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To confirm the structure of teucrin A (I) proposed previously [1] and to study the stereochemistry of
this diterpenoid, we have investigated a number of its derivatives and have performed an analysis of their
NMR spectra.

The NMR spectrum of the acetate (II) was considered previously only in connection with the position
of the hydroxyl in the molecule of teucrin A. The present paper gives the results of an analysisofthe signals
of the protons which enables additional information to be obtained on the structure of (I). This relates
mainly to the protons of rings A and B.

In the spectrum of the acetate (II), in addition to the H, signal there is another one-proton signal at
4,82 ppm, which is also present in the spectrum of teucrin A (Table 1). It belongs to the proton of an un-
saturated y-lactone (Hg) present in the vicinal position to H,, as was confirmed by experiments using the
double-resonance precedure. When the H, signal was saturated with a strong radiofrequency field, the H,
signal contracted and, conversely, a saturation of the latter led to the conversion of the H, signal into a
doublet (J=2,5 Hz) due to vicinal coupling with H;. The form of the H, signalis, in our opinion, a consequence
of long-range coupling with the H, protons (J=1-1.5 Hz). A broad signal in the 2,8-ppm region can be as-
signed to Hy, coupling both with the neighboring H; protons and also with Hs, These results are satisfacto-
rily explained by the mutual location of the oxygen functions and the double bond in the molecule.

The signals of the protons of the pentaacetate (IV), obtained by acetylating the pentaol (ITI) show the
positions of the lactone rings in the molecule of teucrin A.

In addition to the signals of five acetate methyl groups in the 2-ppm region, the furan protons, and
the Hy, signal (see Table 1), the NMR spectrum of compound (IV) (Fig. 1a) clearly shows two groups of
signals (4.70 and 4,11 ppm) forming a system of the AB type. They are due to the methylene groups at Cyq
and Cy,, respectively, formed from the lactone carbonyls on the reduction of (I) and are located on quater-
nary carbon atoms, since otherwise they would appear in the form of multiplets instead of the actual AB
quartets [2]. In a system of the kolavane type, taking into account the facts given previously {1], such car-
bon atoms can only be C, and Cy, The presence of one—CH,~OAc group at the unsaturated C, atom (4.7
ppm) is confirmed by the oxidation of the pentaol (III) with manganese dioxide to the lactone (V), which is
not oxidized by sodium periodate, This is possible only if the hydroxy group is present in the allyl position
to the double bond,

The enol-lactone (VI) obtained by the dehydration of teucrin undergoes hydrogenation over a catalyst
to form a lactone acid [methyl ester(VII)] [1]. The absence of hydrogenolysis in the hydrogenation of the
enol-lactone, which is generally observed in such cases [3], induced us to confirm the structures of these
substances by a more detailed study of their NMR spectra. The spectrum of the product of the dehydration
of (VD) lacks a H, signal (see Table 1), and, in addition to the signals of the furan and methyl protons and
of a Hy, triplet, the doublet of the H, olefinic proton is found at 5,23 ppm, In the spectrum of the product
of the hydrogenation of (VII), this signal has disappeared and has been replaced by the multiplet of the H,
proton at 4,68 ppm entering into spin-spin coupling with the two hydrogen atoms at H; and the protons on Cj.

Institute of Chemistry, Academy of Sciences of the Moldavian SSR, Novosibirsk Institute of Organic
Chemistry, Siberian Branch, Academy of Sciences of the USSR, Translated from Khimiya Prirodnykh
Soedinenii, No. 2, pp. 169-175, March-April, 1973, Original article submitted July 20, 1972,

© 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.

