Tetrahedron Vol. 42, No. 14, pp. 3899 to 3904, 1986 0040-4020/86 $3.00+.00
Printed in Great Britain. Pergamon Journals Ltd.

SYNTHESIS OF NEW ARYLTETRALIN LIGNANS

Antonio G. Gonzflez

Instituto Universitario de Quimica Orgé&nica,
Universidad de La Laguna, Tenerife

*
Rafael de la Rosa and Juan M. Trujillo

Instituto de Productos Naturales Orgdnicos, CSIC,
La Laguna, Tenerife, Canary Islands, SPAIN

(Received in UK 14 April 1986)

Abstract - Cyclization with CFacozn of the dibenzyllactone
compounds 3 and 4 afforded the aryltetralin derivatives 6a
and 6b, epImers at the carbon a to the lactonic carbonyl

group, in wgich the aryl substituent group is in the a-axial
position. H NMR data assignments of the compounds obtained
are also given.

Almost all the works carried out in order to obtain aryltetralin lignans led to
compounds in which the aryl substituent group had a gf-equatorial configuration, as
opposed to that of the naturally occurring compounds. In the present work we wish
to report on the isolation of an aryltetralin lignan with the aryl group in the
a-axial position. This aryl group has a single substituting group in the para
position.

A synthetic scheme similar to that previously employed by usl was followed.
Condensation of the adduct 1 with the aldehyde 2 afforded, after separation by
chromatography, compounds 3 and 4 (yield 87%, 3:7). Their IR, MS and NMR spectra
indicated that they must be the epimers in the carrier carbon of the hydroxyl
group, since the trans configuration of the lactone for this type of condensation
is well known.2 This assumption was confirmed by oxidation of 3 and 4 by pyridine
dichromate, a single product 9 (98%) being formed in both reactions; the isomers
are therefore erythro and threo. The assignment of configurations to these
isomers was based on the study of the coupling constants found between protons 1
and 2 in tueir 'H NMR spectra. The said value was determined by the most stable
conformation in each product, due to the presence of a hydrogen bridge between the
hydroxyl proton and the lactone carbonyl.

Proton 1 of the isomer 3 was centred at ¢ 5.02 (J1 2 " 2.7 Hz) while that of
4 was found at § 4.83 (J
to the couplings, using a'modified Karplus equation,3 a value of 62° was obtained
between protons 1 and 2 for compound 3, while the angle was 132° for those of
compound 4. This assignment also agrees with the values of the shifts and with
those of the coupling constants of the above-mentioned protons in some analogous
erythro-threo pairs described in the literature.‘

Cyclization of these compounds with trifluoracetic acid dissolved in benzene
saturated with water gave campound 5a (with a yield of 71.5%) that underwent the
loss of the methoxy-methoxy shield group (IR: 3380 cn-l). This compound,
insoluble in the usual solvents, was acetylated in order to study its NMR spectrum;
acetate 5b could not be dissolved, and therefore could not be studied spectro-
scopically, but fts IR, MS and UV spectra are as expected for this product.
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1.2 * 5.5 Hz). By calculation'of the angle corresponding
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The dithiane group was then eliminated to give compound 6, which can be
compared with other analogous ketones, isomers of podophyllotoxone. The un-
shielding of Sb (Hgo/BF3(Et20)) afforded a mixture (yield 50%) from which a very
insoluble crystalline product, m/z 338, was separated. Acetylation of this com-
pound followed by chromatography gave two isomeric products, 6a and 6b (4:6), the
IR spectra of which show the absence of hydroxyl groups and have ' 380. These
campounds are stereoisomers on the asymmetric carbons of the central ring. Their
configuration can be deduced from the study of their NMR spectra. Compound 6a
presents the signal of the proton at C-2 as a double doublet centred at & 3.30
that is decoupled, on irradiating proton 1, to a doublet of J2 3™ 15.6 Hz,
implying a trans configuration for the lactonic protons 2 and 3 2 fthe coupling
constant between protons 1 and 2 is 4.3 Hz, giving an angle of 55*, calculated by
the modified Karplus equation mentioned above, indicating an axial-equatorial
interaction between protons 1 and 2, as seen in Figure A.

