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Chemical Constituents of the Combretaceae. Part 111.l Substituted 
Phenanthrenes, 9,l O-Dihydrophenanthrenes, and Bibenzyls from the 
Heartwood of Combreturn psidioides 
By R. M. Letcher and L. R. M. Nhamo, Department of Chemistry, University of Rhodesia, P.O. Box MP 167, 

Ten new compounds isolated from the heartwood of Combreturn psidioides have been shown to be 7-hydroxy- 
2,4,6-trimethoxy-, 7-hydroxy-2,3,4,6-tetramethoxy-, 2,7-dihydroxy-3,4,6-trimethoxy-, and 2.6.7-trihydroxy-3.4- 
dimethoxy-phenanthrene, the 9.1 O-dihydro-derivatives of these four compounds, and 4‘- hydroxy- 3,4,5-trimethoxy- 
and 4,4’-dihydroxy-3,5-dimethoxybibenzyl. 

Salisbury, Rhodesia 

WE have described the isolation and structure elucid- 
ation of eight new phenanthrenes or 9, lo-dihydrophen- 
anthrenes from the heartwood of Combretum apiculatum 
and Combretum moZZe,l together with a bibenzyl from the 
latter. We now report on the heartwood extractives of 
Combretum p ~ i d i o i d e s , ~  which contain fourteen phen- 
anthrenes or 9,10-dihydrophenanthrenes, eight of which 
are new, and three phenolic bibenzyls, of which two are 
new. 

Light petroleum extraction removed an oily material 
from the heartwood. The subsequent ether extract, 
which consisted entirely of phenolic material, was 
chromatographed on t.1.c. plates yielding red gums from 
eight of the bands. These crude phenolic compounds 
exhibited no carbonyl absorption in the i.r. Acetylation 
followed by t.1.c. yielded crystalline acetates from bands 
B and E, amorphous acetates from bands C and G, and 
gums from bands A, D, F, and H. The designations 
(A-H) represent the order in which the phenols ran on 
the t.1.c. plates. 

The acetate from band A separated into two bands 
on t.1.c. plates. The upper band gave an amorphous 
solid, which was shown by mass spectrometry and by 
n.m.r. to be a mixture of phenol (A,) acetate (30%) and 
its dihydro-derivative, phenol (A,) acetate (70%). 
Dehydrogenation of the amorphous acetate gave a single 
crystalline compound, phenol (A,) acetate (C,,H1,O,) 
which showed one acetoxy- and three methoxy-groups 
in the n.m.r. spectrum (Table 2) together with six 
aromatic protons, two of which appear as singlets, 
apparently para to one another, two as a two-proton 
singlet (H-9, H-lo), with the remaining two as a pair of 
doublets ( J  2 Hz) exhibiting meta-coupling. A com- 
parison of the chemical shifts of the aromatic protons of 
phenol (A,) acetate with those of 2,4,6,7-tetramethoxy- 
phenanthrene (Table 2) suggests phenol (A,) to have 
the same substitution pattern as the latter and that the 
acetoxy-group is a t  C-7. Hydrolysis of phenol (A,) 
acetate yielded the free phenol which on deuteriation in 
deuterium oxide under basic conditions, followed by 
acetylation gave a monodeuteriated species (demon- 
strated by mass spectrometry) showing two meta- 
coupled protons (H-l, H-3), the two-proton singlet 
(H-9, H-lo), and the low-field proton (H-5) in the n.m.r. 
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spectrum (Table 2). Consequently phenol (A,) has 
structure (I). This structure was confirmed by a 
synthesis of the acetate of (I) which was identical with 
phenol (A1) acetate, from 3’-acetoxy-3,4’,5-trimethoxy- 
stilbene by an oxidative photochemical cyclisation 
with iodine. Catalytic hydrogenation and hydrolysis of 
the amorphous acetate gave the crystalline phenol (A,) 
with spectroscopic characteristics of a 9,lO-dihydro- 
phenanthrene (Tables 1 and 2) and which therefore has 
structure (11). 
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Substituents 
I 7 h 

2- 3- 4- 6- 7- 
9,1 O-Dihydrophenanthrenes : 

Phenol (A,) (11) OMe H OMe OMe OH 
Phenol (A4) (VI) OMe OMe OMe OMe OH 

OMe OMe OH OMe OH 
OH OMe OMe OMe OH Phenol (C,) (VIII) 

Phenol (H,) (XII) OH OMe OMe OH OH 

(VII) 

Phenanthrenes : 
Phenol (A,) (I)  OMe H OMe OMe OH 

OMe OMe OH OMe OXle 
OH OMe OMe OMe OMe 
OMe OMe OMe OMe OH Phenol (A3) (V) 

Phenol (C,) (IX) OH OMe OMe OMe OH 
OMe OMe OH OH OH 
OH OMe OMe OH OH Phenol (H,) (XI) 

(111) 
(IV) 

