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The isolation of cuphorbetin Ia and isoeuphorbetin Zs..the 

novel bicoumarins from the seeds of Euphorhio lathyis. 
and their structure elucidation. have been reported 
previously.” Attempted synthesis of this class of 

compounds via different routes is reported in this 

communication. 
Owing to the ready availability of esculetin 3a from E. 

lathyis (yield O.l%), it was decided to exploit this as the 

startmg material. Bicoumarins have been earlier synthes- 
ised’.’ from coumarins by halogenation followed by 

Ullmann reaction. However the usual halogenating agents 

would attack escuktin 31 at C, in preference to C.. 
Although this approach is expected to lead to the 
hitherto-unreported g.g-bicoumarinyl derivative rather 

than the naturally occurring 5$‘- or S$‘dimers we 

followed this route since the product would be of interest 
for comparison purposes. 

Esculetin dimethyl ether Jp, prepared from cscuktin 

with dimcthyl culphatc and KCOr in acetone. was 
subjected to electrophilic chlorination with SO:CI: in 
tetrachloroethane in the presence of charcoal.’ The 

product. m.p. !24-!Y, showing IK absorption at 

1725 cm ” (coumarinyl lactonc) was assigned the formula 

C,,H,,O,CI: on the basis of elementary analysis. From the 
known behaviwr of coumarins towards electrophilic 

reagents this was expected to be 3.gdichloro derivative Jr. 

The NMR spectrum, which showed two one-proton 
singlets at 8 g. 13 and S 6.85 ppm, ascribed to the 4-H and 

5-H respectively, and two three-proton singlets at 6 3% 
and 392 ppm. ascribed to aromatic methoxy groups, is in 
agreement with this structure. 

The dichloro derivative 3e was thereafter subjected to 
Ullmann reaction by refluxing with activated copper 

bronze in DMF.” It remained unchanged at the end of 8 h 
reflux although two sites of dimerisation were available in 
the system. Failure of Ullmann reaction with some 

3chlorocoumarins has been reported hy other workers.’ 
As a modification of the above procedure the 3.4-double 

bond of esculetin dimethyl ether was first hydrogenated to 
avoid halogenation at C,. The dihydro-derivative 3d. m. 

WW. uz? ITIOcm ’ tdihydrocoumarinyl 
P. 

lactone ). 
was then brominated to obtain the g-bromo derivative St. 
m.p. 124”. Ullmann reaction of this compound was 
expected to form the tetrahydro 8X-dimer which could 
then he dehydrogenated using reagents such as DDQ. 
However, it also remained unaffected under the condi- 
tions of the Ullmann reaction. 

Oxidative coupling of phenols in presence of potassium 
ferricyanide to produce biphenyl derivatives as used in 
the synthesis of a dimeric alkaloids from corypalline was 
then resorted to and the syntheses of the natural 
bicoumarins (lb and Ztr) were finally achieved by this 

rwte. Thus an alkaline solution of escuktin h was 

treated with potassium ferricyanide in an atmosphere of 

nitrogen. The reaction product after acidification and 
subsequent conversion to the methyl ether followed by 

chromatography yielded at least five distinct components 

(compounds A-E) besides unchanged escuktin dimethyl 
ether lb. 

Compound A. m.p. 230-32”. was found to be identical 

fm.m.p., NMR and IR spectra) with euphorbetin tet- 
ramethyl ether lb. 

Compound B. crystallised from methanol in needles, 

m.p. l!J!WW, could be characterised as isoeuphorbetin 
tetramethyl ether 2b. The identity was again confirmed by 

m.m.p., IR and NMR spectra. 

1 

I: R-H 
b: R - CH, 

RI 

3 

a: R = R, = R, - H 
b: R - CH,, R, = R, = H 
c: R = CH,. R, - R, - Cl 
d: 3.4-d&y&o. R - CH,. R, = R, - H 
l : 3.4-dhydro. R = CH,. R, - H. R, = Rr 
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Compound C, CI,HIO,I (M’ 614), m.p. > 300” showed 
the characteristic band for coumarinyl lactone (1725 cm-‘) 
in its IR spectrum. Its ultraviokt spectrum showed 
maxima at 224 (bg c 4.X). ZWI (log ct 4.36) and 332 (log c 
4.45) Ml. The mofcculaf foRRL& and spectral similarity 
withfb.2bandJbindicatdittobeatrimcrofJbThe 
NhiR spectrum showed signals for six methoxyl groups at 
6 3.7 (6H, s). 3.75 (6H, s) and 497 (6H, s). The peaks at 6 
6.26 (2H. d, J = 10 Hz) and 6.3 (lH, d, J = 10 Hz) coukl be 
ascribed to the three C,-protons of the coumarinyl 
system. A multipkt integrating for five protons was 
observed between S 7@7-7.23 ppm. The doubkt nature of 
all the sign& for Gprotws ruled out any trimeric 
stmcture involving the 3 or 4 positions of the coumarin 
ring. Again since the chemical shift of the C.-proton of 
escuktin dimethyl ether is 6 7.6 ppm, the absence of any 
signal in this region in the spectrum of compound C 
&arty indicated shielding of all the G-protons by 
adjacent aromatic rings as observed’ with lb. This left 
only one possibk structure 4 for the trimer. The shielding 
of four methoxyl groups (signals at 6 3.7 and 6 3.75) is 
readily explained by tbe proposed structure, which is also 
consistent with the fragmentation pattern (aide injra). 

