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2R,3R,65-2-(1"S-hydroxy-1"-biphenylyl)- and 2R,3R,65-2-(1"R-hydroxy-
1’-biphenylyl)methyl-3-methyl-6-isopropylcyclohexanones
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1t was established by X-ray diffraction analysis that 2-(1 "-hydroxy-1"-biphenylyl) methyl-
3-methyl-6-isopropyicyclohexanone, one of the minor products of the directed aldol reac-
tion of (—)-menthone bromomagnesium enolate with 4-phenylbenzaldehyde, has the
2R3R.65.1°R configuration. The characteristic features of the spatial structure of this
B-hydroxyketone were compared with those of the major stereoisomeric product of the
above-mentioned reaction. The latter has the 2R,3R,65,1'5 configuration. In the crystals,
both stereoisomers have the cyclohexanone ring in a chair-like conformation with the three
substituents in equatorial positions and are characterized by the presence of the annelated
(cis-fused) pseudoring with an —OH...0=C< intramolecular hydrogen bond. The structures
of the stereoisomers differ in the orientation of the aryl group and the hydrogen atom at the
C(17) chiral center with respect to the cyclohexanone ring. The results of X-ray diffraction
analysis were compared with the data of molecular mechanics calculation for the cnergeti-
cally most favorable conformations of the isolated molecules of B-hydroxyketones under
study.
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Studijes of molecular structures of chiral poly-
substituted cyclohexanones, in particular, of 2-(a-hy-
droxy-a-aryl)metyl-substituted 3-methyl-6-isopropyl-
cyclohexanone ((—)-menthone), are of great interest in
organic stereochemistry and crystal chemistry. The hin-
dered rotation of the «-hydroxybenzyl substituent in
these compounds with respect to the cyclohexanone
fragment makes possible the existence of stable con-
formers, which differ in the character of hydrogen bonds
with the participation of the hydroxyl group. This, in
turn, may lead to fundamental differences in the crystal
structures of these compounds.

Examples of these compounds are sterecisomeric
B-hydroxyketones, derivatives of (—)-menthone (3R,65-
3-methyl-6-isopropyicyclohexanone). These compoun.ds
are the products of the directed aldol condensation of
(—)-menthone with aromatic aldehydes.! It was demcn-
strated?2 that the performance of the reaction of selec-
tively generated (—)-menthone bromomagnesium enoia-
tes with 4-phenylbenzaldehyde under conditions of ther-
modynamic control® provides its regioselectivity (intro-
duction of the hydroxybenzyl substituent at position 2) as
well as the retention of the configuration of the 3R,65-
3-methyl-6-isopropylcyclohexanone fragment. Generally,
the appearance of two new chiral centers in the course of
condensation provides the possibility of preparing four

stereoisomeric  B-hydroxyketones. Two of them, the
2R3R,6S,1'S and 25,3R,65,1°S stercoisomers,* have
been studied by X-ray diffraction analysis, 'H NMR
spectroscopy, and molecular mechanics. 1-245 The oppo-
site configurations of the C(2) chiral centers in these
stereoisomers lead to the difference in their molecular
conformations and to the difference in the character of H
bonds formed by the hydroxyl group (a strong intramo-
lccular —OH...0=C< hydrogen bond in the first case!5
and an intermolecular cooperative —OH...OH...QH hy-
drogen bond in the second case?).

We succeeded in isolating one more B-hydroxyketone
from a mixture of stereoisomeric products of the above-
mentioned reaction of (—)-menthone bromomagnesium
enolate by preparative liquid chromatography (see the
Experimental section). The relatively small retention
time of this stereoisomer suggests the presence of in-
tramolecular hydrogen bonds in its molecules.

