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CLAISEN REARRANGEMENTS-XIV.LJ 

SYNTHESIS OF THE COUMARIN. BENAIiORIN AND 
REVISION OF THE STRUCTURE OF MARMELIDE 
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Chemistry Jhputment, UnivcAty of Glasgow, Glasgow a12 8QQ, Sootirnd 

(Receiocd in UK IS December 1983) 

-The lutuml aNxmarh, bcmhoti 1 h8s been syathedisal in five steps from xanthotoxol4. 
Mpmrelide has baa, rhown to be the 3,3dkncthylallyl ether of xanthotoxol (impcratorin $1 and not BS 
bdievcd the l,i~~y~y~ ether 7. 

Fknahotin P* is a unique natural coumarin in pos- 
sessing a 1,ldimcthylallyl subatitucnt at C-5.’ This 
5-carbon variant of the more commonly encountered 
3&dimethylallyl (prcnyl) moiety is normally found at 
either C-3 or C-IV of the coumarin nucleus with only 
clausarir+ having both positions thus substituted, 
When the l,l~me~yl~yl group is at C-8, it is 
always ortl~ to twq%ygen functions, at C-7 and the 
pyran rin& and both have been used to introduce the 
C-8 alkenyl group by orrh+Claiscn prcnyl ether 
rearrangement. Initially, 7-prcnyloxycoumariIls were 
employed7 but recently O-prcnylation of a lactone 
ring opened coumarin followed by Claisen rear- 
mngemcnt provided8 an alternative synthetic route to 
furopinnarinP the isomer of bcnahorin in which the 
substitucnts at C-5 and C-8 arc interchanged. Since 
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there is no oxygen fuaction &to to the 
1.1 dimethylallyl group in benahorin, neither of thee 
approaches is poasibk. Consequently we envisaged 
that the 1,l dimcthyiallyl group could be introduced 
by the para-Cla&n marrangeaent of xanthotoxol 
l,ldimf&ykllyl ether 7, a procedure we introduced 
for the first synthesis of ~~n~.‘O 

Xanthotoxoi 4 has been obtained syntbctically 
from pyrogaIl01~’ but is more conveniently prepared 
by hydriodic acid dcmethylation of xanthotoxin 5,12 
which has been synthesisal from 7,8dihydroxy- 
coumarin13 and is availabk commercially. 

The established method for preparing a 
1,ldimcthylallyl ether is by semi-hydrogenation of 
the corresponding l,ldimcthy&propargyl etl14~,‘~” 
the latter normally being obtained by cthcrifkation of 

/ ‘I ’ 9 0’ 0 0 

6R 

4 R-H 

5 R=Ue 

6 R = CUe,C=CH 

7 R-CUcaCH=CH, 

8 R - CUq CHiMe 

9 R - CH&H = CMq 

5225 



5226 R. D. H. MURRAY et al. 

a phenol with 3-chloro-3-methylbut-I-yne in the pres- 
ence of potassium carbonate and potassium iodide in 
acetone.‘“*‘4*15 Xanthotoxol however was recovered 
intact after prolonged exposure to these reagents as 
it was with the propargyl halide in the presence of 
sodium carbonate in acetone, with and without 
18-crown-6, and sodium hydride in either benzene or 
1 ,3dimethyl-2-imidazolidinone.‘6 TIC monitoring of 
the tirst reaction indicated extremely slow 
etherification of the hindered phenol so the reaction 
was repeated for 60 hr in a closed system to prevent 
evaporation of the volatile halide. This gave the 
desired ether 6 in 50% yield and 9% of a crystalline 
G,H1804 by-product. 

