with 20 ml of chloroform—ethanol (20:0.5). The fractions were combined and evaporated. The
residue was recrystallized from aqueous ethanol. This gave 0.16 g of the ketoepoxylactone
(IV) with the composition C;sH;00,, mp 165-166°C (from aqueous ethanocl).

Preparation of Tauremisin (V). The ketoepoxylactone (IV) (0.15 g) in 20 ml of methanol
was boiled with 0.06 g of KOH in 2 ml of water. The reaction mixture was acidified with dilute
HC1 and was extracted with chloroform, and the extract was washed with water, dried, filtered,
and evaporated. The residue was recrystallized from chloroformhexane. This gave 0.07 g
of acicular crystals with the composition C,:H,,0,, mp 178-179°C (from aqueous ethanol).
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CONFORMATION OF 46-CADINOL IN SOLUTION

A. V., Tkachev and A. Yu. Denisov UDC 547.913.3:543.422.25

An assignment of the signals in the !3C and 'H NMR spectra of the natural sesquit-
erpene alcohol §-cadinol has been made by the NMR method (INADEQUATE, 2D-INADEQUATE,
two-dimensional C-H correlation on !Jcy constants, two-dimensional homonuclear J-
spectroscopy) and the spin—spin coupling constants !Jgc and some Jyg con-

stants have been determined. 'By comparing the experimental and calculated values of
the spin—spin coupling constants Jyy it has been shown that the predominant con-
formation of the é-cadinol molecule in solution is that in which ring A has the
half-chair form and ring B the chair form with an equatorial arrangement of the
hydroxy and isopropyl groups.

§-Cadinol (I) is a sesquiterpenoid widely distributed in the vegetable kingdom, the struc-
ture and conformation of which have been the subject of prolonged discussion in the litera-
ture. In [1], on the basis of an analysis of the '3C NMR spectra the §-cadinol molecule (I)
was assigned conformation (II), which, however, did not agree with the calculated figures
obtained by the method of molecular mechanics [2]. In an analysis of the 3C NMR spectrum
of 8-cadinol (I) we found that an error had been admitted into [1] in the assignment of the
signals of some of the carbon atoms, and since it was precisely the values of the chemical
shifts that played a key role in the paper mentioned in determining the conformation of &-
cadinol (I) we undertook an additional investigation of this compound by the NMR method.

Analysis of the !3C NMR spectra of é-cadinol (I) recorded under the INADEQUATE and 2D-
INADEQUATE regimes permitted an unambiguous assignment of the signals of the carbon atoms
to be made (Table 1). A comparison of the assignment of the signals made in this way with
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TABLE 1. Parameters of the '3C NMR Spectrum
of §-Cadinol (I)

c! sc!, ppm ’J(Ct_c)).HZ(D“
1 18,98 34.0(2), 34,1(10)

2 30,91 34.0(1}, 39.4(3)

3 124,06 394(2), 43,3(12), 72,1(4)

4 124,38 72,1(3), 42,3(5)

5 56,52 42,3(4), 33,1(6), 32,1(10)
6 43,83 33.1(5), 33.1(7), 35.6(15)
7 21,25 33,1(6), 32,6(8)

8 34,96 32.6(7), 36.8(9)

9 72,25 36,8(8), 37,7(10), 39,8(11)
10 45.32 34.1(1), 321(5), 37.7(9)
1 27,7 39.8(9)

12 23,4 43.3(3)
13 21,45 35.4(15)
14 15,07 35,0(15)
15 20,16 356(6), 354(13), 35,0(14)
* +0,1 Hz

TABLE 2. Parameters of the PMR Spectrum of
§-Cadinol (I)2

H! e1il , ppm Iyt /v Hz (z0.2 Hz)
H-la {1,82* 135 (gem.
H-13 |1,43)* 13,5 (gem_.g
2H-2 [1,89]
H-4 5,43 dddq 56, 1,5, 15, 1.5
H-5 1,92
H-6 {1.22] dddd 13,0, 11,0, 3,5, 3,5
H-7a [1.4))] 125 (gem.)
H-73 1,01 dddd 13,0, 125(gem. ), 12,0, 4,0
H-82 [1,48]** 120 (gem.)
H-83 [1,41]% 19,0 @gem.)
H-10 {1,59]
3H-11 1,20 d 1,0
3H-12 1,57 dddd 1.5, 1,5, 0,5, 0,5
3H-13 0,80 d 7,0
3H-14 0,72 4d 7.0
H-15 (1,88}dqq 35, 7.0, 7,0

dThe chemical shifts given in square brackets
and the values of the constants of geminal in-
teraction (gem.) were obtained from a two-dimen-
sional C-H correlation spectrum on the con-
stants 'Jc.p; the values of the other constants

were obtained from a two-dimensional J-resolved
spectrum; the chemical shifts marked with aster-
isks should possibly be interchanged.

that given in [1] showed that in the paper mentioned the assignment of one pair of signals
(the signals of the C-1 and C-8 atoms) had been interchanged.

