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Abstmct: 
(-)-Isopodophyllotoxin has heen synthesii by a route involving an asymmetric Diels Akler reaction between (SR)- 
menthyloxy-2(5/f)-furanone and sn arylisobenzofufan. Raney nickel reduction of the major adduct affords lO- 
menthyloxyisopicropodophyllin which is converted into (-)-isopodophyllotoxin. 

There is considerable interest in the synthesis of podophyllotoxin (1)t and related compounds2~3 due to 
the useful biological activity associated with some of its derivative&. In particular, glycoside derivatives of 

4’-demethykt-epipodophyllotoxin (2) have found use in cancer chemotherapy6~7. 

We have previously reported useful syntheses of racemic epiisopodophyllotoxin (3) and 
deoxyisopodophyllotoxin (4)8, and have also reported asymmetric syntheses of deoxyisopodophyllotoxin (4) 
and a variety of other lignans including members of the dibenzocyclooctadiene series9. In addition to the 
tandem conjugate addition methodology employed in all of these syntheses we have now investigated the use 
of asymmetric Diels Alder reactions as an alternative approach to enantiomerically pure podophyllotoxin 
derivatives. The advantage of this approach compared with the tandem conjugate addition approach (Scheme 
1) is that we anticipated that it might be possible to obtain the 1,2-cis stereochemistry present in (1) and (2). 

Y -HorOnmthyl( 
X -HorOH 
t@ - 3AStrknethoxjphm~ 
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The major disadvantage of the tandem conjugate addition approach is that the 12-t~zn.r configuration 
present in isopodophyllotoxin (5) is obtained in the acid catalysed cyclisation step’*. Our asymmetric Diels 
Alder strategy was based upon earlier work which had shown that the arylisobenzofuran (6) reacts with 
dimethyl butynedioate to give the adduct (7). which could then be converted in several steps to a variety of 
racemic podophyllotoxin stereoisomers. The arylisobenxofuran (6) was generated in sifu by acid catalysed 
elimination from the hydroxyacetal(8) (eqn. l)Iu. 

The dienophile selected for our work was the (SR)-menthyloxy-2(5H)-furanone (9)9*lt which can be 
readily prepared in homochiral form by reacting (-)-menthol with S-hydroxy- or commercially available 5- 
methoxy-2(5H)-furanone. In order to avoid racemisation of (9), we needed to show that the 
arylisobenzofuran could be generated under non-acidic conditions, since we anticipated that the furanone (9) 
and also the Diels Alder adducts obtained would be highly sensitive to acid. We therefore demonstrated that 
hydroxyacetal(8) undergoes elimination of two molecules of methanol on thermolysisl* and also that heating 
(8) in toluene in the presence of N-phenylmaleimide gave adduct (10) in 80% yield as a mixture of endo and 
exe isomers (eqn. 2). 

(16) (ma)or lemer) 

(eqn. 3) 
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We had anticipated that the addition of (9) to (6) would @ve adducts with the lactone positioned as in 
podophyllotoxin as the major products. Treatment of hydroxyacetal (g)*O with (9) in refiuxing tohrene gave a 
mixture of products from which the major product homochiral (11) could be readily isolated by 
crystallisation from methanol (eqn. 3). Four further adducts (12-15) could be isolated from the mother liquor 
by column chromatography. The structures of each of these compounds was established by a detailed 
analysis of their tH and t3C n.m.r. spectra (Tables 1 and 2) and in particular by carrying out NOE 
experiments to determine the relative disposition of the hydrogen containing groups (Figtne 1). It was clear 
that our expectations had been borne out, as there was a 61.4% yield of (11) - (13), with the lactone placed as 
‘in podophyllotoxin and only 13.3% of the reversed lactones (14) and (U), a ratio of 4.62:1. 

