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SYNTHETIC COMMUNICATIONS, 30(23), 4375-4385 (2000) 

An allernative Route to (*)-Warburganal Synthon+ 

Ajoy K. Banerjcc*, Vivianc E. Khalil and William Vcra 
(Centro de Quiinica, IVIC, Caracas 1020-A, Venezuela) 

Abslruct - The transformation of the ketone (1) to the 
unsaturated diestcr (1  I )  a potential intermedialc for the 
warburganal (12) is described. The Wittig reaction of 
theketone ( 1) with methylenelriphenylphosphoranc 
afforded the olefin (2) which reacts with Woodward's 
reagent (MeCOOAg, 12 and MeCOOH and H2O) to give 
the diol (13). This on heating with 
dimethylsulfoxide afforded the tetralin (14) 

Reported herciii is an alternative syntlicsis of the dieslcr (1 1)112 which proved a 

valuable intermediate for the synthesis of (*)-warburganal (12) whose several 
synthcsesl~3~4 have bcen accomplishcd owing to its intercsting biological properties516 
including antifdant and molluscicidal acliviljes. The present work depicted in Scheme 1, 
was undertaken in connection with our program aimed at the development of new roubs 
for the synthesis of bioaclive terpenes.718 

The ketone (l)9 was selected as starting material for our synthetic investigation. 
Its transforination to tlic olefin (2) with diiodoincthanc, saniariuin iodidc, 
tetmhydrofuran, lrexamethylphosphoramide and N,N-dimethylaminoethanol lo  was not 
successful. This transformation also could not be achieved by treatment of the ketone (1) 

with diiodomethane, zinc and tilanium tc1rachloridc.I I Finally the desired olefin (2) was 
obtained by the usc of Wittig reaction by refluxing the ketone (1) for 24 hr with 
~riplicnylmcthylphosplioniuin broinidc and sodainide in tolucnc. I 2  Its spectroscopic 

*To whoin correspondcnce must be addressed 
+ Dedicated to Professor Alex Nickon on the occasion of his retirement as Editor of 

Tetrahcdron Report. 

Copyright Q 2000 by Marcel Dekker, Inc. 
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4376 BANERJEE, KHALIL, AND VERA 

Me @ Me Me #2 Me Me 6 Me 

Reagents: ( i PhaP'MeBr, NaNHe,Toluene, ( i i )  Se02,MeCOOH, 
2hr, 7OoC, Na2C03,MeOH,(iii) TPAP, NMO, (iv) A g 2 0 ,  
( v )  DMAP, MeOH, DCC hi) CrO3, CH2CL2,3,5 dlmethyl 
pyrazole,(vii) He, Pd-C(S%), EtOH,(viil) K2CO3, M e I ,  
MezCO, (ix) NaH,CO (COOMe)Z, Dioxane,(x) NaBH4,MeOH 
TsCI, Py, L iBr ,  Li2CO3, DMF. 

Scheme I 
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dab  confirmed thc shcture. The olefin (2) WBS subjected to photooxygenationl3 to 
give the unsaturated alcohol (3), liowcvcr niost of the olcfin (2) was recovcred. 
Different reaction conditions, i.e.,use of different sensitizers, change in irradiation 
time , use of lamps of different intensity, etc.,were investigated unsuccessfully. 
Thus an alternative method was tried which consisted in treatment of the olefin (2) 
with selenium dioxide and acetic acid14 for 2 hr at 70°C. On careful purification the 
resulting material afforded the alcohol (3) in 79% yield. The alcohol (3) on 
oxidation15 with 4-methylmorpholine-N-oxide and tetrapropylammonium 
pcrruthenate produced the aldehydc (4) in 80% yield. I t  was also observed that 
treatment of the olefin (2) with seleniuiii dioxide and acetic acid for 4 hr led to he 
formation of the aldehyde (4) in very good yield. When the time period was 
extended to 6 hr, then the yield of the aldehyde (4) was low and a complex mixture 
was obtained. Decomposition set in soon after the purification of the aldehyde (4) 
ovcr silica gel and several spots of lower Rf were obtained (tlc). Thus in subsequent 
experiments the aldehyde (4) was directly used for the oxidation experiment. 
Oxidation16 of the aldehyde (4) with silver (I) oxide afforded the acid ( 5 )  which 
presented a complicated 1H NMR spectrum. It seemed that during oxidation partial 
migration of the double bond occurred. ‘Thus without purification acid ( 5 )  was 
esterifiedI7 with methanol in presence of dicyclolicxylcarbodimide and N- 
diincthylaininopyridine to obtain the unsaturatcd ester (6) whose spectroscopic 
properties were identical with those reported previously. 18*1y The transformation of 
the alcohol (3) to the unsaturated ester (6) by treatment with manganese oxide and 
subsequently sodium cyanide, acetic acid, nianganese dioxide and methanol20 was 
not successful. The unsaturated ester (6) proved to be a valuable intermediate for the 
diterpenoid quinone royleanonelg and thus our approach for the synthesis of the 
unsaturated ester (6) suggests an additional route for the synthesis of royleanone. 
Allylic oxidation of the ketocster (6) with chromic acid and 3,5-dimcthylpyrazole in 
dichloroinethane afforded the a,fl-unsaturated ketocster (7) which was converted to 
the saturated ketoester (8) by catalytic hydrogenation with Pd-C (5%) in methanol. 
The P-configuration of the carboxylate group of the ketoester (8) was confirmed by 
esterification of the already reported21 acid (9) with methyl iodide and acetone 
and comparison of its its spectral data with those of the kctoester (8).22 

