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ORGANIC PREPARATIONS AND PROCEDURES INT., 26 (9,539447 (1994) 

PREPARATION OF TRIOLS AND ETHERS RELATED TO PODOPHYLLOTOXIN 

M. A. Castro", M. Gordaliza, J. M. Miguel del Corral and A. San Feliciano 

Drpurttnrnt of Orcqnnic Chemistg, Fuculty 0f'Pharmucy 
Utziversity o j  Sulumanca, E-37007-Sulumanca, SPAIN 

Most of the lignans identified in our phytochemical studies of the chemical composition of 
different species of the genus Juniperus (Fam. Cupressaceae),' are related to podophyllotoxin (1) 

which shows potent antiviral, antitumor and antimitotic properties.2 It is easily obtained from 
podophyllum resin and can be used as a suitable starting material for the preparation of new bioactive 
cyclolignans.' Certain lignans isolated from the extracts of Juniperus and several intermediates used 
in the semi-synthesis of new structures display oxygenated functions at different positions of the 
cyclolignan skeleton. Reduction of one of these compounds, podophyllotoxone (2), with NaBH, 
produced a complex mixture of products: triols resulting from the reduction of ketone and lactone 
groups are the major products, along with compounds from the opening and reductive cleavage of the 
lactone ring4 The number of chiral carbon atoms in the triols, and hence the number of possible 
stereoisomers, is high. Where only one stereoisomer is available, precluding comparative analysis, 
assignment of the stereochemistry at every chiral centre by the simple interpretation of its ' H  NMR 
spectrum is difficult due to the crowding of the signals and the similarity of the coupling constants. 
This prompted us to address the synthesis of the complete series of triols resulting from the reduction 

R ,  Rz H-8' Compound name 

H OH p podophyllotoxin 

OH H P epipodophyllotoxin 

-~ 

... 
I l l  

5 :  0 
=O P podophyllotoxone 

\4' a picropodophyllotoxin Me0 ooMe H OH 
OMe OH H a epipicropodophyllotoxin 

i )  PDC; i i )  I .  PC'I,; 2. H20;  i i i )  KOH, MeOH 

of podophyllotoxin (1) and its epimers at positions 7 and 8': epipodophyllotoxin (3), picropodophyllo- 
toxin (4) and epipicropodophyliotoxin (5). The reduction of the four diastereomers was performed 
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CASTRO, GORDALIZA, DEL CORRAL AND SAN FELICIANO 

with LiAIH, (LAH) and led selectively to compounds not epimerized at any of the chiral centers. 
Although three of these triols were prepared previou~ly,~f’ no ’H or I3C NMR spectral data were 
reported. These data and those of acetylated and dehydrated derivatives are included in this work and 
can be used for the assignment of configuration at positions 7, 8 and 8’ of the cyclolignan skeleton. 
Most of the compounds obtained have been assayed against several cells lines to determine their anti- 
neoplasic and antiviral properties?.* 

Podophyllotoxone (2) was obtained in 84% yield, by oxidation of podophyllotoxin (1) with 
pyridine dichromate in CH2C12. Reduction of 2 with NaBH, in ethanol led to a complex mixture of 
reaction products from which several substances were isolated and identified after treatment with 
diazomethane. Two of these, 4 and 5, were products of epimerisation. Two of the remaining 
compounds were the hydroxy esters 6 and 7, and the others were the triols 8 and 9. Hydroxy ester 6, 
which was used in the synthesis of junaphthoic acid: displayed an unexpected configuration which 
was established on the basis of the coupling constants of protons H-7, H-7’, H-8 and H-8’. It was 
concluded that, during borohydride reduction, epimerization occurred both at C-8 and C-8’. The rela- 
tive configurations of 7 was also determined on the basis of the coupling constants of protons H-7, H- 
7’ and H-8’.9 

NaBH@tOH 
2 - 4( 1 %) + 5( 1 %) + 6(2%) + 7(2%) + 8(69%) + 9(6%) 