J3,0= 1.03I-k 

J3,4 =543H2 

J2,3 =9.22H?z 

J3 ,. = 6.75 Hz 

J3,4 - O 

Jz3 
97.79l-b 

J3,10 = 1.87l-b 

J3.4 = O 

J2,3 - 7.41 l-b 

J2,9 -1.95M 

J3,4 = Q 

J2,3 =7.6oM 
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The major adduct (11) was readily available in pure crystalline form and we therefore decided to 
concentrate our efforts on this. Compound (11) readily underwent ring opening with aqueous acid to give an 
almost quantitative yield of the dehydropodophyllotoxin derivative (16) (Scheme 2). Hydrogenation of the 
double bond of (16) was anticipated to take us directly into the podophyllotoxin series. However 
hydrogenation of this compound could not be achieved under a wide variety of conditions. We therefore 
attempted to remove the menthyloxy substituent from both (11) and (16) using NaBHq/KOH,9e13 but only the 
arylnaphthalene (17) was obtained. Lithium aluminium hydride reduction of (11) gave the diol(18) while 
similar reduction of (16) gave (19). Protection of the latter compound with 2,2-dimethoxypropane in mild 
conditions favoured elimination to give the fully aromatic seven-membered ketal (20) (Scheme 2). Clearly 
there was a great tendency for the delicate hydroxydihydronaphthalene (16) to atomatise and we therefore 
reexamined (11) itself. 

Raney nickel reduction of (11) (Scheme 3) gave as the major product the required isopicropodophyllin 
derivative (21) along with a smaller amount of the C-10 epimer (22). The structures and stereochemistry of 
(21) and (22) were assigned on the basis of their ‘H and 1% n.m.r. spectra, by comparison with the spectra of 
isopicropodophyllinlu and on the basis of NOE experiments (Figure 2). At this point it was hoped that it 
would be possible to remove the menthyloxy group from (21) (and 22) using the NaBH4/KOH procedure and 
at the same time induce epimerisation at C-3 leading directly to epipodophyllotoxin (23) (Scheme 4). 
However despite many variations in the reaction conditions this could not be achieved. Typically a mixture 

of products containing the fully aromatic product (17) and/or B_apopicropodophyllin (24) was obtained. The 
most useful transformation was achieved by carrying out the reaction in ethanol using either NaBH4 alone or 
NaBH4/ROH which gave in addition to (24) the hydroxy ester (25) (Scheme 4). When NaBH4 alone was 
used the C-2 epimer (26) of the starting material was also obtained showing that epimerisation at C-2 occurs 
very readily and prior to ring opening. Cyclisation of (25) using anhydrous ZnCl2 and 4A molecular sieves14 
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gave (-)-isopodophyllotoxin (5). Thus under the conditions required to remove the menthyloxy substituent, 
epimerisation at C-2 is taking place leading to the all tracts stereoisomer. Nevertheless the sequence 

described represents a short asymmetric synthesis of (-)-isopodophyllotoxin and may be amenable to further 
modification in due course. 

&4e 6Me 
(11) (20 (ma00 

the 
(22)(mlnofl 
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lo” 11 lC?= l3 14 l5C 

&Id (1.21,9.28) 
4.03dd (5.89.9.30) 
5.674 (5.86) 
6.88s 
6.62s 
SBd(1.16) 

16 17 

H-l 
H-2 
H-3 
H-4 
H-5 
H-8 
9/10 

2w 

WH20 

OMC 

omauh~ 
OH 

H-l 

;:; 

H-4 
H-5 
H-8 
9/10 

2’6’ 

Of-JH20 

OMc 

omenthe 
OH 

&I (8.28) 
4.12dd (5.70.8.20) 
5.83d (5.76) 
6.89s 
6.54s 

&Id (9.22) 
3.4am 
5.53d (5.43) 
6.89s 
6.49s 
4.94 d (1.03) 

&I (7.41) 
278dd(1.85,7.41) 
5.49s 
6.83s 
6.59s 
S.&Id (1.89) 

Add (1.85.7.60) 
3.16d (7.60) 
5.668 
6.84s 
6.52s 
WJd(1.86) 

3.21d (7.87) 
294dd (6.85.7.72) 
5.85s 
6.82s 
6.67s 
5.77d (6.75) 

3.08dd (5.19.14.36) 
4.94d (14.55) 
7.206 
6.48s 
5.72d (5.23) 

7.71s 
7.21s 
7.11s 
5.38s 

7.22s 7.12 
5.9ad (1.43) 
5.9sd (1.43) 
3.908 
3.88s 

3.34dt(4.22 10.70) 

6.77s 
5.93s 

3.89s 
3.88s 

3.36dt(4.17, 10.70) 

6.76s 
5.93ABq(l.sS) 

3.898 
3.86s 

3.55dt(4.21. 10.66) 

6.69s 
5.93s 

3.90s 
3.88s 

3.3Sdq4.25, 10.61) 

6.5Ok 
5.99d (1.31) 
5.98d (1.31) 
3.91s 
3.83br. 