Ha Hy coo
Cs Hy C3 coo Ce Hy
—
-
Ca coo Ce Ar.(eq) C3 Hyp
Ar.(ax) Hj Ar(ax.)
A B c

These values of the chemical shifts, coupling constants and angles coincide
with those given by Dewick and Ayress'6 for podophyllotoxone 8a. suggesting that
this compound must have an analogous configuration, with the aryl substituent in
an o position and the lactone in trans.

In the second isamer. 6b, protons 2 and 3 have a coupling at 7.9 Hz,
indicating that the lactone must be in a cis position. The couplings of protons
1 and 2 (21,2 = 1,5 Hz) and those of the 3 and csprotons (13,a = 0 Hz) can be
compared with those of picropodophyllotoxone 8b. Moreover, the angle of 69°
calculated for 6b between protons 1 and 2 coincides with Ayres' hypothesis that of
the two possible conformers existing in picropodophyllotoxone (Figs, B and C), the
equilibrium is found to be almost totally shifted towards the conformer having an
axial aryl group (C), an angle of 70° being calculated for protons 1 and 2 in
picropodophyllotoxone,6 in perfect agreement with the data obtained for our com-
pound 6b, that must therefore be the analogue of picropodophyllotoxone. This
conclusion 1is supported by the value of 5.5 Hz found for the coupling constant
between protons 1 and 2 of isopicropodophyllotoxone, epimer at C-1 of picropodo-
phyllotoxone.7

In order to support these conclusions, compounds 6a and 6b were jointly
reduced with Zn(BH4)2, a reagent previously employed for the tnansformatiog of
picro- and podophyllotoxone into picro- and podophyllotoxin, respectively; this
allowed a comparison to be made of our products with these well known compounds
The above-mentioned reduction was carried out with Zn(BH ) in glyme to afford a
mixture (yield 73%) from which, after extraction, a crystalline nass (M 340, IR:
3470, 3210 cm l)7 was separated. The mixture resulting from the acetylation of
these crystals was separated by chromatography to give three prcducts, 7a, 7b and
7c (2:5:3), that must be isomers on the asymmetric carbons of ring C (H+ 424) .

Reduction of podophyllotoxone with Zn(BH‘)2 afforded podophyllotoxin 8¢, with
the hydroxyl group in an o position.9’1° Similarly, reduction of 6a should give
7a, a compound with a structure identical with that of podophyllotoxin, as can be
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deduced from its spectroscopic data: the coupling between protons 2 an'd 3 (:.r2 3"
14.5 Hz) and béetween 1 and 2 (J1 2 ™ 4.6 Hz) indicate a ttan-diaxial intoraction
for the !omer and an axial-equatorial interaction for the latter, although the
angles are snghtly distorted due to the tension of the ring. The coupling J3 Pl
9.1 Hz cleafly indicates a transdiaxial, -although impure, configuration, with a
value simi’lar to those found in analogous products, such as podophyllotoxin acetate
(J 3- 4 = B Hz), and quite different from that of epipodophyllotoxin acetate 8d with
a markedly smaller constant (.J3 " 3.5 Hz).

Kot.oqn &, with a cis lactono, may be found in two conformations, although that
with the’ mn- atyl group is favoured, the ugnitude of the equilibr!.ﬁ- depending
on factors such as solvent and temperature. Reduction of analogous ketones with
Zn(BH, )2 hat alrcady been dcucribod,9 10 5 single compound being obtained with the
hydzoxyl qroup in the a position, although this has not been uneguivocally con-
firmed, 0 Our work thus reports on the fact that reduction of 6b with zn(nll‘)2
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afforded two different compounds that must be C-4 epimers.

In principle, it can be expected that the coupling between protons 3 and 4 may
throw some light on the respective configurations, but the couplings found (gB" -
3.8 Hz and a4 ™ 4.4 Hz for 7b and 7c, respectively) do not permit thc;atrnctuxes
to be assigned. However, the shift of the methyl of the acetate group over C-4 of
compound 7b that appears at ¢ 1.83 is significant. This led us to consider a
possible shielding effect of the aryl substituent group in the isomer that has
both the acetate and aryl groups in the a-axial position in close proximity to each
other, as can be seen in the Figure.

