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Abstract - 
compounds 3 

Cyclization with CF3C02H of the dibenzyllactone 
and 4 afforded the aryltetralin derivatives 6a 

and e, eprmers Tit the carbon a to the lactonic carbonyl- 
group, in wgich the aryl subetituent 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 B-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 us1 was followed. 

Condensation of the adduct 1 with the aldehyde 2 afforded, after separation by - 
chromatography, compounds 1 and i (yield 879, 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 2 and i by pyridine 

dichromate, a single product 2 (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 tlreir 'II 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 6 5.02 (J1 2 - 2.1 Hz) while that of 

i was found at 6 4.03 (J1,2 = 5.5 Hz). By calculation'of the angle corresponding 

to the couplings, using a modified Karplus equation, 3. a value of 62O was obtained 

between protons 1 and 2 for compound 2, while the angle was 132O for those of 

compound 1. This assignment also agrees with the values of the shifts and with 

those of the coupling constants of the above-mentioned protons in sane analogous 

erythro-threo pairs described in the literature. 4 

Cyclization of these compounds with trifluoracetic acid dissolved in benzene 

saturated with water gave compound 5a (with a yield of 71.5%) that underwent the - 
loss of the methoxy-methoxy shield group (IR: 3380 cm-'). This caopound, 

insoluble in the usual solvents, was acetylated in order to study its RHR spectrum; 

acetate 5b could not be dissolved, - and therefore could not be studied spactro- 

scopioally, but Its IR, BlS and W spectra are a8 expeated for this product. 
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The dithlane group was then eliminated to give compound 6, which can be 

Compared with other analogous ketones, ieomers of podophyllotoxone. The un- 

shielding of s (HgO/BF3(Et20)) afforded a mixture (yield 50%) frcso which a very 

insoluble crystalline product, m/z 338, was separated. -- Acetylatlon of this com- 

pound followed by chromatography gave two isomerlc products, 6a and E (4:6), the - 
IR spectra of which show the absence of hydroxyl groups and have M+ 380. These 

compound8 are stereoisomers on the asysnaetric carbons of the central ring. Their 

configuration can be deduced from the study of their NMR spectra. Compound e 

presents the signal of the proton at C-2 as a double doublet centred at 6 3.30 

that is decoupled, on irradiating proton 1, to a doublet of c2 3 - 15.6 Hz, 

implying a trans configuration for the lactonlc proton8 2 and 5.l The coupling 

constant between protons 1 and 2 18 4.3 Hz, giving an angle of 55*, calculated by 

the modified Karplus equation mentioned above, indicating an axial-equatorial 

interaction between proton8 1 and 2, as seen in Figure A. 

These values of the chemical shifts, coupling con&ante and angles coincide 

with those given by Dewick and Ayres 5,6 for podophyllotoxone 8a. suggesting that - 
this colDpound must have an analogous configuration, with the aryl substituent in 

an a position and the lactone in trans. 

In the second isomer. E, proton8 2 and 3 have a coupling at 7.9 Hz, 

indicating that the lactone must be in a cis position. The couplings of proton8 - 
1 and 2 (21 2 = 1.5 Hz) and those of the 3 and a proton8 (g3 o - 0 Hz) can be 

compared wl;h those of plcropodophyllotoxone 8b 
6 

-* Moreover, 'the angle of 69' 

calculated for 6b between protons 1 and 2 coincides with Ayree' hypothesis that of - 
the two possible conformer8 existing in plcropodophyllotoxone (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 proton8 1 and 2 in 

plcropodophy110toxone,6 in perfect agreement with the data obtained for our corn-- 

pound 6&, that must therefore be the analogue of picropodophyllotoxone. Thie 

concluelon is supported by the value of 5.5 Hz found for the coupling constant 

between protons 1 and 2 of ieoplcropodophyllotprone, epimer at C-l of picropodo- 

phyllotoxone.7 

In order to support theee conclusions, compounde & and E were jointly 

reduced with Zn(BH4)2, a reagent previouely employed for the tnansformatlon of 

picro- and podophyllotoxone into picro- and podophyllotoxln, respectively; 
8 this 

allowed a ccsnpariaon to be made of our product8 with these well known compound8 

The above-mentioned reduction was carried out with Zn(BH4)2 in glyla to afford a 

mixture (yield 73%) from which, after extraction, a crystalline MSS (n' 340, IR: 

3470 , 3210 cm-1)7 was separated. The mixture resulting frcU8 the acetylation of 

these crystals was separated by chromatography to give three products, 7a z and 

7c (2:5:3), that must be isomer8 on the asymmetric carbons of ring C 
7-' 

(M 424). - 
Reduction of podophyllotoxone with Zn(BH4)2 afforded podophyllotoxln Bc, with 

the hydroxyl group in an a poeitlon. 
9,lO Similarly, reduction of 2 should give 

2, a compound with a structure identical with that of podophyllotoxin, as can be 
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-2="3 

2 3:R,=OH.R2=H 

4: R,- H,R,=OH 

9,R,pO 

6a;R,p=S(CH2)3S.R3=H 

Sb; R,2=S(CH2)3S.R3=Ac 

6 :R , ,=0&-H 
6a;R,,2=0,R3=Ac.HP 

6b;R,p=0.R3=Ac,Hd 

7a;R, =OAC,R~=H,R~~AGH~ 

7b;R, =oAc,R~=H.RJ-A~.H~( 

7 c:R, = H ,R,=OAcJ+Ac,Hd 

8a,R,,=O,H~ 

8 biR, ,=O.H o( 

8c;R,=OH,R2=H,HP 

8d:R,=H,R2=OAc,H$ 

8e;R,=OAc.R@LHd 

8f;R1=OAc,R2=tk6,7dimethoxy, H& 

deduced from ite epectrorcopic data: the coupling between protona 2 end 3 (g2 3 - 

14.5 Hz) and between 1 and 2 (J1 2 = 4.6 Hz) indicate a tranedlaxial interaction 

for the f&es &d an axial-eguaCoria1 interaction for the latter, although the 

anglee are sli*htly dietorted due to the tension of the ring. 