3.68dt(4.13,10.69) 

6.55s 
6.09s 

3.97s 
3.85s 

6.76s 
6.02ABq (0.95) (5.88d (1.13) 

(5.9&I (1.13) 
(3.92s 
(3.90s 

3.88s 
3.77s 
3.36dq4.25, 10.60) 

4.15d(11.13) 
2.81q11.51) 
2.2Om 

4.9@d(9.14) 
7.08s 
6.16s 
3.74.Om 

6.30s 
5.90s 

3.83~ 
3.80s. 

iatn 

18E 19 

i26m 
2.81m 3.15m 

59ad(4.0) 5.obr 
6.92s 6.41s 
659s 632s 
4.22t (5.35) 3.64.1m 
4.1W (4.12.6.19) 

6.94s 6.79a 
5.926 5.86br.s 

3.84s 3.81s 
3.77s 3.87s 

iObf . 

21 

4.62d(5.41) 
3.47dd(10.32 5.43) 
2.79dt(10.29.4.78) 

22 

4.63d(6.13) 
3.2Sdd(12.17.6.12) 
2.92ddd(12.14.8.M. 
6.42) 
5W7.92) 
7.72s 
6.72s 
5.66d(6.42) 

24 

4.82 ef) 

5 26 

4.05d(lO.%) 4.11d(11.08) 
2.64dd(14.11. 10.96) 2.75dd(l1.40, 14.00) !a 
251m 2.4Om 

2 

7378 
7.02s 
6.66s 
4.73s 
4.99s 

6.438 
5.95s 

3.819 
3.95s 

5.Ocd(10.ao) & 
7.12s 
6.369 
5.7Od(4.64) 

4.87d(4.&4) 
7.07s 
6.63s 
S.lsl(4.47) 

3.75 
6.72s 
6.63s 
4.84m 

4.88d(lO.U) 
7.12s 
6.32s 
4.66dd(8.95.6.65) 
4.14dd(8.95, 10.45) 
6.37s 
5.92AJsq( 1.30) 

3.84s 
3.81s 

6.50s 
596d (1.37) 
5.97d(137) 
3.77s 
3.83s 

3.45dq4.23, 10.67) 

6.29s 
6.OOd(1.39) 
5.9%(1.39) 
3.71s 
3.825 

3.3Odt(4.08.9.20) 

6.37s 
5.%ABq(1.32) 

3.79s 
3.78s 

6.28s 
5.92s 

3.84s 
3.80s 

a solvent cDcl3 lmless otherwise indicated 
b major isomer only listed. Solvent d6-DMSO. NPh mx included. 

c so1wnt d6-ruone.d M~C at 1.49s. 

e H-1”only liited 

f OEt 4.01q (6.08X 1.04t (7.15). 

,, 



C-l 

c-2 

c-3 

c-4 

C-5 

C-8 

C-6 

c-7 

C-h 

C - 8a 

c- 1’ 

C-Y/6 

c-3./5 

c -4’ 

