cooled to room temperature, and the solvent was removed
in vacuo. The residue was extracted three times with 20 mL of
petroleum ether, the solution was filtered, and the filtrate was
concentrated to ca. 1 mL in vacuo. After chromatography on Al,O,
(neutral, activity grade III) with benzene/hexane (1:5) a yellow
fraction was obtained. It was brought to dryness and dried in
vacuo to give a pale yellow microcrystalline solid, yield 48 mg
(48%). Anal. Caled for C;3H,0s: C, 42.60; H, 5.50; Os, 51.90.
Found: C, 42.49; H, 5.64; Os, 52.05. MS (70 eV), m/z 368 (24,
MH); TH NMR (C¢Dg) 8 4.58 (s, CsH;Mey), 1.72 (s, CgHsMe,), 2.04
(m, [4H], C,H,), 0.94 (m, [4H], C,H,).

Preparation of [(mes)Os(C;H;g)] (19) occurred analogously
as described for 18, starting from 1 (89 mg, 0.12 mmol for n =
2) and norbornadiene (0.91 g, 9.9 mmol). The reaction mixture
was heated to 80 °C for 1 h and further worked up as described
for 18 by using only hexane for chromatography. A pale yellow

powder was obtained, yield 56 mg (58%). Anal. Caled for
CieHxOs: C,47.74; H, 5.01. Found: C, 48.27; H, 5.28. MS (70
eV), m/z 404 (71, M*); 'H NMR (C¢Dy) 6 4.77 (s, CeH3Mey), 1.91
(s, CeHMes), 3.74 (m, CH), 2.64 (m, =CH—), 1.07 (t, Jygy = 1.6
Hz, CH,).
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Alkenylboranes 7 and 8 with a group 14 organometallic group (R%M; M = Sn, Pb, R? = Me, Et, Ph)
at the C=C double bond, in a cis position with respect to the boryl group, are obtained via organoboration
of the corresponding alkynylstannanes (5) and -plumbanes (6) (R%M—C=C—R!; R! = H, Me, 'Bu, Ph)
with trialkylboranes (R;B, R = Et (2a), 'Pr (2b)). Many of the lead compounds are thermally and
photolytically unstable. The dialkylboryl group in 7 and 8 prefers the conformation 10, where the C,B
plane is perpendicular to the C=C—B plane as shown by dynamic ‘H and *C NMR spectra. In the alkene
derivatives 7 and 8 cleavage of the =C-—R bond occurs readily, re-forming the alkynylmetal comPound
(5, 6) and the trialkylboranes 2 (deorganoboration). Direct proof is given for this by two-dimensional !H/'H
exchange NMR spectra. The preferred structure 10 makes CB (o) interactions possible, weakening the
=C—R bond, and together with a weak M—C= bond the organoboration becomes readily reversible. The
structure 10 is also favorable for R?/R exchange, which has been found to take place between lead and
boron in 8, leading to alkenes 13 and 13’. Only one example for 8 has been found for cis/trans isomerization

into 15. All products are characterized by their !B, 13C, 11%Sn, and #"Pb NMR data.

Introduction

Among the various reactive sites in alkynylmetal com-
pounds (1)! the M—C=C- fragment in particular offers
great synthetic potential. Considering the polarity of that

LpM-C=C-R'
1

fragment, an electrophile is likely to attack at either of the
alkyne carbon atoms. The attack at the carbon atom
adjacent to the metal may lead to cleavage of the M—C=
bond, which is then followed by further reactions. We have
found that triorganoboranes (2) react with various alky-
nylmetal compounds (M = Si,2 Sn,? Pb,* Pt5) such that

(1) (a) Nast, R. Coord. Chem. Rev. 1982, 47, 89. (b) Davidsohn, W.
E.; Henry, M. C. Chem. Rev. 1967, 67, 73. (c) Cauletti, C.; Furlani, C,;
Sebald, A. Gazz. Chim. Ital. 1988, 118, 1. (d) Sebald, A.; Wrackmeyer,
B.; Theocharis, C. R.; Jones, W. J. Chem. Soc., Dalton Trans. 1984, 747.

0276-7333/90/2309-1881$02.50/0

alkenes of type 3 are formed (eq 1). The metal fragment

: RB  MLn
LpM-CZC-R' + BRy — >=< (1
R R
1 2
3

R%M has migrated from one carbon atom to the other, and
an organyl group (R) from boron together with the boryl
group end up at the same carbon atom. In most cases
these organoborations are quantitative and stereoselective
(as shown). An intermediate (4) has been proposed® that

(2) (a) Wrackmeyer, B. J. Chem. Soc., Chem. Commun. 1988, 1624.
(b) Koster, R.; Seidel, G.; Wrackmeyer, B. Chem. Ber. 1989, 122, 1825.

(3) (a) Wrackmeyer, B. Rev. Silicon, Germanium, Tin Lead Compd.
1982, 6, 82. (b) Wrackmeyer, B. In Boron Chemistry; Hermanek, S., Ed,;
World Scientific: Singapore, 1987; pp 387-415.