The ‘H NMR spectmm of 6 is in accord with the 
proposed structure with the doublets for H-4 and 
H-3’ centred at 67.75 and 6.82, respectively, the 
normal positions for linear furanocoumarins un- 
substituted at C-5.” Partial hydrogenation of 6 over 
5% Pd-BaSO, gave the requisite 1,ldimethylallyl 
ether 7 (85%) accompanied by the tetrahydro product 
8 (8%). 7 underwent rapid and quantitative puru- 

Claisen rearrangement’0 to the acetate 2 in acetic 
anhydride containing sodium acetate.‘* The ‘H NMR 
spectrum of 2 differs substantially from that of its 
precursor. A 1,ldimethylallyl unit is still present, but 
not the aromatic proton, while the H-4 and H-3’ 
doublets have both shifted downfield to 68.44 and 
7.22, respectively, consistent with C-5 substitution. 
Hydrolysis of 2 with 1% methanolic NaOH for 5 min 
gave the corresponding phenol 3, methylation of 
which gave benahorin 1 having an identical m.p. and 
spectroscopic properties with those published.‘,’ Di- 
rect comparison confirmed the identity. 

The molecular formula and ‘H NMR spectrum of 
the by-product indicated that it was the 
C,O-bis-( 1,l dimethylpropargyl)‘“*‘9 derivative 10, 
signals being present for two I, Iditnethylpropargyl 
residues with no benxenoid resonance. Whereas the 
H-3 doublet is centred at the normal position of 66.33 
(xanthotoxin 5, S6.32”), the doublet for the neigh- 
bouring C-4 proton has experienced spectacular de- 
shielding to 69.08, by far the lowest value encoun- 
tered for H-4 of any coumarin5 and downfield by 
1.36ppm from that of xanthotoxin.” Prior to this 
example, benahorin possessed the lowest known H-4 
resonance (68.45), the bulky 1,ldimethylallyl group 
at C-5 having strong peri interaction.@ with H-4 and 
H-3’ resulting in the shifts to lower fields of these 
resonances. For benahorin, the H-3’ doublet is cen- 
trcd at 67.26 compared with 66.78 for xanthotoxin. 
Similarly the H-3’ doublet of 10 is centred at S7.19. 
Thus compared with 1 ,ldimethylallyl, the l,l- 
dimethylpropargyl group at C-5 is seen to have an 
additional deshielding effect on H4, but not on H-3’. 
Consequently it appears that the 1,ldimethylprop 
argyl substituent at C-5 in 10 adopts a conformation 
in solution in which the triple bond is in close 
proximity to the proton at C4.” 

In 1978, Chakraborty er al.” repoti the isolation 
of a new Cl&I1404 ether, marmelide, from Aegle 
marmelos fruits and showed that acid treatment gave 
xanthotoxol 4. Marmelide was thus an ether of 
xanthotoxol carrying a C5H9 residue which was 
deduced to be 
60 MI-Ix ‘H NMR 

I,1 dimethylallyl from the 
spect rum-two terminal methy- 

lene protons at b 4.8 and 5.05, one vinylic proton at 

65.6 and a dproton singlet at S 1.8 for the gem- 
dimethyl group. The structure of the synthetic 
l,l-dimethylallyl ether of xanthotoxol 7 has been 
secured from its conversion into benahorin. In con- 
trast with that of marmelide, its ‘H NMR spectmm 
exhibits the characteristic splitting pattern for the 
AXY system of a -vinyl group with the geminal 
methyls resonating as a sharp &proton singlet at 
6 1.56.5 Thus marmelide cannot be the 
1, ldimethylallyl ether of xanthotoxol. Prof. Chakra- 
borty has kindly sent us copies of the ‘H NMR and 
IR spectra of marmelide from which it is clear that 
the natural product should he reformulated as the 
corresponding 3,3dimethylallyl ether, imperatorin 9. 
The signals at 64.8 and 5.05 are reassigned to the two 
branches of the methylene doublet (J 7 Hz) while the 
methine signal at 65.6 appears in the original speo 
trum as a broadened triplet (J 7 Hz) centred at this 
position. Typical of a I-prenyloxy linear furan- 
ocoumarin the methyl signals appear as a 6-proton 
broadened singlet instead of the more usual two 
3-proton broadened singlets.5z Imperatorin is a well- 
known constituent of A. murtneios fruits having first 
been isolated from this source in 1930 when it was 
named marmelosin.% The revision of the structure of 
marmelide leaves only two natural coumarin 
1 ,ldimethylallyl ethers2516 both of which are also 
linear furanocoumarins. 

FxPEIuMENTM. 
M.ps. were determined with a Kofler hot stage apparatus. 