165



*ZH Ul usA18 axe sjuelsuoo Suirdnod uids-uids 9yl °‘jordpnu — w {8398[qNOp jO 3}BIYNOP — pp

Y1e1d1a) — 1 Y191qnop — p ¢19]18uls — s {ZHIN 001 PUB 09 JO 5310UANDAIY e USR]} a10M (IA) pUe ‘(AD) ‘(D
spunodwoo jo vijoeds 9yj ‘STBUSIS 9Y} JO JUBSWIUSISSE JJeaNDOE dI10wW 104 °“ZHIN 09 JO Louanbaa} B IV «
100 ulf

- (eouruOSaa a[qnop Aq penunuod) zH ¢'g=°t ‘ Hp=11 g,

*surpraLdoxajnep ul uay e} WNIPadg 4

0'L T . . w0
pal'l — e 0gL (R YA - — 18'¢ pP1ey wh'r X
0°'L-f S6°¢ - | 6'e wi 0Gr
p0.°1 — — —ol'¢ | —ol'g - - - aL'g PSS’ wes'y *xX
. $'e1=r gl=.rtr 0'g-:r
0 B'.hh—, . av , w X1
o'l | sl I euglon'y ' 180 [ et pprg - Mz pol'g SL1'L
*HD | 0'9:r 06'e~ | 066 w
19159 SS ¢ p6Y 0 - - —ol'e | -ol'g | — - 292 - ws'r tHA
T A pLS'T w| ¢'e= "
GL'% ‘*H| p6L°1 - — 1#'2 18°0 | oete 1903 4PLS'e °8'¢ pee's - A
sdnoi8 | 0L~ f [0C1=T g'zl=r cl=.rtr
S0 s1v18DY ) qav av
00'0—06 ‘I ‘HSl p80'l | 9'F9L'| 26°C/L5"! ce'L L3'L {89 pp6e8 e - - ppil's w GG Al
0L 0 p10'g w| gg= " | o'g=
p P01 - - bl Ge'L {9e'9 10+'¢ 4p29'e 08'¢| ppos‘e was't 1
0'L=r glg - iy w| §7= i | gy= 1
po0z'l - — €8°L 19°2 1 €89 162°¢ P 99°C 00°¢| pp 1ty wZr'g 1
suoloxd H oy “H “'H Ty " i RETRLEY Yy ‘1 " punod
pCliple) -woD

V ULIONAJ, JO SaAIjBALIa( JO BI30adS YIUN 9y} Ul sjuejsuo) Surjdnop uids-uids pue syys [eotwayd 1 ATHVL

166



>Gi-CH
!
o L
i 1 1 1 1 ] | ]
8 7 b § 4 g z ? ppm

Fig. 1. NMR spectra of the pentaacetate (100 MHz) (a)
and of compound (IX) (60 MHz) (b).

3

In the 2.6-3,0-ppm region in compound (VI) in addition to a one-proton multiplet which is present in
the spectra of the other compounds (see Table 1), an additional signal is found which can be assigned to the
H, allyl proton interacting with the methyl group (J =7 Hz) and with the H, proton (J =2.5 Hz), Thus, the
dehydration of teucrin A takes place with the formation of a A® bond, from which it follows that the struc-
ture of the compound obtained must be represented by formula (VI).

Additional information was obtained also for the structure of the product of the periodate oxidation of
the pentaol (ITI). It undergoes oxidation with the formation of the acetal (VIII), which does not contain a
carbonyl group. Compound (VIII) is unstable even in the cold, It changes into a hydroxyl-free derivative
(IX) containing one more furan ring. In its NMR spectrum (Fig. 1, b), as compared with the spectra of the
other derivatives with a furan ring described above, there is an additional two-proton broadened singlet at
7.17 ppm due to the H, and Hyq protons of the new furan ring, This is explained by the splitting out of the
elements of water from the hemiacetal group of compound (VIII) with the formation of a more stable furan
derivative, as is observed in the marrubiin series {4, 5]. In addition to this, in the NMR spectrum of (IX)
a one-proton signal can be seen at 4,9 ppm which is characteristic for H;, and which is shifted upfield as
compared with the signal of the same proton in the lactone. The doublet at 5.17 ppm is formed as the result
of the interaction of the H; proton, deshielded by the two acetal oxygen atoms, with the H; proton, Another
proof of the presence of an acetal grouping is the existence of an AB system with its center at 3.8 ppm due
to the two protons at Cy;, This unambiguously confirms the structure of substance (IX) and, consequently,
also the correctness of the explanation given of the periodate oxidation of the pentaol (III),

On the basis of the chemical and spectral results obtained, we drew the conclusions given below which
permit teucrin A to be assigned the configuration expressed by formula (I) or its mirror image.