(4) Wrackmeyer, B.; Horchler, K.; Boese, R. Angew. Chem. 1989, 101,
1563; Angew. Chem., Int. Ed. Engl. 1989, 28, 1500.

(5) (a) Sebald, A.; Wrackmeyer, B. J. Chem. Soc., Chem. Commun.
1983, 309. (b) Sebald, A.; Wrackmeyer, B. J. Organomet. Chem. 1986,
307, 157.
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R MLn
% 4 1
R—4B -C=C-R
R
4

has a borate-like structure with the L,M fragment side-
on-coordinated to the C=C triple bond. Recently this was
confirmed by X-ray analysis for M = Pb.* Thus, the
products 3 are formed in a way analogous to the reaction
of alkynylborates with electrophiles,® e.g., trialkyltin
chlorides.”

There is already some evidence that the reaction shown
in eq 1 is reversible®® (deorganoboration), although no
direct relationship to the nature of the substituents on the
C=C double bonds and their spatial arrangement has been
established. Since the alkene derivatives 3 are attractive
starting materials for organometallic synthesis, their
structure in solution is of considerable interest. In this
work we show that the preferred conformation of the boryl
groups for the alkenes 7 (L,M = R%Sn) and 8 (L M =

Risn-c=C-R' RiPb-C=C-R! R3B
5 6 2
a b ¢ 4 e f g a b

R? Me Me Me Me Et Et Ph
R! H Me 'Bu Ph Me ‘Bu Me

2
RB SR} RzES_{PbRa

R R R R
7 8
a b ¢ d e f g h i j k
R? Me Me Me Me Me Me Et Et Et Ph Ph

R' H Me Me ‘Bu Ph Ph Me Me 'Bu Me Me
R Et Et Pr Et Et Pr Et Pr Et Et Pr

R%,PD) is related to the chemical properties of these al-
kenes. The compounds 739 and 8 are analogous to 3 and
can be readily obtained (according to eq 1) by the reaction
between the alkynylstannanes (5) and -plumbanes (6),
respectively, with the triorganoboranes 2. Owing to the
weak and polar lead—carbon bonds, the alkenes 8 should
be good models (stereochemistry comparable to that for
L.M = R2%Sn, R%Si) for studying the deorganoboration
and other possible rearrangements. Multinuclear magnetic
resonance spectroscopy together with various two-dimen-
sional (2D) NMR techniques has been used.

R Et Pr

Results and Discussion

The reactions between the alkynylmetal compounds 5
and 6 and the triorganoboranes 2 in hexane or toluene at
low temperatures (between —78 and +25 °C) afford com-
pounds 7 and 8 quantitatively. These are colorless, ex-
tremely air-sensitive, oily liquids or solids (8j, 8k). The
lead derivatives 8 with R = Et are much less stable to
rearrangements and decomposition than 7, and frequently

(6) (a) Koster, R. Pure Appl. Chem. 1977, 49, 281. (b) Suzuki, A. Acc.
Chem. Res. 1982, 15, 178. (c) Pelter, A. Chem. Soc. Rev. 1982, 11, 191.

(7) (a) Hooz, J.; Mortimer, R. Tetrahedron Lett. 1976, 805. (b) Wang,
K. K.; Chu, H-L. J. Org. Chem. 1984, 49, 5175. (c¢) Chu, H.-K.; Wang,
K. K. J. Org. Chem. 1986, 51, 7167. (d) Wang, K. K.; Chu, K.-H.; Lin, Y.;
Chen, J.-H. Tetrahedron 1989, 45, 1105.

(8) (a) Wrackmeyer, B,; Bihlmayer, C.; Schilling, M. Chem. Ber. 1983,
116, 3182. (b) Wrackmeyer, B. Z. Naturforsch. B: Anorg. Chem., Org.
Chem. 1978, 33B, 385. (c) Wrackmeyer, B.; Zentgraf, R. J. Chem. Soc.,
ghlem. Commun. 1978, 402. (d) Wrackmeyer, B. Organometallics 1984,

(9) Hagelee, L. A.; Koster, R. Synth. React. Inorg. Met.-Org. Chem.
1977, 7, 53.

(10) Menz, G.; Wrackmeyer, B. Z. Naturforsch., B: Anorg. Chem.,
Org. Chem. 1977, 32B, 1400.
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their NMR spectroscopic characterization had to be carried
out in solution at low temperature immediately after
mixing the alkynylplumbane (6) and the triorganoborane
(2) at 78 °C (e.g., for 8d,j). The NMR data for the alkenes
7 and 8 are given in Table I, together with data for rear-
rangement products (13, 14, 15) and data from the liter-
ature for comparison.