The aim of this work was to establish the structure
and the absolute configuration of the resulting new
stereoisomer of 2-(1’-hydroxy-1’-biphenylyl)methyl-
3-methyl-6-~isopropylcyclohexanone (1a) by X-ray dif-

* Ketol with the 25,3R,65.1°S configuration was prepared by
the reaction of (—)-menthone triisopropyloxytitanium enolate
with 4-phenylbenzaldehyde?.
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fraction analysis, to study the conformations of its Table 1. Bond lengths (d) in the structure of 1a
p-menthanone, «-hydroxybenzyl, and biphenylyl frag- - -
ments in the crystal, to compare these conformations Bond a/A Bond d/A
with those in the 2R,3R,65,1°S (1b) and 25,3R,65,1°S c(h—0(1) 1.192(9) COUO—C(i ) 1.393(6)
isomers (1c), and to compare the character of the C{1)—C(2) 1.557(7) C(i1)—C(12) 1:394(7)
hydrogen bonds formed in these hydroxy compounds. C(1)—C(6) 1.532(9) C(11)—C(14) l.480(6)
C(2)—C(3) 1.546(7) C(12)—C(13) 1.402(7)
C(2)—C(7) 1.535(8) C(14H)—C(15a) 1.36(1)
C(3)—C(4) 1.57(1) C(14)—-C(15b) 1.36(1)
C(3)—C(20) 1.490(8) C(14)—C(19a) 1.36(1)
1a: 2R.3R,651R C(4)—C(5) 1.551(9) C(14)—C(19b) 1.36(1)
1b: 2R.3R.651'S C(5)—C(6) 1.501(9)  C(152)—~C(16a) 1.34(1)
1c: 25,3R.65,1°S C6—Cn 1.562(7) C(15b)—C(16b) 1.34(D)
C(21)—C(22)y t.46(1) C(16a)—~C(17) 1.33(D)
) . ) . . C(21)~C(23)  1.46(1) C(16b)—C(17) 1.35(H)
Taking into account the possible difference in mo- C(7)—C(8) 1.499(7) C(17)—C(18a) 1.35(1)
lecular conformations in crystals and solutions, which C(N)—0(2) 1L.411(7) C(17)—C(18b) 1.35(1)
has been experimentally observed in the case of  C(8)—C(9) 1.430(7) C(18a)—C(19a) 1.44(1)
B-hydroxyketone le,! we modeled the spatial structures ~ C(3)—C(13)  1.362(7)  C(180)—C(1%b)  [.44(1)
C(9)—C(10)  1.377(6)

of the isolated molecules of stereoisomeric ketols I1a and
1b, which differ in the configuration of the exocyclic
chiral center, by molecular mechanics.

Results and Discussion

The molecular structure of B-hydroxyketone 1a un-
der study, which we established by X-ray diffraction
analysis, and the atomic numbering scheme are shown
in Fig. 1. The bond lengths and bond angles are given in
Tables | and 2, respectively. As in the case of stercoiso-
meric compounds 1b and 1e, the cyclohexanone ring of
molecule la adopts a chair conformation as evidenced
by the alternation of the signs of the torsion angles in
the ring, by their absolute values (49.0—-61.3°), which,
on the average, differ only slightly from the value deter-
mined for cyclohexane® (55.9°), and by the virtually
identical deviations of the C(1) and C(4) atoms from the
mean C(2)C(3)C(5)C(6) plane (P;) in opposite direc-
tions (—0.66 and 0.68 A, respectively).

The methyl and isopropyl groups in compound 1a, as
in the case of ketols 1b and 1c studied previously?4 and
in the initial (—)-menthone,” are in trans-equato-
rial orientations with respect to the cyclo-
hexanone ring. This is evident from

|
) C(3)[
G N

the values of the torsion angles @y, @3, 93, and @4, which
are close to 180° (Table 3), and from the small deviatjons
of the C(20) and C(21) atoms from the above-mentioned
mean plane P, in opposite directions (0.80 and —0.56 A,
respectively). Therefore, as in the case of compounds 1b
and l¢ studied previously, L2 the 3R,6.5 configuration that
corresponds to the initial (—)-menthone is retained in
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Fig. 1. Molecular structure of B-hydroxyketone la.
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Table 2. Bond angles (@) in the structure of la