1t follows from a consideration of Stuart—Briegleb models of the possible configurations for teucrin
Athat the most probable are those in which the C4—Cy, bond is equatorial and the hydrogen at Cy, occupies
the axial position with ring B in the chair conformation, In the opposite case (axial bond or boat conforma-
tion for ring B) ring B would be highly strained and translactonization during the hydrogenation process
with the formation of compound (X) would be impossible, since the hydroxy group at C, and the carbonyl
at Cy; would be very remote from one another (see scheme following page).

The orientation of the substituents at C, and C, was shown on the basis of the following considerations.

The formation of the lactones (X) and (XI) in the hydrogenation of teucrin is possible only with the mutual
cis location of the Cy—C, bond and the hydroxyl at C, which, according to NMR spectroscopy, is axial, be-
cause the half-width of the signal of the H, proton is 9 Hz, which corresponds to an equatorial proton [6].
The axial orientation of the hydroxyl is also shown by the difficulty of its acetylation. Consequently, the
C4—Cy; bond is axial and the Cy—Cy; side chain is in the most stable equatorial position, as in all bicyclic
diterpenoids. It was shown by the double-resonance method that the coupling constant between the vicinal

H, and H; protons in compounds (X) and (XI) is close to zero, while in the spectrum of teucrin it is 2.5 Hz.
This is due to the fact that after translactonization the H,—C,—C;—~H; dihedral angle between these protons
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is close or equal to 90°. It was established by a consideration of molecular models that this is possible

only if the methyl group is equatorial, With an axial position of the methyl group, this angle would be greater
than 90° and, consequently, the coupling constant would differ from zero, The C;—O bond must also be
equatorially directed, since otherwise the formation of a lactone ring would be impossible, Another con-
firmation of what has been said is the ease of the periodate oxidation of compound (ITI), which is character-
istic for cis-1,2-diols.

Thus, the relative positions of the substituents at all the asymmetric centers of the molecule of
teucrin A can be represented by formula (I), Work to establish its absolute configuration is continuing.

EXPERIMENTAL

The IR spectra were taken on a UR-10 spectrometer and the NMR spectra on Varian A-56/60A and
Varian HA-100 instruments in deuterochloroform. The internal standard was HMDS, the chemical shift of
which in the scale is 0,04 ppm. The double-resonance experiments were performed on the HA-100 spectrom-
eter using a Hewlett-Packard ABR-200 sonic generator with frequency sweep. The elementary analyses
of compounds (IV), (V), and (IX) corresponded to the calculated figures.

Production of the Pentaacetate (IV). A solution of 200 mg of the pentaol (IIT) in 2 m! of pyridine was
treated with 1 ml of acetic anhydride and the mixture was left at room temperature for two days, After
the usual working up, extraction with ether, and purification by chromatography on silica gel in chloroform,
250 mg of an amorphous substance was obtained. IR spectrum (CCly) (cm~!): 1740 (very strong), 1600,
1510, 1370, 1240 (very strong), 1030, 880.

Preparation of the Lactone (V). A mixture of 150 mg of the pentaol (ITI), 8 ml of dry acetone, and
1,5 g of active manganese dioxide was shaken for 3 h [7]. The solid matter was filtered off and the acetone
was distilled off. The residue was chromatographed on silica gel in a mixture of chloroform and 2%of
methanol, About 80 mg of the lactone (V) was isolated in the form of a noncrystallizing vitreous mass. IR
spectrum (chloroform) (cm-1). 3620, 3400 (OH), 1750, 1690 (o,8 -unsaturated lactone), 1600, 1507, 880
(furan), UV spectrum (ethanol): Ap,.x 220 nm (¢ 10,150), 209 (8900).

Preparation of Compound (IX). A solution of 200 mg of (VIII) in chloroform was heated at 80-90°C
for half an hour. The residue after the evaporation of the solvent was chromatographed on silica. gel in
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chloroform, giving 120 mg of an amorphous substance. IR spectrum (chloroform), cm™1: 1600, 1507, 1030,
980, 890, 880. UV spectrum (ethanol): A .. 212 nm (¢ 8500).

SUMMARY

The structure of teucrin A has been confirmed by spectral and chemical methods and the relative
configurations at all the asymmetric centers have been shown.
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