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SYNTHESIS OF MOMNDAPARVIN A, AN ANTITUMOR AGENT, 
AND RELATED ANTHRAQUINONES 

SUBHASH P. KHANAPURE and EDWARD R. BIEHL+ 

Department of Chemistry, S o u t h  Methodist University, Dallas, Texas 75275 

ABsmcr.-The efficient preparation of morindaparvin A [4a) and several related com- 
pounds by the reaction of appropriately substituted haloarenes and 3-cyanophthalide with 
lithium diisopropyl amide under aryne-forming conditions is described. 

In 1982, Chang et a[. (1) reported the 
isolation of morindaparvin A 14a1, a 
novel anthraquinone possessing rela- 
tively high biological activity, from the 
plant MorinL paruzfoolia Bartl. (Rubia- 
ceae). The structure of 4a was identified 
as 1,2-methylenedioxyanthraquinone by 
synthesis from alizarin and dibromo- 
methane. Although these workers pre- 
pared several ester derivatives of alizarin 
(e.g., mono- and diacetates, cinna- 
mates, and senecioates) and tested them 
for biological activity, analogues of 4a 
were not synthesized and studied. 

Recently, a quick and facile synthesis 

treating readily accessible bromoarenes 
and 3-cyanophthalides with lithium 
dii‘sopropyfamide (LDA) under aryne- 
forming conditions. We report herein 
the extension of this method to the prep- 
aration of morindaparvin-A [4a} and 
several novel related compounds 4b- 
4d. As shown in Scheme 1, the synthesis 
involves treating unsymmetrical arynes 
3a-3d generated from bromoarenes 
la-Id, respectively, and LDA with the 
pre-formed lithium carbanion 2a of 3- 
cyanophthalide 121. Subsequent de- 
methylation of the MOM-protected de- 
rivative 4b by acidic hydrolysis (48% 
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4a G = H ,  R‘ + R2=-CH2- 

k G=CH20Me, R’ + R2=-CH2- 
4d G=CH,OMe, R’=R2=Me 

G 4b G=CH,OMOM, R’ + R2=-CH2- 
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l a  G=H, R’ + R,=-cH,- 3a G = H ,  R’ + R2=-CH2- 
1b G=CH,OMOM, R‘ + R’=-CH2- 3b G=CH,OMOM, R’+ R2=-CH,- 
IC G=CH,OMe, R’ + R2=-CH2- 3c G=CH,OMe, R’ + R2=-CH2- 
Id G=CH,OMe, R‘=R’=Me 3d G=CH20Me, R’=R2=Me 

SCHEME 1 

of anthraquinones possessing a wide va- 
riety of substitution patterns was de- 
scribed (24). The method consists of 

‘Additional results from our labratory have 

HBr) gave 4-(hydroxymethy1)morinda- 
parvin A 151. The introduction of the 
hydroxymethyl group is particularly sig- 
nificant because this group is known to 
enhance the biological activity of certain 
anthraquinones (1,5,6). been submitted for publication. 
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Furthermore, the isomeric analogue of 
morindaparvin A, 2,3-methylenedioxy- 
anthraquinone E87 was prepared (65% 
yield) in similar fashion from cyanophtha- 
lide 2a and 4-bromo-5-iodo-1,2-meth- 
ylenedioxybenzyne E61 with the excep- 
tion that the symmetrical aryne 4,5- 

cancer agent morindaparvin A 14a1, the 
2,3-methylenedioxy isomer 8, and the 
4-hydroxymethyl derivative 5 of 4a. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.- 

'H-nmr spectra were measured in CDCI, solution 
on a WP 200-SY Bruker spectrometer. All chem- 
ical shifts are reponed in ppm downfield from in- 
ternal TMS. Ir spectra were recorded on a Perkin- 
Elmer 283 grating spectrophotometer. Mass 
spectra were recorded on a Hewlett-Packard 
Model 5988A chromatograpldmass spectrometer 
at 70 eV; data reponed are m/z values for the most 
abundant peaks. E. hjerck Si gel 9385 (230400) 
was used for flash cc. All reactions were carried 
out in a flame-dried flask under N, atmosphere. 

methylenedioxybentene 171 was gener- 
ated by the action of n-butyllithi- on 
arene 6 (7) (Scheme 2). 