Conformation of the Alkenylboranes 3, 7, and 8. For
alkenyldiorganoboranes the two extreme conformations 9
and 10 can be considered. A structure close to that of 9

AR g

R—B P
—
9 10

is stable if there is little steric hindrance, and BC (pp) =
interactions may add to the stability. The structure 10
will be observed if bulky substituents are present on the
C==C double bond and/or on the boron atom. This is the
ca.sle for compounds 7 and 8 and, indeed, for all compounds
3_1

The alternative structures 9 and 10 in solution can be
deduced from dynamic NMR measurements. In 9 the two
groups R could be distinguished, whereas in 10 the two
groups R are chemically equivalent. Of course, this
equivalence could also result from fast rotation about the
B—C==bond axis. Therefore, the organyl groups R must
contain prochiral centers with groups that become dia-
stereotopic!? if structure 10 is preferred. This condition
would be fulfilled with R = Et (BCH, protons) or R = iPr
(methyl groups of the BiPr, group). The 'H NMR spec-
trum for the BEt, unit should show the pattern for an
A,M;, spin system if fast rotation about the B—C== axis
takes place or the pattern for an ABM; spin system for
structure 10 in the case of slow rotation (see Figure 1 for
3 with L,M = Me;Si, R1= Me, R = Et). In the case of R
= iPr the 'H (Me) und 3C (Me) resonances for the BiPr,
group will be split into two doublets and two singlets,
respectively, for structure 10 (see Figure 2 for 8f). The
AG* values (e.g., 57.7 £ 2 kJ/mol for 8f, 63.7 £ 2 kdJ /mol
for 7f) are on the same order of magnitude as found for
another alkene derivative of type 3 (L,M = Me,EtSn, R!
= Me, R = Et, R,B = Et(C,;H,N)B; AG* = 58.1 = 1 kJ/
mol'). Thus, structure 9 can be ruled out, since it would
require the nonequivalence of all 'H and !C resonance
signals for BEt, and BiPr, groups, which has not been
observed (see Figures 1 and 2).

Reversible Formation of the Alkenylboranes 3, 7,
and 8. The deorganoboration of 7 and 8 requires the
smooth cleavage of a carbon—carbon bond (=C—R). This
calls for experimental evidence as well as for a mechanistic
explanation. Thus far this deorganoboration has served
to explain the rearrangement from kinetically controlled
products to the thermodynamically stable products!® and
the formation of various products such as allenes® and
3-borolenes.®d In the latter cases the compounds of type
3 react further with alkynylmetal compounds, which are
thought to stem from the partial deorganoboration of 3.
It would be more conclusive to find direct evidence for the
exchange between 7 or 8 and an excess of either the re-

(11) Siebert, W.; Hildenbrand, M.; Hornbach, P.; Karger, G.; Pritzkow,
H. Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1989, 44B, 1179.

(12) (a) Hanson, R. K. J. Am. Chem. Soc. 1966, 88, 2731. (b) Mislow,
K.; Raban, M. Top. Stereochem. 1967, 1, 1. (c) Jennings, W. B. Chem.
Rev. 1975, 75, 307. (d) Kerschl, S.; Wrackmeyer, B. J. Chem. Soc., Chem.
Commun. 1986, 403.

(13) Bihlmayer, C.; Wrackmeyer, B. Z. Naturforsch., B: Anorg.
Chem., Org. Chem. 1981, 36B, 1265.
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Figure 1. Part of the 300-MHz 'H NMR spectra of (E)-2-(tri-
methylsilyl)-3-(diethylboryl)-2-pentene (3, L,M = Me;Si, R! =
Me, R = Et; the 'H SiMe, resonance is not shown) at various
temperatures: (A) -20 °C, corresponding to the spectrum at 25
°C (the rotation of the Et,B group about the =C—B bond is fast,
and the 'H BEt resonance shows the pattern for an A,M; spin
system); (B) -45 °C (the rotation of the Et,B group about
multiplet is observed, indicating coalescence); (C) —70 °C (the
pattern of an ABMj spin system has emerged, which upon 'H{'H}
decoupling yields the coupling constant 2/(*H'H) = 18 + 0.3 Hz;
with use of the value 2J(*H'H) = 18.0 Hz and the shift difference
A('H) = 20.9 Hz, AG*(—45 °C) = 46.5 + 2 kJ/mol for the barrier
to rotation of the Et,B group about the =C—B bond can be
evaluated®®). The quality of analogous spectra for 7b (L,M =
Me,Sn) and 8b (L,M = MeyPb) is poor, owing to smaller shift
differences A(*H) and broadening of all 'H resonances at low
temperature (<-70 °C).

spective alkynylmetal compound or the trialkylborane 2.
The former exchange reaction is not particularly suitable,
as it may involve the formation of other products. An
excess of 2 does not seem to affect the NMR spectra of the
organoboration products 7 and 8. Since many of these
alkene derivatives are thermally unstable (uncontrolled
decomposition), an increase of the exchange rate by heating
the samples cannot be achieved. One alternative is an
extension of the NMR time scale for the observation of
slower processes by application of magnetization transfer
experiments!* (nuclear magnetization of R should be found
for 2 and for 7 and 8). The nuclei for this experiment must
be either 13C or 'H, since the relaxation rate of the !B
nuclei is dominated by efficient quadrupolar interactions.
In the case of *C NMR we are dealing with simple spectra,
but there is the inherent problem of low sensitivity. With
'H NMR we encounter rather complex 'H NMR spectra
for R = Et (the compounds with R = Me are too unstable).
Therefore, we turned again to R = 'Pr and used 2D ex-
change spectra!® (preferable to 1D experiments because
the relevant 'H resonances (‘Pr methyl groups) are found
in a close range). A typical result is shown for 8h in Figure

