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To date, about twenty 9, 10-dihydrophenanthrene derivatives have been isolated from nature .
Although 9, 10-dihydrophenanthrenes have been known! for over a decade, most of the members of this group
of compounds have been isolated 27 in recent years. Many of these compounds are phytoalexins® and one of
them, juncusol (1 ),is highly cytotoxic.4 These important biological properties along with their widespread oc-
currence in nature make them an interesting subject of study. Although 9, 10-dihydrophenanthrenes are rela-
tively simple, their structure determination requires extensive chemical and spectral manipulations. In several
cases, structures have been elucidated only after long and tedious syntheses.” The application of 13C NMR
spectroscopy to the structure elucidation of this class of compounds has, so far, been ignored. In this communi-
cation, we report the 13C NMR spectra of juncusol# (1), juncunol’ (7), and several of their derivatives which
represent compounds having all the variety of substituents encountered in naturally occurring 9, 10-dihydro-
phenanthrenes. These data will prove very useful for the structure elucidation of newly discovered 9,10~
dihydrophenanthrenes .

The chemical shifts of juncusol (1), juncunol (7), and their derivatives are presented in Table 1.
These assignments  of the chemical shifts of the various carbons in these compounds were made with the aid
of deuterium exchange, acetylation of OH functions, direct analysis of non-protonated carbon centers, and
complete and partial decoupled spectra. The spectrum of juncusol (1) shows 18 signals for 18 carbons in the
molecule. The single frequency off-resonance decoupled (SFORD) spectrum of juncusol shows 9 singlets, 4
doublets, 3 triplets, and 2 quartets. Between the two quartets at 11.8 and 13.2 ppm, the former is assigned to
the CH; group at C-8 by comparison with the corresponding shift of the CH, group at C-8 in juncunol (11.7
ppm). However, the CH; group at C-3 in juncunol (7) appears af 21.1 ppm. The large upfield shift of the CH,
group at C-3 in juncusol (A6=7.9 ppm) must be attributed to the steric compression of the vinyl group at C-4
and the OH group at C-2 along with other anisotropic effects,with the former definitely predominating. In
dihydrojuncusol (2), the CH; group at C-3 shifts further upfield to 11.8 ppm. By contrast, the position of the
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CHj, group at C-3 is practically unchanged in the spectra of juncunol and all its derivatives (Z-10).
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The triplet at 119.9 ppm and the doublet at 137.8 ppm may be definitely assigned to the vinyl group
in juncusol because these signals disappeared in the spectrum of dihydrojuncusol. The unusual downfield shift
of the =CH, in juncusol in comparison with that of styrene (113.2 ppm)® appears to be caused by the ring
current effect on =CH, in juncusol induced by the restricted rotation of the vinyl group and not because of any
anisotropic effect. The vinyl group at C-4 in juncusol is sterically hindered by the C-3 methyl group and the
C-5 proton, and is held in a position where the plane of the double bond is perpendicular to the plane of the
9, 10~-dihydrophenathrene ring system, as shown by the X-ray structure .4 This is substantiated by the TH NMR
chemical shifts of the protons of the vinyl group in juncusol# which are significantly different from those of
styrene. In juncunol? the vinyl group has free rotation and, therefore, the chemical shifts of the vinyl carbons
as well as the vinyl protons are very similar to those of styrene.

The triplets at 25.7 and 30.3 ppm are assigned to the methylene groups at C-9 and C-10, respec-
tively, in juncusol by comparison with the chemical shifts of the corresponding carbons of 9, 10-dihydrophen-
anthrene (29.2 ppm).® The considerable upfield shift of C=9 in juncusol (A8=3.5 ppm) as well as in juncunol
(A8 = 3.6 ppm) must be attributed to the steric compression of the CHy group at C-8.