The values obtained by other authors for similar compounds3b'6'11 confirm

these assignments. Thus, for example, the methyls of picropodophyllotoxin acetate
8e and picrosikkimotoxin acetate 8f appear at § 1.99 and § 1.93, respectively, while
both their C-4 epimers appear at § 2.13, It can therefore be affirmed that com-
pound 7b has the acetate group in the « position, while compound 7¢ is the C-4
epimer,

The greater shielding of the methyl of the acetate group in 7b with respect to
picropodophyllotoxin may be due to a greater proportion of compound in the confor-
mation with the aryl group in an axial position. The proportion of the said con-
former for picropodophyllotoxin acetate was calculated by )\ytea,sa taking this to
have a value of 91.2 = 1,5 Hz in the conformation with the axial aryl group
(analogous to C), and a value of 9.5 Hz for the other conformer (B). The constant
found for this acetate (11'2 = 3.75 Hz) implies a contribution of the firat con-
former of 70%. Analogous calculations applied to campound 7b, with J, 5 = 2.8 Hz,
give a value of 84% for the contribution of the axial aryl group which might
account for the greater shielding of the methyl group.

We therefore concluded that structures 7b and 7c are analogous to those of
plcro- and epipicropodophyllotoxin acetates.

EXPERIMENTAL

Melting points were determined on a Kofler block and are uncorrected. Infrared
spectra were recorded on a Perkin-Elmer 681 spectrophotometer. Ultraviolet spectra
were recorded on a Perkin-Elmexr 550 spectrophotometer. H NMR spectra were
obtained on Bruker WP 200 and WM 360 spectrometers, chemical shifts are reported
relative to MeySi (80} and coupling constants are given in hertz. 13C NMR spectra
were cbtained on a Bruker WP 200 spectrometer and the chemical shifts are reported
relative to MeySi (80). Low and high resolution mass spectra were obtained from a
VG Micromass ZAB-2F instrument., Column chromatography was performed on silica gel
G, all Merck products. The TIC plates were developed by spraying with 6N-sulphuric
acid and heating. All solvents were purified by standard techniques. Anhydrous
sodium sulphate was used for drying solutions.

4-Matho; thoxybenzaldehyde 2, - To p-hydroxybenzaldehyde (1 g) dissolved in
chloroform ;*g ™) and dimethoxymethane (methylal) (10 ml) was added phosphorus
pentoxide (2.5 g) at room temperature and the reaction was left for 48 hours. The
reaction mixture was washed with sodium carbonate; the organic layer was concen-
trated to afford an oil (0.8 g, 58%) that could not be crystallized. m/z s 166 M%;
v cm~1 ; 2960, 1700, 1602, 840; AMROH nm : 216, 269; & (CDCly) : 9.90 (1R, s,
8.00~7.70 (2H, 4, J= 8.7 Hy, arom., H 2.6), 7.30~7.10 (2H, 4, J= 3.7 Hz, arom. H
3.5), 5.23 (2H, s, CH,07), 3.46 (38, s, CH30). -
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2- (4~-Meth thoxybenzyl) -6-hydroxy~5- (1, 3-dithian)-3- (3, 4-methylensdioxy-
bensyl)= one J,%. - T0 a solution in TRP (8.28 ml) of KIIiogtopyIEg;ne
I8 K% § gty g {80 ™xY) under argon and cooled to -78°C was added n-Buli (30ml).
The mixture was Jeft to react for 8 hours, the adduct (11.8 g) 4issolVed in THF
(200 ml) was added and the mixture left for a further hour Compound 2 (8 g)
dissolved in THP (60 ml) was then added. The mixture was left to react for 48
hours. at the .same temperaturas, acetic acid (5 ml) was added and the mixture was
allowed to. reach room tamperature. Extraction with AcOBt gave, after concentra-
tion, an amorphous sclid {(1%5.5 g, 87%) that upon purification by column chroma-
tography on silica gel afforded two compounds (30:70) that were separated as
follows: the less polar compound, 3 (4.6 g), crystallized from AcOEt-n-hexane:
m.p. 168-168.5°C, wm/z : 490.1140 M+ (C24H25078S2 requires 490.1119), 1712, 428,
5

