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ABSTRACT

We have prepared two new tetracyclic phenylboronic
esters 4 and 5 derived from myo-inositol and from
1,2-O-isopropylidene-myo-inositol, respectively. The
structures of these compounds were established from
NMR and IR spectra, elemental analyses, and an X-
ray diffraction study in the case of 4. Compound 4
is a tetracyclic derivative of the less stable conformer
of inositol (five axial hydroxy groups and one equa-
torial) with two dioxaboroline rings at opposite faces
of the six-membered ring, one formed between the bo-
ron atom and the axial hydroxyl groups at C-3 and
C-5 and the other between the boron atom and the
hydroxyl groups at C-4 and C-6, and a dioxaboroli-
dine ring bridging C-1 and C-2 at axial and equato-
rial positions. A similar structure was found for 5
with the difference that bridging C-1 and C-2 there is
a dioxolane ring. The boron atoms are planar with
their attached atowms, stabilized by retrocoordination
between the boron and oxygen and carbon atoms, re-
spectively. The two phenyl rings that are in the same
face of the molecule are essentially parallel, with a
dihedral angle between planes of 28.26 = 0.79°.

INTRODUCTION

We are involved in the study of organic boron de-
rivatives of cyclitols principally derived from bi-
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ologically active molecules such as quinic acid [2].
The study of the reactivity of polyfunctional or-
ganic molecules toward the boron reagents affords
relevant information about the structures. In ad-
dition, the possibility of introducing several boron
atoms in a small organic molecule could be of in-
terest in the search for boron targets for neutron
cancer therapy. We are also interested in the elec-
tronic behavior of boron and in knowing how co-
ordination or retrocoordination may stabilize new
structures [3].

Myo-inositol 1 is a very important biological
substance involved in several cell functions and its
derivatives are being actively studied [4]. Com-
pound 1 contains a cyclohexane ring with six hy-
droxy groups. Its preferred conformation has five
equatorial oxygen atoms and one axial oxygen [5].
The polyfunctional character of 1 makes it possible
to obtain several polycyclic compounds by reac-
tion with phenylboronic acid. One, two, or three
boronate groups can be introduced.

Reaction of 1 with 2,2-dimethoxypropane af-
fords selectively compound 2 showing that the
equatorial and axial hydroxy groups (C-1 and C-2
or C-2 and C-3) are more reactive than the other
groups [6]. Under stronger acidic conditions, a sec-
ond compound 3, among others, can be obtained
corresponding to a second dioxolane ring bridging
C-4 and C-5. In both dioxolane derivatives, the cy-
clohexane conformation is the same as in 1 [7].

We were interested in investigating the reac-
tion of 1 with different amounts of phenylboronic
acid in order to see if it followed the same behav-
ior as that observed in the dioxolane formation and
whether it was possible to obtain products with
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different degrees of substitution. In all the reac-
tions of myo-inositol with phenylboronic acid, only
one compound (4) was formed. The same reactivity
was found for compound 2, which also gave only
one compound (5, Figure 1).

NMR STUDY

The structures of compounds 4 and 5 were de-
duced from NMR analysis. The "B NMR spectra
exhibit a broad singlet at § = +28.6 and +28.9 for
4 and 5, respectively, characteristic of phenylbo-
ronic esters [8]. The chemical shift assignments of
'H and "*C NMR were made by HETCOR '*C/'H,
COSY, and H-coupled *C NMR spectra. The 'H
NMR spectra of 4 and 5 show three and two sets
of aromatic protons, respectively, indicating the
introduction of three phenylboronic groups in 4 and
two in §S.

The presence in the '"H NMR spectra of four W
*J coupling constants in 4 [*J(H-H): (H,—-H,) = (Hs—
HS) = ]., (HI—HS) = 11, and (H4—H6) =18 HZ] and
also in 5 [*/(H-H): (H,-H,) = 1.3, (H,-H:) = 1.2,
(H;—H;) = 1.6, and (H,~H,) = 2 Hz] was indicative
of a preferred chair conformation with five equa-
torial protons. Therefore, the conformations of 4
and 5 correspond to the less stable chair con-
former of inositol, 1a. The phenylboronic acid re-
acted with the two axial hydroxy groups in 5 at
each face of the molecule and with the same two

groups in 4 as well as with the axial and the equa-
torial hydroxy functions at C-2 and C-1. The NMR
spectra of 4 and 5 are very similar, indicating
analogous structures. The correct assignment of the
coupling constants was corroborated by the sim-
ulated spectra [9], the dihedral angles being cal-
culated from coupling constants *J(H-H) (Table 1).
The >*C NMR chemical shifts of the aromatic C-
para indicate trigonal hybridization of the boron
atom. These atoms appear shifted at higher fre-
quency (5 ppm) than those of phenyl groups at-
tached to tetracoordinated boron atoms. This is at-
tributed to the retrocoordination effect from the
phenyl group to the boron atom [3a]. The C-ipso
are identified because they give rise to broad sig-
nals due to the quadrupolar effect of boron atoms.