(XI 

The lower band froin the t.1.c. separation of the 
acetates of band A gave an amorphous solid which was 
shown by mass spectrometry and n.m.r. to be a mixture 
of phenol (A3) acetate (20%) and its dihydro-derivative, 
phenol (A4) acetate (80%). Dehydrogenation of the 
amorphous solid gave a crystalline product, phenol (A,) 
acetate (C,H,O,), showing spectral characteristics of a 
substituted phenanthrene (Tables 1 and 3). The n.m.r. 
spectrum showed signals for one acetoxy- and four 
methoxy-groups and five aromatic protons, all singlets 
(Table 3). A comparison of the chemical shifts of the 
aromatic protons of phenol (A3) acetate with those of 
2,3,4,6,7-pen t amet hox yphenant hrene (Table 3) suggests 
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that the oxygenation pattern is the same and that the 
acetoxy-group is probably a t  C-2 or C-7. Hydrolysis of 
phenol (A3) acetate gave the free phenol, which on 
deuteriation, followed by acetylation, gave a mono- 
deuteriated species (shown by mass spectrometry) show- 
ing four aromatic protons (Table 3). The exchanged 
proton can be H-8 or H-1, and consequently phenol (A3) 
can have structure (111), (IV), or (V). Phenol (A3) 
acetate was identical with (V) acetate, which was 
synthesised from 3'-acetoxy-3,4,4',5-tetramet hoxy- 
stilbene by the oxidative photochemical reaction. 
Therefore phenol (A3) has structure (V). Catalytic 

9,lO-Dihydrophenanthrene 
7-Hydroxy-2,4,6-trimethoxy- 
7-Acetoxy-2,4,6-trimethoxy- 
'I-Hydroxy-2,3,4,6-tetramethoxy- 
7-Acetoxy-2,3,4,6-tetramethoxy- 
2,7-Dihydroxy-3,4,6-trimethoxy- 
2,7-Diacetoxy-3,4,6-trimethoxy- 
2,6,7-Triacetoxy-3,4-dimethoxy- 

Phenanthrene 
7-Hydroxy-2,4,6-trimethoxy- 
7-Acetoxy-2,4,6-trimethoxy- 
7-Hydroxy-2,3,4,6-tetramethoxy- 
7-Acetoxy-2,3,4,6-tetramethoxy- 
2,7-Dihydroxy-2,4,6-trimethoxy- 
2,7-Diacetoxy-3,4,6-trimethoxy- 
2,6,7-Triacetoxy-3,4-dimethoxy- 

(C,,H,,O,), with spectroscopic characteristics of a 9,lO- 
dihydropkenanthrene (Tables 1 and 3). The n.m.r. 
spectrum of phenol (C,) acetate showed signals for three 
methoxy- and two acetoxy-groups, a singlet for four 
benzylic protons, and three aromatic protons, all singlets 
(Table 3). Hydrolysis of phenol (C,) acetate yielded the 
free phenol, which on methylation, followed by dehydro- 
genation, gave a product identical with 2,3,4,6,7-penta- 
methoxyphenant hrene, thus establishing the oxygenation 
pattern of phenols (C,) and (C,). Deuteriation of 
phenol (C,) followed by acetylation gave a dideuteriated 
species (mass spectrometry) showing only one aromatic 

TABLE 1 
U.V. data [A,,/nm (log s)] 

[Phenol (A,)] 263 (4.18) 278 (4-19) 
266 (4-04) 275 (4.10) 

[Phenol (A,)] 282 (4.27) 
270sh (4.28) 279 (4.31) 

[Phenol (C,)] 281.6 (4-24) 
267 (4.19) 276 (4.21) 

[Phenol (H,) acetate] 265sh (4.39) 274 (4.40) 

[Phenol (A,)] 261.5 (5.13) 283 (4.25) 
261 (4.83) 281 (4.19) 

[Phenol (A3)] 260 (6.06) 281-6 (4.57) 
269.6 (4.84) 280 (4.38) 

[Phenol (C,)] 269.5 (4.91) 282.6 (4.48) 
268.6 (4.99) 276 (4.61) 

[Phenol (H,) acetate] 267.5 (4.91) 280 (4.27) 

302 (4.16) 
301 (4.10) 
304 (4.17) 
301sh (4.16) 
302sh (4-09) 
304sh (3.99) 
302sh (4.16) 

296 (4.10) 
294 (4-04) 
291sh (4.32) 
290sh (4.09) 
298sh (4.21) 
296 (4.28) 
290 (4-14) 

313sh (4.10) 
31 1 (4-09) 
315 (4.16) 
311 (4.19) 
316 (4.10) 
310 (4.00) 

306 (3.86) 
306 (3.86) 
308 (4-12) 
308 (3.98) 
309sh (3.99) 
307 (4.30) 
302.6 (4.18) 

TABLE 2 
lH N.m.r. spectra of phenols (A,) and (A,) and their derivatives (7 values; J in Hz) a 

H-9 and 
OMe OAc or OH H-1 or H-3 H-3 or H-1 H-5 H-8 H-10 

9,lO-Dihydrophenanthrene c- > 

7-Hydroxy-2,4,6-trimethoxy- 3.65 3.66 2.23 3.33 7.33 (4H) 6.14 (3H), 6-16 (3H), 6-21 (3H) 4-53 (1H) * 
7-Acetoxy-2,4,6-trimethoxy- 3.64 3-64 2.12 3.22 7.30 (4H) 6.16 (3H), 6.18 (3H), 6.21 (3H) 7-72 (3H) 
[8-2H]-7-Acetoxy-2,4,6-tri- 3.64 3.64 2.12 7-30 (4H) 6.16 (3H), 6-18 (3H), 6.21 (3H) 7.72 (3H) 

Phenol (A2)] 

methoxy- 

Phenanthrene 
7-Hydroxy-2,4,6-trimethoxy- 3.33 (d, J 2) 3.18 (d, J 2) 1-01 2.77 2.54 (2H) 5.97 (6H), 6.11 (3H) 4.2 (IH) * 
[Phenol (A,)] 

methoxy- 

7-Acetoxy-2,4,6-trimethoxy- 3.34 (d, J 2) 3.20 (d, J 2) 0.92 2.61 2.54 (2H) 5-95 (3H), 6-02 (3H), 6-10 (3H) 7.64 (3H) 
[8-2H]-7-Acetoxy-2,4,6-tri- 3.34 (d, J 2) 3-20 (d, J 2) 0-92 2.64 (2H) 5.95 (3H), 6.02 (3H), 6.10 (3H) 7.64 (3H) 