Compound D. CLHMO,~ (M’ 818). m.p. >m and 
compound E, C,,H,O,: (M’ 614). m.p. ?M” appear to be a 
tetramer and a trimer of 3b respectively on the basis of 
spectral similarity (W. 1R). Although obtained in 
amounts insufticient for full characterisation, a tentative 
structure 5 could still be proposed for compound E on the 
grounds that (i) its mass ftagmentation pattern is similar to 
that of 4; (ii) none of the products isolated from the 
reaction mixture (lb, Sand 4) contain the 8:8’-linkage. 

S~~sin~y the 8,8’- or 3,3’-dimer”’ or a bipbenyl 
ether-type product * were not encountered although their 
formation would be anticipated in view of the results 
obtained with f&cyanide oxidation on similar systems. 

Compounds lb, 2b. 4 and 5 showed in their mass 
spectra a characteristic fragmentation pattern which 
deserves comment. The spectrum of lb did not follow the 
usual f~n~t~n pattern of coumarins (cf. esculetin 
dimethyl ether”). Thus initial elimination of a OCH, group 
from the mokcular ion is much more facile compared to 
that of CH,; m/c 379 (sot/c), m/t 395 (7%). Again loss of 
28 mass units (CO) from the molecular ion is not 
observed. A very prominent peak is observed at m fe 364, 
possibly formed by successive loss of 31 (OCH,) and 
IStCH,) mass units from the molecular ion to produce the 
ion 6. Formation of such species 6 has been suggested in 
bitlavonoid systems.” Further loss of a methyl radical 
leads to the ion at m/c 349 which presumably has an 
orthoquinonoid type of structure 7 (cf. cularine al- 
kaloids”). Successive loss of 28 mass units (CO) is 
supposed to form the peaks at m/c 336 and 308 from 6 
(m/e 364) and at mfe 321 and 293 from 7 (m/e 349). The 
peak at m/e 205 might be due to doubly charged (M”) 
molecular ion as found for symmetric mokcules”.” or 
due to M’I2 formed by rupture of the biphenyl bond and 
is more prominent in the symmetrical dimer lb as 
compared to the unsymmetrical one 2b. The mass 
f~ntation scheme is shown in Qure I. 

The mass spectrum of isoeuphorbetin tetramethyl ether 
2b is comparabk to that of the symmetrical dimer lb in 
peak positions though the relative intensities of the 
fragments are mostly reduced in the former case. 

The mass fragmentation of the trimers (4 and 5) follows 
the above pattern to give prominent peaks at m/c 568 8 
and m/r 522 9. Peaks at mfr 540.4%. 466 and 438 can be 

mtc%U 

8 

m te 522 

9 

accounted for as before by assuming successive loss of 28 
(CO) mass units from 8 and 9. This pattern is thus in 
agreement with the proposed structures for the trimers. 

-AL 

AU m.ps were recorded ia open cap&v& and are unuurcctcd. 
IR and UV a~cctrm were rcco&d in Perkin-Ehr lnfracord ( 137) 
aod Hi&-Watts Uvirpek (007) spectrophotomctcr respectively. 
Tbc maaa xpcctra wtfc recordrd in H&&i (RMIXI.) iasuumenc 
u80eV~M~~Nmn~ofBO~uJ~adirrctmlet 
system. The NMR rprctn were recorded on a @MHz V&in 
Imtntmast (AdO oc T&I) in CDCI, and rhe chemical shifts arc 
ex@ in pprn from TMS IU internal staadard. 