X-RAY DIFFRACTION STUDY OF
COMPOUND 4

The X-ray diffraction structure of 4 confirmed the
NMR results. The structure is depicted in Figure
2. Compound 4 is a tetracyclic compound, with two
dioxaboroline rings at opposite faces of the six-
membered ring, one between the boron atom and
the axial hydroxy groups at C-3 and C-5 and the
other with the hydroxy groups at C-4 and C-6; the
dioxaborolidine ring bridges C-1 and C-2 that have
axial and equatorial oxygens, respectively. From
this structure, it is deduced that the less favorable
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FIGURE 1 (1) 2,2-Dimethoxypropane/DMSO (40%); (2) 2,2-dimethoxypropane/acetone, H* (20%); (3) 3 equivalents of
CsHsB(OH),; and (4) 2 equivalents of CgHsB(OH)..



TABLE 1 Coupling Constants (*Jy_y, Hz) and Dihedral
Angles (°) of Compounds 1, 3, and 4 [10]

Compound Number

Sdun 1? 4 5
H,~H, 2.9/57 6.3/39 5.8/
H,—H, 2.9/57 3.2/46 46/
—H., 9.4/177 4.0/53 48/
H,—Hs 9.0/186 4.3/55 44/
Hs—Hg 9.0/186 4.2/60 3.5/
Hs—H, 9.5/177 2.2/66 3.5/

Bhpeon it x=1,J=68x=2,J=34;x=3,J=58x=
4, J=46,x=5J=43;and x = 6, J = 4.6 Hz.

conformer la gave the more stable boron hetero-
cycle. Compound 4 is a rigid molecule without any
possibility of inverting its conformation. The crys-
tal, distance, and angle data are shown in Tables
2-6.

Both six-membered rings are almost planar,
with one atom C5 in ring C and with C4 in ring B
outside of the main plane, as can be deduced from
the selected torsion angles shown in table 5. Con-
versely, the five-membered ring is not planar but
exists in a twist conformation with very open di-
hedral angles. The cyclohexane ring has a dis-
torted chair conformation (Figure 2).

The boron atoms are planar with the other at-
oms to which they are bonded, indicating retro-
coordination from the oxygen and carbon atoms.
The B-O length (1.35-1.39 compared with a cal-
culated single bond distance of 1.5 A, Table 3) in-
dicates partial double bond character. The same is
observed to a lesser extent in the C—B bond (1.48—
1.52 compared with the calculated C-B distance
of 1.59 A).

The distances between the ipso- and ortho-car-
bon atoms in the phenyl rings are longer than those
between meta- and para-carbons. This is also in-
dicative of an interaction between the ipso-carbon
and boron atoms. This interaction is also deduced
from the fact that the phenyl ring is almost co-
planar with the boron ring, with dihedral angles
being between 5 and 12°. A very interesting finding
is the relative position between the two boron and
two phenyl rings that are nearly parallel, with a
dihedral angle between the phenyl ring planes of
28.26 = 0.81°. In Table 6, the nonbonding dis-
tances between the two rings are reported, show-
ing that oxygen atoms O1 and OS5 are the nearest
atoms with a distance of 3.01 A and that the far-
thest are C10 and C22 with a distance of 4.87 A.

EXPERIMENTAL

Melting points were measured on a Gallenkamp
apparatus and are uncorrected. The infrared spec-
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FIGURE 2 X-ray diffraction structure of compound 4.

tra were taken in KBr-discs using a Nicolet MX-1-
FT infrared spectrometer. All the NMR spectra were
obtained on a JEOL GXS-270 spectrometer in
DMSO0-d, or D,0 solution. The 'H, *C, and ''B NMR
spectra were obtained at 270, 67.8, and 86.55 MHz,
respectively. '"H and ’C NMR spectra were mea-
sured with TMS as the internal reference. ''B NMR
spectra were obtained with BF;-OEt, as an exter-
nal reference. myo-Inositol 1 was purchased from
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TABLE 2 Crystal Data of Compound 4

