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Synthesis of 1,2-bis(1-boraadamant-2-yl)ethane derivatives.

Crystal structure of the racemic form
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Condensation of trialtvibocane with octa-1,7-divne followed by treatment of the reaction
mixture with methanol afforded a mixture of sterevisomeric |, 4-bis(3-methoxy-3-bora-
bicycio{3.3. 1jnon-6-en-7-yhbutanes (1a,b). Hydroboration of the latter with a solution of
BH in THF yielded the tetranydrofuran complex of 1.2-bis(i-boraadamant-2-yhethane (2)
as a mixture of diastereomers. Pure racemate (2a) was obtained by crystaltization from the
reaction mixture and it was converted into the pyridine complex of 1.2-bis(I-boraadamant-
2oviyethane (3). The structure of the latter was established by X-ray diffraction analysis.
Complex 2a was converted into the corresponding racemic 1,2-bis(1-hydroxvadamant-2-

vhethane (4a) by the carbonylution-oxidation reaction.
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I-Boraadamantane and its derivatives are excellent star-
ting compounds for preparing various adamantane. aza-
adamantane. bicyclic, and cyclohexane compounds. =3
many of which are cither difficultly accessible or cannot
be prepared according to classical procedures. The gen-
eral procedure for the synthesis of [-boraadamantanes
involves hvdroboration-isomerization of 7-substituted
3-methoxy-3-borabicyclo[3.3. Hjnon-6-enes, which are
prepared upon treatment of products of allylboron-acety-
lenic condensation (ABAC) with MeOH. viz.. by ther-
mal reactions (120—140 °C) of terminal acetylenes with
triatlvl- or trimetallylborane 1=3 This procedure makes
it possible to prepare virtually any 2-mono- or 2,2-
dialkyl dertvatives ot |-boraadamantane as well as their
analogs containing functional groups in the side chain.*
It was of interest to extend the scope of this synthetic
procedure as well as to estimate the fields of application
of ABAC products in the synthesis of new polyhedral
svstems containing two |-boraadamantane cores in the
molecule. In the present work, we report the synthesis
of two adducts of 1,2-bistI-boraadamantan-2-yethane
and conversions of their diastereomeric complexes with
tetrahydrofuran into the corresponding I-adamantanols
(see the previous publication®). The structural param-

eters of the racemic form of the bis-pyridine complex
are discussed.

Heating of triallviborane with octa-1,7-divne at
135—140 °C followed by treatment of the reaction
mixture with MeOH afforded 1,4-bis(3-methoxy-3-bora-
bicvclo{3.3.1]non-6-en-7-yDbutane (1) as a | : |
mixture of diastereomers, viz., of the racemate (la)
and the meso form (ib) (Scheme 1). Hydroboration of
compound 1 with a solution of BH;-THF in THF
followed by heating (66 *C. 2 h) gave the tetrahvdrofu-
ran complex of 1.2-bis(1-boraadamantan-2-ylhethane
(2). which is the first compound containing two
|-boraadamantane fragments in the molecule. The
13C NMR spectrum of complex 2 has two sets of signals
corresponding to the racemate (2a) and the meso
form (2b) (Table 1). The individual racemic diastere-
omer 2a was crystallized from the reaction mixture
when tetrahydrofuran was partially disulled off. Using
this procedure. we succeeded in isolating racemate 2a in
45% vicld. Adducts 2a and 2b are very readily oxidized
m oair.

Treatment of adduct 2a with pyridine afforded air-
stable bis-pyridine complex 3. The configuration of the
latter was established by X-ray diffraction analysis.
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Table 1. Chemical shifts in the