2,4,6,7-Tetramethoxy- 3.34 (d, J 2) 3.19 (d, J 2) 0.98 2.87 2.61 (2H) 6.98 (6H), 6.04 (3H), 6.13 (3H) 
0 Unless indicated to the contrary all signals are one-proton singlets. 
* Signals are removed on shaking with D,O. 

hydrogenation of the mixed acetate from the lower band 
gave a single crystalline acetate of phenol (A4), with 
spectral characteristics of a 9,lO-dihydrophenanthrene 
(Tables 1 and 3). It follows that phenol (A4) has 
structure (VI). 

The acetate from band B was 4,7-diacetoxy-9,10- 
dihydro-2,3,6-trimethoxyphenant hrene.2 

The amorphous acetate from band C was shown by 
mass spectrometry and n.m.r. to be a mixture of phenol 
(C,) acetate (10%) and its dihydro-derivative, phenol 
(C,) acetate (90%). Catalytic reduction of the amor- 
phous solid gave the crystalline acetate of phenol (C,) 

proton (H-5) in its n.m.r. spectrum. Therefore, phenol 
(C,) can have structure (VII) or (VIII). Since (VII) is 
already known2 and is different from phenol (CJ, the 
structure of the latter is (VIII). Dehydrogenation of 
the amorphous acetate from band C gave a single 
crystalline acetate which on hydrolysis gave the free 
phenol (C,) exhibiting spectral characteristics of a 
substituted phenanthrene (Tables 1 and 3). Thus 
phenol (C,) has structure (IX). 

The acetate from band D yielded crystalline phenol 
(D) (C1,Hm04) on hydrolysis, exhibiting an n.m.r. 
spectrum characteristic of a bibenzyl (Table 41, with 
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signals for one hydroxy- and three methoxy-groups, four and 3,4,5-trimethoxyphenylacetic acid followed by 
equivalent benzylic protons, and six aromatic protons, 
four appearing as an AB quartet (JOrtho 8-5 Hz) and the The acetate from band E was 4,7-diacetoxy-9,10- 
remaining two as a singlet, indicating a symmetrical 

decarboxylation and catalytic reduction. 

dihydr0-2,6-dimethoxyphenanthrene.~ 

TABLE 3 
Assignment (I of chemical shifts (7)  in the lH n.m.r. spectra of phenols (A3), (A4), (C,), and (C,) and their derivatives, and 

derivatives of phenols (H,) and (H,) 
H-1 or H-8 or H-9 and 

OMe OXc or OH H-8 H-1 H-6 H-10 
9,1 O-Dihydrophenanthrene 7 - h -  

7-Hydroxy-2,3,4,6-tetramethoxy- 3.52 3.32 2.14 7.34 (4H) 6.13 (6H), 6.18 (3H), 4.46 (1H) * 
7-Acetoxy-2,3,4,6-tetramethoxy- 3.50 3.21 2.03 7.32 (4H) 6.13 (3H), 6.16 (3H), 7.70 (3H) 

[8-2H]-7-Acetoxy-2,3,4,6-tetramethoxy- 3-50 3.03 7.32 (4H) 6.13 (3H), 6.16 (3H). 7.70 (3H) 

2,7-Dihydroxy-3,4,6-trimethoxy- 3.43 3.27 2.16 7.37 (4H) 6.07 (3H), 6.14 (3H), 3.70 (2H) * 
2,7-Diacetoxy-3,4,6-trimethoxy- 3.37 3.20 2.02 7.34 (4H) 6.17 (3H), 6.20 (3H), 7-71 (GH) 

[ 1, 8-,H zJ -2,7-Diacetoxy-S, 4,6- trime thoxy- 2.02 7.34 (4H) 6-17 (3H), 6.20 (3H), 7-71 (6H) 

2,6,7-Triacetoxy-3,4-dimethoxy- 3.38 3.05 1.94 i.30 (4H) 6.18 (3H), 6.31 (3H) 7.70 (3H), 7.73 (6H) 

[ 1 ,6,8-2H3]-2, 6,7-Triacetoxy-3,4-dimethoxy- 7-30 (4H) 6-18 (3H), 6.31 (3H) 7.70 (3EI), 7.73 (6H) 
2,3,4,6,7-Pentamethoxy- 2 3.48 3.34 2.08 7.30 (4H) 6.15 (12H), 6.27 (3H) 

[Phenol (A4)] 6.28 (3H) 

6.19 (3H), 6.26 (3H) 

6.19 (3H), 6.26 (3H) 

6.29 (3H) 

6.30 (3H) 

6-30 (3H) 

[Phenol (C2)l 

[Phenol (H,) acetate] 

Phenanthrene 
7-Hydroxy-2,3,4,6-tetramethoxy- 3.04 2.70 

7-Acetoxy-2,3,4,6- tetramethoxy- 3.99 2-54 
[8-2H]-7-Acetoxy-2,3,4,6-tetramethoxy- 2.99 
2,7-Dihydroxy-3,4,6-trimethoxy- 2-91 2.78 

2,7-Diacetoxy-3,4,6-trimethoxy- 3.74 2.59 
[ 1 ,8-2H,]-2,7-Diacetoxy-3,4,6-trimethoxy- 
2,6,7-Triacetoxy-3, 4-dimethoxy- 2.73 2.43 