c-9 

c - 10 

lob 11 UC 

91.29 92.07 92.84 

50.47 51.40 50.91 

5256 52.99 53.23 

78.26 78.81 79.59 

1OZOS 102.01 102.28 

lV2.72 103.26 102.84 

147.04 147.62 147.36 

147.04 147.68 147.68 

137.93 138.83 142.57 

131.43 13221 131.42 

134.87 134.21 140.14 

103.67 103.57 104.66 

137.17 137.68 138.39 

152.84 153.33 154.01 

17299 173.71 171.21 

173.78 99.16 98.34 

13 

92.90 

51.76 

53.91 

81.49 

10159 

101.86 

147.12 

147.20 

141.15 

129.07 

137.27 

10354 

137.65 

153.15 

171.79 

14 

92.40 

52.49 

53.31 

81.69 

101.71 

luz.07 

147.18 

140.65 

136.27 

13751 

lln.95 

137.74 

153.71 

174.79 

1* 

92.78 

51.56 

54.11 

79.94 

103.43 

103.66 

148.27 

148.33 

139.30 

133.63 

137.07 

104.60 

139.42 

154.60 

101.05 

173.53 

16 

149.74 

119.19 

49.93 

71.95 

101.98 

104.78 

147.06 

147.15 

128.89 

129.18 

135.91 

109.72 

138.35 

152.62 

165.04 

17 

130.36 

118.71 

130.42 

119.19 

103.70 

103.77 

148.74 

150.@3 

134.65 

137.77 

139.86 

107.24 

140.42 

153.00 

169.73 

68.07 

18E 

91.87 

47.52 

48.05 

80.34 

103.35 

103.60 

14733 

134.04 

138.80 

139.15 

106.28 

140.33 

154.07 

60.64 

60.87 

19 zoe 21 22 24 251 26 

146.72 128.83 46.62 45.93 42.74 46.48 46.48 

127.71 128.98 44.37 45.17 157.28 SO.50 46.04 

46.56 13206 51.96 49.31 128.13 49.61 51.33 

6858 123.86 77.87 82.16 77.23 71.41 78.41 

10630 102.60 104.42 104.19 107.75 106.07 10456 

107.21 103.25 106A2 104.98 109.54 106.20 105.38 

147.65 147.30 14759 146.89 147.03 146.96 146.05 

152.94 147.59 147.18 152.82 147.24 146.77 146.43 

133.27 134.39 133.63 134.45 129.62 138.47 135.96 

130.42 134.72 137.03 136.71 138.28 131.19 131.14 

136.83 136.21 131.48 130.39 136.00 131.89 131.84 

107.69 106.48 106.69 106.27 105.54 108.35 10822 

136.92 136.97 13156 134.06 123.74 136.92 13720 

1.5336 153.42 153.06 153.06 153.21. 153.18 152.14 

61.16 63.13 175.20 176.62 172.21 173.21 170.60 

61.85 65.09 108.71 108.92 71.00 60.63 101.64 

5 

47.79 

47.02 

46.26 

71.92 

105.32 

106.52 

147.18 

147.60 

138.17 

13279 2. 

133.09 
s 

109.48 5’ 

137.12 
4 
iz 

153.22 4 

5 

174.66 g 
70.20 s 

g. 

ocH@ 101m 101.69- 102.28- 101.58- 10263- 101.73 101.92 102.14 101.24 101.01 101.28 101.22 101.32 100.97 10030 101.30 

OMe 55.67 56.14 56.35 56.17 56.20 56.65 56.19 56.17 56.46 56L?il 56.05 56.16 55.96 56.16 56.12 55.12 56.21 

59.91 60.84 60.49 60.86 60.93 60.67 60.% 61.08 6052 60.90 60.96 60.87 a.87 60.79 60.83 59.83 60.86 

chwauhd - 76.79 78.34 76.90 77.72 17.37 7838 - - - 69.43 65.28 - - 69.65 

1 sohmt CDcl3 unless otherwise indicated. 
Major bmtu on& med. Solvent kDMS0. NF’h not iduded 

csolvslt dg-,ceame. dc-ronly listed. 
eh4eg23.79 and 102.10. 

f OEt 63.59 md 140.04 
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EXPERIMENTAL 

IR spectra were recorded on a Pye Unicam SPlOSO spectrometer. UV spectra were recorded on a 
Phillips PU8720 scanning spectrometer. lH and l3C NMB spectra were recorded on a Bruker 250 WM 
spectrometer at 250 MHz and 62.5 MHz respectively. All spectra used tetramethylsilane as the internal 
standard and were run in deuteriated chloroform unless otherwise indicated. Mass spectra were recorded on a 
VG-12-250 low resolution quadrupole spectrometer whilst accurate mass measurements were obtained on a 
ZAB-E high resolution double focusing instrument. M.p.s. were recorded on an Electrothemral digital 
melting point apparatus and are uncorrected. Optical rotation values were obtained on a Perkin Elmer 141 
polarimeter using a sodium lamp at 589nm and values are recorded in units of 10-l deg cm2 g-1. 

Analytical HPLC was carried out using an LDC 3100 Spectromonitor, 3000 Constametric pump, CI- 
4100 integrator, and an Apex ODS II 51.1 column. Thin layer chromatography was carried out on Merck 5735 
Kieselgel 6OF254 fluorescent plates. Flash chromatography was performed with silica gel (Merck 9385, 
Kieselgel60, 230-400 mesh). Small scale purifications were conducted on a Chromatotron 7924 using 1.2 
or 4 mm plates prepared from silica gel (Merck 7749, Kieselgel50 Fm gipshaltig). 