13C NMR spectra of the 1.2-bis(t-boraadamanian-2-yhethane complexes

Com- Sol- Cy G €% Cr C Gy C7y Ci6) Cao Other

pound vent signals

2a THF-dg 40.0 2883 266 368 343 347 345 41.5 422 THEF, 68.5, 26.0; CH,. 30.0

2b THF-d, 387 2288 2169 360 341 347 344 415 422 THF, 683, 260; CH,, 282

3 Py-ds 410 338 269 360 346 338 332 416 4265 CH,, 303 Py, 1256, 1394, 1430
Scheme 1*
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The structure of molecule 3 1s shown in Fig. 1. The
crvstal structure consists of 2 racemic mixture of sepa-
rated LL and DD molecules. The molecule has a transoid
structure. The |-boraadamanty! fragments are located
on opposite sides of the central C(1)—C(2) bond. The
C(2 )—C(1)—C(2)~C(2") torsion angle is 167.0°. The
B—N bonds are virtually parallel to the central
C(1)—C(2) bond. The C(1)—C(2) bond forms angles of
8.4 and 13.8° with the B(1')—N(1 ") and B(1")—N(I")
bonds, respectively.

The configurations of the asymmetrical centers in
both halves of the molecule (the C(27) and C(2") atoms)
are identical. The environments about the asymmetrical
atoms, viz., the projections along the C{27)—H(2'A) and
C(2")—H(2"A) bonds. are shown in Fig. 2.

* Hereinafter. the structures of one enantiomer of the com-
pounds are shown in the schemes for simplicity. Actually, all
chirat compounds occur as racemates.
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The pyridine rings are in identical orientations with
respect to the 1-boraadamantyl fragments. The plane of
the ring virtually coincides with the bisecting
BC(9)C(35)C(10) plune. The dihedral angles between the
planes. N1 HC(11HC(157)/B(1HC(EHC(SHC(107) and
NOYCOECE7)/BUMCII)C(5yC(107), are 5.3° and
4.5°, respectively. The orientations of the pyridine rings
with respect to the adjacent |-boraadamantyl fragments
are also identical, viz., the plane of the Py’ ring is
approximately coplanar with the mean plane of the
B(1)C(2)Ci31)CEMC3™)C(9") ring (more precisely,
with the plane of the "chair base” of this ring) and. on
the contrary, the plane of the Py” ring is virtually co-
planar with the mean B(1)C(2")C(3")C(4")C(5")C(9")
plane (the plane of the "chair base” of this ring). The
N )T LT3 )/CRMHC37)C(3)C9") and
NI?)C(HIC37)/C(27)YC(3)C(537)C(9") dihedral
angles are 20.7 and 15.8°, respectively. The geometric
parameters of the pyridine rings have standard values.
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Fig. 1. Overall view of molecute 3.
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Fig. 2. Projections along the C27)-H2'A) and

Ci2y—H(2’A) bonds in molecule 3.

The geometric parameters of the [-boraadamantyl
fragments are somewhat asymmetncal. which is mani-
fested in the following facts. First, two B—C bonds are
somewhat shorter than the third bond (the B(1 )—C(2")
bond length is 1.636(8) A and the average length of the
remaining two bonds is 1.594 A; the B(1")—C(2") bond
length is 1.629(9) A and the average length of the
remaining two bonds is 1.618 A&). Second. the C—C
bonds between the atoms of the BC(2)C(8)C(9)
fragment and the  six-membered  chair-like
C(3HCHC(HTHICNCI0) ring are longer than the
bonds in the latter ring. Thus the C(2)—C(3).
C(8)—C(7). and C(9)—C(3) bond lengths arc n the
range of 1.523—1.560 A and the C—C bond lengths in
the rings are in the range of 1.503—1.540 A. Finally, the
BCC bond angles are somewhat smaller than the CCC
bond angles (the average values are 106.80 and 110.16°,
respectively). An analogous asymmetry was also ob-
served in the three previously studied 1-boraadamantane
complexes with pyridine,® quinoline.® and methylene-
triphenylphosphorane,” in which the B substituents are
located asymmetrically with respect to the [-bora-
adamantanyl fragments. as in compound 3. The B—C
bond lengths are 1.616 and 1.620 A in the pyridine
complex.® 1.60(1), 1.397(9). and 1.64(1) A in the quino-