With the completion of the synthesis of thc kctocstcr (8), we now addrcssed 
the final problem, ie, its transformation to the diester (1 1). The ketoester (8) on 
nicthoxycarbonylation with diinctliyl CarbolIiIte affordcd compound (lo), wliosc 11-1 
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4378 BANERJEE, KHALIL, AND VERA 

NMR spectrum was complicated, probably due to contamination with a small amount 
of enol laulomer. The compound (10) was rcduccd wit11 sodium boroliydride to lhc 
corresponding alcohol whose tosyl derivative on heating with lithium carbonale in 
dimethyl formamide yielded the desired unsalurated diester (1 1) in excellent yield. Its 
spectroscopic dala were identical with those reported. I As the unsaturated diester 
(I  I) has already been converted1 to (*)-warburganal (12). our alternative approach 
for the synthesis of the unsaturated diester (1  1) constitutes a polential interrnediatc 
for warburganal. 

In relation to tlic above nicntioned studies, an attempt was also made to 
prepare the alcohol (3) by an alternative route for its conversion to the aldehyde (4). 
Treatment of the olefin (2) with Woodward’s reagent (MeCOOAg, I2 and 
MeCOOH and H2O) followed by alkaline hydrolysis of the resulting product gave 
the diol(13). The crude diol showed a strong hydroxyl group at 3550 cm-1 in the IR 
spectrum and exhibited a molecular ion m/z 190 (M+-2H20) in the mass spectrum. 
In the 1H NMR spectrum no signals of olefinic protons were observed, thus clearly 
indicating the formation of the diol(l3). The crude material underwent aromatization 
affording the tetralin (14) in high yield on heating with dimethylsulfide. The desired 
alcohol (3) could not be isolated even in low yield. This situation was not anticipated 
and we believe that both of the hydroxyl group of the diol (13) underwent 
dehydration yielding the intermediate (A) which underwent aromatization to the 
tetralin (14) , (Scheme 11). 

It is also worthwhile to mention that an attempt to purify the diol(l3) over 
silica gel afforded the tetrdin (14) in major amount whose identity was 
confirmed by comparison (tlc and spectral data) with an authentic sample 
pteviously described. A negligible amount of the alcoliol (3) was obtained whose 
identity could only be established by the infrared and mass spectrum. 

The present synthesis of the diester (1 1) involves more steps than the 
published procedures112 but it has been accomplished utilizing less expensive 
rcagents and siiriplc cxpcrimciital proccdurcs. The ncw coiiipouiids liavc becn 
obtained in excellent yicld and thc overall yield (24%) is quite satisfactory. As the 
diester (1 1) has bcen converted to polygodial(15)1, our alternative approach for the 
synthcsis of the diester (1 1) would also constitute for polygodial (15). It can bc 
observed the development of an alternative route for the synthesis of the unsaturated 
ester (6) which has proved a potential intermediate for the synthesis of the 
diterpenoid quinone royleanone.Ig The novel and interesting rearrangement of the 
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(*)- WARBURG ANAL SYNTHON 4319 

(2 )  

Me Me gy++ p 

Scheme I1 

diol(l3) to [he telralin (14) during healing wilh dimethylsulfoxide and also during its 
purification on silica gel is an interesting aspect of the present synlhesis. During the 
synthesis of the ester ( I  l), it has been noted that there are certain organic reaclions 
which are very useful for the synthetic transformations of monocyclic compounds 
but their use is very limited when applied to bicyclic compounds. 