[ 1,5, 8-,H,]-2,6, 7-Triacetoxy-3,4-dimethoxy- 
2,3,4,6,7-Pentamethoxy- * 3.03 2.90 

[Phenol (A3)] 

[Phenol (Cdl 

[Phenol (H,) acetate] 

* Signals are removed on shaking 
0 All signals are singlets and have 

1.06 2.60 (2H) 5.97 (3H), 6.03 (6H), 

0-89 2-54 (2H) 6.01 (12H) 
0-89 2.64 (2H) 6.01 (12H) 
1-09 2.63 (2H) 6.96 (3H), 6.00 (3H), 

0.89 2-59 (2H) 6-03 (9H) 
0.89 2.59 (2H) 6.03 (9H) 
0.70 2.52 (2H) 6.06 (6H) 

2.52 (2H) 6-05 (6H) 

6.06 (3H) 

6.07 (3H) 

1.03 2.57 (2H) 5.98 (3H), 6.04 (9H), 
6-07 (3H) 

with D,O. 
; the appropriate integrated intensities. 

4.16 (1H) * 
7.63 (3H) 
7.63 (3H) 
4.10 (2H) * 
7.63 (6H) 
7.63 (6H) 
7.73 (3H), 7.76 (6H) 

7.73 (3H), 7.75 (6H) 

TABLE 4 
Assignment of chemical shifts (7) in the lH n.m.r. spectra of bibenzyls a 

2-H,6-H 3‘,5’- or 2’,6’-H 2‘,6’- or 3’,5’-H a,a’-H OMe 
4’-Hydroxy-3,4,6-trimethoxy- [Phenol (D)] 3.75 3.09 (d, J 8.5) 3.36 (d, J 8.5) 7.22 (4H) 6.26 (9H) 

4,4’-Dihydroxy-3,6-dimethoxy- [Phenol (F)] 3.79 3.13 (d, J 8.5) 3-38 (d, J 8.5) 7.26 (4H) 6.26 (6H) 
4’-Acetoxy-3,4,5-trimethoxy- 3.72 2.92 (d, J 8) 3.08 (d, J 8) 7.16 (4H) 6.23 (9H) 

4,4’-Diacetoxy-3,6-dimethoxy- 3.72 2.93 (d, J 8) 3.12 (d, J 8) 7.18 (4H) 6.28 (6H) 

2,6- [2H2] -4,4‘-Diacetoxy- 3,6-dimethoxy- 3.74 2.96 7.18 (4H) 6.28 (6H) 

3,4,4’,5-?’etramethoxy- 1 3.70 2.98 (d, J 8.5)  3.28 (d, J 8.5) 7.20 (4H) 6.22 (9H) 
6-27 (3H) 

OAc or OH 
4.86 (1H) * 
7.75 (3H) 
5-06 (2H) * 
7.73 (3H) 
7.78 (3H) 
7.73 (3H) 
7.79 (3H) 

* Signals removed on shaking with D,O. 
Unless indicated to  the contrary all signals are singlets and have the appropriate integrated intensities; J in Hz. 

structure for phenol (D). A comparison of the n.m.r. 
spectra of phenol (D) and phenol (D) acetate with that 
of 3,4,4’,5-tetramethoxybibenzyl (Table 4) suggests 
phenol (D) to be 4’-hydroxy-3,4,5-trimethoxybibenzyl. 
This was confirmed from the synthesis of 4’-acetoxy- 
3,4,5-trimethoxybibenzyl, which proved to  be identical 
with phenol (D) acetate. The bibenzyl was prepared 
from a Perkin condensation of 4-hydroxybenzaldehyde 

The acetate from band F exhibited n.m.r. and mass 
spectra which suggested that it was a mixture of two 
isomeric bibenzyls in nearly equal amounts. Careful 
separation on t.1.c. afforded two bands, the lower of 
which was 3,4’-diaceto~y-4,5-dimethoxybibenzyl.~ 

The upper band gave an oily acetate of phenol (F), 
hydrolysis of which yielded crystalline phenol (F) 
(CI6H,,O4) exhibiting an n.m.r. spectrum characteristic 
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of a bibenzyl (Table 4) with signals for two hydroxy- and 
two met hoxy-groups, four equivalent benzylic protons, 
and six aromatic protons, four appearing as an AB 
quartet (Jottho 8.5 Hz) and the remaining two as a singlet 
indicating a symmetric structure for phenol (F). 
Methylation of phenol (F) gave 3,4,4',5-tetramethoxy- 
bibenzyl,, which establishes its oxygenation pattern. 
Deuteriation of phenol (F) followed by acetylation gave 
a dideuteriated species (mass spectrometry) in which the 
exchangeable aromatic protons were shown to be part 
of the AB quartet. Consequently phenol (F) is 4,4'- 
di hydroxy-3,5-dimet hox ybibenz yl. This structure was 
confirmed by a synthesis of 4,4'-diacetoxy-3,5-di- 
methoxybibenzyl via a Perkin condensation of 4- 
hydroxybenzaldehyde and 4-hydroxy-3,5-dimethoxy- 
phenylacetic acid followed by decarboxylation and 
cat a1 ytic reduct ion. 