line complex.® and 1619, 1.630, and 1634 A in the
methvlenetriphenviphosphorane complex.” whereas the
C--C bond lengths in these complexes are in the ranges
of 1.522—1347. 1.505—1.357, and 1 497—1.346 A, re-
spectively. In the 1-boraadamantane complex with
3.5-dimethyl-1-azaadamantane.3 in which the |-aza-
adamantane ligand is located symmetrically with respect
to the I-boraadamantane fragment, the B—C bond
lengths are equalized (1.625—-1.628 A) and the C--C
bond lengths vary in the range of 1.528—1.543 A_ In this
case, an clongation of the C—C bonds between the BC;
fragment and the six-membered ring is retained (and is
even more pronounced; 1.339—1.3435 A). Therefore, it is
believed that the steric factors that appear in the case of
intermolecular contacts between the atoms of the
I-boraadamantane fragments and the B substituents af-
fect primarily the B—C bond lengths and the BCC bond
angles, whereas the asymmetry of the C—C bonds is,
apparently, an inherent characteristic feature of the
boraadamantane molecule.

The dative B—N bond length (1.641 A) in com-
pound 3 coincides with that observed® in the 1-bora-
adamantane complex with Py (1.642(4) A), but it is
shorter than those in the complexes with quinoline®
(1.722N A) and l-azaadamantane® (1.690(3) A). The
B-»N(Py} bond lengths (the B atom is bound to three
carbon atoms) available in the Cambridge Structural
Database (April 1999) differ substantially: 1.657.% 1.630,10
164117 1.610,'2 and 1.630 A1

No pronounced dependence of the B-—>N bond length
on the nature of the substituents in the B- and
N-containing fragments of the molecules is observed. It
can be suggested that the B—»N bond length is not a
fixed value and is determined both by the electronic (the
character of the bonds with the boron and nitrogen
atoms) and steric factors, which hinder the approach of
the B-containing fragments to the N-containing frag-
ments. Examination of all B—>N bonds in the molecules
with different types of the bonds with the participation
of the boron atoms, viz.. the C3B—»N. C;NB—N, and
C,0B-sN bonds. demonstrated that the average values
of the BoN bond lengths are 1.626 (1.539--1.783),
1.391 (1.522—1.70D), and 1.631 A (1.530--1.719), re-
spectively. Such substantial spread in the bond lengths
and the large mean error (0.2 A) also agree with the
suggestion that the B->N bonds are nonrigid.

One of the efficient ways of using boron cage com-
pounds in organic synthesis involves their transforma-
tions into the corresponding adamantanols by carbon-
ylation-oxidation reactions (direct replacement of the
boron atoms by the carbon atoms).'14 The
diastereomeric tetrahvdrofuran compiexes of 1,2-bis(1-
boraadamantan-2-yhethane (2a, 2b) which were syn-
thesized in this work were smoothly converted into the
corresponding 1,2-bis(!-hydroxyadamantan-2-vljethane
(4). In this case, we obtained both a mixture of
diastereomeric diadamantanofs (4a,b) and an individual
racemate (4a) (Scheme 2).
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To summarize, in this work we svnthesized the first
representatives (complexes) of bis-!-boraadamantane
compounds and carried out their conversions nto
diastereomeric 1,2-bis{1-hydroxyadamantan-2-vheth-
anes.

Experimental

Al operations with organoboron compounds were carried
out under an atmosphere of dry argon. The 'H, *C. and ''B
NMR spectra were recorded on Bruker AC-200P (operating at
200,13, 30.32. and 64.21 MHz for 'H. 3C. and "B, respec-
tivehy) and Bruker AMX-400 (operating at 400.13 and 160.13
MH2 for "H and '*C. respectively) instruments.