6 7 RI R2 R 
8 OH H 9 H  
8a OAc Ac 9a Ac 
12 OMe H 

The relative configurations of triols 8 and 9 was determined by spectral comparison with the 
reduction products obtained from podophyllotoxin (1) and its isomers 3, 4 and 5 on treatment with 
LAH. These reactions led selectively to triols 10, 11,8 and 9, respectively, observing that the product 
of the reduction of picropodophyllotoxin (4), and its acetylated derivative 8a, were identical to the 
major product obtained from the NaBH4 reduction of podophyllotoxone (2); its physical properties 
being identical to those described in the literature for picropodophyllol6 Additionally, the trio1 arising 
from LAH reduction of epipicropodophyllotoxin (5) was identical to 9, what was hitherto unreported. 
Attempts to crystallize picropodophyllol(8) in mixtures of solvents such as MeOH, CHCI, or CH,Cl, 
led to its conversion into two substances identified as 7-O-methylpicropodophyllol(12)10 and neoan- 
hydropicropodophyllo1(13).6 
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PREPARATION OF TRIOLS AND ETHERS RELATED TO PODOPHYLLOTOXIN 

The formation of 13 can be explained in terms of an intramolecular dehydration affecting the 
alcoholic groups at positions 7 and 9', possibly motivated by the presence of traces of acid in the 
solvents used. As a confirmation, the triols 8,9,10, and 11 were refluxed in chloroform solution, acid- 
ified with a few drops of 2N HC1. Dehydration occurred in all of the cases, giving rise to 7,9'-tetrahy- 
drofuran derivatives (13 and 14) with the oxygen bridge in the cr. or I3 orientation depending on the 
configuration at 8' of the starting triol. 

1 3 

I LAH 1 LAH 

b:: Ar /fr:: Ar 

R R 
11 H 10 H 

/ l l a  Ac 

Ar 
R 

14 H 
14a Ac 

4 5 

I LAH ILA" 
/I?:: Ar b:: Ar 

8 9 

P O R  Ar 

R 
13 H 
13a Ac 

Thus, triols 8 and 9 led to hydroxy ether 13, and triols 10 and 11 to 14, whose physical prop- 
erties were identical to those reported for a compound named anhydropodophyllol by Ayres and 
Pauwelsh and more recently called neoanhydropodophyllol by Gender et al.," the latter name is used 
in the present work. The configuration inversion at C-7 in the cases of triols 8 and 11 was not surpris- 
ing due to the benzylic character of that position of the molecule. However, it should be noted that 
NMR spectral data observed for 14 coincide with those reported by our group for a substance isolated 
from J .  thuriferu and incorrectly identified at the time as the triol podophyilol (lO).ld The previously 
reported compound was therefore the dehydrated product 14, probably formed during the work up of 
the extract. 

In view of the complexity of the signals in the 'H NMR spectra of the triols, the correspond- 
ing triacetates 8a, 9a, 10a and l l a  were prepared and several two-dimensional NMR experiments 
(HMQC, COSY and ROESY) performed with 8a and l la,  in order to assign unequivocally all the 
signals in their 'H and 13C NMR spectra. 
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CASTRO, GORDALIZA, DEL CORRAL AND SAN FELICIANO 

TABLE 1. 'H NMR Data for Compounds 7-14a. 

- 
2 
5 
7 

8 

9 

2 . h  

7' 

X' 

0 * 

Me0 3 ' 5 '  
McO-4' 
0-(.H2-O 

- 0 A c  

COOMe 

6.82, .s 

6.36, s 
5.99, d 
(3.5) 
2.7x. 111 

4.24. rld 
( I  I .5;5.0) 
3.80, It1 

6.30, s 

4 3 l . d  
( 10. I ) 

3.42,dd 
i I0.5;4.0) 