Reactions carried out under an inert atmosphere were conducted using argon and ‘white spot’ nitrogen 
used directly from the cylinder. Tetrahydrofuran was dried by stirring overnight over calcium hydride, 
passing down a dry alumina column and distillation from sodium wire and benzophenone. Diethyl ether and 
dichloromethane were dried by passage down a dry alumina column and then distillation from calcium 
hydride. Dry toluene was prepared by distillation from calcium hydride and stored over sodium wire. 
Lithium aluminium hydride was used as a solid or as a solution in dry tetrahydrofuran, estimated as described 
by Brown.14 

Diels Alder reaction of aryfisobenzofuran (6) with N-phenylmalebnide. - The hydroxyacetal (S)lo (262mg, 
0.667 mmol) and N-phenylmaleimide (15Omg, 0.868 mmol) were dissolved in toluene (50ml) and heated 
under reflux so that the condensing toluene passed through a Soxhlet thimble containing LiilIQ (2g). After 
9 hr all of the starting material had reacted as indicated by t.1.c.. The toluene was removed by distillation in 
vacua to give a yellow oil which was triturated with ether and the solid recrystalliscd from diethyl ether to 
give the pure product (10) (273mg, 8 1%) as white crystals m.p. 129-136OC, l%-210°C. See Tables 1 and 2 
for 1H and 13C NMB spectra. vmax (KBr) 1712, 1591cm-1. m/z (EI) 328 (lOO), 313 (35), 173 (20%). m/z 
(CI) 502 (M+l, lo), 329(100), 314 (15), 313 (15), 173 (20%). Found: M+H, 502.1510. C$I%NGa requires 
502.1502. 

Diels A&r reaction of arylisobenzofuran (6) with 5-menthyloxy-2(5H)-fkranone (9). - The hydroxyacetal 
(@lo (5.08g, 12.95mmol) and the furanone (9) Wl (4.63g, 19.4mmol) were dissolved in toluene (7OOml) and 
heated under reflux using a Soxhlet extractor charged with LiAlH4 (lg). After 9 hr the solvent was removed 
by distillation in vacua and the resulting yellow oil (1 l.Og) was crystallised from methanol to give (11) as 
white crystals (2.758, 37.5%), m.p. 213-4’C. The mother liquor was evaporated in vacua to give a yellow 
oil (5.548) which was separated by repeated column chromatography on silica eluting with diethyl ether- 
petroleum ether (1:2) followed by crystallisation from methanol to give (12)-(15). See Tables 1 and 2 for lH 
and 13C NMR data. 

Compound (11): yield 2.75g, 37.5% m.p. 213-4OC. v “ax (CHC13) 1750 (C=O), 2960, 1580 cm-l. m/z (EI) 

328 (lOO), 313 (51), 285 (7%). m/z (CI) 567 (M+l, 8). 329 (100%). Found: M+H, 567.2590. C32H3909 
requires 567.2594. 

Compound (12): yield 0.37g, 5.1% amorphous solid. v max (CHC13) 1750 (GO), 2940.1580 cm-l. m/z (RI) 
567 (M+l, 3), 328 (NO), 313 (33%). m/z (CI) 567 (M+l, 48), 329 (100%). Found: M+H, 567.2590. 
C32H@g requires 567.2594. 
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Compound (13): yield 1.38g, 18.8% amorphous solid. v - (cHcl3) 1750 (c--o), 2960,158O cm-l. m/z (EI) 
567 (M+l, 1). 328 (lOO), 313 (61%). m/z (CI) 567 (M+l. 18). 329 (100). 313 (18%). Found: M+H, 
567.2590. C32H3909 requires 567.2594. 

Compound (14): yield 0.62g, 8.5% m.p. 148-1WC. v ,uax (CHCl3) 1750 (GO), 2950,158O cm-‘. m/z (ED 
567 (M+l, 3), 522 (3). 411(2), 384 (4), 328 (lOO), 313 (28%). m/z (CI) 567 (M+l, 48), 385 (14), 329 (loo), 
314 (20%). Found: M+H, 567.2590. C3$I3909 requires 567.2594. 