Microanalyses were performed by Mrs. W. Harkness and 
her staR. IR spectra of solns in CHCI, were recorded by 
Mrs. F. Lawrie and her staff. ‘H NMR spectra of solns in 
CLKI, with TMS as internal standard were recorded on a 
Perkin-Ehner R32 90 MHz spectrometer. Mass spectra were 
recorded by Mr. A. Ritchie and his s&If on an AEI-GEC 
MS 12 mass spectrometer. Light petroleum refers to the 
fraction of b.p. 40”. 

Dimethylpropargykztion of xanrhotoxol4 
A mixture of 4 (286 mg), K,CO, (600 mg), Kl (100 mg), 

3<hloro-3-methylbut-I-yne (1.5 ml) and 2% aqueous ace- 
tone (3Oml) was refluxed with stirring in a closed system. 
After 12 hr. more K&O, (2OOmgj, KI (50mgj and 
3-&loro-3-methylbut-I-vne (1.5 ml) were added and 
refluxing conti&ed for -another 12 hr. Two more additions 
of 3-chloro-3-methylbut-I-yne (1.5 ml each) were made after 
36 and 48 hr. After 60 hr, the cooled mixture was filtered 
through celite, the solids washed with acetone and the 
filtrate evaporated. The residue was partitioned between 
EtOAc and water, the organic layer washed with 5% 
Na,CO, soln, brine, dried and evaporated. The residual 
yellow oil was chromatographed on silica gel (Merck 60), 
gmdient elution with EtOAc-light petroleum (1:9 to 2:3) 
affording 

(i) 5-(l,l-DimethyIpropurgyl) - 8 - (!,I-&nerhyIpropargyL 
oxY)P~ora~en 10 (43 mg, 9%) tan-yellow plates m.p. 125- 
126” (from EtOAc-light petroleum). (Found: C. 75.25; H, 
5.4. GIHIBO, requires: C, 75.45; H. 5.45%): Ye.- 3300. 1725 
and 1575 cm-‘; NMR signals at 61.83 (6H. s). 1.94 (6H. s). 
2.28 (IH, s). 2.46 (IH. s). 6.33 (IH. d. J9.5 Hz). 7.19 IIH. 
d, J 2.5 Hi). 7.62 (lH,..d. J 2.5 Hz) and 9.Og’(lH, b, j 
9.5 Hz). 

(ii) B-(1,1-Dimerhy&ropargyfoxy)psor&n. 6 (185 mg, 
50%) colourless needles, m.p. 136137” (from EtOAc-light 
petroleum). (Found: C, 7 1.4; H, 4.35. CIOH1204 requires: C. 
71.65; H, 4.45%); v_ 3314 1725. 1630 and 1585an-‘; 
NMR signals at 61.86 (6H, s), 2.36 (IH, s), 6.35 (lH, d, / 
9.5 Hz), 6.82 (!H, d. J 2.5 Hz), 7.44 (1H. s), 7.67 (lH, d, J 
2.5 Hz), and 7.75 (lH, d, J 9.5 Hz). 
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Partial hy&ogauukm of 6 
Amolnof6(32n@inEtGAc(lOml)washydrogenated 

over S% W-B&Q (II m8) for 2 hr. After tin8 from 
at@ and 3olvezlh midual solid was llash 
chromatolgophsdn on silica 8el (Fluka OF 254). Elution 
with EtGAc-li8ht petrokum (1:4) gave (i) 8 (2.5 m& 8%) 
colo& needlu, m.p. 81-83” (from EtGAc-light petro- 
leum);NMRsiganlr,at61.12(3H,fJ7.5Hz). 1.38(6H.s). 
1.93 (W, q, /7.5Hz). 6.25 (IH. d, I9.5Hz). 6.80 (1H. d. 
J2.5Hz),7.4O(lH,s).7.66(lH,d,J2.5Hz)and7.75(1H. 
d, J 9.5 Hz) and (ii) ~l.ldim~hyl~ly/oxy~or~en 7 
(27m8, 85%) colo& ~necdles, m.p. _ I14116” (from 
EtGAc-light netroleum). (Found: C. 7 1.25: H. 5.1. C,*H,.Oa 
requires c, il.1; H, 5.+/b; 

._ ._ _ 
v, 17i5. 1625 & 1585cm-‘; 

NMRsignalsatdl.S(i(6H,s).5.02(1H,dd,/lOand2Hz), 
5.13 (lH, dd, J 17.5 and 2 Hz). 6.34 (lH, d. 19.5 Hz). 6.34 
(IH, dd, J 17.5 and 10 Hz). 6.80 (IH, d, J2.5 Hz), 7.40, 
(IH, s), 7.65 (IH, d, / 2.5 Hz) and 7.74 (lH, d, 19.5 Hz). 