3.80, .s 

3x3, s 

s.oo3 Y 

2.12, \ 
2.02, s 

3.65, .s 

6.82, s 
6.31, s 

4.66, 11 

(5.8) 
2.38, 111 

3.4-3.9,lIl 

6.33. .\ 
3.87, n 
(8.2) 
2.28, it1 

3.4-3.9, 111 

3.74, .s 

3 .X l , . s  

5.X6, ,\ 

8a 
6.82, s 
6.29, s 

6.O0, (1 
(3.4) 
2.61, 111 
4.3 I ,dii 
ill.4;5.3) 
3.79. 111 

6.32, A 

3.62. n 
I 1  0.6) 
2.80, It1 

4. I4,dd 
( I  I .3;X.7) 
3 .9 X,(l(/ 
( I  1 .352)  
3.80, .\ 
3.83, s 

5.90, J 

2.11,s 
2.03. s 
2.00, s 

9 
7.02, .s 

6.36, s 

5.00, d 
(4.3) 
2.42, 111 

3.6-4.0. It1 

6.20,iii 
3.5-4.0.111 

2.19, in 

3.6-4.0, 111 

3.77. .\ 
3.83. .s 

5.91, s 
5.92. .s 

9a 10 10a 
6.85, s 
6.40, .s 

6.20, il 
(4.6) 
2.40, in 

4.30,dd 
(1  I .0;6.7) 
3.75, it1 

6.16, s 

(7.6) 
2.60.111 

4.35,dtl 
( I  1.253.2) 
3.97,lkl 
( I  I.2;5.7) 
3-80, s 

3.83, s 

5.95, s 
5.93. .s 

2.13, s 
2.09. .s 
2.01, s 

4 . 0 ~  ( I  

7.08, s 

7.39. s 
4.81,tl 
(7.6) 
2.15, 111 

3.5-4. I, nr 

6.36, s 

4.12. (1 
(4.1) 
2. 15, rri 

3.5-4. I .  in 

3.78, s 

3.82, s 
5.9l,.s 

6.73. ,\ 
6.45, s 
6.17,d 
(7.8) 
2.45, it1 

4.22,(/d 
( I  1.3;4.6) 

6.32, s 

4.17, (1 

3.80, 

(4.0) 
2.45. it1 

4.03,dtl 
( I 2.n;ui 
4.14,tld 
( I I .0;3.0) 
3.73, s 

3.79, ,\ 
5.92, s 
5.9l* s 

2.03, s 
2.03, s 
2.00, .r 

11 11 l l a  13 13a 14 14a ~- 

2 
5 
7 
8 

9 

2' ,  6' 
7' 
8' 
0' 

MC0-3'.5 

MeO-4' 
0-Cl i2 -0  

OAC 

6.61. ,\ 

6.35, ,s 

4.86, tl(2.9) 
2.5x, 111 

3.3-4.0, I l l  

6.14. .s 

4.14. (1 (5.3) 
2.00, 111 
3.3-4.0,111 

3.72, 
3.7x, .s 

5x9, s 
S.XX, \ 

2.03, .s 
2.03, s 

2.00, s 

6.94, .\ 
6.3X, ,\ 

6.26, t l l 3 . 1 )  

2.62, It1 

4.09,dd 
( I  I .4;4.X) 
3.76. It1 

6.12,.s 
4.26, t l ( 5 . 2 )  
2.70. 171 

4.18,dtl 
( I  I .0;9.3) 
4.02.tltl 
( I  I .0;5.5) 
3.73, s 

3.79, \ 
5.92. .s 
5.91,.\ 

2.03. .s 
2.03, s 
2.00, s 

6.68. .\ 
6.48, ,\ 

4.77. s 

2.50, 111 
3.4 I .dd 
(10.6;5.8) 
3.54,dd 
i I 0.5;8.8) 
6.22, .s 

4.09, t l ( 1 . 8 )  
2.50, 111 

4.02,dtl 
(8.8;s.')) 
3.70, 111 

3.76. s 

3x2, s 

5.94,d(1.2) 
5.88, d ( I  3)  
2.03, s 
2.03, s 
2.00, .s 

6.73, .s 

6.50. s 

4.70, s 
2.48, it1 

3.89,dti 
(1 1.1;6.2) 
4.0 I ,dd 
( I  1.3;9.3) 
6.2 I, ,\ 

4.11,d(2.5) 
2.60.tltl(9.3;6.4) 
3.75,dd 
i9.9;X.X) 
4. I0,dd 
(8.7;6.2) 
3.78, .s 