(14) (a) Hoffmann, R. A.; Forsen, S. Prog. NMR Spectrosc. 1966, I,
15. (b) Sanders, J. K. M.; Mersh, J. D. Prog. NMR Spectrosc. 1982, 15,
353.

(15) (a) Jeener, J.; Meier, B. H.; Bachmann, P.; Ernst, R. R. J. Chem.
Phys. 1979, 71, 4546. (b) Macura, S.; Ernst, R. R. Mol. Phys. 1980, 41,
95.
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Figure 2. 75.5-MHz *C{'H} NMR spectra at various temperatures
for 8f in CD,Cl, (the region for olefinic carbon is not shown): (A)
spectrum at 25 °C, showing a single slightly broadened 13C Me
resonance for the BiPr, group (note also the *'Pb satellites for
other 3C resonances and the broadened (partially relaxed scalar
coupling 'J(*3C!B) '3C BCH resonance); (B) spectrum at -20 °C
(there are now two 13C Me resonances for the B'Pr, group, but
there is still a single 3C BCH resonance in agreement with the
conformation of the boryl group in structure 10; from A(**C) (37.9
Hz) AG* = 57.7 £ 2 kJ/mol (at 5 °C, coalescence) can be eval-
uated? for the barrier to rotation about the =C—B bond (for
the corresponding tin compound 7f AG* = 63.7 + 2 kJ/mol has
been determined)).
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Figure 3. Two-dimensional (2D) *H/'H exchange 300-MHz NMR
spectrum!® for a mixture of the alkene 8h and triisopropylborane
(2b) (the same experiment also works for 7f or 8f and 2b). The
'H Me resonances of 'Pr groups are shown, and the cross peaks
in the contour plot are characteristic for exchange. The pulse
sequence was w/2—t,—w/4—t —m/4-to; the mixing time 7, = 0.5
s was used.

3, and similar spectra were obtained for tin compounds
such as 7¢ in the presence of an excess of B'Pr3. The cross

peaks between the 'H (Me) resonances support the pro-
posed exchange between 'Pr groups in 7 or 8 and in B'Pry
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Table I. 13C, 198n, and *Pb NMR Data®’ for the Alkene Derivatives 3, 7, 8, 13, 14, and 15