The crude acetate from band G was shown by mass 
spectrometry and by n.m.r. to be a mixture of a phen- 
anthrene and its dihydro-derivative. Dehydrogenation 
of the crude acetate gave only 6,7-diacetoxy-2,3,4- 
trimethoxyphenanthrene ; the latter was hydrolysed 
and converted into 6,7-methylenedioxy-Z ,3,4- trimet hoxy- 
phenant hrene, which was synthesised from 4,5-met hyl- 
enedioxy-2-nitrobenzaldehyde and 3,4,5-trimethoxy- 
phenylacetic acid by standard methods. Catalytic 
reduction of the crude acetate from band G gave only 
6,7-diacet oxy-9,10-dihydro-2,3,4-trimet hoxyphen- 
ant hrene .l* 2 

The acetate from band H separated into two bands on 
t.1.c. plates. The upper band gave a gum which was 
shown to be a mixture of phenol (H,) acetate (45%) and 
its dihydro-derivative, phenol (H,) acetate (55%). 
Dehydrogenation of the gum gave a crystalline acetate of 
phenol (H,) (C2,H,08) which showed spectroscopic 
characteristics of a substituted phenanthrene (Tables 1 
and 3), with signals in the n.m.r. for three acetoxy- and 
two methoxy-groups, and five aromatic protons, all 
singlets. Acidic hydrolysis of phenol (H,) acetate 
yielded a phenolic gum which could not be crystallised, 
but which on methylation gave 2,3,4,6,7-pentamethoxy- 
phenanthrene,, thus establishing the oxygenation pattern 
of both phenols (H,) and (H2). Deuferiation of the 
phenolic gum (HI) followed by acetylation gave a 
trideuteriated species (mass spectrometry) showing only 
two aromatic protons (H-9, H-10) in its n.m.r. spectrum. 
Thus phenol (H,) can have structure (X) or (XI). As 
(X) is already known and is different from phenol (H,), 
the latter must have structure (XI). Hydrogenation of 
the mixture of phenol (H,) and (H2) acetates gave a 
single product (n.m.r. and mass spectra, t.l.c.), phenol 
(H,) acetate, which on being hydrolysed and methyl- 
ated gave 9,10-dihydro-2,3,4,6,7-pentamethoxyphen- 
anthrene.2 Consequently the structure of phenol (H,) 
is (XII). 

The lower band from the t.1.c. separation of the 
acetates from band H gave an amorphous solid, which 
was shown by mass spectrometry and n.m.r. to be a 
mixture of a substituted phenanthrene (45%) and its 

dihydro-derivative (55%). Dehydrogenation of the 
amorphous solid gave 4,6,7-triacetoxy-2,3-dimethoxy- 
phenanthrene., Thus, besides phenols (HI) and (H,), 
band H also contains 4,6,7-trihydroxy-2,3-dimethoxy- 
phenanthrene and its 9,lO-dihydro-derivative.l 
EXPERIMENTAL 

General experimental details are described in Parts I 2 

and 1I.l 
Extraction of the Heartwood .-By the procedure we have 

described,, the brown heartwood (700 g)  yielded a brown 
oily light petroleum extract (4 g) and a brown solid (90 g) 
from the ether extraction. 
Isolation of the Phenolic Constituents.-The ether extract 

(1 g)  was chromatographed as previously described a in 5% 
methanol-chloroform and yielded a red-coloured gum from 
each band: A (100 mg), B (110 mg), C (85 mg), D (50 mg), 
E (80 mg), F (70 mg), G (80 mg), and H (60 mg) with RF 
0.86, 0.76, 0.67, 0.51, 0.42, 0.35, 0.26, and 0.18, respectively. 
These crude phenolic products (which exhibited no carbonyl 
absorption in the i.r.) were acetylated and purified by 
t.1.c. as previously described,, yielding two amorphous 
acetates from band A (upper band 9 mg; lower band 
45 mg), a crystalline acetate from band B (44 mg), an 
amorphous acetate from band C (36 mg), a gum from band 
D (24 mg), a crystalline acetate from band E (40 mg), a 
gum from band F (48 mg), an amorphous acetate from 
band G (26 mg), and from band H, a gum (upper band; 
24 mg) and an amorphous acetate (lower band; 20 mg). 

7-Hydroxy-2,4,6-trimethoxyphenanthrene [Phenol (A,)] .- 
The upper band from the t.1.c. separation of the acetates 
from band A gave an amorphous acetate, m.p. 140-155', 
m/e 328, 326, 286 (base peak), and 284, which on dehydro- 
genation gave plates of 7-acetoxy-2,4,6-trimethoxy- 
phenanthrene, m.p. 159-161" (from methanol) identical 
(mixed m.p., i.r., and n.m.r.) with the synthetic product 
(see later). Acidic hydrolysis gave 7-hydroxy-2,4,6-tri- 
methoxyphenanthrene as plates, m.p. 177-179' (from 
chloroform-light petroleum), v,, 3400, 2920, 1610, 1580, 
and 1530 cm-l, rn/e 284 (base peak) and 269 (M+, 284.1029. 
C1,H1604 requires M ,  284- 1049). 

7-Hydroxy-9,lO-dihydro-2,4,6-trimethoxy~henanthrene 
[Phenol (A,)] .-The amorphous acetate was hydrogenated 
in ethanol to give 7-acetoxy-9,lO-dihydro-2, 4,6-trimethoxy- 
Phenanthrene as prisms, m.p. 152-154" (from methanol), 
vmX. 2930, 1760, 1605, and 1510 cm-l, m/e 328 and 286 (base 
peak) (Mf, 328.1331. C,,H,,O, requires M ,  328.1311). 
Acidic hydrolysis gave 7-hydroxy-9,lO-dihydr0-2,4,6-tri- 
methoxyphenanthrene as plates, m.p. 107-1 10' (from light 
petroleum-chloroform), v,, 3400, 2920, 1605, 1580, and 
1520 cm-l, m/e 286 (base peak) and 271 (Mf, 286.1205. 
C1,Hl8O4 requires M, 286.1205). 