3.84, s 

5.96, d ( I .  I ) 
5.YO,d11.2) 
2.00, ,\ 

6.63, s 

6.56, s 

4.65, d (4.8) 
2.74, It1 

3.6-3.9, 111 

6.36, s 

4.38, d (3.9) 
2.64. 111 

3.6-3.9.111 

3.79, s 

3.84, s 

5.92, s 
5.90, s 

6.64. ,s 

6.58, s 

4.69, d (4.8) 

2.60, It1 

4.3 3 ,dd 
(I I .2;6,5) 
3.08,~It l  
( I I .4;8.4) 
6.35, A 

4.38, n (2.8) 
2.79, 111 

3.95, d 
(8.8) 
3.72,dti 
(9.3) 
3.80. .Y 

3.85, s 

9.94, s 
5 . 9 1 ~  
2.09. s 
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PREPARATION OF TRIOLS AND ETHERS RELATED TO PODOPHYLLOTOXIN 

TABLE 2. I3C NMR Data for Lignans 7-14a. 

C 7 8 8a 9a 9a loa 
I 

2 
3 
4 
5 
6 
7 
8 
9 
I ’  
2‘ 
3’ 
4’ 
5’ 

6’ 
7’ 
8’ 
9’ 
Me0-3’,5’ 
Me0-4’ 
0-CH,-0 
OAc 

124.8 
109.8 
148.6 
146.7 
109.5 
132.9 
70.6 
39.8 
61.8 

140.2 
106.8 
153.3 
137.3 
153.3 
106.8 
44.0 
46.4 

173.0 
56.2 
60.8 

101.3 
170.5 
170.0 
21.4 
20.7 

COOMe 51.9 

130.6 
109.7 
147.6 
146.6 
108.4 
132.0 
69.8 
43.3 
61.9 

140.8 
106.6 
153.2 
136.8 
153.2 
106.6 
45.6 
44.5 
63.0 
S6.3 
60.9 

101.0 

125.6 
110.3 
148.8 
147.0 
109.8 
133.6 
71.1 
38.7 
62.0 

140.0 
106.4 
153.8 
137.4 
153.8 
106.4 
46.2 
39.0 
64.7 
56.6 
61.3 

101.6 
171.2 
170.6 
21.9 
21.3 

130.6 
108.9 
146.0 
145.5 
107.3 
133.4 
67.9 
40.8 
58.9 

142. I 
106.3 
152.5 
15.9 
152.5 
106.3 
45.5 
45.2 
60.7 
55.8 
59.8 

100.4 

127.7 132.4 
110.0 107.4 
148.2 145.8 
147.2 145.8 
107.9 108.0 
130.4 134.2 
68.8 68.3 
35.6 41.1 
62.0 59.0 

140.0 137.5 
106.2 108.3 
153.4 151.8 
137.2 135.7 
153.4 151.8 
106.2 108.3 
47.0 45.3 
42.0 41.1 
64.6 60.4 
56.3 55.8 
60.9 59.8 