238; v ‘omml 3440, 2890, 1745, 815; H nm :; 218, 228, 298; & (CDCl3y) : 7.17
(1H, 4d, J= 8.2, 2,0 Hz, H6'), 6.99 (1H, &,"J= 2.0 Hz, H2'), €.94 (28, 4, J= B.8
Hz, H3",5"), 6.81 (2H, 4, J= 8.8 Hz, H2",6%)7 5.90-5.96 (AB, 2H, methylenedioxy),
5.11 (2H, d, J= 1.4 Hz, CH303), 5.02 (1H, m, H1), 4.74 (1H, dad, J= 2.2 and 9.4 Hz,
Ha), 4.23 (1H, dd, J= 8.0 and 9.4 Hz, HB), 3.43 (3H, s, CH30), 2.98 (1H, 4, J= 4.2
Hz, OH), 2.93 (1iH, d4, J= 2.7 and 2.7 Hz, H2), 2.66 (1H, m, H3), 2.43-2,56 (74, m,
CHz), 1.78-1.82 (2H, m, Cﬂz).

The more polar compound, 4 (10.9 g), was an amorphous solid that could not be
crystallized. m/z : 490.1063 Mt (C24Bzg°3§2 requires 490.1119), 324, 239, 165;
vEHCl3 om-1 : 3600, 2920, 1765, 1480; ABtOH nm : 212, 224, 297; 6 CDCly): 7.41 (1H,
ad: X3= 8.3 and 1.9 Hz, H6'), 7.31 (1H, &= 1.8 Hz, H2'), 7.14 (2H, 4, J= 8.6 Hz,
H3",5"), 6.94 {2H, 4, J= 8.6 Hz, H2",6%), .78 (1H, 4, J= 8.3 Hz, H5'), §.01 (AB,
2H, methylene dioxy), 5.16 (AB, 2H, CHy03), 4.82 (1H, 4d, J= 5.5 and 2.6 Hz, H1l),
4.57 (1H, dd, J= 9.8 and 8,4 Hz, Ha), 3.78 (1H, dd, J= 8.4 and 2.6 Hz, HB), 3.25
(14, dd, J= 5.5 and 2.9 Hz, H2), 2.51-2.79 (6H, m, ON, H3, CHp), 1.87-1.94 (2H, m,
CHjy).

2-(4~Hethogxggthaxzbenle)—6-keto—5-glE3-dithian%b3«(3=4~methxlenedi§§xbenz%l)—
butyrolactone 3. - Compoun or & ™g ssoilved 1n methylene chloride )
and pyridine txrifluoracetate (60 mg) was treated with pyridine dichramate (500 mg)
and left to react with stirring for 1.5 hours. Dry ether (60 ml) was then added
and the mixture filtered through Celite 545, The compound was purified on a
silica gel column and crystallized from AcOEt-diisopropylic ether-hexane as colour-
less needles (100 mg, 98%), m.p. 125.5-12B.5°C. m/z : 488.0969 M* (C Hﬁgoqsz
requires 488.0963), 457, 239; vEHCl3y om-1 ; 2865, 1778, 1680, 1607; AgLOH nm , 209,
275, 292; & (CPCl3): 8.06-6.70 (7H, m, arom. H), 6.05-5.49 (2H, m, methylenedioxy),
5.35 (2H, s, CH03), 5.35-4,95 (1H, m, H2), 4.67-4.33 (2H, m, Ha,HB), 4.00-4.65
(1, m, H3), 3.50 (3H, s, CH0), 2.80-2.50 (4H, m, CHp), 2.20~1.74 (2H, m, CHj).