7-Hydroxy-2,3,4,6-tetramethoxy$henanthrene [Phenol (A3)]. 
-The lower band from the t.1.c. separation of the acetates 
from band A gave an amorphous solid, m.p. 110-130", 
m/e 358, 356, 316 (base peak), and 314. Dehydrogenation 
gave 7-acetoxy-2,3,4,6-tetramethoxyphenanthrene as 
prisms, m.p. 138-140' (from methanol) identical (mixed 
m.p., i.r., and n.m.r.) with the synthetic product (see later). 
Acidic hydrolysis gave 7-hydroxy-2,3,4,6-tetramethoxyfihen- 
anthrene as plates, m.p. 176-178" (from chloroform-light 
petroleum), vmx. 3420, 2920, 1635, 1610, 1575, 1630, and 
1510 crn-l, m/e 314 (base peak) and 299 ( M + ,  314.1155. 
C18H180, requires M ,  314-1154). 

7-Hydroxy-9,lO-dihydro-2, 3,4,6-tetramethoxyphenanth~ene 
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[Phenol (A4)] .-Hydrogenation of the amorphous acetate in 
ethanol gave 7-acetoxy-9,10-dihydro-2,3,4,6-tetramethoxy- 
phenanthrene as prisms, m.p. 115-1 16' (from ether-light 
petroleum), v,= 2930, 1770, 1600, and 1515 cm-l, m/e 358 
and 316 (base peak) (M+, 358-1430. C20H220, requires 
M ,  358-1416). Acidic hydrolysis gave 7-hydroxy-9,lO- 
dihydro-2,3,4,6-tetramethoxyphenanthrene as plates, m.p. 
156-158" (from light petroleum-chloroform) , vm, 3450, 
2930, 1620, 1595, and 1520 cm-l, M (mass spectrum), 316 
(M+, 316-1328. 

The acetate from band B gave prisms, m.p. 152-154", 
identical (mixed m.p., i.r., and n.m.r.) with 4,7-diacetoxy- 
9,1 O-dihydro-2,3,6-trimethoxyphenanthrene. 

2,7-Dihydroxy- 3,4,6-trimethoxyphenanthrene [Phenol (C,)] . 
-The amorphous acetate from band C, m.p. 110-130", 
m/e 386, 384, 344, 342, 302 (base peak), and 300, was 
dehydrogenated to give 2,7-diacetoxy-3,4,6-trimethoxyphen- 
anthrene as prisms, m.p. 179-181" (from ethanol), v,, 
2920, 1770, 1750, 1610, 1570, 1530, and 1510 cm-l, m/e 384, 
342, and 300 (base peak) (Found: C, 65.5; H, 5.3. 
C21H2007 requires C, 65.6; H, 5.2%). Acidic hydrolysis 
gave 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene as plates, 
m.p. 143-144" (from chloroform-light petroleum) , v,, 
3400, 2920, 1625, 1580, and 1520 cm-l, m/e 300 (base peak) 
and 285 (Found: C, 67.6; H, 5.4. CI7Hl6O5 requires C, 
68.0 ; H, 5.4%). Methylation gave 2,3,4,6,7-penta- 
methoxyphenanthrene. 

2,7-Dihydroxy-9,1 O-dihydro- 3,4,6-trimethoxyphenanthrene 
[Phenol (C,)).-Hydrogenation of the amorphous acetate in 
ethanol gave 2,7-diacetoxy-9,1O-dihydro-3,4,6-trimethoxy- 
phenanthrene as prisms, m.p. 110-1 12" (from light 
petroleum-ether), vm, 2920, 1760, 1590, and 1515 cm-l, 
m/e 386, 344, and 302 (base peak) (Found: C, 65-4; H, 5.6. 
C,,H2,0, requires C, 65.3; H, 5.7%). Acidic hydrolysis 
gave plates of 9,lO-dihydr0-2,7-dihydroxy-3,4,6-trimethoxy- 
phenanthrene, m.p. 11 1-1 13" (from chloroform-light 
petroleum), vmaX. 3410, 3160, 2930, 1610, 1595, and 1510 
cm-1, m/e 302 (base peak) and 287 (Found: C, 67.7; H, 6.3. 
C17H1805 requires C, 67.5; H, 6.0%). Methylation gave 
9,lO-dihydr0-2,3,4,6,7-pentamethoxyphenanthrene.~ 

4'-Hydroxy- 3,4,5-trimethoxybibenzyl [Phenol (D)] .-The 
acetate from band D was obtained as a gum, identical (Lr. 
and n.m.r.) with 4'-acetoxy-3,4,5-trimethoxybibenzyl (see 
later). Acidic hydrolysis gave 4'-hydroxy-3,4,5-trimethoxy- 
bibenzyl as prisms, m.p. 115-1 16' (from chloroform-light 
petroleum), vmaX. 3320, 2920, 1595, and 1525 cm-l, Am, 207 
(log E 4-64), 225sh (4-31), 278 (3.46), and 286sh nm (3-36), 
m/e 288, 181 (base peak), and 107 (Found: C, 70-5; H, 
6.95. 