Compound (15): yield 0.35g. 4.8% m.p. 201-203°C. v mm (CHC13) 1750 (Go), 2940*1580 cm-*. ?n/z (EI) 
393 (lo), 328 (lOO), 313 (60%). m/z (CI) 567 (IvI+l, 10). 411 (2), 355 (lo), 329 (100). 313 (8%). Found: 
M+H, 567.2590. C32H3909 requires 567.2594. 

Acid caralysed ring opening of (II) to give (16). The Diels Alder adduct (11) (5Omg. 0.088 mmol) was 
dissolved in acetone (5ml) aud dilute aqueous HCl(O.2rnl, lN, 0.2 mmol) was added. After 3 hr the product 
started to crystallise out and after 5.5 hr the reaction was complete (HELC). The solvent was removed by 
distillation in vacua and the residue dissolved in chlorof~ (3Oml) and washed with water (3 x 0.5ml). The 
chloroform solution was dried over auhyd. MgS04, filtered and evaporated and the residue was crystallized 
from acetone to give (16) (48mg. 96%). m.p. 238-241’C. v ,usx (CHC13) 3560,340 (O-H), 1780 (GO) cm- 
1. m/z (EI) 566 (M+l, 23), 548 (60). 393 (27), 365 (100%). m/z (CI) 567 (M+l, 100). 549 (57), 429 (26), 
411 (87), 393 (41). 365 (35%). Found: M+, 566.2516. C32H38@ requires 566.2516. See Tables 1 and 2 for 
*H and 13C NMR data. 

NaBH4 reduction of (Z6).- Compound (16) (65mg. 0.115mmol) was dissolved in THE (4ml) and ethanol 
(3ml) and NaBI-Q (31mg, 0.8lmmol) was added. A solution of KOH in ethanol (0.5ml, 0.4M, 0.2mmol) was 
then added and the reaction mixture was &red for 3hr. The reaction mixture was then acidifkd by 1M HCl 
to pH 4 and extracted with chloroform (3 x 15ml). The combined chloroform extracts were dried over 
anhyd.MgS04, filtered and the solvent removed in vacua. The residue was dissolved in chloroform and left 
to stand overnight (no change by HPLC) and the chloroform again evaporated. The residue was treated with 
ethanol (0.2ml) and THF (0.2ml) to give (17) (25.6mg, 54%) m.p. 277-9’C. Umax (CHCl3) 2980. 1750 
(C=O), 156Ocm-l. For lH and 13C NMR data see Tables 1 and 2. m/z (EI) 394 (M+, 100) 379 (4.00). 351 
(12%). m/z (CI) 412 (M+ NH4,13), 395 (M + H, lOO), 379 (8), 351(5%). Found: M+, 394.1053. C22Hl& 
requires 394.1052) 

NaBHd reduction of(ZZ).- Compound (11) (208mg. 0.368mmol) was dissolved in THE (5ml) and cooled 
to -1O’C. A solution of NaBI-kr in DMF (0.68m1, lM, 0.68mmol) was added followed by a solution of KOH 
in ethanol (0.97m1, 0.4M, 0.388mmol). which was added over a period of 5hr. After 6.5hr no starting 
material was left (HRLC), the reaction mixture was allowed to warm up to room temperature and aqueous 
HCl(1.4ml, 1N) was added. The mixture was partitioned between chloroform (5Oml) and water (8ml). The 
water layer was extracted with chloroform (2 x 5Oml) and the combined chloroform extracts were dried over 
anhyd. MgS04. The volume was reduced to lml and left overnight (no change by HPLC). Column 
chromatography of the residue silica gel and elution with ether afforded compound (17) (34.5mg) along with 
menthol (52.6mg) and a third product (27.6mg) which was not identified. (17) was identical to the 
compound prepared above. Eluting the column with methanol gave a mixture of the 3 products (74.8mg). 

