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CLAISEN REARRANGEMENTS-XV 

STRUCTURE REVISION OF THE COUMARIN, CELERIN, BY SYNTHESIS 

R. D. H. MURRAY* and 2. D. Joroe 
Department of Chc&try, University of Glasgow, Olssgow, G12 8QQ, Scotland 

(Receiced in UK 15 Lkccmk 1983) 

Abars&-The four posibk ~9,1517and26forakrin~~b&nsynthgirad~thestrudurc 
of the natural product wised to 8-hydmxy-7-methoxy-54 1, Idimcthyiallyl)coumarin a6. Effkient altcmatin 
synthetic routes to sibirical5, coumunayin 6 and pinneuin 13 have been established. 

Studies by Garg, Gupta and Sharma of the seed 
constituents of Apfion graceolens (Umbelliferae) have 
revealed the presence of- coumarir~.2~ Apart 
from c&in,2 m.p. 15c156”. three of these are 
7-oxygenated c,’ osthenol’ 
and seselin;’ threea$ s.7~~4cd-bcrgaptcll,3 
i.wimperatorilI’ four are 
7,8dioxygenated-apigravirovin’ (7-hydrbxy-&methoxy- 
6-prenylcoumarin). apiumetinP rutaretin5 and api- 
umosidc;6 while two have a 5,7,&trioxygenated 
nucleus-&hydroxybergapten’ and isopimpinellin.’ 
Celerin was deduced to be bhydroxy- 
7-methoxy-8-(1,1 dimethylally1) 1’ but re- 
cent synthetic studies in our laboratory revealed’ that 
celerin is neither of the mono&Q@ ethers of 
obliquetol [6,7dihydroxy-8-( l,ldimethylallyl)- 
coumarin]. 

Biogenetic considerations* require that c&tin pos- 
sesses an oxygen substituent at C-7. The possibility of 
this being OH was precluded from the absence of a 
bathochromic shiR in the UV maxima of celerin on 
addition of sodium ac~tate.~ However, the Indian 
workers report2 of a bathochromic shift in the UV 
maxima of demethylated celerin, on addition of 
sodium acetate, is consistent with the presena of a 
7-OMe group in the natural product. 

The ‘H NMR signals reported2 for alerin reveal 
the H-4 doublet to be centred at 6 8.28. The normal 
range for H-4 (in CDCl,) for coumarins is 8 7.s7.F 
and only when C-5 carries an alkyl, OH or alkoxyl 
substituent does the H-4 resonance shiR downfield to 
6 7.9-8.2.6’o Consequently alerin must have either 
the OH or the l,ldimethylallyl unit at C-S and thus 
four structures must be considered for the natural 
product, two with the OH at C-5 and the 
1,l dimethylallyl group at C-p or C-8, 9 and 12, and 
conversely two with the alkenyl residue at C-5 and 
the OH at C-6 or C-8, 17 and 26. The synthesis of 
each of these compounds is reported herein. 

The two 5,7dioxygenated coumarins 9 and 12 were 
obtained as follows. In 1975, we discovered” that 
s-prenyloxy-7-methoxycoumarin 2 underwent exclu- 
sive para-claisen rearrangement on heating in buty- 
ric anhydride/diethylaniline giving the butyrate 3 
despite the availability of an orrho position for rear- 
rangement. Recently we found” that the problem of 
freeing products from traces of reagents, attendant 
on such reactions, could be circumvented by using 
acetic anhydride and omitting the amine. Thus 
5-prenyloxy-7-aatoxycoumarin in refluxing anhy- 
dride gave the pma-Claisen rearrangement product., 

5,7diacetoxy-8-prenykoumarin.‘3 When S-prenyl- 
oxy-7-methoxycoumarin 2 was treated in the same 
way, the anticipated para mmmgcmmt to the ace- 
tate 4 occum~& again in quantitative yield. De 
acetylation of 4 using the mild conditions of Zn dust 
in MeOH14 gave the corresponding phenol, sibiricol 
S,15 the penultimate product in our previous synthesis 
of coumurrayin 6.‘” However, overnight exposure of 
4 to ten equivalents of 1% methanolic NaOH 
afforded an equilibrium mixture (85 : 14) of sibiricol 
and the S-hydroxycoumarin 7 from la&one-ring 
isomerisation.‘2 Although the yield of the latter phe- 
nol is low, the two products can readily be -ted 
by chromatography thereby providing an alternative 
synthetic route to toddaculin 8.” 

