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SYNTHETIC COMMUNICATIONS, 30(7), 1179-1 191 (2000) 

TETRALONE ESTERS AS INTERMEDIATES FOR THE SYNTHESIS OF 
PODOPHYLLOTOXIN DERIVATIVES YIA CYCLOPROPANATION OF 
CHALCONES' 

N. Nanjundaswamy, S. Shashikanth, C. Anjanamurthy and K. M. Lokanatha Rai* 
Department of Studies in Chemistry, University of Mysore, Manasagangothri, 

Mysore 570 006, INDIA 

Abstract: Cyclopropyl ester (8a-t) were synthesized by the cyclopropanation of 
chalcones (7a-e) in dry benzene using powdered sodium in 8045% yield. 
Preparation of tetralone ester (4a-e), an intermediate for the synthesis of 
podophyllotoxh derivatives by Lewis acid (SnCL) catalyzed cyclization of (8a-e) 
is also described here. 

Podophyllotoxin (1) and several of its analogous are used as cytotoxic spindle 

poisons and antitumor agents, some at clinical level.* Recently Lee et a13. 

discovered that some modified derivatives of podophyllotoxin possess anti-HiV 

(AIDS) property. In earlier parts of the series, we have reported the synthesis of 

analogous of 1 and P-apopicropodophyllin (2), with a view to study their 

structure-antimitotic activity relationship.' We found some of these derivatives 

possess higher activity and some have lower activity when compared to the parent 

molecules. Now we have envisaged that m o d w g  ring A and pendent ring C in 1 

'Author to whom correspondence should be addressed. 
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1180 NANJUNDASWAMY ET AL. 

and 2 might a c e  their biological activity and hence decided to synthesize the 

analogues 3a-e. 

Several synthetic routes’other than ~ens ler ’s~  have been reported for the synthesis 

of 1 via the tetralone ester 4. In the present paper, we adopted Murphy’s method’ 

because it requires easily available starting materials. Starting material for the 

synthesis of 4 is the chalcone (7), which was easily prepared by stining a equal 

molar solution of 3-methyl4methoxy-acetophenone (5) and aromatic aldehyde 

(6) in methanol containing one equivalent of sodium hydroxide pellets at room 

temperature for 5 to 10 minutes. Cyclopropyl ketoesters (8) were synthesized via 

cyclopropanation of 7 using cyan0 ethyl acetate by employing the method of Rai 

ital.* In a typical procedure, a solution of 7 in benzene containing cyanoethyl 

acetate was treated with sodium powder at room temperature and then was 

refluxed for 12 hrs. Mer the workup gave 82% of cyclopropyl ester (8) and 10% 

of ketoacid (9). The formation of 9 was confirmed by its conversion to 8 in almost 

quantitative yeild using ethanol and sulphuric acid. Formation of the cyclopropyl 

ring system in 8 was confirmed by ‘H (multiplet at 6 2.20-2.35 ppm). The 

products isolated were characterized by IR, ‘H NMR, and also mass spectra, 

which showed the acyl cation as base peak and other fragments formed through a 

identical ftagmentation pattern. 

In the present paper we adopted Murpy,s7 method for the cyclization of 8 to give 

tetralone 4. In a typical procedure, reaction of cyclopropyl esters 8 with two 

equivalents of SnC4 in nitrobenzene at room temperature for 6 to 7 hr. yielded 
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PODOPHYLLOTOXIN DERIVATIVES 1181 

1 2 3 

6 7(*)  5 

NCCH2COOEt 
Ni Pow& 

0 
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1182 NANJUNDASWAMY ET AL. 

tetralone ester 4 in 6045% yield. The NMR speceum O f  4a exhibited a doublet at 

6 4.55 ppm (J=6Hz) for the dibenylic proton CI-H. The large J value of 6 Hz 

indicated that CrH and CI-H in 4a were diaxial. Hence, the C&hoxycarbonyl and 

C1-phenyl groups should be trans to each other, a configuration being 

thermodynamidy more stable. 