Formula C24H218306
FwW 437.86
Crystal dimensions 0.50 x 0.40 x 0.50 mm
System monoclinic P
Space group P2,,a
a/A 11.486(7)
b/A 13.624(5)
c/A 14.303(8)
B,° 105.08
v, A 2161.2
V4 4
u (Mo K,), cm™' 0.9
F (000) 912
Coaicay @ CM ™3 1.35
20 range, ° 2.8-20.4
Scan type w/26
Scan width, ° 1.2 + 1.500 tan ¢
Scan speed, ° min~’ 4-20
Diffractometer CAD4F
No. of reflections collected 1899
No. of unique reflections 1899
No. of reflections with / >
3o{/) 1899
R 0.091
R. 0.084
Abs coeff cor 0.68 < coeff < 1
No. of variables 378
Weighting scheme unity

Residual electron density e/A®* 0.4/0

TABLE 3 Bond Distances (A} of Compound 4

01-C1 1.450(7)
01-B1 1.390(9)
02-C2 1.442(7)
02-B1 1.377(9)
03-C3 1.432(7)
03-B2 1.379(9)
04-C4 1.426(7)
04-B3 1.35(1)
05-C5 1.423(8)
05-B2 1.370(9)
06-C6 1.424(7)
06-B3 1.37(1)
C1-C2 1.54(1)

C1-C6
C2-C3
C3-C4
C4-C5
C5-C6
C7-C8
C7-C12
C7-Bt
C8-C9
Co-C10
C10-C11
C11-C12
C13-C14

1.545(9)
1.52(1)
1.516(9)
1.52(1)
1.51(1)
1.395(9)
1.395(9)
1.506(9)
1.37(1)
1.38(1)
1.40(1)
1.37(1)
1.40(1)

C13-C18
C13-B3

C14-C15
C15-C16
C16-C17
C17-C18
C19-C20
C19-C24
C19-B2

C20-C21
C21-C22
C22-C23
C23-C24

1.39(1)
1.52(1)
1.387(9)
1.36(1)
1.37(1)
1.39(1)
1.40(1)
1.41(1)
1.48(1)
1.39(1)
1.37(1)
1.40(1)
1.37(1)

TABLE 4 Some Selected Bond Angles (°) of Compound
4

C1-01-B1 106.6(5) C6~06-B3
C2-02-B1 107.0(5) 01-B1-02
C3-03-B2 122.1(5) 02-B1-C7 123.5(6) 03-B2-C19 121.1(7)
C5-05-B2 120.5(5) 03-B2-05 119.6(6) 04-B3-C13 120.6(7)
C4-04-B3 121.6(5) 05-B2-C19 119.3(7) 06-B3-C13 11 7.6(7)

118.7(6) 04-B3-06 121.7(6)
111.5(5) 01-B1-C7 125.0(6)

Aldrich, and compounds 2 and 3 were prepared as
described in Ref. [6].

1:2,3:5,4:6-0":0°, 0°:0°, 0*:0°-
tris(Phenylboronate)-myo-inositol 4

myo-Inositol (1 g, 5.55 mmol), phenylboronic acid
(0.6767 g, 5.5 mmol), and dried benzene (75 mL)
were refluxed for 48 hours under vigorous stirring.
Then, the mixture was filtered to remove the ino-
sitol that had not reacted. The solvent was evap-
orated in vacuum and a white solid was obtained,
75% yield, mp 204-208°C. Anal. caled for
C24H2103B3[C6I'I6]]/5: C, 66.7: H, 493, Found: C, 67.0:
H, 4.8. NMR ''B (86.55 MHz, CDCl,): § 28.9. NMR
'H (270 MHz. CDCL,): 6 4.79 (1H, dd, H-1); 4.84 (1H,
dd, H-2); 4.71 (1H, dddd, H-3); 4.77 (1H, dd, H-4);
4.63 (1H, dddt, H-5); 5.02 (1H, ddd, H-6); 7.40 (1H,
dt, Ho); 6.99 (1H, t, Hm); 7.21 (1H, dd, Hp); 7.50
(1H, dt, Ho); 7.13 (1H, t, Hm); 7.33 (1H, dd, Hp);
7.82 (1H, dt, Ho); 7.58 (1H, t, Hm); 7.52 (1H, dd,
Hp). NMR °C (67.8 MHz, CDCl,): 6 74.44 (C-1); 73.95
(C-2); 67.29 (C-3); 66.67 (C-4); 64.95 (C-5); 68.74 (C-
6); 134.81 (Co); 127.87 (Cm); 131.84 (Cp); 134.36 (Co);
127.43 (Cmy); 131.50 (Cp); 134.05 (Co); 127.09 (Cm);
130.90 (Cp).