We envisaged that 9 could be obtained by a Claisen 
rearrangement of 2 if the inten&iate orrho- 
dienone” could be induced to enolise instead of 
undergoing the further sigmatropic shift to the 

4”” position. In our recent synthesis of hortiolone,’ the 
combination of acetic anhydride and sodium acetate 
was utilisedto prevent incursion of a rapid abnormal 
Claisen rearrangement. Under these conditions, 2 
afforded the acetate 10 of the desired orrho- 
rearrangement product in 86% yield although para 
rearrangement to 4 (11yJ could not be totally ex- 
cluded. The structure of 18 followed from its ‘H 
NMR spectrum which disclosed signals for a 
1,l dimethylallyl unit and long-range coupling of H4 
with H-8, requiring the alkenyl substituent to be 
located at C-6.” The acetate 10 was inert to at- 
tempted deacetylation with Zn dust in MeOH but 
after treatment with one equivalent of 0.5% meth- 
anolic NaOH for 4 hr, a mixture was obtained of the 
desired phenol 9 (75%). m.p. lOS-107”, the isomer 12 
(60/,), m.p. 175-177” resulting from lactone-ring 
isomerisation” and residual starting material (Y/o). 
An equilibrium mixture of 12 (91%) having the 
1,l dimethylallyl group at C-8 and 9 (90/,), where this 
bulky group is at C-6, was obtained after 12hr 
treatment of 10 with ten equivalents 3% methanolic 
NaOH. The melting points of these two 
S-hydroxycoumarins indicate that neither can be 
alerin, as do their ‘H NMR spectra. Their singlet 
aromatic protons resonate at 6 6.52 and 6.47, re- 
spectively, compared with 6 7.03 for alerin, while the 
H4 doublets are centred at b 8.05 and 7.98, re- 
spectively. Contirmation of the struchne 12 of the 
phenol obtained alter lactone-ring isomerisation 
came from methylation, which gave pinnarin 13.‘* It 
should be noted that in both syntheses of this natural 
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coumarin, the nuclear 1,ldimethylallyl group is in- 
troduced by a prenyl ether orrho-Claisen rear- 
rangement, in our 6rst synthesis” directly to C-8 
from S-methoxy-7-prenyloxycoumarin and now indi- 
rectly from the positional isomer 2. 

The two OMe resonances of pinnarin at 6 3.84 and 
3.93 are close to those of 5,7dimethoxycoumarin (6 
3.83 and 3.88)19 whereas the OMe signals for 11 
resonate at 6 3.83 and 3.65. The last value is at higher 
field than normally found” for methoxycoumarins (a 
384.4) and implies that one of the OMe groups, 
presumably that at C-5, adopts an out-of-plane 
conformatio# due to the proximity of the bulky 
1, ldimethylallyl group at C-6 and the peri hydrogen 
at C-4. In contrast the OMe signals for toddaculin 8” 
the isomer of 11 having a 3,3dimethylaByl, instead of 
a I, Idimethylallyl, group at C-6, resonate at 8 3.82 
and 3.86. 

The third possibility 17 for celerin, which again 
contains a 1,ldimethylallyl group ortho to a phenol, 
was obtained by the 8rst example of an orth-Claisen 
rearrangement of a daByloxycoumarin. The major 
product 18 (80%) from heating bprenyloxy- 
7-methoxycoumarin 15 in acetic anhydride contain- 
ing sodium acetate was accompanied however by the 
acetate 16 (14%) from prenyl ether cleavage, a known 
alternative reaction pathway.” 

The acetate 18 was inert to Zn dust in MeOH, a 
deacetylation process which we have found to be 
ineffective for hindered acetates. Complete hydrolysis 
of 18 required eight equivalents of 2”/, methanolic 
NaOH for 8 hr but the desired phenol 17 (65%) m.p. 
92-94” was accompanied by the 2,3,3-trimethyl- 
dihydrofuranocoumarin 20 (31%). Treatment of 18 
with a vast excess (150 equivaknts) of loo/, meth- 
anolic NaOH for 10min gave the phenol 17 (97yJ 
uncontaminated with the cyclic isomer. The ‘H NMR 
spectrum of 17 is close to that reported’ for celerin 
with H-4 centred at 6 8.30 and the benxenoid proton 
at 6 6.73, but the difference of 62” in mps precludes 
this possibility for the natural coumarin. Moreover, 
there is no indication2 that solutions of &tin are 
unstable whereas 17 was readily converted to the 
dihydrofuran 20 on standing in CHC!, or ethyl 
acetate at room temperature. 