Experimental Section: 

Melting points were taken on open capillary and are uncorrected. IR spectra were 

recorded on a Perkin Elmer 399 spectrometer. lH NMR spectra were recorded on 

Jeol 60 MHz NMR spectrometer using CDC13 as solvent and TMS as internal 

reference The chemical shifts are expressed in 6 ppm. Mass spectra were recorded 

on Hitachi RMU-61 spectrophotometer and important fragments are given with the 

relative intensities in the bracket. Thin layer chromatography were obtained on 

Merk silica gel G coated on glass plates. 

General procedure for the preparation of chalconw (7a-e): A typical 

procedure is described for the preparation of Z-(3 '-methyi4'-mctkaxyphu?vr)-J- 

phenyl-pmpZ-ene-Z-onone (7a) : - A solution of 3-methyl-4-methoxy acetophenone 

(5, 1.0 g, 6.2 mmol) and benzaldehyde (64 0.65 g, 6.2 mmol) in methanol (25 mL) 

was treated with sodium hydroxide pellets (0.25 g) and stirred for 15 minutes a! 

room temperature, wherein chalcone 7a precipitated. The precipitate was then 

filtered otfl washed thoroughly with water and dried to yield 7a. It was then 

recrystallized from 50% aqueous ethanol give a light yellow, crystalline compound 

in 80% (1.22 g) yield, m.p.= 86"C, IR (KBr): 1600 (C=C), 1605,1657 (CO) cm-'; 
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PODOPHYLLOTOXIN DERIVATIVES 1183 

lH NMR (CDC13): 6 2.25 (s, 3H, CH3), 3.90 (s, 3H, OCH3), 6.80 (bd, 2H, - 
HC=CH-), 7.0-7.20 (m, SH, Ar-H), 7.20-7.30 (d, lH, Ar-H), 7.50-7.65 (bd, 2H, 

k-H);  Anal. Calcd. for  C17H1602 C, 80.92; H, 6.40%: 

Found C, 80.86; H, 6.42%. 

1-(3’-Methyl-l ’-metharyplrenyl)-3-(4”-metharyplrenyl)-prop2-ene-l-one 

(7b):- Obtained tiom 3-methyl-4-methoxy acetophenone (5, 1.0 g, 6.2 mmol) and 

p-anisaldehyde (6b, 0.84 g, 6.2 mmol) as pale yellow crystalline solid in 85% (1.47 

g). m. p.= 62-64”C, IR (KBr): 1605 (C=C), 1610, 1667 (CO) cm-’; lH NMR 

(CDC13): 6 2.30 (s, 3H, CH3), 3.85 (s, 3H, OCHJ), 3.90 (s, 3H, OCH3), 6.80 (bd, 

2H, -HC=CH-), 6.90-7.0 (bd, lH, Ar-H), 7.50-7.70 (d, 4H, Ar-H), 7.80-7.90 (d, 

2 y k - H ) ;  Anal. Calcd. f o r  C18H1803 C, 76.56; H, 6.43%: 

Found C, 76.46; H, 6.47%. 

143 ’-Methyf~’-meth~phenyl)-3-(3”,4”-~~h~phenyl)-p~2~e-l~ne 

(7c) :- Obtained from 3-methyl-4-methoxy acetophenone (5, 1.0 g, 6.2 mmol) and 

3,4-dimethoxybenzaldehyde (6c, 1.03 g, 6.2 mmol) as pale yellow crystalline solid 

in 82% (1.56 g), m. p.= 93-95”C, IR (KBr): 1600 (C-C), 1605, 1657 (CO) cm-’; 

lH NMR (CDC13): 6 2.30 (s, 3 6  CH3), 3.85 (s, 6H, OCH3), 3.92 (s, 3 y  

OCH3), 6.70-6.95 (d, 2H, -HC=CH-), 7.10-7.30 (bd, IH, Ar-H), 7.50-7.55 (d, 

2H, Ar-H), 7.60-7.75 (4 1 9  Ar-H), 7.80-7.90 (d, 2H, Ar-H); Anal. 

Calcd. f o r  C1gH2004 C, 73.06; H, 6.45% Found C, 73.01; 

H, 6.44%. 
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1184 NANJUNDASWAMY ET AL. 