Angle w/deg Angle w/deg Angle w/deg
O(1)—C(1)—C(2) 122.6(6) C(22)—C(21)—-C(23) 102.5¢6) C(11)—C(14)—C(13b) 124.2(6)
O(H—C(1)—C(6) 122.9(5) C(2)—C(N)—C(8) 116.3(4) C(11)—C(14)—C(19a) 114.4(6)
C(2)—C(1—C(6) 114.1(S) C(2)—C(1)—0(2) HL.5(5) C(I1N—C(14)—C(19b) 124.1(6)
C()—C(2)—C(3) L4 0(2)—C(H—C(8) 107.2(4) C(152)—C(14)—C(19a) 123.0(6)
C(1)—C(2)—C(7) 106.7(4) C(T—C(8)—C(9) 118.2(4) C(15b)—C(14)—C(19b) 111.6(6)
C(3)—C()—C(7) 117.8(5) C(7)—C(8)—C(13) 124.3(5) C(14)—C(13a)—C(16a) 124.8(6)
C(2)—C(3)—C(4) 111.4(5) C(9)—C(8)~—C(13) 117.3(4) C(14)—C(15b)—C(16b) 128.3(6)
C(2)—C(3)—C(20) 114.7(4) C(8)—C(9)—C(10) 119.8(4) C(152)—C(16a)—C(17) 119.4(6)
C(H—C(3)—C(20) 107.2(6) C(O)—C(10)—~C11) 122.8(4) C(I15b)—C(16b)—C(17) 116.0(6)
C(3)—C(4)—C(5) 110.1(7) C0)—C(11H—=C(12) 116.9(4) C(16a2)--C(17)—C(18a) 113.1(6)
C(4)—C(5)—C(6) 112.8(5) C(10)—C(11)—C(14) 122.9(4) C(16b)—~C(17)—C(18b) 125.0(6)
C(1)—C(6)—C(5) 106.6(6) C(12)—C(11)—C(14) 120.1(4) C(17)—C(18a)—C(19a) 132.5(6)
C(1H)—C(6)—C(21) 110.2(5) C(IDN—-C((12)—~C(13) 120.6(4) C(17)—C(18b)—~C(19b) 113.0(6)
C(5)—C(6)—C(21) 116.3(4) C(8)—C(13)—-C(12) 122.5(3) C(14)—C(19a)—C(18a) 107.2(6)
C(6)—-C(21)~C(22) 112.1(4) C(11)—C(14)—C(15a) 122.5(6) C(14)—C(19b)—C(18b) 126.1(6)
C(6)—C(21)—C(23) 111.9(5)

f-hydroxyketone 1a under the reaction conditions used.
Based on this fact, it was determined that the new C(2)
and C(1°) chiral centers* in the molecule under study
have the R configurations. Therefore, B-hydroxyketone
1a differs from compound 1b studied previously? in the
configuration of only one exocyclic C(7) chiral center.
The conformations of the saturated rings in ketols 1a
and 1b are virtually identical (see Table 3). In both
stereoisomers, all three substituents are in equatorial
orientations (see the values of the torsion angles ¢ —qg
in Table 3), which agrees with the general regularities of
conformational analysis of cyclohexane derivatives.? It
should be noted that the degrees of puckering? of the
saturated carbocycles in la and 1b are close to the
corresponding value calculated for cyclohexane. 1

Puckering la 1b
parameter
S 1.15 1.18
] 4.2 3.2
¥ 25.1 29.7

In all the cases, the isopropyl group is in the ap
conformation with respect to the C(6)—H(6) bond (in
all the structures, the torsion angle ¢ is close to 180°,
see Table 3 and Ref. 4).

The difference in the configuration of the exocyclic
chiral centers in the molecules of ketols 1a and 1b
determines the difference in the conformation of the
hydroxybenzyl fragments. This complex substituent in
molecule la has the +sp conformation along the
C(2)—C(7) vond (the H(2)C(2)C(7)H(7) torsion angle
@g is 62(2)° and the H(2)—C(2) and H(7)—C(7) bonds
are in the gauche orientations). In the crystal of stereoi-
someric ketol 1b, which differs in the configuration of
the exocyclic C(7) chiral center, the hydroxybenzyl

* Hercinafter, the C(1") chiral center is denoted C(7) (ac-
cording to the numbering scheme shown in Fig. 1) for the sake
of convenience.