Basing ourselves on the accurate assignment of the signals in the '3C NMR spectrum and
having recorded a two-dimensional C-H correlation spectrum on direct lJC-H constants, we
determined the chemical shifts in the PMR spectrum for all the hydrogen atoms of the é-cadinol
molecule, and from the results of the two-dimensional J-resolved proton spectrum and experi-
ments on homonuclear double resonance we also determined the values of some spin-spin cou-
pling constants Jyg(Table 2). We may note that the experimental parameters of the splitting of
the signals in the PMR spectrum that were found do not agree with conformation (II). Thus,
the methyl group geminal to the hydroxy group appeared in the PMR spectrum in the form of
a doublet with the constant Jgg = 1 Hz, which is due to spin—spin coupling through four bonds
with one of the H-8a,R or H-10 hydrogen atoms. However, this value of the constant can be
observed only with the antiperiplanar arrangement of the carbon atom of the methyl group and
the hydrogen atom vicinal to this carbon atom [3]. But in conformation (II) the carbon atom
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TABLE 3. Values of the Spin—Spin Cou-

pling Constants Jygpy in the §-Cadinol Mol-
ecule (I) and the Calculated Values of
the Constants Characterizing Conforma-

tion (III)
Jyi _ypis HZ
H! H/ experimen- | calculation for
? conformation
values?:P | (III)€
|
H-4 H-5 . 5,6 } 5,2
H-22 1,5% —2,3(~1,4)
H-2s 1,5* —U,6(~1,4)
3H-12 1,5
H-6 H-5 1o 12,0
H-78 13,0 ¢ 12,8
H-7a 3,5* 3.7
H-15 3,5* 3.9
H-78 H-8a 12 0% 12,7
H-83 4,0¢ 4.4
3H-11 H-82 1 o* 1,0
H-83 0.0 o —0,2
H-10 0,0 ‘ —0,2
3H-12 H-5 1.5
H-22 0.5*
H-24 0,5*
3H-13 H-15 7,0 :
sH-14 H-15 7,0 |
l

40bserved splitting, signs of the con-
stants not determined.

bThe values of the splittings marked

by asterisks were determined from an
analysis of the form of the Hi signal
but the fact that it was just this
splitting that belonged to the constant
JHi—Hj was not confirmed experimentally.

CThe splitting in the spectrum calcu-
lated from the values of the spin—spin
coupling constants and with allowance
for the fact that the signals of the H-
2a and H-28 atoms have the same chemi-
cal shift is given in parentheses.

of the C!! methyl group is located synclinally with respect to the H-8a,B and H-10 hydrogen
atoms and in such a situation the constant “JHH must be close to 0 Hz. Furthermore, the
vicinal constant 3Jyg between the H-6 atoms and one of the hydrogen atoms of the neighboring
C’H, methylene group amounts to 13.0 Hz, which is possible only with the 1,2-diaxial arrange-
ment of the interacting atoms, but such a situation is excluded in the twist form of ring

B, as in conformation (II).

Nevertheless, the experimental values of the spin-spin coupling constants are in harmony
with conformation (III) in which ring A is present in the half-chair conformation and ring
B in the chair conformation with equatorial hydroxy and isopropyl groups. Table 3 gives the
calculated values of the spin—spin coupling constants Jyy for conformation (III). On the
basis of the circumstance that the calculated and experimental splitting parameters agree
well with one another, it may be concluded that the predominant conformation of the &§-cadinol
molecule (I) in solution must be conformation (III). It must be mentioned that it is precise-
ly this conformation of the §-cadinol molecule that is the most stable according to calcu-
lations by the method of molecular mechanics [2].
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EXPERIMENTAL

The spectra of §-cadinol (I) isolated from the oleoresin of the Siberian stone pine
Pinus sibirica were recorded on a Bruker AM 400 instrument ('H — 400.13 MHz; !3C NMR — 100.61
MHz) using the usual set of programs; the internal standard was the solvent (deuterochloro-
form), with éy 7.24 ppm and &c 76.90 ppm. The 13c—{*H} NMR spectrum, the two-dimensional
13¢c~13C two-quantum coherence correlation (2D-INADEQUATE) spectrum, the one-dimensional
INADEQUATE spectrum, and the '3C—!H heteronuclear correlation two-dimensional spectrum on
direct !Jcy constants were recorded for a 0.75 M solution in deuterochloroform. For the 2D
spectra: a 2K x 2K matrix was obtained by the Fourier transformation (FT) of the matrix of
free induction decays (FIDs) of 4K x 256 points with 32 accumulations for each decay in the
case of 2D-INADEQUATE and 8 accumulations in the case of C-H correlation. The INADEQUATE spec-
tra were optimized for Jcc = 40 Hz, and the C~H spectra for Jgy = 125 Hz. The PMR spectra
and the two-dimensional homonuclear J-resolution spectrum were recorded for a 0.09 M solu-
tion in CDC1;—CDS0D (9:1). For the 2D spectrum: a matrix of 4K x 1K points was obtained after
the FT of 4K x 256 FID points, with 16 accumulation for each FID.

The calculations by the method of molecular mechanics were carried out by the MM2 pro-
gram {4]. The spin—spin coupling constants 3JH—C(sp3)—C(sp3)—H were calculated by point ge-
ometry as described in [5], and the constants of the other types were calculated in the same
way using the following equations [3, 6}:

SJH—C(sp’)—C(Sp‘)—H =06 COSL? +2,6 SID"?(OH<;<E)O“): 1 ],() C()Sz?+
+ 2.6 sin?z (907 L o180,
_1 - 2., O ainte f(1° 0 oy .
HeCmC - Cspy—t = 1103 €08% ¢ —2.6 sin (0" e <90°) =
=—2,6sin® ¢(30° <= 1807,
= A cos® ¢, cos®¢,—0,35

W]

4
JH—c<sp°)‘ctsp°)~C(sp’>—H
A:O!3I at @1, ?2&9007
A=3061 at ¢, ,>=90°,

A=1,06— for remaining cases.
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