1-(3’-Mdy1-4 ’-methqvphy9-3-(3 4 ” y S ” - b i m e t h M y p l r ~ y 9 - p ~ 2 ~ ~ l -  

one (7d) :- Obtained fkom 3-methyl4methoxy acetophenone (5, 1.0 g, 6.2 mmol) 

and 3,4,5-trimethoxybenzakhyde (a, 1.22 g, 6.30 mmol) as pale yellow 

crystalline solid in 85% (1.78 g), m. p.= 88-89”C, IR (KBr): 1605 (C=C), 1616, 

1662 (CO) cm-’; lH NMR (CDC13): 6 2.30 (s, 3H, CH3), 3.85 (s, 9H, OCHJ), 

3.90 (s, 3% OCH3), 6.80 (w, 2H, -HC=CH-), 6.40 (s, 2H, Ar-H), 6.50 (s, lH, 

Ar-H), 7.70-7.80 (d, 2 Y  Ar-H) ; Anal. Calcd. for C20H2205 C, 

70.16; H, 6.48%: Found C, 70.10; H, 6.50%. 

143 ’-M~hyl-4’-metharyplra?yl)-3-(3”-nitmphenyl)-prop2sne-l-one (7e) : - 
Obtained fiom 3-methyl4methoxy acetophenone (5, 1.0 g, 6.2 mmol) and 3- 

nitrobenzaldehyde (6e, 0.94 g, 6.2 mmol) as pale brown crystalline solid in 78% 

(1.47 g), rn. p.= 134-36”C, IR (KBr): 1605 (C=C), 1610, 1672 (CO) cm-’; 1H 

NMR (CDC13): 6 2.30 (s, 3H, CH3), 3.90 (s, 3H, OCH3), 6.70-6.90 (bd, 2H, 

HC=CH-), 7.20 (s, lH, Ar-H), 7.30-8.00 (m, 6H, Ar-H) ; Anal. Calcd. 

fo r  C17H15N04 C, 68.66; H, 5.09; N, 4.71%: Found C, 

68.74; H, 6.39; N, 4.75%. 

General procedure for the preparation of cyclopropyl ketoesten (8): A typical 

procedure is described for the preparation of d y l - 2 - ( 3 ’ 4 y l - 4 ’ -  

methqvbenrour)-3-phmyl qdqnqmnd-cmbaxylatek (8.) :- Freshly distilled 

cyanoethyl acetate (0.45 g, 4.0 mmol) was added into a magnetically stirred 

suspension of powdered sodium (0.18 g, 8 m atom) in dry benzene (25 mL) in a 

100 ml round bottomed flask fitted with guard tube. Chalcone (7% 1.02 g, 4.0 
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PODOPHY LLOTOXIN DERIVATIVES 1185 

mmol) was added and the mixture stirred at room temperature. After 24 hrs, 

reaction mixture was washed successively with 5% NaOH (2 X 15 mL), brine 

solution (2 X 15 mL) and dried over anhydrous Na2SO4. Evaporation of the 

solvent under reduced pressure yielded a pasty mass, which after purification over 

chromatography yielded the cyclopropyl ester in 82% (1.12 g) yield as a pale 

yellow oil. Alkaline extract on acidification with conc. HCI at 5°C gave a pasty 

mass, which was then extracted into ether layer and dried over anhydrous Na2S04. 

Evaporation of the solvent gave keto acid (9a) as a pale yellow oil in 10% (0.125 

g) yield. 

Esterification of keto acid (9a): Solution of keto acid (9, 0.125 g) in absolute 

ethanol (10 mL) was treated with conc. H2S04 acid (0.5 rnL) and refluxed for 4 

hrs. After 4 hr, solvent was evaporated off, neutralized with 5% sodium 

bicarbonate solution and then extracted into ether. The ethereal layer was washed 

thoroughly with water (2 X 20 mL), brine solution (1 X 15 mL) and dried over 

anhydrous sodium sulphate. Evaporation of the solvent under reduced pressure 

yielded a pasty mass, which after purification over chromatography yielded the 

cyclopropyl ester (Sa) in 95% (0.128 g) yield as a pale yellow oil, IR (KBr): 1605 

(C=C), 1680 (CO), 1750 (ester CO) cm-', 'H NMR (CDCb); S 0.95-1.12 (t, 3H, 

CH3), 2.30 (s, 3H, CH3), 2.20-3.35 (m, 3H, CI, C2, CI-H), 3.70-3.95 (4, ZH, 

OCHZ), 3.90 (s, 3H, OCH3), 7.00-7.20 (m, SH, Ar-H), 7.25-2.35 (d, lH, Ar-H), 

7.80-7.90 (d, 2H, Ar-H); Mass spectrum, m/z (relative 

intensity) : 338 (Mi, 101, 310 (M+, -CzHs, 8), 265 (IT-73, 
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1186 NANJUNDASWAMY ET AL. 