Experimental 
Unless otherwise slated, 1R spcctra were Liken on Nicolcl FT and NMK 

spectra recorded on Brucker AM-300 and Varian A-90 spectrometer in CDC13 using 
TMS as an inlernal standard. Mass apcclra wcrc carried on Duponl 21-492B. The 
expression work-up indicates that the solution was diluted with water, extracted with 
ether, washed with brine, dried (MgS04) and evaporated under reduced pressure. 
Column chromatography was carried out on silica gel, Merck, grade 60, 70-230 
mesh and tlc plates were coated with silica gel and the spots were located by 
exposing to UV light. Microanalyses wcrc carried out in lhc Clicinklly Departmenl, 
IVIC, Caracas. 

- -  - -  (2) - A solution of Ph@MeBr 
(1.84 g) and sodamide (Aldrich) (306 mg) in dry toluene (60 mL) was heated for 5 
hr undcr nitrogen, coolcd to room temperalure, treated with a solution of the ketone 
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4380 BANERJEE, KHALIL, AND VERA 

(1) (500 mg) in dry toluene (20 mL), and heated gently for 
10 hr. The reaction mixture was washed with water, dried and toluene was 
evaporated. The resulting product on purification over silca gel (10 g) (eluant 
hexane) afforded the olefin (2) (420 mg,’ 85%); R f  0.45; NMR: 6 0.98 (s, 3H), 
1.02 (5, 3H), 1.12 (s, 3H) (4,4,8a-Me), 4.77 (in, 2H, 8-CH2): MS: m/z 192 (Mt) 
and 177 (M+ -Mc); Anal. Calcd. for C14H24: C, 87.42; 1-1, 12.58. Found: C, 87.46; 
H, 12.61. 

(3) - TO -6- - -  
a solution of the olefin (2) (405 mg) in glacial acetic acid (20 ml) was added freshly 
sublimed selenium dioxide (1.22 g). The mixture was stirred for 2 hr at 70°C. The 
acid was removed under pressure and the residue in methanol (20 mL) was treated 
with potassium carbonate (1.8 9). The reaction mixture was extracted with 
chloroform, washed and dried. The resulting product on purification on silica gel (6 
g)(cluant hexane:cthcr 7:3) afforded the alcohol (3) (346 mg; 79%); Rf 0.32; 1R 
3450 cm-1 (OH), NMR: 6 1.01 (s, 3H), 1.04 (s, 3H), 1.13 (s, 3H) (4,4,8a-Me), 
3.92 (m, 2H, CH201I), 6.02 (t, IH, 7-H); MS: 208 (Mt) and 193 (M+-Me). Anal. 
Calcd. for C14H240: C, 80.71; H, 11.G1. Found: C, 80.74; 
tl, 11.64. 

-6- r .  (4) - To a 
solution of the alcohol (1.02 g) in dry dichloromethane (120 mL) was added 4- 
methylmorpholine-N-oxide (350 mg), stirred for 10 min and tetrapropylammonium 
perrutlicnate was added (55 mg), slirred at room teiriperature and diluted with 
dichloromethane (50 ml). The organic extract was washed with a solution of sodium 
sulfitc, saturated ammonium chloridc solution, and saturatcd solution of cupric 
sulfate. The organic extract was dried and evaporated to obtain the oily 
material which was passed rapidly on chromatographic column of silica gel 
(15 g) (eluant hexane:ether 70:30) afforded the aldehyde (4) (810 mg, 80%); R f  
0.38; IR: 1659 cm-I (CO), NMR: 6 0.98 (s, 3H), 1.01 (s, 3H), 1.12 (s, 3H) 
(4,4,8a-Me), 4.86 (t, IH, 7-H), 9.68 (s, lH, CHO); MS: m/z 206 (Mt), 191 (M+- 
Me) and 177 (M+-CHO). The aldehyde (4) had a tendency to decomposition during 
its purification by column chromatography as was evidenced by tlc and thus a 
satisfactory elemental analysis could not be obtained. 
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(*)- WARBURGANAL SYNTHON 4381 

* (6) - To a 

stirred solution of silver nitrate (1.36 g) and the aldeliyde (4) (805 mg) in 
a mixturc of cthanol (20 mL) and wiiter ( 1  5 mL) was added a solution of sodium 
hydroxide (165 mg NaOH in 24 mL of water). The reaction mixture was stirred 
for 2 hr, filtered through celite and evaporated the filtrate to a small volume. The 
residue was diluted with water, washed with ether and then acidified with 
hydrochloric acid (20 mL, 6N). Tile rcsultiiig mixturc was extracted with ether, 
washed with brine and dried. Reinoval of the solvent yielded the acid (5) (710 mg), 
m.p. 210-222"C, 1R: 1708 cm.1 (CO), 3520 cm-I (OH), d z  222 (Mt)  and 207 
(M+-Mc). The product was contaminated with three products of very similar Rf 
value in tlc and thus its NMll spectrum was vemy complicated. 