The acetate from band E gave prisms, m.p. 140-142", 
identical (mixed m.p., i.r., and n.m.r.) with 4,7-diacetoxy- 
9,1 O-dihydr0-2,6-dimethoxyphenanthrene.~ 

Careful t.1.c. separation (repeated elution with chloroform) 
of the acetates from band F, m/e 358, 316, 274, 209, 167 
(base peak), and 107 afforded two bands, the lower of which 
yielded a gum identical (i.r. and n.m.r.) with 3,4'-diacetoxy- 
4,5-dimetho~ybibenzyl,~ and which on acidic hydrolysis 
gave prisms, m.p. 128-130°, identical (mixed m.p. and i.r.) 
with 3,4'-dihydroxy-4,5-dimethoxybibenzyl.1 

4,4'-Dihydroxy-3,5-dimethoxybibenzyZ [Phenol (F)] .-The 
acetate from the upper band in the t.1.c. separation of the 
acetates from band F was identical with 4,4'-diacetoxy- 
3,5-dimethoxybibenzyl (see later). Acidic hydrolysis gave 
4,4'-dihydroxy-3,5-dimethoxybibenzyl as prisms, m.p. 139- 
141' (from chloroform-light petroleum), v,, 3410, 2930, 

C1,H,005 requires M ,  316.1311). 

C1,H,OO4 requires C, 70.8; H, 7.0%). 

1613, and 1520 cm-l, Am, 214 (log E 4-25), 225sh (4~16)~  and 
278 nm (3-45), m/e 274, 167 (base peak), and 107 (Found: 
C, 69-6; H, 6.5. C16H1,04 requires C, 70-05; H, 6.6%). 
Methylation gave 3,4,4',5-tetramethoxybibenzyl.l 

The amorphous acetate from band G, m.p. 110-120°, 
m/e 386, 384, 344, 342, 302 (base peak), and 300, on de- 
hydrogenation gave prisms, m.p. 121-123", identical (mixed 
m.p., i.r., and n.m.r.) with 6,7-diacetoxy-2,3,4-trimethoxy- 
phenanthrene. Acidic hydrolysis followed by treatment 
with di-iodomethane, gave prisms of 2,3,4-trimethoxy- 
6,7-methylenedioxyphenanthrene, identical (mixed m.p., 
i.r., and n.m.r.) with the synthetic product (see later). 
Catalytic reduction of the amorphous acetate gave prisms, 
m..p. 130-133", identical (mixed m.p., i.r. and n.m.r.) 
with 6,7-diacetoxy-9,1 O-dihydro-2,3, Ptrimethoxyphen- 
ant hrene. 

2,6,7-Triacetoxy-3,4dimethoxy~henanthrene [Phenol (H,) 
Acetate].-T.1.c. of the acetates from band H gave two 
bands: the upper band yielded a gum, m/e 414, 412, 372, 
370, 330, 328, 288 (base peak), and 286, which on dehydro- 
genation gave 2,6,7-triacetoxy- 3,Pdimethoxyphenanthrene as 
prisms, m.p. 138-140" (from ethanol), v,,, 2920, 1760, 
1610, 1570, and 1510 cm-l, m/e 412, 370, 328, and 286 (base 
peak) (Found: C, 64.1; H, 5.0. C&t2008 requires C, 
64-05; H, 4-97,). Acidic hydrolysis gave a phenolic gum 
which on methylation gave 2,3,4,6,7-~entamethoxyphen- 
anthrene. 

2,6,7-Triacetoxy-9,1 O-dihydro- 3,4-dimethoxyphenanth~em 
[Phenol (H,) acetate] .-Hydrogenation of the gum gave 
2,6,7-triacetoxy-9,1 O-dihydro-3,4-dimethoxyphenanthrene as a 
gum, vmX. (film), 3000, 2900, 1760, 1590, and 1505 cm-l, 
m/e 414, 372, 330, and 288 (base peak) (M+, 414-1313. 
C ,,H,,O, requires M ,  414.1315). Acidic hydrolysis gave a 
phenolic gum which on methylation gave 9,lO-dihydro- 
2,3,4,6,7-~entamethoxyphenanthrene. 

The lower band from the t.1.c. separation of the acetates 
from band H gave an amorphous solid, m.p. 150-170°, 
which on dehydrogenation gave 4,6,7-triacetoxy-2,3-di- 
methoxyphenanthrene,2 m.p. 170-173' (identified from 
mixed m.p., i.r., and n.m.r.). 

Synthesis of 7-Acetoxy-2,4,6-trimethoxyphenanthrene.-A 
Perkin condensation of isovanillin and 3,5-dimethoxy- 
phenylacetic acid gave u- (3,5-dimethoxy~henyl)-3-hydroxy- 
4-rnethoxycinnamic acid as needles, m.p. 295-299" (from 
methanol), vmx 3360, 2940, 1680, 1600, and 1520 cm-l 
(Found: C, 65.4; H, 5.45. C18H1,06 requires C, 65.4; H, 
5.5%), which after acetylation and decarboxylation was 
irradiated in ethanol (containing 0.005~0 iodine) with a 
Hanovia medium-pressure mercury arc submerged in the 
solution in quartz apparatus, yielding 7-acetoxy-2,4,6- 
trimethoxyphenanthrene * as plates, m.p. 159-1 6 1' (from 
methanol), v,, 2920, 1755,1615, 1575, 1535, and 1510 cm-l, 
m/e 326 and 284 (base peak) (M+, 326.1144. C1,H1,06 
requires M ,  326.1164). 

Synthesis of 7-Acetoxy-2,3,4,6-tetramethoxyphenanthrene.- 
After a Perkin condensation (see later) of isovanillin and 
3,4,5-trimethoxyphenylacetic acid, followed by the se- 
quence of reactions just described, the following compounds 
were isolated : 3-acetoxy-4-methoxy-a-( 3,4,5-trimethoxy- 
pheny2)cinnamic acid as needles, m.p. 173-1713' (from 
benzene-methanol), v,, 2950, 2600, 1770, 1670, 1610, 1586, 
and 1515 cm-l, m/e 402, 360 (base peak), 358, and 345 
(Found: C, 62.6; H, 5.6. CalH2,O, requires C, 62.7; H, 
5.5%) ; 7-acefoxy-2,3,4,6-tetramethoxyphenanth~ene * as 

* Yields in the photochemical cyclisations, 36-40%. 
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prisms, m.p. 139140"  (from methanol), v,, 2920, 1755, 
1625, 1605, 1570, 1525, and 1510 cm-l, m/e 356, 314 (base 
peak), and 299 (Found: C, 67.3; H, 5-7. CzoH,,Os 
requires C, 67-4; H, 5.7%). 