1 4 )  , 252  (Mt-86, 5 2 ) ,  237 (M*-101, 3 2 ) ,  1 4 9  (ArCO', 1 0 0 )  ; 

Anal. Calcd. for C21H22O4 C, 74.52; H,  6 .56%: Found C, 

74 .59 ;  H ,  6 .39%. 

Ethyl-2-(3'-methyl-4'-m"kaxybenroyl)-3-(4"-methqphenyl)- cyclopropane-l- 

cmboxylate (8b) :-Obtained fiom (7b, 1.0 g, 3.2 mmol) and cyanoethyl acetate 

(0.36 g, 3.2 mmol) as pale yellow oily product in 85% (1.08 g) yield, IR (KBr): 

1605 (C=C), 1678 (CO), 1755 (ester CO) cm-', 'H NMR (CDCL); 6 0.95-1.10 

(t, 3H, CH3), 2.30 (s, 3H, CH3), 2.20-3.35 (III, 3H, C1, CI, Cj-H), 3.-70-3.90 (4, 

2H. OCH2), 3.90 (s, 3H, OCH3), 3.95 (s, 3H, OCH3), 7.00-7.20 (d, 2% Ar-H), 

7.25-2.35 (d, lH, Ar-H), 7.60-7.80 (bd, 4H, Ar-H); Mass spectrum, m/z 

(relative intensity) : 368 (M+, 1 2 )  , 3 4 0  (M', -CzH4, 11) , 
295  (M'-73, 201, 282 (M'-86, 7 1 )  , 267 ( M t - l O l ,  15), 

149(ArCO+, 1 0 0 ) ;  Anal. Calcd. for C22H2405 C,  71.72;  H, 

6 .57%: Found C, 71.78; H, 6.425%. 

Ethyl-2-(3 '-methyl-4'-methar"l)-3-(3",4''-dimethqphenyl)- 

c y d o p ~ u n e - l - c u r ~ l a t e  (Sc) :-Obtained fiom (7c, 1.0 g, 3.2 mmol) and 

cyanoethyl acetate (0.36 g, 3.2 mmol) as pale yellow oily product in 85% (1.08 g) 

yield, IR (KBr): 1605 (C=C), 1678 (CO), 1755 (ester CO) cm-', 'H NMR 

(CDCb); 6 1.00-1.10 (t, 3H, CH3), 2.30 (s, 3H, CH3), 2.20-3.30 (m, 3H, CI, Cz, 

C3-H), 3.70-3.95 (q,2H. OCHZ), 3.85 (s, 6H, OCH3). 3.90 (s, 3H, OCH3). 7.00- 

7.10 (s, 2H, Ar-H), 7.25-7.35 (d, lH, Ar-H), 7.60-7.75 (d, lH, Ar-H), 7.80-7.90 

(d, 2H, Ar-H); Mass spectrum, m/z (relative intensity): 
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PODOPHYLLOTOXIN DERIVATIVES 1187 

398 (M', 11) , 370 (M'-C*Hd, 7 ) ,  325 (Mi-73, 18), 312 (M+- 

86,551,  297 ( M + - l O l ,  321, 149(ArCOt, 100)  ; Anal. Calcd. 

for C23H2606 C, 69.33; H, 6.58%: Found C, 69.40; H, 

6 .55%. 