compd 8(BC)
no. L.M R! R M—C= B—C= L.M R,B =C—R! =C—R o(M)
7a Me;Sn Et 125.0 172.0 -8.4 21.8, 9.0 4 32.8,13.5 -55.2
[503.0} [br] [336.5] [br} {94.0, 10.8]
8a MezPb Et 130.7 170.6 -2.1 21.7, 9.0 d 33.0, 13.6 -101.7
(4341]  [br] (244.7] [br] [162.1, 9.0]
7h Me;Sn Me Et 133.6 163.2¢ -8.6 22.0, 9.1 19.8 23.2, 13.5 -48.4
[540.0) [br) [317.9] {br] [80.1] [83.9, 18.0]
8b MesPb Me Et 140.9 160.8¢ -1.5 22.1,9.2 22.3 24.0, 14.2 —65.6
[5346]  [br] [194.0] [br] [129.7) (1417, 15.8]
3 Me;Si Me Et/ 130.4 161.7 -0.8 21.3,9.5 154 22.5, 12.9 -6.0 (#Si)
[70.9]
7c Me;Sn Me iPr 131.2 165.0 -8.6 26.2, 19.7 20.9 31.1, 22.5 -54.2
(536.4]  [br] (317.1] [br] (63.8] (87.2, 6.6]
8c Me,Pb Me ipy 137.8 162.6 -1.3 26.2, 19.6 234 31.6, 22.8 -76.5
[545.0] [br] [184.7] {br} [130.8] [150.4, 11.0]
7d Me;Sn ‘Bu Et 150.0 162.6 -3.5 22.3,9.5 40.3, 33.4 25.5, 14.3 -54.6
[645.0] [br] {307.4] [br] [59.4, 25.6] [107.4, 12.0]
8d Me,Pb ‘Bu Et? 157.0 159.6 3.5 22.4, 9.7 42.3, 33.7 26.8, 14.8 -92.8
[5743]  [br] [158.0] [br] (1090, 48.0]  [1945, 18]
Te Me;Sn Ph Et 141.8 163.7 ~8.0 22.6, 9.3 146.4* 25.8, 14.5 -49.1
[486.1} [br] [328.1] [br] [42.0] [70.3, 10.5}
8e Me,Pb Ph Et 147.2 161.5 -0.2 22.5,9.2 147.0¢ 26.5, 14.7 —65.3
(436.0]  [br] [207.1] (br] (83.4] (1155, 13.1]
7f Me;Sn Ph ipr 140.0 165.9 -8.3 26.8, 19.6 147.3% 33.3, 23.4 ~-53.5
[48L7]  [br] (328.1] [br] (38.7] (747, 7.0}
8f MeyPb Ph ipyt 144.9 163.0 ~0.2 26.6, 19.5 147.6™ 33.9, 23.5 -76.9
[4387]  [br] [198.9] [br] 181.2] [122.1, 8.7]
78 Et,Sn Me Et 133.2 163.5 1.57 21.6, 8.8 20.4 22.9, 13.6 -41.3
[462.01 [br] {321.0] [br} [56.2] [75.0, 9.9]
8g Et,Pb Me Et 143.5 161.5 12.9° 22.0, 9.1 23.1 24.2, 144 -2.1
(329.2]  [br] [195.6] [br] [104.1] [116.6, 14.1]
8h Et;Pb Me ipr 141.2 162.37 13.07 26.3, 19.3 24.2 32.0, 22.7 ~15.6
[339.5] [br} [186.9] [br] [105.2] [123.7, 9.3]
8i Et;Pb ‘Bu Et 159.9 160.3 16.6" 22.1,94 414, 336 26.9, 14.5 -3.7
(359.1]  [br] [164.0] [br] (94.8,39.3]  [160.7, 15.3]
8j Ph;Pb Me Et* 140.9 165.3 155.7¢ 22.1, 9.0 23.3 24.6, 14.2 -204.8¢
[640.0] {br] [338.0] [br] [136.6] [171.0, 17.0]
8k PhyPb Me iPr 141.3 167.3* 153.0% 26.6, 19.4 24.6 32.7, 22.7 -182.7
(630.0]  [123.2)  [324.2] [br] [133.0] [176.6, 12.0]
13b Me,EtPb Me Et 144.1 162.7 -1.9 (Me) 23.0 24.2, 14.6 -32.7
[435.0]  [br] [148.6] [119.7] [129.3, 16.1]
13.5%
[231.3]
13d Me,EtPb ‘Bu Et 160.3 161.8 2.6 (Me) 24.3, 10.0 42.0, 33.5 27.1, 15.3 -48.3
Me [493.2] [br] [112.8] [br} [103.0, 45.8] [176.0, 17.4]
17.77 14.5 (Me)
[261.0] (br]
13d’ MeEt,Pb ‘Bu Et 162.7 163.1 1.9 (Me) 16.9 (Me) 41.6, 33.4 274, 15.3 -18.2
Me [415.8] [br} [{73.0] [br} [97.5, 42.5] [161.9, 16.3]
17.5%
(213.6]
14b Me;Sn Me Et 132.7 163.6 -8.3 22.9, 8.7 24,1 31.2, 15.0 -55.6
(4935]  [br] (320.1] [br] [70.8] [70.8, 9.8]
15i EtsPb Bu Et 164.4 153.1 15.7%¢ 21.3, 10.3 404, 31.9 31.4, 149 -8.9
[296.5) [br] [175.5) [br] [96.5, 31.6] [130.8, 15.0}

°Solutions (5-15%) in CgDg or C;Dg in 5-mm (0.d.) tubes, measured at 27-28 °C, if not noted otherwise; data from the literature for 3,2 7a, 7b, and
14b,* and 7.2 ®4(*3C) values are given with respect to Me,Si (3(*C)¢,p, = 128.0, 8(*C)gyn,
values are relative to external Me M, with use of the absolute frequencies Z(*Si) = 19867184

= 20.4, 3(1*C)cp,cy, = 53.8); 8(®8i), 5(*°Sn), and 5(*'Ph)
z, Z(11%Sn) = 37 290665 Hz, and Z(**"Pb) = 20920597