1:2-O-Isopropyliden-3:5, 4:6-0°:0°, 0*:0°-
bis(phenylboronate)-myo-inositol 5

Compound 2 (1 g, 4.54 mmol), dried benzene (75

‘mL), and phenylboronic acid (0.553 g 4.54 mmol)

were refluxed for 48 hours under vigorous stirring,
and then the reaction mixture was filtered in order
to remove the compound 2 that had not reacted.
Evaporation of the solvent afforded a white solid,
68% yield, mp 172-173°C. Anal. calcd for
C1H,,04B,: C, 64.3%; H, 5.6%. Found: C, 64.6%: H,
5.9%. NMR ''B (86.55 MHz, CDCl;) & 28.6. NMR
'H (270 MHz, CDCl;): & 4.57 (1H, ddd, H-1); 4.45
(1H, dd, H-2); 4.61 (1H, t, H-3); 4.70 (1H, ddd, H-
4); 458 (1H, ddd, H-5); 4.91 (1H, ddd, H-6); 7.81
(1H, d, Ho); 7.36 (1H, t, Hm); 7.43 (1H, t, Hp); 7.85
(1H, d, Ho); 7.37 (1H, t, Hm); 7.45 (1H, t, Hp); 1.33
(3H, s, CH;); 1.27 (3H, s, CH;). NMR "*C (67.8 MHz,
CDCl;); 6 75.51 (C-1); 72.38 (C-2); 67.08 (C-3); 67.58
(C-4); 64.90 (C-5); 68.21 (C-6); 134.37 (Co); 127.81
(Cm); 131.71 (Cp); 134.28 (Co); 127.64 (Cm); 131.10
(Cp); 110.48 (-C-); 25.61 (CH,); 25.15 (CH,).

Crystal Data

Selected crystals were set up on an automatic dif-
fractometer, and diffraction data were collected
using molybdenum radiation. Unit-cell dimen-
sions with estimated standard derivations were
obtained from least-squares refinements of the set-



TABLE 5 Selected Torsion Angles (°) of Compound 4

New Phenylboronic Esters Derived from Inositol

Atoms Atoms
1 2 3 4 Angles 1 2 3 4 Angles
B1 01 C1 c2 —23.23(0.64) Cc2 C3 C4 C5 64.48(0.67)
B1 02 c2 C1 —29.01(0.64) C3 C4 C5 Cé —68.73(0.66)
C3 03 B2 05 —8.25(1.04) C4 Cs5 Cé C1 57.96(0.75)
C4 04 B3 06 —5.22(0.94) Cs5 Ce C1 C2 41.13(0.89)
B2 05 C5 C4 —29.32(0.87) Ce C1 Cc2 C3 35.59(0.79)
C5 05 B2 03 4.29(1.06) 04 C4 C5 05 176.42(0.49)
B3 06 Cé C5 37.89(0.76) 05 C5 Cé 06 174.56(0.48)
Cé6 06 B3 04 —4.08(0.92) c12 c7 B1 01 —10.95(1.11)
o1 C1 c2 02 31.62(0.57) Ci4 C13 B3 04 —5.21(1.00)
02 Cc2 C3 03 —40.83(0.65) cao Cc19 B2 05 12.29(1.14)
C1 Cc2 C3 C4 —48.08(0.76)
TABLE 6 Nonbonding Distance (A) of Compound 4 REFERENCES

B1-B2 3.1379 C9-C23 4.8165
01-05 3.0117 C10-C22 4.8774
02-03 2.6597 C11-C21 4.4507
Cc7-C19 3.8358 C12-C20 3.9489
C8-C24 4.3017

ting angles of 25 well-centered reflections. Two
standard reflections were monitored periodically;
they showed no change during data collection.
Crystallographic data and other pertinent infor-
mation are summarized in Table 1. Corrections were
made for Lorentz and polarization effects. An em-
pirical absorption correction (PSISCAN) was ap-
plied. Atomic scattering factors for neutral S, C, N,
O, and H were taken from Ref. [11].

The structure was solved by direct methods us-
ing MOLEN and refined by full matrix least-squares
cycles. Anisotropic temperature factors were intro-
duced for all nonhydrogen atoms. The hydrogen
atoms were found on difference electron density
maps and refined isotropically.

Tables 3-5 contain interatomic distances and
bond angles. Positional parameters for all atoms,
final thermal parameters, and a list of calculated
and observed structure factor tables have been de-
posited with the Cambridge Crystallographic Data
Center.
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