Ethyl-2-(3 '-methyl-.4'-methqbenzoyl)-3-(3 ", 47 S"--dimetharypken& 

cyclopropune-Z-curbqlute (8d) :-Obtained fiom (7d, 1.0 g, 2.9 mmol) and 

cyanoethyl acetate (0.33 g, 2.9 mmol) as pale red oily product in 82% (1.02 g) 

yield, IR (Nujol): 1605 (C=C), 1678 (CO), 1760 (ester CO) an-', 'H NMR 

(CDCI,); 6 0.95-1.10 (t, 3H, CH3), 2.30 (s, 3H, CH3), 2.20-3.35 (Q 3H, C1, C2, 

C3-H), 3.70-3.85 (q,2H. OCH2), 3.85 (s, 9H. OCH3), 3.90 (s, 3H, OCH3), 7.00- 

7.20 (d, 2H, Ar-H), 7.25-2.35 (4 lH, Ar-H), 7.80-7.90 (d, 2H, Ar-H); Mass 

spectrum, m/z (relative intensity) : 428 (M', 1 2 ) ,  400 

(Mi-C2H4, 91, 355 (M'-73,25),  342 (Mt-86, 5 6 ) ,  327 (W- 

1 0 1 , 1 5 ) ,  149(ArCOi, 100); Anal. Calcd. for C24H2807 C 

67.26; H, 6.59%: Found C, 67.20; H, 6.63%. 

Ethyl-2-(3'-methyl-4'-methqbenroyl)-3-(3 "-nitmphenyl)-iyclqqoncyclopropMc-I- 

carbqlute (8e) :-Obtained fiom (7e, 1.0 g, 3.4 mmol) and cyanoethyl acetate 

(0.38 g, 3.4 mmol) as pale red oily product in 80% (1.03 g) yield, IR (Nujol): 1362 

(sym NO2), 1522 ( a s p  NQ), 1600 (C-C), 1678 (CO), 1745 (ester CO) an-', 'H 

NMR (CDCI3); 6 0.95-1.12 (t, 3H, CH3). 2.30 (s, 3H, CH3), 2.20-3.35 (III, 3H, 

CI, C2, C3-H), 3.70-3.95 (4, W. OCH2), 3.90 (s, 3H, OCH3), 7.00-7.20 (4 4H, 

Ar-H), 7.25-2.35 (d, lH, Ar-H), 7.80-7.90 (4 2H, Ar-H); Mass spectrum, 
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1188 NANJUNDASWAMY ET AL. 

m/z (relative intensity) : 383 (M*, 1 0 )  , 355 (M+-C2H4, 121 , 
310 (M+-73,16),  297 (H'-86,56), 282 ( M + - l O l ,  21)  I 1 4 9  (ArCO', 

1 0 0 ) ;  Anal. Calcd. for C21H21N06 C, 65.77;  H,  5 .52;  N, 

3 .65%:  Found C ,  65.73; H, 5 .44;  N, 3 .69%.  

General procedure for the preparation of tetralone esters (4): A typical 

procedure is described for the preparation of ethyl-6-methyl- 7-methq-I-phenyl- 

h 2 - n a p h t h o a t e  (4a) :-Solution of cyclopropyl ketoester (8a, 0.80 g, 2.36 

mmol) in nitrobenzene (10 mL) was added dropwise to a magnetically stirred 

solution of anhydrous stannic chloride (0.54 g, 4.6 mmol) in nitrobenzene (10 mL) 

for half an hour at 0°C and ftsther stirred for 6 hrs. After treating with 5N HCI (5 

mL), the organic layer was washed with 10% NaOH (2 X 10 mL) and finally with 

water. Brown gummy product obtained after steam distillation of the solvent was 

purified by coloumn chromatography using chloroform as eluant to yield tetralone 

ester 4a as red semisolid in 65% (0.52 g) yield, IR (KBr): 1605 (C=C), 1670 

(CO), 1725 (ester CO) cm-', 'H NMR (CDCb): 6 0.9-1.2 (t, 3H, CS) ,  2.1 (s, 3% 

CH3), 2.85 (d, 2H, Jr6Hz, CI-H), 3.1-3.25 (Q lH, CTH), 3.70-3.90 (4, 2H, 

OCH2), 3.95 (s, 3H, ocH3), 4.55 (d, lH, J- CI-H), 7.1-7.8 (Q 7y Ar-H); 

Anal. Calcd. for C21H2204 C, 74.52; H, 6.56%: Found C, 

14.47;  HI  6 .55% 

Ethyl-6-methyl- 7 - m e t h q v - I - ( 4 ' - m e t h q v p h e n y ~ ~ 2 - n a p h t h ~ ~ ~ t e  (4b) : - 
Prepared fiom (8b, 0.80 g, 2.17 -01) in dry benzene containing stannic chloride 