Hz. Coupling constants "J(M!*C) (Hz) are given in brackets, and br denotes the broad *C resonances of carbon atoms linked to boron (partially
relaxed scalar coupling 'J(1*C1B)), °2J(11®Sn'H) = 91.6 Hz; J(='*C'H) = 138.0 Hz. ¢2J(2"Pb'H) = 225.4 Hz; 1J(=13C'H) = 134.9 Hz. ¢2J(}1®Sn!*C)
= 68.1 Hz; 2J(*"Pb*C) = 117.0 Hz (both at -50 °C in CD,Cl,). /Data from ref 2b. #In CD,Cl, at ~15 °C. *3(**C) for other phenyl carbon atoms: 127.4
[17.5] (0), 128.5 [8.0] (m), 125.0 [10.3] {p). 6(**C) for other phenyl carbon atoms: 128.4 [15.3] (o), 127.4 [31.6] (m), 125.2 [19.6] (p). /In CD,Cly; barrier
to rotation about the B—C== bond with AG*(10 °C) = 63.7 £ 2 kJ/mol, as determined from the coalescence of the B'Pr, Me resonances in the 13C
NMR spectrum (see also Figure 2 for 8f). *5(*3C) for other phenyl carbon atoms: 128.1 [17.4] (0), 128.3 [7.6] (m), 124.9 [10.3] (p). !In CD,C),; barrier
to rotation about the B—C==bond with AG*(5 °C) = 57.7 = 2 kd/mol, as determined from the coalescence of the BiPr, Me resonances in the 3C NMR
spectrum (see Figure 2). ™5(!3C) for other phenyl carbon atoms: 128.2 [15.3] (o), 127.5 [32.7] (m), 125.1 [22.9] (). "8(**C)gacecng 11.0 [23.1].
°8(1%C)pnougens: 13.9 [30.0]. PJ(P'PHIC=) ~ 85 + 3 Hz. 98(**Clpnonyeny: 140 [30.5]. 78(*C)pycuyen,: 136 [28.3]. *In CD,Cl, at -30 °C. ¢3(1¥C) for
other Pb—pﬁnyl carbon atoms: 138.1 [62.5] (o), 129.2 [68.9] (m), 128.6 [16.2] (p). “At room temperature 8j decomposes rapidly into a mixture of
various products, including 13j (3(*’Pb) — 177.0) and 13j’ (§(**"Pb) - 127.5). *Broadened 13C resonance; owing to the large molecular weight efficient
“quadrupolar decoupling” of the !'B nuclei takes place. “5(13C) for other Pb—phenyl carbon atoms: 138.1 [61.1] (o), 129.2 [68.7] (m), 128.4 [15.2] (p).
x(s(lsC)prH,‘,m.{a: 13.9 [315] ya(lac)pwﬂzcﬂai 13.8 [311] '5(lsc)prH2CH31 13.6 [283] Mé(laC)PbC}{chs: 14.0 [305]

(2b) and, therefore, prove that the organoboration (eq 1)
is readily reversible. Since the methyl groups belong to
different molecules, NOE and J coupling cannot be re-
sponsible for the cross peaks, leaving the exchange as the
only explanation.

A further alternative to check on the reversibility of the
organoboration is provided by crossover experiments. 'H,

13C, and 2Pb NMR spectra of reaction solutions show that
the treatment of 8¢ (R = Pr) with 2a (R = Et) gives a
mixture of 8b and 8c after several days.

We propose that the preferred structure 10 is an im-
portant prerequisite for the deorganoboration (eq 1). That
particular conformation of the boryl group allows maxi-
mum interaction between the formally empty boron p,
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Scheme I. Intramolecular R?*/R Exchange between the
Metal and the Three-Coordinate Boron Atom*®
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¢For M = Pb, the products 13 and 13’, can be characterized by
1H, 13C, and ®'Ph NMR spectra (see Figure 4) in mixtures (see
Table I) with the corresponding compounds 8.

orbital and the s orbital of the =C—R bond. This causes
a weakening of that bond, leading finally to re-formation
of the alkynylmetal compound and the triorganoboranes
via the intermediate 4. MO calculations, on the basis of
the geometry of 10, support these arguments.’® Clearly,
the strength of the M—C=bond is important as well: for
L,M = Me;Si and R = Et the alkenes of type 3 have to
be heated up to >140 °C to induce partial deorgano-
boration.? On the other hand, the organoboration of alk-
ynylsilanes requires rather severe reaction conditions and
is never complete under these conditions.? This can be
explained by considering the equilibrium in eq 1.

Exchange of Groups R?2 and R between Tin, Lead,
and Boron in 7 and 8. If one substituent R%in 7 and 8
functions as a Lewis base (e.g., R? = NEt,,!” OR9), the
intramolecular coordination to the boron atom is well es-
tablished. If one substituent R? is an alkynyl group (R?
= C=C—R?}), spectroscopic (M = Sn,!? Pb?) and direct
structural proof (M = Pb#%) has been obtained that the
alkynyl group is transferred from the metal to the boron
atom, leading to an alkynylborate structure (such as 4)
before further reactions take place.

For organyl groups R? = alkyl, phenyl as in 7 and 8,
intermediates with tetracoordinate boron (11) are not
sufficiently stable for NMR spectroscopic detection.
However, there is indirect proof for bridging of the type
M—R2—B or M—R—B (11) if products such as 13
(Scheme I) can be characterized by NMR spectroscopy.
Again the lead compounds 8 should be potential candidates
for this objective, owing to the rather weak Pb—C bonds.
R?/R exchange in compounds of type 7 has been observed
only when there were basic sites in R! that would stabilize
a cationic metal fragment (e.g., in 12).22 One decompo-
sition pathway of the lead compounds leads to trialkyl-
boranes BR,R? and BRR?,, together with lead, Me,Pb, and
the alkyne R—C=C—R!. This suggests that the zwit-
terionic structure 12 not only serves to explain the ex-
change mechanism but also represents a conceivable in-
termediate prior to decomposition.

