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A simple improvement of the fit can be
obtained by computing dy,o from the fol-
lowing expression:

01,0 =$201.0(3) + $3 011, 0(s) (3)

where dy,os) and Jg,or refer to the
values for dy,q in the binary mixture. The
fulldrawn curve in Fig. 2 has been com-
puted from (la) with éy,, computed from
(3). An excellent fit is obtained. By using
(1b) instead of (1a) an equally good fit is
obtained. For the sake of simplicity in
computation (1a) is to be preferred.

Eqn. (3) implies that the interactions
between water and a component in the
mixture can be treated as if they are the
same as in the pure solvent. This may be
considered an indication that there are to
a certain extent specific interactions be-
tween water and the two solvents. It is also
possible that interactions between benzene
and carbon tetrachloride partly are the
reasons for the deviations. A 1:1 complex
has been found to freeze out from this
system 1° but this cannot be taken as a
very strong argument in favor of its
existence in solution. It is possible that an
NMR study using water as a probe could
elucidate on these points.
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The Diterpenoids of Solidago
missouriensis Nutt.
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GUDRUN BERGLAND

Institutt for organisk kjemi, Universitetet i
Trondheim, Norges tekniske hggskole,
Trondheim, Norway

n a series ! of investigations of the genus

Solidago we have isolated from an ethyl
acetate extract of the roots of Solidago
missouriensis Nutt. several diterpenoids
(Table 1).

One of these, m.p. 90—92°, [a] ¥ = — 26°
(CHCl,), has physical and spectroscopic
properties similar to 13-epi-enantio-manoyl-
oxide (1), and a related, new, further oxy-
genated compound is on spectroscopic
grounds proved to be 3-oxo-13-epi-enantio-
manoyloxide (2) (m.p. 90—91°, [«]p® —53°
(CHCI,)), (IR 1705 cm™). Tts mass spectrum
is similar to the mass spectrum of 3-oxo-
manoyloxide.?

The strong peaks at m/e 206 and m/e 191
arising from the cleavage of bond C-9,C-11
and the C-8 oxide bond indicate that the
keto group is in ring A or B.

The values obtained from the benzene-
induced solvent shifts in the NMR spec-
trum of the ketone* then accord only
with a 3-keto group. [t(benzene)—
T(CDCly)= +0.25 (C-10 Me), +0.03 (C-8
Me), +0.04 (C-13 Me), +0.08 (C-4 axial
Me) and —0.17 ppm (C-4 equatorial Me)].
Neither a C-1, 2,° 6,* nor 7 keto function
would produce a solvent shift in a methyl
group of —0.17 ppm. A further indication,
of a 3-keto function is the two proton
multiplet at T 7.5 in the NMR spectrum.?
The enantio stereochemistry at C-13 fol-
lows from the position of the three vinylic
protons (14 3.92, 15 5.00, 14 5.05, J ,5=18.0,
Jac=10.5, Jpe=1.3 Hz)2

The remaining diterpenoids (3, 4, §) all
have one feature in common, a UV
spectrum [A,., (EtOH) 234, 241, 250 nm]
diagnostic of a heteroannular diene
system.” They all show olefinic signals in
the NMR spectrum. One broad and one
narrow multiplet around 1 4.5 (1 H C-7)
and 4.2 (1 H C-14). This suggests that the
compounds are 7,13-abietadienes. One of
them, the ketone 3 (IR 1712 cm™!), on
Wolff-Kishner reduction furnishes a hydro-
carbon shown by GLC to be identical with
7,13-abietadiene (10) produced from abietic
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Table 1. Diterpenoids isolated from Solidago missouriensis Nutt. All compounds give satisfactory
mass measurements.

Com- Molecular

ch:)und Name formula Methyl group resonances
1 13-Epi-manoyloxide CyoH ;3,0 8.82 9.13 8.96 9.19 9.28
2 3-0x0-13-epi-monoyloxide  CyoHj3,0, 8.73 8.87 8.91 8.99 9.16
3 7,13-Abietadien-3-one CyoH30 8.86 8.91 8.97 8.97(d)
4 7,13-Abietadien-3 8-ol CyoH;,0 9.02 9.12 9.20 8.99(d)
5 7,13-Abietadien-2a-ol acetate CyyH,,0, 8.93 9.04 9.10 8.96(d)

3 RI=H,R2,R3=O
4 RI=R2=H,R3=OH
5 R, =0Ac,R)=R3=H
" Rl'-'OH‘RZ:RB:H

R P
12 R|=H'RZ'R3=O

13 R]=R2=H,R3=OH
14 R,:OAC,R2=R3=H

acid (6) by common reactions through the
sequence 6 —» 10. LAH reduction of the
ketone (3) gives an alcohol (4) which is
identical with an aleohol occurring natu-
rally in the plant. The NMR spectrum of
this alcohol exhibits the carbinyl proton at
T 6.76 as a doublet of doublets (J=8.5
and 6.0 Hz) thus indicating an axial proton
and in turn an equatorial hydroxy group.
The remaining diterpenoid is an acetate (§)
(IR 1740 em™, NMR 7.97) which on
hydrolysis gives an alcohol (11) different
from the alcohol 4. The alcohol 11 cannot
be oxidized to a conjugated ketone.

The carbinyl proton of the acetate (5)
appears at T 5.11 in the NMR spectrum as
a triplet of triplets. It is equally coupled to
two neighbouring axial (J=12 Hz) and
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to two neighbouring equatorial protons
(J=4 Hz), the size of the coupling con-
stants revealing its axial nature and conse-
quently the equatorial nature of the acetoxy
group. On the basis of & 7,13-abietadiene
skeleton only an acetoxy group at C-2 will
have two neighbouring methylene groups.

We have good reasons to suppose that
the 7,13-abietadienes (3, 4, and §) are
artefacts. The NMR spectra recorded im-
mediately after the first purification, did
not contain the two olefinic signals at
T 4.2 and 4.5, but only one narrow signal
at 4.5. This may be explained if the initial
products obtained are 8,13-abietadienes
(12, 13, and 14) which readily isomerize to
the 17,13-abietadienes. This isomerization
was also followed on TLC. Our studies in,
this problem will continue as soon as more
plant material can be supplied.
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