(0.5g,4.2 mmol) as brown gummy product in 60% (0.48 g) yield, IR (KBr): 1610 

(C=C), 1678 (CO), 1750 (ester CO) cm-', 'H NMR (CDCl3): 6 0.9-1.10 (t, 3H, 
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PODOPHYLLOTOXIN DERIVATIVES 1189 

CH3), 2.2 (s, 3% CH3), ), 2.80 (d, 2H, J=5.5& C3-H), 3.1-3.25 (m, lH, Cz-H), 

3.65-3.80 (9, 2H, OCH2), 3.85 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 4.55 (d, lH, 

J=5.5Hz, CI-H), 6.7-7.8 (m, 6H, Ar-H); Anal. Calcd. for C22H2405 

C, 71.72; H I  6.57%: Found C, 71.69; H, 6.62%. 

Ethyl-Cmethyl- 7-methcuy-l-(3’,4’-dimethqphenyt’)nyl)-Pawtnapktlrwte (4c) 

:-Prepared 6om (Sc, 0.80 g, 2.01 mmol) in dry benzene containing stannic chloride 

(0.50 g, 4.2 mmol) as brown gummy product in 62% (0.49 g) yield, IR (KBr): 

1613 (C=C), 1670 (CO), 1750 (ester CO) cm-’, ‘H NMR (CDC13) 6 0.9-1.1 (t, 

3% CH3), 2.15 (s, 3H, CH3), ), 2.85 (d, 2H, J=6Hz, C&), 3.1-3.25 (m, lH,,C2- 

H), 3.60-3.75 (9, 2H, OCHz), 3.80 (s, 6H, OCH3), 3.85 (s, 3% OCH3), 4.55 (d, 

1% J=6HZ, Cl-H), 6.8-7.8 (m, 5H, k-H); Anal. Calcd. f o r  C23H2606 

C, 69.33; H, 6.58%: Found C, 69.32; H, 6.59%. 

Ethy I-&methyl- 7 - m e t h q l - ( 3 ’ , 4 ’ , 5 ’ - - t r i m e t h ~ p h e n y ~ ~ 2 - n ~ h ~ ~  

(4d) :-Prepared 6om (Sd, 0.80 g, 1.86 mmol) in dry benzene containing stannic 

chloride (0.5 g, 4.2 mmol) as brown gummy product in 62% (0.49 g) yield, IR 

(Nujol): 1605 (C=C), 1678 (CO), 1755 (ester CO) an-’, ‘H NMR (CDCh) 6 1.0- 

1.3 (t, 3H, CHs), 2.2 (s, 3H, CH3), ), 2.85 (4 2H, J W  C3-H), 3.1-3.25 (m, lH, 

C2-H), 3.60-3.80 (9, 2H, OCH2), 3.82 (s, 6y OCH3), 3.85 (s, 6H, OCH3), 4.55 

(d, lH, J=6Hz, CI-H), 6.4-7.5 (bm, 4H, Ar-H); Anal. Calcd. for 

C24H2807 C 67.26; H, 6.59%: Found C, 67.30; H, 6.56%. 

Ethyl-&methyl- F m ~ h ~ l - ( J ’ - n i h . o p l r e n y t ’ ) 4 - ~ 2 - n a p h  (4e) :- 

Prepared 6om (Se, 0.81 g, 2.08 mmol) in dry benzene containing stannic chloride 
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(0.5 g, 4.2 mmol) as brown gummy product in 60% (0.49 g) yield, IR (KBr): 1600 

(C=C), 1683 (CO), 1734 (ester CO) cm-’, ’H NMR (CDCl3) 6 1.0-1.3 (t, 3H, 

CH3), 2.15 (s, 3H, CH3), 2.85 (d, 2% J 4 -  Cdi), 3.1-3.25 (4 lH, C r H ) ,  2.95 

(4 2% CHz), 3.60-3.75 (q,2H, OCHz), 3.80 (s, 3H, OCB), 4.55 (d, lH, J=6Hz, 

Cl-H), 6.7-8.1 (In, 6H, h-H); Anal. Calcd. f o r  C21H21NO6 C, 

65.77; H, 5.52; N, 3.65% Found C, 65.81; H, 5.55; N, 

3.63%. 
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