Table 3. Selected torsion angles (¢;/deg) in the molecules of
f-hydroxyketones 1a and 1b determined by X-ray diffraction
analysis

Torsion angle ©; Ia 1b
C(HC)TCBHYC(20) @y [71.0(5) 176.5(2)
C(5)C{4)C(3)C(20) @ —177.8(6) —178.1(2)
CC(DHC(B)C(21) ey —174.2(4) —171.1(2)
C(4)C(5)YC(6)C(21) o 175.3(8) 178.4(2)
C4)C3)C(C(N 05 172.5(5) 177.0(2)
C(6)C(HYC(2)C(T) Pg 176.0(4) 172.4(2)
HECEYCRHHED o7  —167.002) ~—171.4(5)
HQRYC(YCMNH(T) Ppg 62.2(2) -59.2(6)
C(HC)C(7)C(8) 99 —171.7(4) —63.6(3)
COICC(NC(8) g —62.6(6) 174.4(2)
C(3)C(IC(MO) o1 —60.7(6) -57.6(3)
C(HCC(TYO2) g2 64.9(5) 64.4(2)
C()C(NHOR)H(0(2)) P13 —70.4(9) —=53.9(10)
C(NHOYH(O2)..0(1) o4 27.0(7) TL.8(1D)
O(HOM)...0(C() ¢35 19.0(8) 30.1(10)
H(O(2))..0(1)C(NC(2) ¢4 —20.9(8) —18.2(10)
oM oy —11.1(8) —14.7(3)
OR)C(NC(B)C(13) 18 10.4(7) 2.6(3)
COACUNC(I4)C(193) o109, 27.0(1) —26.0(3)
CI2)CUHCUSHC%) g, —19.1(1) —

fragment adopts the —sp conformation (the torsion angle
9y is —59.2°)2. Correspondingly, these diastereomers
differ in the orientation of the aryl group relative to the
cyclohexanone ring, which is characterized by the tor-
sion angles @g or @y (see Table 3). In stereoisomer la.
the aryt substituent is in the ap orientation relative to the
C(1)~C(2) bond and in the —sp orientation with respect
to the C(2)—C(3) bond of the cyclohexanone ring. In
the case of 1b, the orientation of the aryl substituent
relative to the above-mentioned bonds in the ring is
opposite to that observed in la.

The gauche orientations of the C(7)—O0O(2) bonds
with respect to the cyclohexanone ring in both diastere-
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omers la and 1b are identical (see the torsion angles ¢y,
and ¢, in Table 3} and lead to the formation of the
O(2)H(O(2))...0(1) intramolecular hydrogen bond. In
both compounds, the six-membered pseudoring, which
is formed through an intramolecular hydrogen bond and
is cis-annelated with the cyclohexanone ring (the dihe-
dral angle between the mean C(1)C(2)C(4)C(5) and
C(HCRYO(HH(O(2)) planes is 57 and 54° in ketols 1a
and 1b, respectively), adopts a O(1),C(7)-twist-boat con-
formation (see the torsion angles ¢ ;—@7 in Table 3).
The C(1), C(2), O(2), and H(O(2)) atoms are in a single
plane to within 0.01 A. The O(1) and C(7) atoms
deviate from this plane in the same direction by 0.29 and
0.72 A, respectively.

In the case of ketol la, the geometric parameters of
the intramolecular hydrogen bond (H...O is 2.14 A and
the O—H... O angle is 126°) indicate that this bond is
weaker than that in the crystal of diastereomeric 1b
(H ...0, 2.039A; O—H...0, 145°).2 Unlike the crystals
of 1a and 1b, in the crystal of B-hydroxyketone le the
C(7)—0 and C{1)—C(2) bonds are in the transoid ori-
entation (¢j; = 165.4°),% which excludes the possibility
of formation of an intramolecular hydrogen bond. Previ-
ously,4 it has been demonstrated that this conformation
of 1c is stabilized by intermolecular cooperative hydro-
gen bonds OH...OH...OH...

In the crystals of 1a and 1b, the molecular confor-
mations differ also in the orientation of the substituent
at the C(7) atom with respect to the cyclohexanone ring.
In 1a, the aryl substituent is in an approximately eclipsed
position relative to the methy! group at the C(3) atom
(see Fig. 1). Evidently, the spatial proximity of these
groups determines the steric hindrance of molecule la.
Unlike la, the conformation that is realized in the
crystal of stereoisomeric ketol 1b is apparently charac-
terized by minimum nonbonded interactions of the sub-