101.3 100.4 
170.8 

21.2 
20.9 

1Oa 
127.9 
107.5 
147.’) 
147.3 
108.9 
132.9 
71.4 
38.2 
62.0 

135.9 
107.5 
153.0 
137.2 
153.0 
107.5 
47.0 
36.9 
64.0 
56. I 
60.8 

101.2 
171.2 
170.9 
170.5 
21.3 
20.8 

11 
131.1 
108.5 
147.9 
146.8 
109.5 
132.8 
72.5 
38.2 
63.4 

137.3 
107.5 
152.8 
137.0 
152.8 
107.5 
47.8 
36.4 
63.7 
56.3 
60.8 

101.1 

1 la  
~ 

127.7 
109.4 
148.8 
147.3 
109.8 
133.5 
68.2 
35.9 
62.9 

136.7 
107.7 
153.3 
137.5 
153.3 
107.7 
47.5 
35.2 
64.2 
56.6 
61.2 

101.6 
171.2 
171.0 
170.9 
21.6 
21.3 

13 13a 14 14a 

I 10.9 I 10.8 I 10.0 I 10.0 
129.4 129.0 130.0 129.6 

147.6 147.8 147.7 147.9 
146.4 146.5 146.3 146.5 
107.7 107.7 108.1 108.1 
133.9 133.9 132.3 131.7 
78.1 78.0 77.7 77.9 
44.1 41.1 47.5 43.5 
62.3 63.8 60.2 62.1 

140.4 140.0 139.0 138.6 
106.4 106.5 107.0 107.0 

136.9 137.3 137.0 137.2 
153.1 153.2 153.3 153.3 

153.1 153.2 153.3 153.3 
106.4 106.5 107.0 107.0 
45.0 45.2 43.0 44.7 
53.6 53.5 48.2 47.5 
71.0 70.7 69.0 68.7 
56.2 56.3 56.4 56.4 
60.7 60.7 60.9 60.8 

101.0 101.0 101.1 101.1 
170.7 170.9 

20.7 20.9 

a) Spectra obtained in DMSO-d, 

EXPERIMENTAL SECTION 

Melting points were determined by heating in an external silicone bath and were uncorrected. Optical 
rotations were recorded on a Perkin-Elmer 241 polarimeter in chloroform solution and UV spectra on 
a Hitachi 100-60 spectrophotometer in ethanol solution. IR spectra were determined on a Beckmann 
(Acculab VIII) spectrophotometer in chlorofom solution. EIMS were runned in a VG-TS-250 spec- 
trometer working at 70 eV. NMR spectra were recorded at 200 MHz for ‘H and 50.3 for I3C in deute- 
rochloroform using TMS as internal reference, on a Bruker WP 200 SY. Chemical shift values are 
expressed in ppm followed by multiplicity and coupling constants (J) in Hz. Flash chromatography 
was performed on silica gel (Merck No 9385). Analysis was carried out on a Perkin-Elmer 2400 
CHN, Elemental Analyzer. 

Preparation of Podophyllotoxin Analogs 
Podophyllotoxone (2).- To a solution of 2.4 g of 1 in 50 mL of dry CH,CI,, were added 3.2 g of pyri- 
dine dichromate (PDC). The mixture was kept at room temperature for 3 hrs and the solid was 
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CASTRO, GORDAIJZA, DEI, CORRAL AND SAN FELICIANO 

collected. chromatography of the filtrate on SiO, yielded 2 g (84%) of z4 by elution with 
CH,CI,/AcOEt - I  ( I  :I). 
bppotluyhyllutuxin (3) was obtained in 90% yield by the reaction of 1 with PCI, and H,O according 
to a rcported procedure.I2 
Pir~rol)odol~kpllotn.si,i (4) and er)il)icn)llot~ollhvlloto~in (5) were obtained from 1 and 3, in 90% and 
85% yield respectively, by treatment with 5% KOWMcOH at room temperature over I hr. The reac- 
tion mixture was acidified to pH 2 with 2N HCI; the methanol was evaporated and the corresponding 
"picro-derivative" waq extracted with EtOAc. 

