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The Synthesis of Podophyllotoxin Derivatives with Macrocyclic
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Abstract: Starting from podophyllotoxin, five new derivatives with macrocyclic dilactone 5~9 have been
synthesized,and their structures were confirmed by IR, MS, 'H NMR as well as HRMS. The key step is
cyclization by high dilution method.
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Podophyllotoxin 1 and many of its derivatives, including C-2 epimer, picropodophyllin 2,
are antimitotic agents’. The semi- -synthetic derlvatlves of 1 etoposide (VVP-16-213) and teniposide
(VM-26) are in clinical use as anti-cancer agents. Some analogues of 1 with a modified lactone
ring have been synthesized and found to be still antimitotic®, thereby indicating that the lactone
ring is not required for antimitotic activity in 1. Anjanamurthy et al*. have synthesized a
derivative by enlarging the five-membered lactone ring in 1 to a six-membered one. Since then,
however, no study on the effect of enlarging the five-membered lactone ring of 1 to a larger one
than six-membered ring on its biological activity has been made. Neither has study on the effect of
altering the position of carbonyl group on its biological activity. Hence synthesis of new analogues
of 1 with macrocyclic dilactone 5~9 was undertaken.

The reaction sequence leading to the formation of compounds 5 ~ 9 is shown in Scheme,
Podophyllotoxin 1 was epimerized to 2 by the method of Gensler and then treated with H,SO, in
ethanol at reflux temperature for 15 min. Reduction of 3 by LiAlH, at 0°C for 4h afforded the diol
4-O-Ethylepipicropodophyllol 4. The diol 4 reacts with five kinds of diacid chloride at 45~50°C
for 7 days to obtain compounds 5~9.
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a. EtOH, NaOAc, H,0, reflux, 20h, (yield 75%); b. EtOH, H,SO,, reflux, 15min, (yield 84%); c.
LiAlIH,, THF, 0°C, 4h, (yield 92%); d. Oxalyl chloride (Malonyl dichloride, Succinyl chloride,
Glutaryl chloride, or Adipoyl chloride), THF,45~50°C, 7d, (yield 36~42%).

It deserves to discuss the configuration of the C-4 substituent. We initially anticipated that
during the course of synthesis, there could be epimerization of the C-4 substituent from 4 B side to
4 a side by acid (HCI gas emitted from reaction system) in Sy1 mechanism, i.e., one C-4 benzyl
cation was first formed in acidic condition. However, because of the hindrance of the C-3
substituent, it is more covenient for HOEt to reattack the benzyl cation from less hindered 4 « -side
than from 4 B -side. Indeed, this was confirmed by *H NMR (400M) spectra of compounds 5~9. If
the C-4 substituent is in B side (see compounds 3 and 4), J 54y = 4Hz; If itis in a side, in the
presence of lactone, J 5 4rans) >9. 5Hz®.  On the other hand, if the factone is opened, the substituent
at the C-3 position is able to rotate freely, so that the substituents of C-2 and C-3 will be in gauche
conformation rather than in eclipsed one. Therefore, the angle between the H; and H, is
approximately 90. According to the regulation of Karplus, J3,= 0. Actually, 'H NMR spectrum of
5~9 shows clearly that there is a only singlet not doublet at & = 4.7 ppm (H,), which confirms that
C4-OC,Hs is inthe a -side.

The biological activity of the five new compounds described herein will be reported
elsewhere.
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4-O-Ethylpicropodophyllyl oxalateS MS (El): m/z 500 (M*,100); HRMS (EI): Calcd for CasH23010 500.

1683, found : m/z 500. 1781; *H NMR: & 6. 73 (s,1H,Cs-H), 6. 50 (s,1H,Cs-H),6. 20 (5,2H,C2.5 -H), 5.

97,5. 91 (2d,2H,-OCH,0-), 4. 76 (s,1H,Cs-H),4. 32 (q,2H,4-OCHy), 4. 26-4. 09 (m,3H,C1-H, 2xC11-H),

3. 84 (5,3H,Cs- OCH3) 3. 78 (5,6H,Ca5-OCHj3), 3. 75 (d 2H, J = 9. 14Hz, 2xCy,-H), 2. 72 (m, 1H,

Cy-H), 2. 54 (m,1H,Cs-H), 1. 36 (t, J=7. 3Hz, 3H, CH3); IR v jem1743 (C=0),1589, 1507, 1484 (Ar)

[« 1o -19. 8 (C 0. 51, CHCs).