LiA1H.j reduction of(ZZ).- Compound (11) (lolmg, 0.178mmol) was dissolved in THE (2ml) and added 
to a solution of LiAlI-I4 (7.6mg, 0.2 mmol) in THF (3ml) at room temperature. The reaction mixture was 
stirred for 4hr. Aqueous NaOH (15ml, 4%) was added and the mixture stirred for lhr when it was filtered. 
The filtrate was evaporated in vacua to give a colourless oil (82.2mg). Columu chromatography on silica gel 
and elution with chloroform gave menthol (20mg) and with chloroform-methanol (9:l) gave the product 
(61.8mg, 83%) which was recrystallised from ether to give (18). m.p. 138-146“C. See Tables 1 and 2 for 1H 
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and ‘3C NMR spectra. Urna (CHC13) 3600.3400,3000,2900. 158&m-1. m/z (EI) 416(M+, 27), 398 (8), 
345(20), 328(100), 313(32), 177(48%). m/z (CI) 417(M + 1, lOO), 399(10), 381(U), 329(15%). Found: M+, 
416.1471. C22H~@requires 416.1471. 

LiAlZf4 reduction of(Z6). - Compound (16) (104mg, 0.184mmol) in THF (2ml) was added to a stirred 
solution of LiAm (10.2mg, 0.269mmol) in THF (lml) at room temperature. The reaction mixture. was 
stirred for 4hr. Aqueous NaOH (1 Iml, 4%) was added and the mixture stirred for lhr and then filtered. The 
filtrate was evaporated to give a yellow oil (80.6mg) which was purified by column chromatography on silica 
gel. Elution with chloroform-methanol (9:l) gave (19) as an unstable amorphous solid (60.2mg. 78%). See 
Tables 1 and 2 for 1H and 13C NMR data. m/z (EI) 398 (M-H20, lOO), 380 (M-2H20.35), 368 (40%). m/z 
(CI) 416 (M+. 2) 398 (lo), 381 (lOO), 351 (50%). Found: M-H20.398.1365. &H&7 requires 398.1365. 

Attempted ketul formation from (19). - Compound (19) (79mg, 0.189mmol) was dissolved in acetone (5ml) 
and 2,Zdimethoxypropane (lml) and p-toluenesulphonic acid (lmg) were added. The reaction mixture was 
stirred at room temperature for 1 hr. Addition of anhyd. &CO3 followed by filtration and removal of the 
solvent gave the crude product which was crystallised from ether-petroleum ether to give (20) (54mg. 63%) 
m.p. 218-226°C. ‘Urn= (CHC13) 2990,2920, 1570 cm -I_ For 1H and t3C NMR data see Tables 1 and 2. m/z 
(EI) 438 (M+, lOO), 380 (85). 337 (65%). m/z (CI) 438 (M+, 2), 381 (100%). Found: M+, 438.1679. 
C25H2607 requires 438.1678. 

Preparation of IO-menthyloxyisopicropodophyllin (21) and (22):Diels Alder adduct (12) (1.5g. 
2.65mmol) was dissolved in dry ethyl acetate (250ml) and freshly prepared W-2 Raney nickel (7g) was 
added. The mixture was hydrogenated using a Parr 3911 hydrogenator under 6Ops.i hydrogen pressure at 
mom temperature for 15hr. The catalyst was filtered and the solvent removed in vucuo to give an amorphous 
white solid (1.53g). Purification by repeated chromatography on silica using a Chromatotron (eluent CHC13- 
MeOH, 98:2.92:8, 9o:lO) gave the stereoisome-rs (21) and (22) (total yield 1.24g, 82%). See Tables 1 and 2 
for 1H and l3C NMR data. 

Compound (21): yield of pure isomer 708mg. 4795, white solid. urnax (KBr) 346Ocm-1. m/z (EI) 568(M+, 
20), 550(M-H20, lOO), 412 (100%). m/z (CI) 586(M+w. 7), 568(M+, 3O), 551(40), 413(100%). Found: 
M+, 568.2670. C3$I4@9 requires 568.2672. 

Compound (22): yield of pure isomer 53mg, 3.596, white solid. urnax (KBr) 34501.~~1-1. m/z (EI) 56g(M+, 
15), 550(M-H20. 5), 412(100%). m/z (CI) 586(M+w, lo), 569(M+l, 20), 413(100%). Found: M+. 
568.267 1. C32H4& requires 568.2672. 