The lowfield doublets ot 111.1 and 112 .8 ppm are assigned to C-6 and C-1, respectively, in

juncusol. These peaks collapse in the corresponding spectrum of the dideuteriated compound (4) because of
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Table 1. Carbon-13 Chemical Shift Assignments of some 9, 10-Dihydrophenanthrene Derivcfiveso'b

Carbon 1€ 2 3 4 5 6 7 8 9 10
1 112.8  111.5  119.5 - 118.4 106.9 128.1 127.7 1293 1292
2 1348 13 st A e 1563 1359t 1390 14001 14006
3 120.6 1202 126.1 125.9 1257 1227 13529 1355 135.6 1364
4 139.9  139.1  139.5 139.6 140.3 139.5 127.9 127.7 125.7 125.8
5 128.6 124.9 128.1 128.4 1273 128.4 127.5 1273 1263  126.2
6 na s sl - 118.4 108.9 112.1 118.6 111.8 118.6
7 1829 148 179 e 480 1566t 129 1480 12 147.9
8 120.2  121.0  126.6 126.6 126.4 123.6 121.0 126.6 120.5 126.5
9 25.7 25.7 25.1  25.4 25.5 25.8 25.6 25.5 25.8 25.8
10 30.3 30.8 295  29.7 30.2  30.9 30.0 29.7 30.7 30.4
la 137.1  136.7 136.8 137.0 137.7 137.0 135.9 136.6 139.0 139.4
4a 127.7°  126.3  131.3% 131.7° 132.0 127.3° 131.6 1320 131.8 132.7
5a 127.9° 126.3  131.1° 131.5° 132.0 127.7° 126.9 1307 1277 131.4
8a 137.9  139.1  137.2 137.2  140.1 138.0 140.2 1397  140.3  140.2
o .. IS mr e L el - s
G- - X7 ns we - T ®Y - W
3-CH, 13.2 11.8 13.8 13.9 122 134 21, 21.1 21.0 21.1
8-CH, 11.8 11.8 124 126 125 1.7 1.7 12.5 n.7 12.7
CH, - 23.7 - - 23.9 - - - 26.9 26.8
E:H3 - 15.1 - - 149 - - - 16.1 16.1
ﬁH 137.8 - 136.4 136.5 - 137.5 1393  138.8 - -
CH, 119.9 - 120.0 120.0 119.7 113.9  114.2 - -
3-OCH; - - - - - 555 - - - -
7-OCH; - - - - - 55.7 - - - -

9Chemical shifts in ppm downfield from TMS. The solvent is deuterochloroform unless otherwise mentioned.

bCc:rbon-13 NMR spectra were taken at 25.03 MHz and at 15.03 MHz in the Fourier mode using a JEOL-
PFT-100 spectrometer and a JEOL FX-60 spectrometer,

A few drops of Acetone-d; were added.

e . . . o
" “These assignments may be interchanged in any vertical column.
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deuterium exchange in those positions. The doublet at 112.8 ppm is assigned to C-1 because, in the spectrum
of dihydrojuncusol (2), this signal shifts upfield and appears in the same position (111.5 ppm) with C-6, which
remains practically unchanged. The doublet at 128.6 ppm is assigned to C-5 which shifts to 124.9 ppm in the
spectrum of dihydrojuncusol (2), possibly because of the steric compression of the C,H; group at C-4.,

The singlets at 120.6 and 120.2 ppm are assigned to C-3 and C-8, respectively, in juncusol, which
shift to 126.1 and 126.6 ppm in the spectrum of the diacetate (3) and to 125.7 and 126.4 ppm in the dihydro-
driacetate (5), as expected. The singlets at 153.4 and 153.2 ppm are assigned to C~2 and C-7 in juncusol .
The singlet at 139.9 ppm is assigned to C-4 which does not appreciably shift in the spectrum of dihydrojuncusol
(2) as expected . Of the remaining four singlefs, the ones at 127.7 and 127 .9 ppm are assigned to the ring
junction carbons at C-4a and C-5a in juncusol because these signals shift to 131.3 and 131.1 ppm in the
spectrum of juncusol diacetate (3) and to 132.0 ppm in the spectrum of dihydrojuncusol diacetate (5), showing
the usual effect of acetylation of the phenolic OH function at the para position. The remaining two singlets
at 137.1 and 137.9 ppm in juncusol are assigned to C~1a and C-8a respectively.

The spectrum of juncunol (7) exhibits eighteen signals corresponding to eighteen carbons in the mole-
cule. The pattern of carbon-13 chemical shifts in juncunol is similar to that of juncusol (1). However, com-
parison of the spectrum of 7 with that of juncusol reveals the absence of a chemical shift due to the phenolic
OH group in ring A and changes in chemical shifts of the ring-A carbons in juncunol. The chemical shifts of
juncunol are in agreement with its assigned structure 7.

The aromatic substitution additivity rule'® seems to hold reasonably well for these 9,10-dihydro-

phenanthrene derivatives.
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