Reduction of 2 with NaRH,.- A solution of 4 g of NnBH4 in 35 mL of absolute EtOH at 0" was 
added to 2 g of 2 in 40 mL of EtOH at 35". The mixture was kept at room temperature for 7 hrs and 
then poured onto icc: 30% AcOH was added dropwise until no more gas evolved. After extraction 
with EtOAc and washing with sat. NoHCO,, 1.64 g of a neutral fraction and 350 mg of an acid part 
were obtained. Crystallization of the neutral part from hexane/CH2C12 afforded 900 mg of a mixture 
of8 (69%) and 9 (6%). They were separated by tlash chromatography (CI,CH,EtOAc 7:3). 
I'ic~ropoduphpllol8: mp. 165-170" (CH,Cl,/hexane); la]22 (h, nm): -60.6" (589), -64.7" (578), -74.0" 
(546), -127.8" (436), -194.9^ (365) (c 0.8%, MeOH); U V  h,,,,, nm (E): 215 (22.500), 292 (3200); IR 
(v,,,;,,, cni-I): 3600. 3400, 16O0, 1510. 1490, 1470, 1430, 1335, 1220, 1130, 1040, 1010, 940, 910 ern- 
'; MS HI/: (rel. abond. %j: 418 (12) \MI', 400 (100) [M-H,O]+, 369 (8) [M-(H20+OCH3)1+, 351 (6) 
[M-(2H7O+OCH,)1+, 339 (34) IM-(H,O+OCH,+OCH,)]+, 324 (9), 307 ( l o ) ,  224 (9), 201 ( 1  I ) ,  181 

( l4), 173 ( I  8). I53 ( I  I ) ,  I 15 ( I  5) .  'H NMR: table 1; I3C NMR: table 2. 
A n d .  Calcd. for C22H2h08: C, 63. 15; H. 6.22. Found: C, 63.54; H, 6.02 
Tricicctcrte &a: [a\?' (h, nm): -28.8' (sw), -30.7" (578), -34.8" (546), -59.2" (4361, -92.6" (365) (c 

0.9%, CHCI,); UV h,,, (E): 206 (21300), 293 (1400); 1R: 1740, 1600, 1510, 1490, 1470, 1430, 1375, 
1340. I2 10, 1 135, 1050, 950; 'H NMR: table I ; I3C NMR: table 2. 
Epipicropoduphyllol 9: rnp. 196-1 98" (CHCI,); [a]*? (A, nm): -22.7" (589), -23.8" (578), -27.0" (546), 

1600. 1510, 1490, 1470, 1425, 1335, 1240, 1135, 1050, 1010, 945 cm-I; MS m/i (rel. abond. %): 418 

[M-(H.,O+OCH,+OCH,)I+, 324 (12), 308 (13), 282 ( S ) ,  201 (8). 173 ( I  I ) ,  153 (8), I 15 ( I  I ) .  'H 
NMR: table I ;  I3C NMR: table 2. 
A n d .  Calcd. for C,2H,,0,: C, 63. 15; H, 6.22. Found: C, 63.34; H, 6.03 
Triacrfufe 9a: la]22 (h, nm): -61.5" (589), -64.1" (578), -73.6" (546), -132.9" (436), (c 0.8%, CHCI,); 
UV A,,, (E): 212 (31800), 290 (3000); 1K: 1735, 1590, 1500, 1480, 1460, 1420, 1370, 1330, 1230, 
I 130, 1040, 940, 875 cin-l; IH NMR: table I ;  I3C NMR: table 2. 

After several attempts of crystallization in CH,CI,, MeOH, etc, the mother liquours of the 
above fractionation were flash-chromatographed yielding: 
-N~~oonhpclro)i)ic.r~)pc)cfuy/zvllol 13 ( I30 rng): eluted with CH,CI,/EtOAc (23). [a]22 (h, nm): +76.7" 