7. 4-0O- EthylplcropodophylIyImanndlate6 MS (El): m/z 514 (M*,100); HRMS (EI): Calcd for Cp7H30010
514. 1839, found: m/z 514. 1935; 'H NMR: 6 6. 72 (s,1H,Cs-H), 6. 50 (5,IH,Ca-H), 6. 21
(s,2H,C2-,5-—H), 5. 975 91 (2d 2H,-OCH;0-), 4. 70 (s,1H,Cs-H), 4. 19-3. 96
(m,5H,C1-H,2%xC11-H,4-OCHy), 3. 84 (5,3H,C4-OCHa), 3. 78 (5,6H,C35-OCH3), 3. 76 (d,2H,J=8.
91Hz,2xCyp-H), 3. 33 (s, 2H 0=C-CH,-C=0), 2. 64 (m, 1H, Cy-H), 2. 50 (m, 1H, Cs-H), 1. 25 (t, J= 6.
7Hz, 3H, CHs); IR v /cm™: 1731 (C=0), 1588, 1505, 1481(Ar) [a]p®-21. 3(00 40, CHCl3).

8. 4-0O- Ethylplcropodophyllyl succmdlate? MS (EI) m/z 528 (M*,100);HRMS (EI) : Calcd for Ca2sH32010
528. 1995, found: m/z 528. 2061 ; *H NMR: 6 6. 73 (5,1H,Cs-H),6. 50 (s,IH,Cg-H),6. 21 (5,2H,Cz 6-H),
5. 97,5. 91 (2d,2H,-OCH,0-), 4. 70 (s,1H,C4-H), 4. 15-3. 93 (m,5H, C1-H,2xC11-H,4-OCH,), 3. 84
(s,3H,C4-OCHsy), 3. 78 (5,6H,C3,5-OCHj), 3. 73 (d,2H,J=8. 74Hz,2x C1»-H), 2 61 (m, 1H -Co-H), 2. 57
(s,4H,0=C-CH,CH,-C=0), 2. 49 (m,1H,Cs-H),1. 25 (t, J=7. 3Hz, 3H,CHs3); v /em™: 1731 (C=0),
1589, 1502,1480(Ar); [ a ]D18 +36. 1 (c 0. 69, CHCly).

9. 4-0O- Ethylplcropodophyllyl qutardlateB MS (EI): m/z 542 (M*,100); HRMS (EI): Calcd for Co9H34010
542. 2152, found: m/z 528. 2213; 'H-NMR:" 6 6. 73 (s,1H,Cs-H), 6. 50 (s,IH, Cg-H), 6. 21
(s,2H,C2-,5-—H), 5.975. 91 (2d,2H,—OCHZO) 4. 70 (5,1H,Cs-H), 4. 14-3. 89 (m,5H,Cl—H,2><C11—H,
4-OCHjy), 3. 84 (s,3H,C4-OCHs), 3. 78 (5,6H,C35-OCHs), 3. 73 (d,2H,J=8. 89Hz,2xCy,-H), 2. 61
(m,1H,C-H), 2. 50 (m,1H,Cs-H), 2. 31 (t,4H,-CH,CCH>-), 1. 83 (q,2H, CCH,C),1. 25 (t, J= 7. 3Hz, 3H,
CHa); IR, v/cm™: 1729 (C=0), 1587, 1505,1482 (Ar); [ a ]D18 -210. 1(c1 28, CHCls).

10. 4-O- Ethylplcropodophyllyl adlpodlate9 MS (El): m/z 556 (M*,100); HRMS (EI) Calcd for C3pH36010

556. 2309, found: m/z 556. 2363; 'H-NMR: 8 6. 73 (5,1H,Cs-H), 6. 50 (s,IH,Ce-H), 6. 21

(s,2H,C2-,5-—H), 5. 975. 91 (2d 2H,-OCH;0-), 4. 70 (5,1H,Cs-H), 4. 14~3. 89

(m,5H,C1-H,2><C11-H,4-OCH2), 3. 84 (s,3H,C4--OCH3), 3. 78 (s,6H,C35-OCHa), 3. 73 (d,2H,J=8.

89Hz,2xCyp-H), 2. 61 (m,1H, C»-H), 2. 50 (m, 1H,Cs-H), 2. 31 (t,4H,-CH,CCH>-), 1. 83 (q,2H,

CCHC), 1 25(t, J=6. 9Hz, 3H, CHa);

IR, v/cm™: 1730 (C=0),1587, 1503, 1483 (Ar); [« ]o'® -191. 6 (c 0. 60, CHClI5).
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