We envisaged that the Iinal possibility, 26, for 
celerin could be obtained by the para-Ckisen 
rearrangement’ of the 1 ,I dimethylallyl ether 24. The 
requisite phenol, 8-hydroxy-7-methoxycoumarin 21 
was conveniently obtained by the known” sekctive 
demethylation of 7,8dimethoxycoumarin 22 in sul- 
phuric acid at 70”. Extending the reaction time from 
the recommended 14hr to 6 days however has 
resulted in a yield improvement from 29 to 77%. 

The phenol 21 was completely inert to 
3chloro-3-methylbut-l-yne using the normal 
etherification conditions”” and even prolonged ex- 
posure to potassium carbonate and potassium iodide 
in moist acetone in a closed system, used in the 
synthesis of bcnahorin,’ gave the desired ether 23 in 
only 15% yield, the CDdialkylated product 29 (4%) 
but mainly unreaoted starting material. However, in 
the presence of cesium carbonate and dry acetone in 
a closed system, 21 reacted completely after 36 hr to 
give the ether 23 (46%) and a number of by-products, 
though not 29, which are currently being in- 
vestigated. 

Partial hydrogenation of 23 over 5% Pd-Ba80, 

followed by chromatography gave the tetrahydro 
compound 25 (17%) and the required l,l- 
dimethylallyl ether 24 (71%) which quantitatively 
underwent a paru-Ckisen rearrangement in acetic 
anhydride and sodium acetate giving 27. Hydrolysis 
of 27 with 1% methanolic NaOH gave the phenol 26, 
m.p. 151159.5”. This melting point is only 4” higher 
than that reported’ for celerin while the ‘H NMR 
signals of 26 are similar to the published values for 
celerin except that those for the synthetic product are 
upfield by -0.1 ppm. In particular, H-4 is centred at 
6 8.22 and the aromatic H-6 proton at S 6.93. The 
mass spectra of cekrin and 26 each show a parent 
molecular ion and important fragmentation ions at 
m/z 245 and 213 with two consecutive losses of CO 
from the latter. The loss of 42 mass units (M&H) 
from the first fragment ion in both spectra is quite 
unique for methoxycoumarins.* Although no sample 
of the natural product is availabk, direct comparison 
of the ‘H NMR and mass spectra of cekrin (kindly 
provided by Prof. Gupta) and 2.6 has tevcaled their 
probable identity. In support of structure 26, it 
should be noted that the reported’ demethylation of 
celerin with pyridinium bromide to a diphenol fol- 
lowed by methylation to celetin methyl ether pre- 
cludes the 1,ldimethylallyl group being ortho to 
either oxygen function sina cyclisation to a dihydro- 
furan would otherwise have undoubtedly occuned in 
the strongly acidic demethylation conditions.* 

Apart from 5_methylcoumarins, only eight C-5 
alkylated comnarins are known’ all of which possess 
a 7,8dioxygenated coumarin nucleus as significantly 
do four of the A. grweolens coumarins. Our results 
suggest that aletin should be reformulated as 
8- hydroxy-7-methoxy-5-( 1,l dimethylallyl)coumarin 
26, the second example of a coumarin with a 
1 ,ldimethylallyl group at C-5, benahorin being the 
first.’ 

EXPERIMEIVTAL. 
For general experimeutal set preceding paper. 

Ctien rearrangements of 2 
(i) A solo of 2 (8Omg) in A$0 (1Oml) was rethrxed for 

2Ohr. Evaporation of the solvent under reduced pressure 
gave 5-acetoxy-7-nuthoxy-&(3-methylbut-2-myl)coMlcrrin 
4 (92 mg 100%) colourless needle& m.p. 120-12t0 (lit.” 
124125”) (from ether). (Found: C, 67.65; H. 6.0. C,,H,rO, 
requires: C, 67.55; H. 6.0%); v_ 1770.1730,1612,1565 and 
1495 cm- ‘; NMR sigaals at d 1.63 (3H. bs), 1.81 (3H. be). 
2.35 (3H, s), 3.50 (2H. bd, J 7.5 Hz). 3.87 (3H, s). 5.2 (1H. 
bt, 17.5 Hz), 6.22 (lH, d, / 9.5Hz). 6.65 (IH, s) and 7.59 
(I H, d, J 9.5 Hz). 