-45.5" (436), -66.1" (365) (C 0.7'21, CHCI,); UV h,,,,, (E): 224 (10600), 292 (3500); 1R: 3620, 3400, 

(8) [MI+, 400 (100) [M-H,O]+, 369 (6) [M-(H20+0CH3)1+, 35 1 (9) [M-(2H20+OCH,j]+, 339 (50) 
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(589), +80.2" (5781, +93.1" (546), +175.5" (436), +327.6" (365) (c 0.8%, CHCI,); UV h,,, ( E ) :  212 
(20000), 292 (2200); IR: 3620, 1600, 1510, 1480, 1465, 1420, 1380, 1335, 1200, 1130, 1040, 1010, 
945, 875 cm-I; MS d z  (rel. abond. %): 400 (100) [MI+, 351 (9) [M-(H,O+OCH,)]+, 339 (29) [M- 
(OCH,+OCH,)]+, 324 (8), 308 (9), 207 (7), 181 (14), 173 (17), 153 (8), 115 (11). IH NMR: table I ;  
I3C NMR: table 2. 
A n d .  Calcd. for C,,H,,O,: C, 66.00; H, 6.00. Found: C ,  65.61; H, 6.23 
Acetate 13a: (h  nni): +58.4" (5891, +61.4" (578), +70.9" (546), +133.4" (436) (c 1.3%, CHCI,); 
UV h,,, (E): 213 (191(K)), 292 (2600); IR: 1740, 1600, 1510, 1490, 1425, 1380, 1335, 1200, 1130, 
1045, 1010, 935, 875 cni-I; 'H NMR: table 1; ',C NMR: table 2. 
- 7-0-methylpicropodophyllol 12 (250 mg): eluted with CH,C12/MeOH (96:4).1° 
- 1 SO mg of mixture of 8 and 9. 

The acid fraction, once esterified with diazomethane was chromatographed on silica gel, to 
yield four fractions: 
a) 40 mg of hydroxyester 6, eluted with CH,CI,/EtOAc (8:2), 
b) SO mg of mixlure of 4 and 5, eluted with CH,CI,/EtOAc ( I : I )  
c) 140 mg of mixtiire of 8 and 9, eluted with CH,Cl,/MeOH (1: 1 )  

d) 130 mg of a complex mixture eluted with CH,Cl,/MeOH (1 : 1). 
Acetylation of fraction d) afforded 50 mg of 13 and 60 mg of methyl picropodophyllufe diacetute (7) 
by preparative TLC (CH,CI,/AcOEt 6:4): la]" (h, nm): -39.6" (589), -41.6' (578), -47.7" (546), - 
82.8" (436), -129.7" (365) (c 156, CHCI,); UV A,,, (E): 210 (54800), 214 (l3700), 291 (5300); IR: 
1740, 1600, 1510, 1490. 1470, 1425, 1370, 1335, 1240, 1130, 1040, 965, 940, 875 cm-I; 'H NMR: 
table 1; "C NMR: table 2. 

Reduction of Lactonic Lignans with LIAIH, 
Potfophyllol 10.- A suspension of 83 mg of 1 in dry ether was added to a suspension of 100 mg of 
LAH, in the same qolvent. This was stirred at room temperature under argon for 4 hrs. The excess of 
hydride was decomposed with wet EtOAc. After drying over N%SO, and evaporation of the solvent, 
the organic phase gave 35 mg of trio1 10, wich was purified by crystallization in EtOAc to yield 33 
mg of pure triol; mp. 186-188" EtOAc); la]2' (1, nm): -168.8' (589), -170.0' (578), -204.7' (546), - 
374.9" (436), -664.5" (365) (c 0S%, MeOH); UV A,,,,, (E): 218 (22200), 292 (4700); IR: 3620, 3400, 
1600, 1510, 1490, 1470, 1425, 1330, 1240, 1135, 1050, 1010,945,880 cm-I; MS d z  ( rel. abond. %): 

418 (31) [MI+, 400 (69) IM-H,O]+, 382 (41) [M-2H,O]+, 369 (12) [M-(H,O+OCH,)]+, 351 ( 1  1) [M- 
(2H70+OCH,)1+. 339 (43) IM-(H20+OCH3+OCH2)]+, 327 (18), 321 (17) [M-(2H20+ 
OCH3+OCH,)]+, 308 (IS), 282 (13), 247 (lo), 198 (IOU),  173 (69), 149 (32), 115 (31). IH NMR: 
table I ;  "C NMR: table 2. 
Anal. Calcd. for C23H,608: C, 63.15; H, 6.22. Found: C, 62.84; H, 6.03 
Triacetufe 10a: [a]'2 (h  nm): -70.5' (589), -75.0" (578), -86.1" (546), -156.1' (436) (c 0.6%, CHCI,); 
U V  h,,,, (E): 214 (43600), 290 (5300); IR: 1740, 1600, 1500, 1485, 1465, 1420, 1370, 1240, 1130, 
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CASTRO, GORDALIZA, DEL CORRAL AND SAN FELICIANO 

1040,940 cm-I; 'H NMR: table 1; "C NMR: table 2. 