9.lHx cl&i?r$ indicate a tranqdiaxlal 

The coupling $3,. = 

, .al#ough impure, configuration, with a 
value-rltilar‘to thoee faund in analogous prodacte, ouch ae podophyllotoxin acetate 

'J3 4 - 8 HZ), and quite different from that of epipodopbyllotoxin acetate 8d with 

a &rkedly smeller conetant (J3 , = 3.5 liz).6 
- 

. . 
Ke*_& ~Xth a * lectoie, mey be found in two conforaatiow, 8ltbough that 

with tbei.&i& e&y1 group il fevouied, the aagni~rills of the equllibrlW~ depending 

on fdton a&.ee so&vent end tmpueture. 

beti l ltrady been deecribed,g*10 
Re&otion of enalogou8~i&$qmiwith 

Zn(blir)2 
, I’. 

hydroxyl gr&'ln the o position, 

a &gle coqumndbslng obtainedwith the 

although thi8 ,hee n& been unegu.lvGelly con- 

firmed.1o out work thus reports on the fact that reduction of e with Zn(BH,)2 
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afforded two different compound8 that mu8t be C-4 epimera. 

In principle, it can be expected that the coupling between protone 3 and 4 may 
throw some light on the respective configuratione, but the couplingrr found M3,, - 

3.8 Hz and rLJ,r - 4.4 Hz for 2 and & reepectively) do not permit the.~structures 
to be assigned. hcwever, the shift of the methyl of the acetate group over C-4 of 
compound _21! that appears at 6 1.93 is significant. This led ua to consider a 
poselble ehleldlng effect of the aryl l ubatituent group in the i6Omer that has 
both the acetate and aryl groups in the a-axial position in close proximity to each 

other, a8 can be seen in the Figure. 

OAc 

The values obtained by other authors for similar compound8 
3b,6,11 confirm 

these aseignmente. Thus, for example, the methyls of picropodophyllotoxin acetate 

s and picmaikkfmotoxln acetate ef appear at 6 1.99 and 6 1.93, respectively, while 

both their C-4 epimers appear at 6 2.t3. It can therefore be affirmed that cam- 

pound E ha6 the acetate group in the a position, while compound 3 is the C-4 

epimer. 

The greater ehielding of the methyl of the acetate group in 2 with respect to 

plcropodophyllotoxin 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 Ayres, 
6a taking thle to 

have a value of :I 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 (1.71,~ 8 3.75 Hz) impllee a contribution of the first con- 

former of 70%. Analogoue calculatfone applied to compound 7&, with gl,2 = 2.8 X8, 

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 structurea I_lr and 2 are analogous to thOSe Of 

picro- and epipicropodophyllotoxin acetates. 

Melting points were determined on a Kofler block and are uncorrected, Infrared 
SDeCtra were retarded one a Perkin-tlrner 681 8pectrophotometer. ultraviolet 8pectra 
were recorded on a Per&in-Elmer 550 spectrophotometer. IH NHR spectra were 
obtained on Brukex WP 200 and WM 360 8cectroamter8, chemical 8hifte are reported 
relative to Ma@1 ('60) and coupling co&ante are given in hertz. 13C NMR-spectra 
were obtained on a Bruker Wp 200 opectrtnneter and the chemical shifts are report& 
relative to Me,@ (60). Low snd high resolution ma88 spectra were obtained from a 
VG Micromass ZAB-ZF'fnLtrument. Column chromatography was perfonrsd on silica gel 
G, all Merck products.. The TLC plate8 were developed by spraying wfth 6N-8ulphurM 
acid and heating. All solvent8 were purified by standard techniques. Anhydroua 
eodfum aulphate-was ured for drying sblutiona. _ 

I-Methoxymethoxybenzaldehyde 2. 
chlorolorm (40 1) 

- To phydroxybenzaldehyde (1 g) direolved in 
d dh&hOxpethane (BMhylal) (IO ml) wa# added phoaphotu8 

pentoxide (2.5 ij a?rwm taperature and the reaction wa8 left for 48 hours. The 
reaction mixture was washed with sodium carbonate8 the organic layer wae concen- 

d to afford c*r oil-(0.8 g, 588) 
cm-1 I 296O,.L700, 1602, 8408 X 

could not be crystallized. m/Z s k66 &I 
H nm : 216, 269; 6 

(ZH, d, z- -8.7 XT, arom. B 
KDcl f,:E;.90(&&Bs)~ 

7.30-7.10 (ZH, d, z- % @ * 
3.51, 5.23 (Zff, 8; CB202), 3.46 (38, a, CH30). 