To the crude acid (5) (705 mg) in dicloromethane (10 mL) was added 4- 
dimethylaminopyridinc (25 mg) and dry methanol (2 mt).  The reaction mixture was 
cooled to "C and then treated with dicyclohexylcarbodimide (802 mg) and stirred for 
20 min at "0 and then 4 hr at room temperature. The reactioii mixture was filtered and 
the filtrate was evaporated Lo obtain an oily residue. This was 
dissolved in hexane, washed with dil. hydrochloric acid, dil. sodium bicarbonate 
solution and then with brine, dried and evaporated. The residue obtained on 
chromatographic purification on silica gel (10 g) (eluant hexane;ethcr 3:7) yielded 
the ester (6) (774 mg,84%), RI: 0.29; 1R: 1720 cm-1 NMR 6 1.02 (s, 3H), 1.06 
(s, 3H), 1.12 (s, 3H) (4,4,8a-Mc), 3.76 (s, 3H, OMe), 6.12 (t, IH, 7-H), MS: dz 
236 (Mt)  and 191 (M+- 3 Me). Anal. calcd. for C15H2402: C, 76.22; HI 10.24. 
Found: C, 76.26; H, 10.26. 

- 8 8  - - *  

(7) - To a 
suspension of chromium trioxide (1.84 g) in dry dichloromethane (50 mL) at -25°C 
was added rapidly 3,5-diniethylpyrazole (1.78 g). The reaction mixlure was stirred 
for 35 min and then a solution of the unsaluratcd ester (6) (605 mg) in 
dichloromethane (2 mL) was added. The resulting dark solution was stirred at -25°C 
for 5 hr, and then a solution of the sodium hydroxide (5M, 55mL) was added. The 
usual workup followed by chromatographic purification of the resulting product on 
silica gel (8 g) (eluant hexane:ether 3:7) afforded the ketone (7), (576 mng, 90%), Rf: 
0.26; 1R (cm-I): 1725 (ester CO), 1645 (CO), 'H NMR: 6 0.98 (s, 3H). 1.01 (s, 
3H), 1.08 (s, 3H) (4,4,8a-Me), 3.68 (s, 3H, OMe), 5.21 (s, lH, 7-H), MS: m/z 

4.4.8a-Trimelllvl-d8-v - -  6 - #  k w  - 
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4382 BANERJEE, KHALIL, AND VERA 

250 (Mt). Anal. Calcd. for C15H2203: C, 71.97; H, 8.86. Found: C, 72.02; H, 
8.89. 

a - -  - -  - - (8) - A mixture of the 
ketoester (7) (575 mg) in cthanol(30 niL) and Pd-C (5%, 150 mg) was stirred under 
hydrogen at atmospheric pressure for 8 hr. Workup and chromatographic 
purification over silica gel (8 g) (eluant 1icxane:cther 7 3 )  afforded thc saturated 
kctocstcr (8)' (550 mg, 95%), Rf: 0.24; 1K: 1735 (cstcr CO), 1719 (CO), IH NMR: 
6 1.01 (s, 3H), 1.04 (s, 3H), 1.12 (s, 3H) (4,4,8a-Me), 3.65, (s, 3H, OMe), MS: 
m/z 237 (Mt-Me), 205 (M+-Mc-McOI-I), 177 (Mt-Me-McCOOH). Anal. Calcd. for 
C15112403: C, 71.39; H, 9.59. Found: C, 71.43; H, 9.61. 

of 4 . 4 T u m e t b v l  _ -  8 c a r b w  - -  - - d e c u  (9) - To a 
solution of the acid (9) (220 mg) in acetone (20 mL) was added dry potassium 
carbonate (250 mg) iuid melliyliodide (3 mL) and hcaled under reflux for 10 hr. The 
workup followed by chromatographic purificalion over silica gel (5  g) (eluant 
1icxane:clher 7:3) yiclded lhc kelocsler (8) (174 mg, 75%) Rf: 0.34 and its 
spectroscopic data (NMR and IR) were identical with thosc reported for the above 
mentioned ketoester (8). 