- 350 mg (69.5 %) of epipodophyllnl 11 from 500 mg of 3. [a]22 (1, nm): - 109.3" (589), - 115.5" (578), 

3610, 3400, 1600, 1500, 1485, 1470, 1425, 1330, 1230, 1135, 1050, 1010,945, 875 cm-'; MS rrdz: 
(rel. abond. %): 418 (7) [MI+, 400 (100) [M-H,O]+, 382 (9) [M-2H20]+, 369 (5) [M-(H,O+OCH,)]+, - 

OCH,+OCH,)I+, 308 (7), 198 (43), 173 (43), 153 (8), 115 (22). 'H NMR: table 1 ;  I3C NMR: table 2. 
A n d .  Calcd. for C,,H,,O,: C, 63.15; H, 6.22. Found: C, 63.29; H, 6.22 
TriacPtufe l l a :  [a]22 (h, nm): -168.0" (589), -176.9' (578). -203.2" (546), -369.9" (436), -655.9' 
(365) (C OX%, CHCI,); UV h,,, (E): 223 (20700), 292 (4100); IR: 1740, 1590, 1500, 1485, 1465, 
1420, 1370, 1335, 1200, 1130, 1040,950 cm I ;  IH NMR: table I ;  13C NMR: table 2. 
- 165 mg of 5 yielded 87 mg (53 %) of epipicropodophyllol9 after crystallization from CHCI,/EtOAc 
-25 rng (80 %) ofpicropodophyllol8 were obtained from 31 mg of 3. 

Proceeding in the same way, the following compounds were obtained: 

-133.0" (546), -246.1" (436), -451.2" (365) (C l%, CHCI,); UV A,,, (E): 212 (48200), 290 (3400); IR: 

351 (6) [M-(2H,O+OCH,)It, 339 (37) [M-(H~OtOCH,tOCH,)]+, 327 (9), 324 (8) [M-(2H70+ 

Dehydration of Triols 8,9,10 and 11. 
A few drops of 2N HCI were added to a solution of each trio1 in CHCI, and heated under reflux for 1 
h. After washing with water, drying over Na$O, and evaporation of the solvent, the organic phase 
gave the dehydrated product in quantitatively yield. 
Triols 8 and 9 led to 13 in 88% and 83% respectively. Triols 10 and 11 led to neoanhydropodophyllol 
14 in 90% and 84% respectively: mp. 248-256" (MeOH); [aIz2(h, nm): 0'; UV A,,, (E): 220 (32000), 
292 (5900); IR: 3630, 1600, 1510, 1490, 1470, 1425, 1375, 1335, 1240, 1135, 1050, 1010,950, 880 
cm- ' ;  MS m/z: (rel. abond. %): 400 (60) [MI+, 351 (6) [M-(H20+0CH3)1+, 339 (14) [M- 
(OCH,+OCH,)]+, 324 (6), 308 (7), 282 ( S ) ,  198 (64). 173 (60), 153 (lo), 115 (18), 84 (100). 'H 
NMR: table 1; ''C NMR: table 2. 
A n d .  Calcd. for C,,H,,O,: C, 66.00; H, 6.00. Found: C, 65.73; H, 5.91 
Acetate 14a: [a]22 (h, nm): 0"; UV h,,, (E): 216 (32200), 292 (4300); IR: 1740, 1600, 1505, 1485, 
1465, 1420, 1375, 1335, 1240, 1130, 1045, 1010,940,880 em-'; 'H NMK: table 1; "C NMR: table 2. 
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