The rate of the R?/R exchange is not noticeably affected
by concentration, which strongly supports the intramo-
lecular mechanism (vide infra for the influence of R!). The

(16) Schieyer, P. v. R. Personal communication.

(17) Kerschl, S.; Wrackmeyer, B. Z. Naturforsch., B: Anorg. Chem.,
Org. Chem. 1985, 40B, 845.

(18) Kerschl, S.; Wrackmeyer, B.; Ménnig, B.; N6th, H.; Staudigl, R.
Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1987, 42B, 387.

(19) Killian, L.; Wrackmeyer, B. J. Organomet. Chem. 1978, 148, 137.

(20) (a) Wrackmeyer, B.; Wagner, K.; Abu-Orabi, S. T. J. Organomet.
Chem. 1988, 346, 333. (b) Wrackmeyer, B.; Guldner, G.; Abu-Orabi, S.
T. Tetrahedron 1989, 45, 1119.

(21) (a) Wrackmeyer, B. Polyhedron 1986, 5, 1709. (b) Wrackmeyer,
B.; Abu-Orabi, S. T. Chem. Ber. 1987, 120, 1603.
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Figure 4. 62.8-MHz 2"Pb{'H} NMR spectra for monitoring the
formation of 8d and its rearrangement into 13d and 13d": (a)
spectrum taken at —50 °C, after mixing 6c and 2a at —78 °C in
CD,Cl,, showing that 6¢ is still present; (b) spectrum taken after
10 min at -15 °C, showing that 6¢ is fully consumed and 8d is
the only product; (c) spectrum taken at -15 °C immediately after
warming the sample to 25 °C for 60 s, now showing a mixture of
8d, 13d, and 13d’ (note that the line widths of the ?"Pb resonances
are very similar, as expected for an unchanged stereochemistry
at the C=C double bond). If the mixture is left at 25 °C for 1
h, 8d is no longer detectable and 13d and 13d’ (ratio ~2:1) are
the main products, together with a growing number of further
unidentified products due to decomposition.

120

T T T

first step in the R?/R exchange involves electrophilic attack
of the three-coordinate boron atom at the M—R?2 bond.
Therefore, the preference of structure 10 is also important
for this reaction. If the three-coordinate boron atom is
sterically shielded (e.g., R = iPr)), R?/R exchange is very
slow or does not take place at all. For R? = Ph, the R?/R
exchange is much faster than for R? = alkyl, and it is
accompanied by extensive decomposition (8j). Further-
more, the substituent R! in 8 exerts considerable influence
on the rate of R?/R exchange. It is observed that the
Me/Et exchange is accelerated (~1 min at 25 °C; see
Figure 4) for R! = tBu (8d) (eq 2) with respect to that for

Me Et Me

Et,B  PbMey  Et-B  PbMe; MeB  PbEL
= = = 5 @)
Et By E gy Et 'Bu
8d 13d 13d’

R! = Me (8b) (several days!). It is conceivable that a more
bulky substituent R! (which would kinetically stabilize 8
against intermolecular exchange processes) pushes the
Me;Pb group closer to the boryl group, where the boron
atom—according to structure 10—is ready to attack one
of the Pb—C bonds. For R? = Me and R = Et the R?/R
exchange leads to compounds 13 and 13’ with one and two
B-methyl groups, respectively. These alkenes tend to be
very unstable for M = Sn and, in particular, for M = Pb.
Thus, many irreversible decomposition reactions of 8 follow
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the reversible R?/R exchange.

Cis/Trans Rearrangement of the Tin and Lead
Derivatives 7 and 8. By UV irradiation or prolonged
exposure to daylight, many tin compounds 7 isomerize to
the derivatives 14 with the stannyl and the boryl groups
in a trans position.’® This has not been observed for the
lead compounds 8, which tend to undergo intramolecular
exchange reactions (vide supra) and/or decompose in an
uncontrolled manner. Even the fairly stable compound
8b does not prefer cis/trans rearrangement to exchange
and decomposition. However, in the case of 8i (R! = ‘Bu
and R = R? = Et) cis/trans isomerization to 15i (eq 3) does

;B PbEN Et  PbEY
\ o >_<
_( t @)
t Bu Et)B 'Bu
8i 15i

take place. Since R = RZ, the R?/R exchange does not
afford a new, less stable product (as in the case for R? =
Me) that eventually decomposes and by this affects the
equilibrium. On the other hand, the bulky substituents
on the C=C double bond will favor deorganoboration. If
the trans isomer 15i is the thermodynamically stable
product, it will eventually be formed via a large number
of organoboration and deorganoboration steps.

NMR Parameters: Chemical Shifts and Coupling
Constants, All 5(*%C) values for the alkenes (Table I) are
found in the expected range. The '3C resonances for the
olefinic carbon atoms show the usual substituent-induced
shifts exerted by R! and R, in addition to the effects of
the organometallic substituents. Together with the con-
formational analysis for the boryl group (vide supra) the
constancy of the 6(**C)y_c—~ and 8(1*C)g_c— values (if
corrected for other substituent effects) strongly suggests
that all alkenes listed in Table I prefer structure 10 as far
as the boryl group is concerned.