Escduin dimclhyi c~her Jb 
To a rdutioa d escuktia L (2.008) in dry acetone (lOOmI) 

anhydrous K,CO, (lOa) and dim&yl sulphate (IOml) wm 
added. The mixture wax r&ucd for 15 h aod the hoi acetone 
sohttioa Mered. Tbc residue after removal of solvcor wax 
crystallird from methanol to fur&h ncedks of 3b 11.7 g). m.p. 
144X; UV: AT tit). 230 (4.3). 295 (3.8) ESXI 342 (4.1) nm: 
IR: vz I725 and 162Ocm ’ (qyrone); NMR: 6 3.92 (3H, s. 
6-OCHA 3.93 (3H. s, WCH,), 6.26 (IH, d. J = 10 Hz. 3-H), 6X2 
~lH.s.&H),6~8S(IH,s.S-H).?~6(IH.d.I= lOHz.4-H).~Found: 
C. 63.W; H. 4%. Cak. for C,,H&.: C. 64X@; H, 4#?9E). 

To 8 so&ion of 3b (SWmg) in dry sym-tetrachbrocthanc 
0Omf) cootaiaing a cat&k amount of charcoal (IO w) was 
a&d dropwise sutpburyi chloride (3.48, 0@6mok) during 
15 min. The mixture was then retluxcd for 3 hr. cookd and the 
catalyst hhercd off. The Mrate was distilled u&r vacuum to 
fur&h a sotid which crystaUised from methanol in n&ks 
f4OOmf). m.p. 224-m IR: vz 172s. 16OOcm“; NMR: 1) 3.88 
(3H. S.-&H,) (3H. s, WCH,), f&2 ftH. I. S-HI, 8.13 flH. s, 
4-H). (Found: C. 48.29: H. 2B: C,,H.O,Ci, rcquucs: C. 48.18. H. 
2.9296). 

Atftmpfed L’llmann rondrnsahon of k 

3c (350 mg) and dry dimethyl formamide 00 ml) were placed in a 
three necked Bask cquipptd with a r&x coadenxr and a stimr. 
The solution was heated lo r&x and then 28 of activated copper 
bronze was added in one portion. Reiluxing was continued for 4 hr 
after which another 2 8 of copper bronze was added; refluxing was 
continued for another 4 hr. The rcaclion mixture was cc&d. 
poured into a large volun~ of waler and extracrcd with ether. The 
ethereal solulion was washed thoroughly with water and dried 
Q&SO.). The residue on removal of solvent was crysralliscd 
from ethanol to afford unctuu& k. 

3,ClMydro4,l-dimahory cooumcrrin y 
A sohibal of * (1‘ogJ in 9J9t ethanol (1ooml) was 

hyw over PdK (500 nrg. IM) a1 room temperature and 
elmo@Krk prcxsurc. T?K catalysr was fillered on and the solvent 
evaporated. The resduc obtamcd was taken up in ether washed 
&onn@y with water aod dried fNa,!SO,). Removal of sotvent 
followed by crystallisation from mcthaad yickkd needles of M 
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(6OOmp). m.p. &!XJ”; lR: Y% 1770. 160Ocm ‘. (Found: C. 
63.32: H. 5fU3. Calc. for C,,H,,O.: C. 6345; H. S.lilQ). 

To a soluricn of # (5ooreg) in glacial acetic acid (lo ml) 
containing a small PmOUnt of iron powder (eotlllyu) a IOSE solution 
of bromine in rhe same solvent (3 ml) was added during 15 min with 
stirring. The mixture was then healed over water bath for 3 hr. The 
reaction mixture was dilured with a large volume of cold water and 
extracted with e&r. The ethereal solution was washed repeatedly 
with cold water and dried (Na,SO.). Removal of solvenr followed 
by crysIallisation from methanol allorded k (200 mg), m.p. 12c. 
IR: vz l7JOcm I. (Found: C. 45.74; H, 3.89. C,,H,,O. Br 
requires: C, 4583; H. 3829E). 

Attempted Ulmann conderuorion of 3t 
l-k above bromoctxnpound (150 II@) was rcouxcd io dimclbyl 

formamide (20 ml) wilh activated copper bronze (2 0) as before. 
Af1a llsual work up Ibe pro&1 oblained was found 10 be 
unchanged starting mat&J. 

Fewicyanidc oxidation of k and meIhytaIion of rhr product 
Escuktin3a(2g)twacaddedtoanaqwoursolnofKOH(2gin 

X3 ml) in an aImosphm of N, at (P and a sdn of K,{FdCN)$ 
(3.5 g in 100 ml enter) was then slowly added with stining to the 
alkaline SC& over a period of 30 min. Sfiktg was coarinucd for 
I hr at mom temp. and for a fur&es I5 min ovu a steam-bath. The 
soln was nmnralised wnh 5N HCl, cooled and filtered. The residue 
was washed 1hcxougMy with wafer. d&d sod melhyla1ed as 
before with dimtbyl sulphale (IO ml) md anhydrow K,CO, ( IO a) 
in dry acetone (100 ml) for 20 hr. The residue obIained after usual 
work up was chrornarogmphed over silica gel (60s). Benzene 
eluala on c.rysIallisaIion from mcIhanol a&x&d Decdles of 3b 
(3oomg). m.p. 14?. 