STARTING MATERIALS.-n-Butyllithium and 
haloarene l a  were purchased from Aldrich Chem- 
ical Company. 3-Cyanophthalide and haloarenes 

SCHEME 2 

The 'H-nmr and ir spectra of 4a were 
identical to those reported for morin- 
daparvin A (1). Furthermore, the struc- 
tures of the novel 4-derivatives of 4a 
were consistent with their 'H-nmr, ir, 
and ms spectra. For example, they all 
possessed a low-field two-proton singlet 
in the range of 6 5.94-6.34 (characteris- 
tic of a methylenedioxy group) and a 
one-proton singlet at 6 6.89, which is 
expected for a penta-substituted aro- 
matic ring. The structure 5 was con- 
firmed by its mass spectrum, which 
showed a molecular ion peak at mlz 282, 
and was further substantiated by the 
presence of an alcohol stretching band at 
3375 cm-' peak in its ir spectrum. The 
H-nmr spectrum of 8 revealed the ex- 

pected two-proton singlet at 6 6.17, and 
its decoupled 13C-nmr spectrum exhi- 
bited eight signals, as required by the 
symmetry in the molecule. 

In summary, this paper describes a 
short, efficient synthesis of the anti- 

1 

IC and Id were available from our earlier studies 
(4,s). Haloarene lb was obtained in nearly quan- 
titative yield by treating 2-bromopiperonyl al- 
cohol with NaH in THF followed by 
(chloromethy1)methyl ether (bp 145-150"/0.25 
torr): 'H nmr (CDCI,) 6 3.43 (s, 3H, 

2H, OCH,O), 5.97 (s, 2H, methylenedioxy), 
6.97 (5, lH ,  Ar-H), 7.00(s, lH ,  Ar-H). 

CH,OCH3), 4.57 (s, 2H, AKHZO), 4.74 (5, 

GENERAL PROCEDURE FOR THE REACTION 

In a flame-dried flask flushed with N,, LDA (15 
mmol) was prepared by adding diisopropylamine 
(18 mmol) into a -78" solution of n-BuLi (15 
mmol, 2.5 M in hexane) in THF (25 ml) under an 
N, atmosphere (using septum cap technique). 
After the solution was stirred for 10 rnin at -78", 
the cyanophthalide (5 mmol) in THF (25 ml) was 
added dropwise over 20 min. After the reaction 
mixture was stirred at -78" for an extra 10 min 
and allowed to warm to -40°, a solution of the 
appropriate haloarene (5 mrnol) in THF (25 ml) 
was added dropwise over 20 min at -40". The 
reacrion mixture was then allowed to warm to 
room temperature over a period of 2 h with stir- 
ring. The resulting dark reddish solution was 
quenched with saturated aqueous NH&I solu- 
tion, the THF was evaporated under reduced 

OF HALOARENES WITH CYANOPHTHAL1DE.- 
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pressure, and the residue was extracted with 
CH,CI, (3 X 50 ml). The combined extracts were 
washed with brine, dried (Na2SO4), and concen- 
trated (rotary evaporator) to provide crude prod- 
uct. Purification of the products was accom- 
plished by flash cc using hexane-EtOAc (9: 1 or 
4: 1, depending on the polarity of the product) as 
the eluent. 

MORINDAPARVIN A [4a].-Yellow solid 
(from EtOAc): mp 257', dec [lit. (1) mp 257% 
yield 65%; 'H nmr (CDCI,) 6 6.34 (s, 2H, 0- 
CH2-0), 7.16 (d, / = 8.2 Hz, lH, H-3), 7.78- 
7.82 (m, 2H, H-7 and H-8), 8.0 ( d , j  = 8.1 Hz, 
lH,  H-4), 8.3-9.34 (m, 2H, H-6 and H-8); ir 
(CHCI,) v max 1675, 1590 cm-'; ms m / z  [MI+ 
252). 