l-(4-dero§xghenxl)-3-hxdrox§=ethxl—4—(1£3—dithian)~6,?—nethxlenediogz-z—nagh-
thoic ac actone >a. - To a ture o an g ssolve n benzene

mI) saturated with water was added dropwise and with shaking trifluoracetic
acid (1.26 ml) in benzene (20 ml) and at 0°C. The mixture was kept with shaking
for 2 hours at the same temperature and was then extracted in the usual manner
with AcOEt. The compound was purified by chromatography with silica gel to yield
white crystals (0,33 g, 71.5%) from acetone, that decomposed agove 247°C, m/z :70
428.0697 M+ (CyHy905S2 requires 428,0752), 353, 107; v em-1 : 3380, 2880, 1770,
934; 1 FEQH nmzf 527? 302.qu hex

Acetylation of this product was performed in the usual manner with acetic an-
hydride and pyridine. After extraction in the usual way, compound 5b crystallized
from AcOEt-hexane. m.p. 283-286°C. m/z : 470.0848 M* (Cy4H22045; Tequires
470.0857), 428; v cm-1 : 2900, 1770, 1485, 913; \Piox nm : 234, 236, 242, 254,
261, 265, 298; & 13) : 6.30-7.66 (6H, m, arom. H?, 5.90 (2H, m, methylenedioxy)
2.70-3.30 (44, m, CH,), 1.50-1.80 (2H, m, CH2), 2.20 (3H, s, CH4CO).

1- (4~Hydroxyphenyl) -3-hydroxymethyl-4-keto-1,2,3,4~tetrahydro-6,7-methylene~
dioxy-2-naphthoic acid lactone 6., - To the cycIIzeé compound §a (I.i! gy 3§ssoIved
in ¥§F7ﬁ 0 (85:15) were added

2 H_O (red) (1.5 g) and Et0BF3 (0.9 ml) and the
mixture was left at roam tempergtute for 5 hours, after which was added CHCl; (100
ml). The mixture was washed with sodium bicarbonate and extracted to yield a
compound (0.44 g, 50%), m/z ; 338.0784 M* (C1gH;40¢ requires 338.0790) 293; AELQH
nm : 216, 223, 303, 333; vﬁ§x13 em~1 : 3580, 3000, 1760.

Campound 6 was acetylated with Ac,O and pyridine, washed and extracted in the
usual manner, affording two products “(40:60) that were separated by column chro-
matography. The less polar, 6a, crystallized from benzene-hexane with m.p, 125~
128°C. m/z_: 380.0891 MY (C,1H,¢0, requires 380.0896), 338; *MgQH nm : 216, 2136,
280, 320; vNujol ep=1 . 17817 1%?8, 1687, 1612, 1184; & (CDCl,) : 7.55 (1H, s, B2),
7.18 (2H, 4, J= 8.6 Hz, H3",5%), 7.01 (2H, 4, J= 8.6 Hz, nz*,g'), 6.65 (1H, s, HS),
6.07 (2H, s, methylenedioxy), 4.88 (1H, 4, J= T.3 Hz, H1l), 4.55 (1H, 4d, J= 7.5
and 9.4 Hz, Ha), 4.37 (1H, 44, J= 9.5 and 9.4 Hz, HR), 3.48 (1H, dt, J= 975, 7.5
and 15.6 Hz, H3), 3.30 (1H, ad,”J= 4.3 and 15.6 Hz, H2), 2.29 (3H, s, CH4CO).