/f' \ /f \\ /)‘J\
P &

stituents at the C(3) and C(7) atoms due to the fact that
the C(7)—H bond is in an approximately eclipsed posi-
tion with respect to the equatorial methy! group and the
bulky aryl substituent is most remotel from the
>C(3)HCH; fragment. It should be noted that in the
structure of la the C(8)...C(13) phenyl ring and the
C(7)—0(2) bond are virtually in a single plane (the
corresponding torsion angle ¢z is 10.4(7)°). Apparently,
this orientation is stabilized by weak attractive interac-
tions between the O(2) and H(13) atoms (the
O(2)...H(13) distance is 2.37 A; the sum of the van der
Waals radiill of the O and H atoms is 2.45 A). The
second ring of the biphenylyl fragment is disordered
over two equally probable conformations (see Fig. 1). In
both cases, this fragment is nonplanar (see the torsion
angles @9, and @,q, in Table 3) and is characterized by
shortened intramolecular contacts between the ortho
hydrogen atorms H(10)...H(153a) (2.24 A; the sum of the
van der Waals radii is 2.32 A), H(10)...H(15b) (2.17 A).
H(12)..H(19a) (2.04 A), and H(12)...H(19b) (2.11 A).

In the crystal, molecules of compound 1a are packed
in stacks along the OZ axis (Fig. 2). In stacks, substan-
tially shortened (up to 0.6 A) H...H intermolecular
contacts (Table 4) are observed between the molecules
related by the translation along the OY axis. A crystal
packing with such strong repulsions between atoms can-
not exist. Therefore, these contact can be considered as
forbidden,1%:13 which is indicative of the statistical char-
acter of the disorder of the biphenylyl fragment. On this
basis, it can be concluded that in the crystal of com-
pound la the adjacent stacks along the OY axis are
formed by molecules with different conformations of the
biphenylyl group. ,

The results of conformational analysis of the model
stereoisomeric structures 2a and 2b by molecular me-
chanics (Table 5) reflect the conformational features of
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Fig. 2. Crystal packing for compound la.
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Table 4. Intermolecular shortened A...B’ contacts in the crys-
tal of 1a (d is the distance and d,4,, s the sum of the van der
Waals radii)

A B Symmetry operation d/A  dygw/A
H(20)  H(6) €1, 2 2l 232
H(20)  H(16a) 05-x, —0.5+y, —z 202 232
H(52)  C(7) 0.5-x, 0.5+y, z 277 287
H(I5a)  C(8) 0.5—x, 0.5+y, z 283 287
H(15b) H(19b) x, 1+y z 1.92 2.32
H(15b) C(19b) x, 1+y, z 2.70 2.87
H({16b) C{18b) x, [+y, z 2.58 2.87
H(l6b) H(I8) x 14y ¢ 179 232
C(isb)  H(db)  -x,y, 2 270 287
H(18b)  C(16b)  x, y~1, 259 287
H(18b) H(16b) x, yl.z 1.79 2.32
H(18b) H{22a) x, y—-1, ¢ 2.24 2.32
H(19)  C(15b)  x, y-1. 2 274 287

B’ is the atom of the adjacent molecule.

the isolated molecules of the compounds under study in
the gaseous phase and provide an idea of their refative
stability. Besides, these data are useful in the analysis of
a number of aspects of the stereochemistry of formation
of B-hydroxyketones, derivatives of {(—)-menthone. 14
First, it should be noted that of two stereoisomeric
2R, 3R,6S5-ketols, the energetically more favorable con-
formation A of model structure 2b (the aryl substituent
at the C(7) atom is in the transoid orientation with
respect to the C(2)—C(3) bond of the cyclohexanone
ring) is characterized by the lowest steric energy (£).

Ph E,/kcal mot™l
2a 2b
v "OH A B C A B
0 0.88 0.88 0 0.74
: O
B 2a: 2R,3R.6S,1°A stereoisomer
TN 2b: 2R,3R,65,1°S stereoisomer

The geometric characteristics of this conformation agree
well with the data of X-ray diffraction analysis for

compound 1b.2 On this basis, it can be suggested that
the conformation of the p-menthanone fragment in the
structure under study does not undergo substantial dis-
tortions under the effect of intermolecular interactions
in the crystal. However, according to the results of
molecular mechanics,® conformer A of ketol 2b exists in
the equilibrium with conformer B, which is also stabi-
lized by an intramolecular hydrogen bond but whose
aryl substituent at the C(7) atom is in the gauche orien-
tation with respect to the C(2)—C(3) bond of the cyclo-
hexanone ring (see the torsion angle @y in Table 5).
The content of the minor conformer B of compound 2b
was estimated® from the obtained values of £ and was
shown to be 22% at 25 °C. The results of modeling of
compound 2b agree well with the data of 'H NMR
spectroscopy for ketol 1b.5