1,2-METHYLENEDIOXY-4-(METHOXYME- 
THOXYMETHYL)ANTHRA-5,10-QUINONE 
[4b].-Yellow solid (from EtOAc): mp 186- 
189'; yield 35%; 'H nmr (CDCI,) 64.13 (s, 3H, 
-OCH,-OMe), 4.15 (s, 2H, Ar-CH,-O-CHz), 
5.54 (s, 2H, Ar-CH2-O-CH,-OMe), 5.89 (s, 
2H, methylenedioxy), 7.02 (s, lH,  H-3), 8.33- 
8.48 (m, 2H, H-7 and H-8), 8.9 1-8.95 (m, 2H, 
H-6 and H-8); ir (CHCI,) Y max 1675, 1595 
cm-'; I3C nmr (CDCI,) 6 55.6, 68.4, 96.4, 
103.6, 111.1, 117.5, 122.9, 126.5, 127.2, 
132.1, 133.3, 134.0, 134.4, 141.2, 147.3, 
153.7, 182.2, 183.0; hrms calcd for Cl8Hl4O6, 
326.0786, found 326.0786. 

1,2-METHYLENEDIOXY-4-(METHOXYME- 
THYL)ANTHRA-S, 10-QUINONE [k].-YdlOW 
needles (from C6H6): mp 210-215"; yield 55%; 
'H nmr (CDCI,) 6 3.2 (s, 3H, OMe), 4.58 (s, 
2H, CH,-OMe), 5.94 (s, 2H, 0-CH,-O), 6.89 
(s, l H ,  H-3), 7.36-7.4 1 (m, 2H, H-6 and H-7), 
7.84-8.04 (m, 2H, H-6 and H-8); ir (CHCI,) v 
max 1660, 1595, 1465, 1300 cm-'; hrms calcd 
for C,,HI2O5, 296.0681, found 296.0698. 

1,2-DIMETHOXY-4-(METHOXYMETHYL)AN- 
THRA-5, I&QUINONE [m.-Yellow solid (from 
ErOH): mp 13 1-132'; yield 58%; 'H nrnr (CDC13 
6 3.58 (s, 3H, CH,-OMe), 3.99 (5, 3H, OMe), 
4.02 (s, 3H, OMe), 5.03 (s, 2H, CH,-OMe), 
7.69-7.73 (rn, 3H, H-3, H-7 and H-8), 8.11- 
8.19 (m, 2H, H-6 and H-9); ir v max (CHCI,) 
1660, 1595, cm-I; hrms calcd for C18H160,, 
312.0993, found 312.1009. 

1,2-METHYLENEDIOXY-4-(HYDROXY- 
METHYL)ANTHRA-5,10-QUINONE [5l.-T0 a 
solution of 4d (200 mg) in THF (10 ml) was 
added 48% HBr (5 mi). The mixture was stirred 
at room temperature for 30 min. THF was re- 
moved under reduced pressure, and the aqueous 
acidic layer was extracted with CH2C12 (2 X 25 
ml). The combined extracts were washed with 
H,O followed by brine and dried (NaSO,). The 
usual workup followed by purification by flash cc 

over Si gel using EtOAc as an eluent gave the pure 
product 8 (160 mg) in 92% yield as a yellow solid 
(from EtOAc): mp 171-173'; 'H nmr (CDCI,)8 
4.93 (s, 2H, CH,-OH), 6.33 (s, 2H, methylene- 
dioxy), 6.34 (s, lH,  OH), 7.31 (s, lH,  C, Ar- 
H), 7.77-7.82 (m, 2H, H-7 and H-8), 7.82- 
8.30 (m, 2H, H-6 and H-9); ir (CHCI,) Y max 
3375, 1660, 1590 cm-'; hrms calcd for 
CI6H,,O5, 282.0525, found 282.0537 (found C 
68.2 l%, H 3.62; CI6H requires C 68.08, H 
3.57). 

NONE (ANALOGUE OF MORINDAFWWIN A) [SI.- 
Yellow needles (from EtOAc), mp 225-226'; 
yield 65%; 'H nmr (CDCI,) 6 6.17 (s, 2H, 0- 

(m, 2H, H-7 and H-8), 8.24-8.29 (H-6 and H- 
9); 'C nmr (CDCI,) 6 102.6, 106.4, 127.9, 
130.9, 133.4, 133.8, 152.7, 182.0; ir (CHCI,) 
Y max 1660, 1595, 1465, 1300 cm-'; hrms 
calcd for CI5H8O4, 252.0420, found 252.0411. 
Yellow solid (from EtOAc): mp 17 1-173'; found 
C71.52%, H 3.16;CISH8O4requiresC71.43, 
H 3.20. 

2,3-METHYLENEDIOXYANTHRA-5,10-QUI- 

CH*-O), 7.68 (s, 2H, H- 1 and H-4), 7.70-7.79 
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