The more polar, 6b, crystallized from diisopropyl ether, m.p. 159-162°C, m/z :
380.0504 M* (C,qH,.07 requires 380.0896), 338: cm™ 1 : 2900, 1768, 1662, 1610,
1471; AESOH npm™: 524, 241, 336; & (CDCl3) : 7.50 (1H, s, H2'), 7,00-7,.07 (4H, m,
H2",3",5%,6"), 6.65 (1H, s, H5'), 6.03 (AB, 2H, methylenedioxy), 4.75-4.77 (2H, m,
Hl, Ha), 4.33 (1H, 44, J= 5.6 and 9.1 Hz, HB), 3.29 (1HE, 44, J= 7.9 and 1.5 Bz,
H2), 3.26 (1H, m, H3), Z7.24 (3H, s, CH4CO}. -
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1-(G—derox¥ghan¥1)-3—hxdro§¥52thzl¢4‘hxgrogz-l,2,3llvtetrahxdro—st7<methx1ene-
dioxy-2-na 0lC ac actones /a,b,c. - To compoun ™g ssoived in dry
glyme (60 mI] a solution of (BH,V,2n {150 ml, 0.15 M) In ethyl ether was added with
stirring and at room tempetatur& andex inert atmosphere. The mixture was left to
react for 20 hours, after which water {40 ml) was added. The organic phase was
separated, washed with sodium bicarbonate and dried over sodium sulfate. The resi-
due (83 mg, 738%) was acetylated with acetic anhydride and pyridine, washed and
extracted in the usual manner (850 mg) and then chromatographed on a column -of
silica gel, to give three compounds (20:50:30). The least polar compound, 7a (170
mg) crystallized from acetone-diisopropyl ether, m.p. 211-214°C. m/z : 42471204 ut
<C2332g°s requires 424.1158), 382, 340, 322; AR§SH mm : 194, 275, 313, ugggig 1
3010, 2900, 1765, 1500, 1480; & (CDCl3) 1 7.14 (ZH, 4, J= 8.5 Hgz, H3",5"), 6.94
(22, 4, J= 8.5 Hz, H2",6"), 6.75 (1H, s, H2'), 6.45 (1H, s, H5'), 5.94 (AB, 2H,
methylenedioxy), 5.86 (1H, 4, J= 9.1 Hz, H4), 4.61 (1H, 4, J= 4.6 Hz, H1), 4.33
(1H, 4d, J= 7.0 and 9.3 Hz, HaY, 4.18 (1H, 44, J= 9.6 and 973 Hz, HR), 2.29 (1R,
gg,c%; 4.% and 14.6 Hz, M2}, 2.80 (1H, m, H3), Z.25 (3H, s, CH3CO), 2.18 (3H, s,

3 .

The next compound in polarity, 7b (425 mg), also crystallized from acetone-
-diisopropyl ether as needles, m.p. 214-217°C., m/z : 424.1117 Mt (Cy3H540
requires 424.1158), 365, 339, 107; 1§§gﬂ nm : 218, 291; com-1 3323. 9750,
910; 6 (CDCl3) : 7.16 (2H, 4, J= 8.7 Hz, H3",5"), 7.02 (2H,"4, J= 8.7 Hz, H2",6"),
6.82 (1H, s, H2'), 6.62 (1H, s, H5'), 5.97 (2H, s, methylenedioxy), 5.66 (1H, 4,
J= 3.8 Hz, H4), 4.54 (14, 4, J= 2.8 Hz, H1), 4.45 (18, 44, J= 7.7 and 9.6 Hz, Ha),
7.14 (1H, 4d, J= 3.7 and 9.6 Hz, HB), 3.39 (iH, 44, J= 2.8 and 9.6 Hz, H2), 3.06
(1K, m, H3), 2729 (3H, 8, CH3CO), 1.84 (3H, s, CH3COV.

The most polar compound, 7c¢ {255 mg), could not be crystallized, remaining as
an amorphous solid, m/z ; 424.1145 Mt {C23H200g requires 424,1158), 382, 364, 322;
AEEOH nm : 219, 293; 13 cem~1 . 3010, 1758, 1500, 1480; & (CDCljy) : 7.22 (2H,
d, J= 8.6 Hz, H3",5"), 7.08 (2H, d, J= 8.6 Hz, H2",6"), 6.87 (1H, &, H2'), 6.50
(1H, =, H5'), 5.95 (AB, 2H, methylenedioxy), 5.90 (1H, 4, Je 4.4 Hz, H4), 4.47
(1K, 4, J= 4.1 Hz, H1), 4.37 (1H, 44, J= 7.7 and 9.8 He, HE), 4.25 (1B, 44, J=
2.9 and 9.8 Hz, HB), 3.36 (1H, 44, J= 1.1 and 10.7 Wz, H2), 3.25 (1H, ®m, B3), 2.30
(34, 8, CH3CO), 2.11 (3H, s, CH4CO) .
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