For the model structure 2a, the theoretically deter-
mined conformation B, which corresponds to the geom-
etry that is realized in the crystalline phase of ketol 1a,
is not the energetically most favorable one. According to
calculations, conformer A, which differs from conformer
B in the orientation of the aryl substituent (see the
torsion angles ¢q, @9, and @, in Tables 3 and 5), is
preferred. In this conformation, the aryl group, which is
in the transoid orientation with respect to the C(2)~—
H(2) bond and is in the virtually eclipsed position
relative to the axial C(3)—H bond, is maximum remote
from the equatorial methyl group at the C(3) atom
(Fig. 3). Apparently, in the case of the above-described
configurations of the chiral centers, these structural
characteristics are responsible for the fact that confor-
mation A, like the most favorable conformer A for ketol
2b, is energetically favorable.

In conformation A of model ketol 2a, as in the case
of crystals of la, an intramolecular hydrogen bond is
realized. However, the conformation of the pseudoring
that is formed through this bond is different (see Fig. 3).
Instead of the twisr-boat conformation observed in the
crystals of ketols la and 1b, the distorted C(7)-sofa
conformation is realized in conformer A of compound
2a. Besides, the H-bonded pseudoring is virtually copla-
nar with the base plane of the cyclohexanone ring,

Table 5. Selected torsion angles (p;/deg) in molecules 2a and 2b calculated by molecular mechanics

Torsion angle ©; Structure 2a Structure 2b
A B C A B
HQ)YCQYC(THH(T 0g —49.1 63.7 -163.7 —~63.4 ~176.6
C(HCC(NDC(8) Py 78.5 —168.0 —43.9 —62.8 —168.5
C3ICRCT(NC(B) P10 -52.0 69.3 —165.1 174 4 69.8
C()HC(2C(NO2) @y —179.6 —58.7 74.2 —58.8 —169.5
C(HC)C(NHO) 012 —49.0 64.0 —-164.6 63.9 47.8
C(2YC(TYO(2)H(0(2) P13 68.9 -67.3 175.0 —64.3 73.4
C(7)O(2)H(O(2))...0(1) Dia —-48.7 27.3 - 243 —44.7
OYH(O(2))...0(1)HC() 95 7.6 20.1 — 221 -8.8
H(O@2))...0(1)C(1)C(2) o16 14.2 -229 — -225 338
O()CHT)C(N 017 6.5 -9.8 —14.2 —10.3 -10.2
H(2)C(2)C(TYC(8) 720 —169.3 25.6 159.2 -2.0 158.9
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Fig 3. Alternative molecular conformations of compound 2a.

unlike conformation B and the crystal structures of la
and 1b, in which the dihedral angles between these rings
have significant values.

The third possible conformer of molecule 2a (C),
which is formed as a result of rotation about the
C(2)—C(7) bond, is characterized by the anti orientation
of the aryl fragment with respect to the C(2)—C(3) bond
(see the torsion angle ¢y in Table 5) and, correspond-
ingly, by the abscnce of essential nonbonded interactions
with the methyl group at the C(3) atom (see Fig. 3). In
this case, an intramolecular hydrogen bond cannot be
formed. Moreover, the equatorial methyl group that is
located in proximity to the hydroxyl group would be
expected to exert a shielding effect upon formation of
molecular associates. Therefore, the characteristic feature
of the isolated molecules of ketol 1a as well of its stereoi-
somer 1b is that their preferred conformations are charac-
terized by an intramolecular hydrogen bond and by the
orientation of the aryl substituent at the C(7) atom such
that it provides minimum nonbonded interactions of the
substituent with the methyl group at the C(3) atom.

The difference in the energy of alternative conforma-
tions A and B of model ketol 2a is not so significant and
does not evidently preclude the existence of conforma-
tion B, which posseses the larger value of Eg in the
crystal but is apparently more favorable for the packing
of molecules in stacks.