ParHXaispn rearrangement 
A mixture of 7 (3Omg), NaOAc (50 ma) and AGO 

(1.5ml) was &hued with Stirring for 3Omin. The cooled 
mixture was fittered and evaporated and the residue par- 
titioned U EtGAc and brine. The organic layer was 
washed with brine, dried and evaporated to 8ive 
proxy-Yl.l-~thy~l) 2 (33 rn8, 9YA) col- 
ourless needles, m-p. 144-145” (from EtGAc-light petro- 
kum). (Found: C, 6‘9.4: H, 5.15. &H160, requir&: C; 69.2; 
H, 5.15%); v, 1780, 1732, 1635 and 159Oan-‘; NMR 
signah at 61.70 (6H, s). 2.47 (3H. s), 5.00 (lH, dd, J 17.5 
and 2Hz), 5.12 (lH, dd, / IO and 2Hz), 6.23 (lH, d, J 
9.5Hz). 6.31 (IH, dd, J 17.5 and IOHz), 7.22 (1H. d, J 
2.5 Hz), 7.60 (lH, d, J2.5 Hz) and 8.44 (IH, d, J9.5 HZ). 

&nolrO&ll 
A soln of 2 (23 mg. 0.085 mmole) in MeGH (5 ml) and 1% 

NaOH/MeGH (1 ml, 0.25 mmok) was stinul at room temp 
for 5min. After careful neutralisation the solvent was 
evaporated and the residue partitioned d EtGAc and 
brine. Work up as above gave 8-hy&oxy-5-&l- 
dimethylally&worakn 3 (20 mg, 100%) tan-yellow plates. 
m.p. 168-1700 (from EtGAc&ht petroleum). (Found: C, 
70.9; H, 5.1. ClaHlrO. nxuires C. 71.1: H. 5.2%): Y-.. 3550. 
1730, 1640 and 1595 cm”; NMR sii& at d i.?c@iH, 8); 
4.98 (lH.dd.Jl7.5 and 2Hz). 5.12 (IH,dd, J lOand2Hz). 
6.26 (lH, d, 19.5 Hz), 6.30 (lH, dd, J 17.5 and IOHz), 7.21 
(lH, d, J2.5Hz). 7.65 (1H. d.12.5Hz) and 8.47(1H, d, J 
9.5 Hz). 

A mixture of 3 (IS.Smg), K&G, (lOOmg), Me1 (O.Sml) 
and acetone (10 ml) was relluxed with stirring for 30 min. 
Work up 8ave benahoti 1 (16 rn8, 98%) colc&less plates, 
m.p. 89-90’ (lit. 88-90’) (from light oetroleum). (Found: C. 
71.7; H, 5.6.-G& for &H,,0,:-C,s71.8; H, 5.&$/J; ma& 
spectral peaks at m/z 284 (M+. looo/,), 269 (62), 241 (63), 
238 (45), 213 (40). 210 (70). 197 (3O), 141 (42) and I15 (71); 
v, 1730, 1620 and 158Oan-I; NMR signals at 6 1.72 (6H. 
s). 4.25 (3H, s), 4.99 (lH, dd, / 17.5 & 2Hz), 5.15 (1H; 
dd, J 10 and 2 Hz). 6.27 IIH. d. J 9.5 Hz). 6.32 (IH. dd. 
I17.5 and 1OHz); 7.26 (iH, 4.5 2.5H&7.65 (iH;d, i 
2.5 Hz) and 8.45 (lH, d, J 9.5 Hz) identical (mmp, UV and 
TLC) with an authentic sample. 
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