- -  (11)-A 
mixlure of Be ketoester (8) (450 mg), sodium hydride (300 mg, 50% 
dispersion oil), dimethyl carbonate (1.28 g) and 1,2-dimethoxyethane (20 ml) was 
stirred and heated at 80-85°C for 2 hr undcr nilrogcn. Work-up afforded thc 
compound (10) (585 mg), MS: m/z 175 (Mt-Me 2 MeCOOH). Attempts to purify 
thc product (10) by cliromatograyliic purification provcd fruitlcss and thus was uscd 
directly for the next step. 

To a solution of the compound (10) (580 mg) in ethanol ( I  5 ml), cooled to 

O°C, was addcd sodium borohydridc (100 mg) and stirred for 30 min. Workup 
afforded an alcohol, IR (crn-l) 3450 (OH), 1725 (CO). To the crude alcohol (525 
mg) in pyridine (6 mL) was added p-tolucnesulfonyl chloride (400 mg), stirred for 
24 hr at room temperature and then poured on ice. Workup afforded the tosylate (592 
ing) which was uscd dircctly for the ncxt stcp. 

A mixture of the tosylate (592 mg) and anhydrous lithium bromide (602 mg), 
lithium carbonatc (602 mg) in dimetliylformanude (15 id) was heatcd in an 
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(*)-WARBURGANAL SYNTHON 4383 

oil bath 130-140°C for 3 hr. Workup followed by chromatographic purification over 
silica gel (10 n) (eluant hexane:etlier 8:2) afforded the desired product (10) (446 mg, 
85%), m.p. 8243°C (lit.' 82.5-83"C), Rf: 0.24; 1R: 1730 (CO), 1725 (CO); IH 
NMR: 6 0.88 (s, 3H), 0.92 (s, 3H), 0.98 (s, 311) (4,4,8a-Mc), 1.24 (dd, in, 3 4 ,  
10 Hz, 4a-H), 3.22 (ddd, J=2, 2.5, 4 Hz, I-H, 8-H), 3.72 (s, 3H, OMe), 3.75 (s, 
3H, OMe), 7.04 (ddd, J=2, 3, 6 Hz, 6-H), MS: m/z 294 (M+). Anal. calcd. for 
c171-12(i04: C, 69.36; €1, 8.90%. Found: C, 69.44; 1.1, 8.94. 

- C t .  (14) - To thc olefin (2) (405 ing) in acetic acid 
(12 mL) was added silver acetate (1.12 g) and iodine (802 mg), stirred 1 hr at room 
tcmpcrature a~ id  timted with i l 4 c  acid (2 inL), water ( I  mL), and 
hcated at 90-95°C for 5 Iir. The solution was cooled, treated with sodium chloride, 
filtered and the residue was washed several times with chloroform. The combined 
filtrate was concentrated and the resulting material was treated with methanol (5  I&) 

and potassium hydroxide (2 g) and heated for 12 hr at 40°C. Work-up afforded 
thc diol(l3) (430 mg), IR 3490 (OH), MS: iidz 226 (M+). 
208 (M+-H20), 190 (M+-2H20). 

The crude diol(l3) (425 ing) on chroinatographic purification on silica gel 
(10 g) (eluant hexanc:ctlier 8:2) yielded thc tetraliii (14) (352 mg, 90%), RT: 0.62; 
IH NMR: 6 0.88 (s, 3H), 0.92 (s, 3H), 1.12-1.15 (m, lH, %Me), 2.01 (s, 3H, 1- 

Mc), 6.98-7.1 1 (m, 311, aromatic protons), MS: mlz 188 (M+), 173 (H -Mc), 158 
(M+-2Me). Anal. Calcd. for C14H20: C, 89.29; H, 10.71. Found: C, 89.35; H, 
10.73. 

The diol(13) (205 mg) in dimethylsulfoxide (5 mL) was heated on oil bath at 
150- 160°C under nitrogen. Work-up followed by chromatographic purification over 
silica gel (eluant hexancether 8:2) afforded the tetralin (14) (175 mg) whose 
spectroscopic properties were identical with those previously medoned. 

Acknowledgements -This work constitutes part of the work (SI-98000387) of 
Consejo Nacional de Iiivestigaciones Cientlficas y Tecnol6gicas (CONICIT). 
The authors thank Prof. S. V. Ley (university of Cambridge, England) for providing 
NMR spcctra of dieslcr ( I  1). 
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