Benzene chloroform (9: I) duare on cryrmJli&on from 
mefhaod lllordcd needles of eu~horbe~in retrame~hyl ether lb 
(5@J II@. m.p. 232-U”. UV: AZ (log f) 223 (4.55). 300 (4.19). 
337 (4.35) nm; IR: YZ 1725.1600cm ‘; NHR: 6 365 (6H. s. 6 & 
6-OCH,). 465 (6H. I, 7 & 7’-DCH,). 6.17 (2H. d, I = 10 Hz. 3 8 
3-H). 7.03 (2H. s. 8 d 8’-H). 7.12 (2H. d. I - IO Hz.4 & 4-H): MS: 
mlr~ird. i&&y) 410 (M’. loo). 395.0. 379 (Xl). 364 (82). 349 
(13). 336 (31). 321 (16). X3 (14). 293 (21). 205 (35). (Found: C. 
64.31; H. 4&X C,H,,O, requires: C. ti.39; H. 4.4%). 

Benz.enc:chloroform (8.C’ 15) elua~e yielded a solid which on 
cryslallinlion from methanol al?oeded needles of ivKuphorbe.Iin 
Ictramclyl ether lb (100 ntg). m.p. MO-m. UV: A 2:” (kg f) 
222 (460). 294 (4.19). 336 (4.34) nm; IR: YE 1725. 1715. 1600. 
ISllOcm ‘; NMR: 6 368 (6H. s. 6 & 7’DCH,). 397 (6H. s. 
7&6’-OCH,l.6.12(lH.d./= 10Hz)and6~32(IH.d.I= lOliz). 
dt3’-H.6~9ilH.s.8-H),7~05(IH.s;5’-H).7~08(IH.d.~- IO& 
4-H),7.7(lH,d.I - lOHr4’-H); MS: m/r (RI. intcnriIy)llO(M’. 
100). 395 (20). 379 (34). 364 (64). 349 (8). 336 (36). 321 (25). 3@l(7). 
293 (IW. 205 (22). (Found: C. 64.17: H. 4,4?. C,,H ,,O. requires: C. 
R4.39; H. 4.4%). 

Benzeoe:chloroform (65:35) cluate O(I crystiitioa from 
ethanol do&d needks of 4 (lC0 ntg). m.p. ; 300’; UV: A= 
(los r) 224 (4.76), 298 (4.36) and 332 (4.45) nm; IR: vz” 1725. 
Ido0 cm ‘I, NMR: d 3.7 (6H. s); 3.75 (6H. s);JG7 (6H. c); 6.26 (2H. 
d. I - IO Hz); 6.3 (IH. d. I - IO Hz); 7XI7-7.23 (JH, m); MS: m/e 
(ml. intensity).614 (hi’. RIO), S99 (5). 50 (21), %8(33), 555 (4). 553 
(4). 540 (5). 537 (8). 525 (5). 522 (5), 509 (5). 494 (6), 466 (4), 438 (3). 
307 (M”. 15). 299.5 (doubly charged ion from 599+6). (Found: C. 
64.38; H. 4.35. C,,H,O,, renuirer: C. 64.49; H. 4.2690. 

Benzene: Chkxofo-A (I : 1 jdktm. an inIi& mixture of two 
compounds (D and E) were funher separated by mbve TLC 
over silica gel (plate thickness: 06 mm; solvent: ethyl acetate- 
benzene 7 : 3). 

Compound D. crys~allised from methanol (20 rr& mp. > 3o(r; 
UV: AZ eon e) 223 (492). 2% (4.55) and 328 (4.58) 11111: IX: 
~2 1725, HOOcm-‘; MS: m/e (ni. inI&y) 818(M’: 100). 803 
(2),f87(21).~(~.757(3).741(2).~6(2),711(1).~(1),~(1). 
4@ (2). (Found: C. 64.39; H, 4.25. C,H,,O,. rquiru: C. 64.54: H, 
4.1996). 

Com~od E J cry&&d from methanol (IOmg). m.p. 23U’; 
uv: A,” (log e) 221 (4.69). 297 (4.31) and 335 (4.35) nm; IR: 
P= 1725. 16OOcm-‘; MS: m/e (rd. intensity)614 (hi’. 100). 5% 
(3). 583 (24). 568 (15). 555 (3). 5S3 (4). 540 (3), 537 (2). 525 (2), 522 
(4). 509 (2). 494 (4). 466 (23). 438 (2). (Found: C. ti.31; H, 4.39. 
C,,HrO,, requires: C. ti.49; H. 4.26%). 
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