NuBH4 reduction of (ZZ).- Compound (21) (0.2Og, 0.35mmol) was dissolved in dry ethanol (5ml) under 
argon and the solution cooled to O’C. A solution of KOH in ethanol (0.88ml, 0.6OM, 0.53mmol) was then 
added with stirring over 15min. followed by NaBI- (O.O53g, 1.4mmol) and the stirring continued for another 
21/2hr. at 0°C. The reaction was then quenched by the addition of aqueous 5% HCl until pH3. An equal 
volume of water was then added and the mixture extracted with CH2C12 (3 x 1Oml). The organic extracts 
were combined and allowed to stand overnight before being washed with water (3 x lOml), dried (MgSOd), 
filtered and evaporated to give a transparent green oil (15Omg) which was dissolved in methanol and allowed 
to crystallise yielding a yellow product (24) (28mg, 20%). The mother liquor was evaporated and purified by 
chromatography or silica using a chromatotron, eluent CH2C!12-ethyl acetate, to give a white powder (25) 
(59mg, 41%). 

Compound (24): [a% - 97.6(c = 0.540, CHC13), lit.15+92 (C 0.85, CHC13); See Tables 1 and 2 for tH and 
t3C NMR spectra. m/z (EI) 396(M+, 65), 351(10), 337(10). 321(10), 229(15), 199(13), 185(22), 168(100), 
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153(80%). m/z (CI) 414 (M+18,90), 397 (M+l, 23). 246(80), 229(100), 186(13), 169(40%). Found: M+, 
396.1209. Cd& requires 3%. 1209) 
Compound (25): [a] g 17.06(c = 0.85, CHC13); See Tables 1 and 2 for 1H and *3C NMR spectra. m/z (EI) 
46O(M+, 7), 442(35), 425(63), 424(68). 351(1(X)%). WI/Z (CI) 443(5). 425(100%). Dmax (CHCl3) 3462(0-4). 
1723(C=O)cm-1. Found: M+, 460.1730. C#=@ requires 460.1733. 

NaBH4 reduction of(22).- Compound (21) (0.182g. 0.32mmol) was dissolved in dry ethanol (4ml) under 
argon and the solution cooled to O’C. NaBI-I4 (6mg, 0.16mmol) was added to the stirred solution and stirring 
was continued for 20hr at room temperature. The reaction was then quenched by addition of water (3ml) and 
the mixture extracted with CH2Cl2 (3 x 1Oml). The organic extracts were combined, washed with water (3 x 
lOml), dried (MgSOa), filtered and evaporated in vucuo to give a colourless transparent oil (173mg) which 
was dissolved in methanol and allowed to crystallise. White crystals of (26) (8Omg. 44%) were collected and 
the mother liquor evaporated and purified by chromatography on silica using a Chromatotron, eluent 
CHzClz-ethyl acetate, to give (25) (76mg. 52%). identical to the compound obtained in the previous 
experiment. 

Compound (26): [a] g - 119.0@ = 0.200, CHC13); See Tables 1 and 2 for 1H and 13C NMR data. m/z (EI) 
568(M+, 80), 413(15), 367(20), 339(35), 181(30%). m/z (CI) 568(M+, 7), 431(10), 413(60), 313(100%). 
Found: M+, 568.2670. &I-I&g requires 568.2672. 

Preparation of (-)-isopodophylloroxin (S).- Compound (25) (1 lmg, 0.024mmol) was dissolved in dry THF 
(4ml) and freshly ground 4A molecular sieves (60mg) and zinc chloride (31mg. 0.142mmol) were added. 
The mixture was stirred under reflux under argon for 40min. Mom molecular sieves (50mg) were then added 
and the reflux continued for a further 6hr. The mixture was cooled and brine (15ml) added. Extraction with 
ethyl acetate (3 x 15ml) followed by removal of the solvent in vacua gave a pale yellow residue (15mg) 
which was purified on silica using a chromatotron eluting with CH2C12-ethyl acetate, to give (-)- 
isopodophyllotoxin (5) (9mg, 91%) identified by comparison with the spectral data of the racemic compound. 
urnax 1775 (C=O), 3433 (OH)cm-1. [a] g - 143(c 0.056, CHC13). lit.15 - 187(C 0.70. pyridine); See Tables 1 
and 2 for lH and l3C NMR spectra. m/z (EI) 414(M+, lOO), 399 (14), 168 (10%). m/z (CT) 432(M+18, lOO), 
415(M+l, 65%). Found: M+, 414.1314. C22H22Cr3 requires 414.1315. 
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