Synthesis of 4'-A cetoxy- 3,4,5-trimethoxybibenzyl .-A mix- 
ture of 4-hydroxybenzaldehyde (0-6 g), 3,4,5-trimethoxy- 
phenylacetic acid (1.0 g), acetic anhydride (1 ml), and 
triethylamine (0.5 ml) was heated a t  90" for 12 h, then 
evaporated under reduced pressure, leaving a gum which 
solidified on the addition of conc. hydrochloric acid (2 ml). 
The solid was filtered off and washed with water, leaving 
4-acetoxy-a-(3,4,5-trimethoxyphenyl)cinmzmic acid (1.5 g), 
m.p. 220-224" (from ethanol), wmx. 2930, 2600, 1765, 1670, 
1600, 1590, and 1510 cm-l, m/e 372, 330 (base peak), 328, 
and 315 (Found: C, 64.3; H, 5.3. C2oHZoO7 requires C, 
64.5; H, 5.4y0), which on decarboxylation followed by 
hydrogenation in ethanol for 3 h, gave a gum, 4'-acetoxy- 
3,4,5-trimethoxybibenzyZ (0-75 g), v,, (film) 2900, 1750, and 
1510 cm-l, m/e 330, 181 (base peak), and 107 ( M f ,  330.1446. 
C19H22OS requires M ,  330.1467). 

Synthesis of 4,4'-Diacetoxy- 3,5-dimethoxybibenzyl .-A mix- 
ture of 4-hydroxybenzaldehyde (0.15 g), 4-hydroxy-3,6- 
dimethoxyphenylacetic acid 4 (0.2 g)  (prepared by a photo- 
chemical Amdt-Eistert reaction from 4-hydroxy-3,5-di- 
methoxybenzoic acid), acetic anhydride (0.4 ml), and 
triethylamine (0.2 ml) was heated at  100" for 12 h. The 
solution was evaporated under reduced pressure, leaving a 
gum, which was refluxed with quinoline (5 ml) and copper 
chromite powder (0-2 g)  for 5 min. The cooled mixture 
was taken up in ether and filtered, and the filtrate was 
washed with dilute hydrochloric acid and then with dilute 
sodium hydrogen sulphite, dried (MgSO,) , and evaporated. 
The resulting gum was purified by t.1.c. and hydrogenated 
to give 4,4'-diacetoxy-3,5-dimethoxybibeizzyl (45 mg) as a 
gum, vmX. (film) 2930, 1760, 1600, and 1500 cm-l, m/e 358, 

316, 274, 209, 167 (base peak), and 107 (M+, 358.1419. 
CzoH,,0, requires M ,  358.14 15). 

Synthesis of 2,3,4-Trimethoxy-6,7-methylenedioxyphen- 
anthrene.-Under conditions similar to those described 2 

previously, a Pschorr synthesis from 3,4,5-trimethoxy- 
phenylacetic acid and 4,5-methylenedioxy-2-nitrobenz- 
aldehyde gave the following compounds : 4,5-?nethyZene- 
dioxy-2-nitro-a- (3,4,5-trimethoxyphenyl) cinnamic acid as 
needles, m.p. 207-210" (from acetic acid-water), T 0.42br 
(lH), 1.95 (lH, s), 2.53 (lH, s), 3-71 (2H, s), 3.75 (lH, s), 
4-02 (2H, s), 6.20 (3H, s), and 6-32 (6H, s) (Found: C, 56.4; 
H, 4.2. C1gH17NOg requires C, 56.6; H, 4.25y0); 2,3,4- 
trimethoxy-6,7-methylenedioxyphenanthrene- 1 O-carboxylic acid 
as needles, m.p. 272-274" (from acetone), M (mass 
spectrum) 356 (Found: c ,  64.0; H, 4.5. CLDHl80, requires 
C, 64.0; H, 4*5y0), A,, 262 (log E 4.754, 284 (4.15), and 
314 nm (4-07) ; 2,3,4-trimethoxy-6,7-methylenedioxy~hen- 
anthrene as needles, m.p. 129-130" (from methanol), vmx. 
2920, 1605, and 1510 cm-l, 258 (log E 4-88), 284 (4-31), 
300sh (4.01), and 310 nm (3.74), T 1.13 (lH, s), 2.62 (2H, s), 
2.95 (lH, s), 3.07 (lH, s), 4.05 (2H, s), and 6-07 (9H, s), 
M (mass spectrum) 312 (Found: C, 68.8; H, 5.1. CteHlGO, 
requires C, 69-2; H, 5.2%). 

We thank the Director of the National Chemical Research 
Laboratory, C.S.I.R., Pretoria, South Africa, Dr. R. Hall, 
and Dr. S. H. Eggers for the recording of mass spectra and 
the determination of accurate masses, and Mr. R. B. 
Drummond, Government Herbarium, and Mr. F. L. Orpen, 
Forestry Commission, Salisbury, for the identification and 
collection of wood samples. 

[2/582 Received, 8th August, 19721 

F. Mauther, J .  prakt. Chem., 1936, 142, 32. 