(ii) A mixture of 2 (228 mg), NaOAc (I.53 8) and A@ 
(15 ml) was reguxed with stirring for 20 hr. The residue from 
filtration and evaporation was chromatographed on silica 
gel G. Elution with EtGAc-light petrolemn (1:4) gave 5 - 
aceroxy - 7 - methoxy - 8 - (1.1 - c#methylallyl) 10 
(227 mg, 86%) colourks platea, m.p. 144-145” (from ether). 
(Found: C. 67.3; H. 6.2. C,,H,,O, rectoireez C. 67.55; H. 
ij.VA); v; 1770; 1+30, 16ti; 16ldand WiOcm-‘; NMR 
signals at d 1.48 (6H, s), 2.29 (3H, s), 3.89 (3H, s), 4.88 (1H. 
dd.JlOand 2Hz), 4.92(1H, dd,/ 17.5 aud2Ha). 6.23(lH, 
d, J 9.5Ha), 6.27 (IH, dd, I 17.5 and lOHa). 6.74 (IH, s) 
and 7.43 (lH, d, J 9.5 Ha); and 4 (30 mg, 11%). 

Hv&olYsis of 4 
~(i)A~solnof4(13.5mg)inMeGH(5ml)wa.stirredtith 

activated ZrP (from Zo dust, 15Omd for 12 hr. After 
tiltration through celite and washing-with MeGH, the 
combined tiltrates were evaporated under reduced pressure. 
The recidue was partitioned between EtOAc and dil HCl, 
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7R*H 
8 R = MI 

14R= H 

2 

9 R= H 

10 R = AC 

11 R = Me 

It R = H 

15 R E CH2CH-CM2 18 R = AC 

16 R = AC lgR=Mt 

21 R * H 26 
22 R ” Me 27 
23 R = CMe*CICH 28 
24 R = 

25 R = 

Chb2 CH=CH2 

CM+l2Mc 

thcorgankkyww&edwithdBHCI,bti,drkdand 
mpomtai to give siw 5 (ll.Smg loo/J coiour1~ 
nadkr, rap. 195-197” (lit.‘““’ 193-1940) (from FzKlAo-~t 
petdam) identical (inmp, NMR and TLC) with an 
authentic sunpk. 

(ii)Arolnoi4(~~m&.185mmok)inMeOH(Sml)Md 
1% NaOHlMaoW (7.5 ml. 1.87mmoW was otirmd for 

R=H 

R = AC 

R = Me 

OR 

4R=Ac 
~R=H 
6 R = Me 

Me0 

12R = H 
13R= Mt 

29 

fiyddy~ of 10 
(i) A rob of 10 (SSmg, 0.182mmok) in MeOH (load) 

and O.% NaOH/McOH (1.42 ml, 0.182 mtnok) was stir& 
f~r4~~til~~~~~~~~ofa~ 
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polar product Work up as for 7 followed by cbro- 
matogtaphy on silica gel G and elutioo with EtGAo-light 
petrokum (1:4) gave 5 - &&oxy - 7 - merhoxy - 6 - (I,1 - 
*thylal~yl) 9 (35mg 75%) tan-yellow platea. 
m.p. 105-107” (from MeOH). (Found: C. 69.25; H, 6.1. 
C,&O, requires: C. 69.2; H, 6.2%); v, 3410. 1775, 1620. 
1610 and 157Oan-‘; NMR signals at d 1.55 (6H, s), 3.90 
(3H, s), 5.45 (lH, dd, I IO and 2Hx); 5.53 (lH, dd. J 17.5 
and2Hx).6.17(1H.d,J9.5Hx).6.47(1H,s),6.53(1H,dd. 
/ 17.5 and 1OHz). 7.40 (1H. s, OH) and 7.98 (1H. d, I 
9.5Hz); 10 (5rngP-Y/J and li (3m& 6%). 