1.4-Bis(3-methoxy-3-horabicyclof{3.3.1}non-6-en-7-¥1-
butane (1). Octa-1.7-divne (14.6 g. 135 mmoly was added
dropwise to triallviborane (36.8 g. 270 mmol) at [35--140 °C
for | h. The reaction mixture was hmud at 140 °C for 2 h and
then cooled to 0 *C. MeOH (135 mL) was carefully added and
the reaction mixture was refluxed for t+ h. Distillation gave
compound 1 in a vield of 36.8 ¢ (75%). b.p. 179—182 °C
(0.2 Torr): np?" 1.5168. Found (%): C. 74.30: H. 10.49; B.
6.00. CyyH3,B,05. Caleulated (%): c 74.61: H. 10.25; B 6.10.
"H NMR (CDCly). & 0.78--2.50 (m, 28 H. signals for the
aliphatic protonsy: 3.61 (s. 6 H, OMe): 3.39 (m, 2 H. HC=C)A
L3C NMR (CDCly), & 24.3 and 23.5 (C(2) and C(h)): 27.18
and 27.23 (CH- bridge): 27.5 and 29.2 (C() and C(3): 32
and 37.3 (C(8) and C(N): 37.48 and 37.51 (CH,—C=C): 529
(MeO): 1279 (CH=C): 134.0 (CH=C).

Complexes of (RS,RS)- (2a) and (RS,SR)-1,2-bis(1-
boraadamantan-2-vl)ethane (2b) with THF. A 1.2 A solution
of BH; in THF (30 mL) was added dropwise (o a solution of
compound t ¢10 g. 283 mmol) in THF (130 ml). The
reaction mixture was refluxed for 2 h and then cooled. The
THF (~30 mlL) was evaporated in vacwo. After 16 h, the
crystals that precipitated were filtered off. According to the
13C NMR spectral data (Table 1), the resulting compound was
pure racemate 2a. The yield was 2.98 g (24% or 48% per
diastereomer), m.p. 188—189 °C. "B NMR (CDCly). &: 11.8.
"H ONMR (THF-dy). 6 0.40—2.20 (m. 40 H. protons of the
adamantane core and CH, groups); 3.69 (m, 8 H, CH,OCH,
in THF). The 3C NMR spectrum is given in Table 1. The

OH OH

4a,b

4a

mother liquor was concentrated in vacuo. and complex 2 was
additionally obtained in a vield of 8.68 g (70%). which was
(according 1o the *C NMR spectral data) a 2 : | mixture of
meso form 2b and racemate 2a. The total yield of compounds
22 and 2b was 94%.

Complex of (RS,RS)-1,2-bis(1- burnadamanmn -vhethane
with pyridine (3). Pyridine (0.3 mL, 3.7 mmol) was added t0 a
solution of compound 2a (0.5 g. 1.} mmol) in THF (50 mL).
The solvent was removed in vacuo. The residue was twice
recrystallized from EtOH. Complex 3 was ()bmincd m a yield
of 0.3 2 (72%), m.p. 214215 °C. Found (%) C, 79.39;
H. 10.08: B, 4.28. C3pH42B,N;. Calculated (% ) C, 79.67:
H. 936; B. +.78. '"H NMR (Py-ds). &: 0.50—2.60 (m, 32 H,
protons of the adamantane core and CH; groups); 7.28 (dd.
4 H m-Py, =76 Hzand F = 38 Hz). 7.65 1. 2 H, p-Py.
J = 7.6 Hz): 878 (d. 4 H. 0-Py). The PC NMR spectrum is
given in Table 1.

(RS.R$)-1,2-Bis(1-hydroxyadamantan-2-yl)ethane (42). A
sotution of compound 2a (3.23 2. 7.4 mmol) in THF (90 mL)
was heated in an autoclave filled with CO (the initial pressure
was 100 atm) at 140 °C for 3 h. The autociave was cooled and
ethylene glveol (2.5 ml) was added to the reaction mixture.
Then the mixture was heated at 140 °C and at a CO pressure of
70 atm for 4 h. After cooling, the content of the autoclave was
ransferred into a flask. A mixture of EtOH (153 mL) and a 10%
NaOH solution (10 mL) was added to the reaction mixture at
() °C and then a 43% H,0, solution (I mL. 16 mmol) was
carefully added. The reaction mixture was kept at ~20 °C for
16 h and then refluxed for {3 h. The THF was removed i
vacuo. and the residue was filtered off and washed with water
and ether. The residue was recrvstallized from #n-BuOH. Prod-
uct 4a was obmmed in a yield o:’ l 4 g (63%), m.p. 307—308
°C. Found (%): C, 79.65: H. 37. CyH;340,. Calculated
(%): C. 79.95. H. 10.37. 'H NMR (DMSO-d(,). 3 1.25-2.10
(m. 32 H, protons of the adamantane core and CH; groups):
3.34 (s. 2 H, OH). "3C NMR (DMSO-dg). & 23.5 (CH,;
bridge); 29.8 (C(4)): 29.6. 30.3. and 31.9 (C(3). C(5). und
C(7)): 36.8, 37.9, and 39.2 (C(6), C(9), and C(10)): 47.4
(C(81): 30.3 (C(2)); 67.8 (C()).