Experimental

Diastereomeric 2-|1 " -hydroxy-1"-(4-biphenylylymethyl}-p-
menthan-3-ones (la—c¢) and mixtures containing these com-
pounds were analyzed by HPLC (KAKh-3 column, normal
phase, 10 vol.% BuOAc solution in octane as eluent, flow rate
100 uL min~!). The retention times (min) were as follows:
4.30 (4-phenylbenzaldehyde); 5.67 (1a); 6.77 (1b); 8.48 (ketol,
which was not preparatively isolated, was presumably, the
25.3R.65,1° R stereoisomer)*; and 12.47 (l¢).

The IR spectra were recorded on a Specord 75IR instru-
ment.

* The compound was assigned to the class of ketols based on
the analysis of the spectral relations in the course of HPLC
and the configuration was ascribed by the exclusion method.

The directed aldol reaction of (—)-menthone bromo-
magnesium enolate with 4-phenylbenzaldechyde. A solution of
Pri,NH (dried over Na) (3.2 mL, 22.9 mmol) in ether (3 mL)
was added to an ethereal solution (15 mL) of butylmagnesium
bromide, which was prepared from a magnesium powder
(0.525 g, 21.6 mmol), under an atmosphere of argon at 25 °C.
The reaction mixture was stirred for 10 min and then a
solution of (—)-menthone (3 mL, 17.3 mmol) in Et;0 (5 mL)
was added dropwise. The mixture was stirred for 20 min and
cooled to +10 °C. A solution of 4-phenylbenzaldehyde (2.83 g,
15.6 mmol) in Et;0 (26 mL) was added dropwise. The reac-
tion mixture was kept for 20 h and decomposed with an
aqueous solution of NH,Cl (300 mL). The organic com-
pounds were extracted with CHCl;, washed with water, dried
with CaCl,, filtered through a short silica gel layer, and
concentrated. An oil was obtained in a vield of 5.82 g (80% of
the theoretically calculated value), which crystallized out upon
storage. According to the HPLC data, the resulting product
contained B-hydroxyketones la, 1b, and lc'in yields of 12%,
65%, and 15%, respectively. The sample (0.1 g) was taken for
the analysis. Recrystallization of the residue from hexane
afforded crystals of compound 1b in a yield of 2.4 g, m.p.
94—97 °C. After additional crystallization from hexane,
the m.p. was 99—100 °C (corresponding to the data in Ref. 2).
Ketol 1a was isolated from the mother liquor, which was
obtained after first crystallization of ketol 1b, by preparative
column chromatography (silica gel Woelm, 5—40 mm frac-
tion, 60x3 cm column, 10% EtOAc solution in hexane as
eluent, 12—15-mL fractions were collected) in a yield of
196 mg. Crystallization from hexane afforded ketol la in a
yield of 43 mg, m.p. 99.5—100 °C. IR (KBr pellets), v/em™!:
1695 (CO), 3480 (OH). A mixed sample of 1a and 1b gave a
melting point depression of 71—73 °C. Crystals of la suitable
for X-ray diffraction analysis were prepared by slow evapora-
tion of a solution in a mixture of octane and toluene.

X-ray diffraction study. Crystals of 1a (Cy3H30;) are
monoclinic. At —120 °C a = 20.409(5) A, & = 5.677(2) A,
c = 16.795(4) A, B = 98.29(2)°, ¥ = 1925.5(9) A3, dy =
1.161 g cm™3, space group (2, Z = 4. The unit cell param-
cters and intensities of 3076 independent reflections (Ry,, =
0.025) were measured on an automated Siemens P3/PC
diffractometer (A-Mo-Ka radiation, graphite monochromator,
6/28 scanning technique, 284, = 60°). We carried out the
profile analysis of the X-ray diffraction data using the PROFIT
program. !5

The structure was solved by the direct method with the use
of the SHELXTL PLUS program package.!$ The positions of
the hydrogen atoms. except for the H atoms of the benzene
ring, were located from the difference electron density synthe-
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Table 6. Coordinates (% 10%) and cquivalent isotropic thermal out in the Center of X-ray Diffraction Studies (A. N.
parameters (chx 103) of nonhydrogen atoms in the structure Nesmeyanov Institute of Organoelement Compounds, Russian
of 1a Academy of Scicnces).
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