The 8(}1%Sn) values cover a range of <20 ppm, whereas
the range of the (¥7Pb) values is ~100 ppm. The greater
sensitivity of the #"Pb nuclear shielding is expected,
considering the ratio of the radial expansion terms
(r®)ep/ (r"®) s, which is >3 if relativistic corrections for the
07Ph nucleus? are taken into account. However, the di-
rection of substituent (R% R, R) induced changes of the
8(11%Sn) and §(*"Pb) values is the same. The presence of
the boryl group on the C=C double bond does not affect
the (M) values in a particular way, as shown by com-
parison with 6(M) data for other alkenylstannanes? and
-plumbanes.?® Similarly, the 6(M) values are not partic-
ularly indicative of the boryl group in a position cis or trans
to the R%M group (see 7b, 14b; 8i, 15i), in strong contrast
to the line width of the '®Sn or *'Pb resonances (vide
infra).

Relationships between coupling constants 'J(119Sn!3C)
and J(®'Ph!3C) where the carbon atom is sp® or sp? hy-
bridized have been discussed in detail,?® and the trend for
the data reported in this work is fully in agreement with
that already reported. The usual pattern of the *J(M3C)|
values across the C=C double bond is observed:® |3J-

(22) (a) Pyykko, P.; Wiesenfeldt, W. Mol. Phys. 1981, 43, 557. (b)
Pyykko, P. Chem. Phys. 1983, 74, 1.

(23) (a) Wrackmeyer, B. Annu. Rep. NMR Spectrosc. 1985, 16, 73. (b)
Mitchell, T. N.; Kummetat, C. J. Organomet. Chem. 1978, 157, 275.

(24) (a) Wrackmeyer, B.; Horchler, K. Annu. Rep. NMR Spectrosc.
1990, 22, 249. (b) Mitchell, T. N.; Marsmann, H. C. Org. Magn. Reson.
1981, 15, 263.

(25) Wrackmeyer, B.; Horchler, K. Magn. Reson. Chem. 1990, 28, 56.

Wrackmeyer and Horchler

(MBC)] s < [PJMBC)|yrans (se€ Th, 14b; 8, 15i). This ob-
servation is very helpful for the discussion of the line width
of the %Sn and ?"Pb resonances of 7, 8, 13, 14, and 15.
The increase in the line width of the M resonances as a
result of scalar relaxation of the second kind? is a function
of the quadrupolar relaxation rate of the 1B nucleus and
the magnitude of the scalar coupling PJ(M''B)|. For 7 and
14 it has been shown that the sharper lines are always
connected with a mutual cis position of stannyl and boryl
groups.?’® Accordingly, we find a fairly sharp 2"Pb reso-
nance for 8i (h,/; = 45 Hz) and a much broader line for
the trans isomer 15i (h;,, = 85 Hz). Therefore, it holds
that [FJ®TPbUB)|,, < J("PbUB)},.,. The ®'Pb NMR
spectrum of the mixture of 8d with the rearrangement
products 13d and 13d’ (Figure 4) shows the same line width
for the three 27Pb resonances, indicating that the orginal
cis arrangement of plumbyl and boryl groups is retained.

Experimental Section

The triorganoboranes 2 (2a,% 2b%) and the alkynylstannanes
(5'%%2) and -plumbanes (6'°3) were prepared by following literature
procedures. All reactions were carried out in pure, dry solvents
under an N, atmosphere. Examples for many of the alkene
derivatives 7 have been fully described previously.>® The cor-
responding lead compounds 8 were prepared in the same way.
Owing to their limited thermal stability they could not be stored
(lead is deposited even at -20 °C after a few minutes) in solution
or as pure compounds. Therefore, NMR spectra had to be
measured immediately after the synthesis of 8. Only 8b could
be distilled at 20 °C/10™ Torr. All the other compounds 8, 13,
13/, and 15 decomposed on attempted distillation into many
products, one of which is the alkyne R—C=C—R!.

NMR spectra (see also Table I and Figures 1-4 for details) have
been recorded by using a JEOL FX90Q and Bruker AC 200 and
AC 300 spectrometers, all equipped with a multinuclear unit. 3C
NMR spectra have been assigned by using conventional techniques
(J modulation, 2D C/'H shift correlations®). 1%Sn NMR
spectra have been recorded with use of inverse gated decoupling
{for suppression of the NOE, for quantitative information®2) or
by the refocused INEPT pulse sequence.® At By =7.05 T the
27Ph relaxation rate (T,(*"Pb)) is rather fast, owing to significant
contributions from chemical anisotropy relaxation.4a% Therefore,
the 62.5-MHz 27Pb NMR spectra can be obtained within a short
time (minutes) even for diluted solutions, with use of ca. 45-60°
pulses and a short repetition time (ca. 0.3 s) (see Figure 4).
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