1,2-Bis(1-hydroxyadamantan-2-yl)ethane (2 mixture of the
meso form and the racemate, 1 : 1 (da,b)). A mixture of
alcohols 4a.b was prepared from a mixture of complexes 2a,b
(9 g. 20 mmol) taken in a ratio of 17 | in a yield of 4.7 g (76%)
as described above; m.p. 300-2306 °C. Found (%) C, 79.45;
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Table 2. Selected bond lengths () in molecule 3

Bond djA Bond d/A

B(1—C(9")  1.383(%) B(1")~C(8") 1.616(8)
Bl —Ci8") [.606(8) B(1"—C(9" 16208}
B(11--C(2)  1.636(9) B(IM—C(2M 1.629(9)
Bt H—Nil "y 1637 B(1")--N{(1") 1.630(3)
C(2—=C(3y  1.5360(8) C(2"—Ci(3 1.333(8)
C3H--CidN) 1.310(9) Ci3"—C(10m 1.516(5)
C(37)~—Ci0y  1.340¢8) C(31)—C{am 1.348(9)
CI07)Y—=C(7y 1.520(9) CHy~—C(7") [.516(9)
C(7)—-C(67)y  1.311(8) C(7—Ci6") 1.323i9)
Ci7y—C(8"y  1.335¢8) C{77--C(8™) 1314
C{6')—~C(53"y L3329 Ci6")y—C(3") 1.524(9)
Ce3)y—-C4y 1.303(9) C(—Cd 1.310¢9)
Ci3—-C(9y  1.356(%) C{3) (9 1.332¢5)

H. 1323 C,;Hy,0,. Caleulated (%) C. 79.930 H. [0.37.
TH NMR (DMSO-dy. 8 1.00—=2.10 (m. 32 H. protons of the
adamantane core and CH, groupsy; 338 (s. 2 H, OH)
13C NMR (DMSO-dg). & 23.5 and 24.7 (CH, bridee): 29.8
and 30.0 (Crd)); 29.6. 30.3. 31,1, and 31.7 (C(3), C(5), and
C(7y: 368, 379, and 39.2 (C(6). C9), and Cai0y; 474
(C(8)): 5023 and 3LO (C(2))y: 67.8 and 67.9 (CLH)).

X-ray diffraction analysis of compound 3. Colorfess crystals
of 3 prepared by recrystallization from 96% EtOH, CioH:B-N;

(M = 432.28). are triclinic. at 20 *C o = 10.830(3) A,
B= 10.869(3) AL = 12.247(4) A =T4642)". B =71 35",
7= 83303 V= 1279.%T) A%, space group Pl . d = 1.174

g cm™ for Z = 1. The intensities of 3898 reflections were
collected on an automated Enrat~-Nonius CAD-4 diftractometer
{Mo-Ku radiation. graphite monochromator, 8/3/38 scanning
technique) at =20 >C in the region of up 0 §,,,, = 237 After
averaging of equivalent reflections. 3349 independent retlec-
tions were obtained. These reflections were used in the struc-
ture solution. The positions of all nonhydrogen atoms were
determined by direct methods and refined by the least-squares
method hased on £y, The hydrogen atoms were placed iu
geometrically calculated positions and refined using the riding
model. The final R factors were as follows: Ry = 0.0740
(calculated using  Fy;, for 1366 reflections with
1> 2o(h). wRs = 0.2319 (calculated using F2; for all 3488
reflections used in the refinement of 307 independent param-
eters). All calculations were performed using the SHELXTL
PLUS 5 program package.!3
Selected bond fengths are given in Table 2.
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