Gil A soln of 10 I51 ma. 0.169 mmok) in MeGH 110 ml) 
and ,3/o NaOH/MebH (&I, 1.5 mmok) was stirred over: 
night. Work up and chromatography as above gave 9 (4 mg, 
Y/J and 5 - hy&oxy - 7 - m&oxy - 8 - (1,l - dhrrhyl- 
dfy~)coumruin 12 (4Om& 91%) colourkss plates, m.p. 
175-177” (from EtOAc-light petrokum). (Found: C, 69.5; 
H,6.1.C,~,,O,requircs:C.69.2;H,6.20/,vv,(KBr)3300 
(b), 16%. 164Oand 1575cm-‘: NMR signals (acetot.mdJ at 
i i.61 (6H; s), 3.80 (3H. s). 4.79 (lH, dd. 1‘10 and 2Hx), 
4.83 IlH. dd. J 17.5 and 2Hx). 6.96 (1H. d. J 9.5 Hz). 6.27 
(lH,dd,-l Ii.5 and 2Hz). 6.52 (1H:s) and 8.05 (IH; d, / 
9.5 Hz). 

Methykztion of 9 
A ~mixture of 9 (16 me), Me1 (0.5 ml), K2C03 (100 mg) 

and acetooc (10 ml1 was rcflllxcd with stirrina for 1 hr. The 
cooled mix& wai liltad. the solvent evap&ated and the 
residue partitioned between EtOAc and brine. The organic 
laver was washed with satd. ao. NaHCO,. brine. dried and 
e&orated to give 5.7 - dimhoxy - 6 ‘I (I,1 1 dherhyl- 
&/)~otmttvin il (17mg) colourkss oeedks. m.p. 88% 
(from ether-lit&t netroleum). (Found C. 69.45; H. 6.40. 
C,&,,O, requ&:C, 70.05; H, 6.6yJ; v;l725,1610; 1612, 
1600 and 1565cm-‘; NMR signals at d 1.51 (6H, (I), 3.65 
(2H, s), 3.85 (3H. s), 4.82 (lH, dd, / 10 and 2 Hz). 4.87 (1H. 
dd, J 17.5 and 2 Hz), 6.24 (lH, d, J 9.5 Hz), 6.35 (lH, dd, 
/ 17.5 and 10 Hz), 6.63 (1H. s) and 7.85 (IH, d, J 9.5 Hz). 

Pinnurb 13 
Methylatioo of 12 (24mg) as above gave Enmario 13 

(25.5mg) colourkss plates, m.p. 170-172” (ht. 162-163”; 
lit.” 166167”) (from ether). (Found for natural samples’ 
170-172”-found for synthetic sample’s 169-171”) identical 
(mmp, NMR, IR and TLC) with authentic samples. 

Syntheziz and Claizen rearrangement of 15 
A mixture of l& (514 mg). KzCO, (1.45 g). prenyl bro- 

mide (54Omg) and acetone (50ml) was retluxed for 1 hr. 
Work up as for 11 gave 6 - (3 - methylbut - 2 - enyloxy) - 
7 - merhoxycoumadn 15 (68Omg, 98%) colourkss plates, 
m.p. 116-118” (from EtOAo-hexane). (Found: C, 69.5; H, 
6.35. C&,0, requires: C. 69.2; H, 6.2%); v, 1720, 1615, 
1560 and 1515an-‘; NMR signals at d 1.73 (3H, bs). 1.76 
(3H, bs), 3.92 (3H, s). 4.58 (2H, bd. / 7.5 Hz), 5.51 (lH, bt, 
17.5 Hz). 6.25 (IH, d, J 9.5 Hz), 6.80 (1H. s), 6.88 (IH, s) 
and 7.59 (lH, d, / 9.5Hx). A mixture of 15 (154mg), 
NaOAc (1. I g) and AczO (15 ml) was refluxed with stirring 
for 36 hr. Work up as for 4 and chromatography oo silica 
gel 60 with elution with EtOAc-light paroleurn (3 : 17) gave 
6 - acetoxy - 7 - methoxy - 5 - (1,l - dimethyia&vl)coumarin 
18 (151 mg, w/J colourkss plates, m.p. 124-125” (from 
EtOAc-light petroleum). (Found: C. 67.45; H, 5.85. 
C,,H,,O, requires: C, 67.55; H, 6.0%); v_ 1760.1728, 1600 
and 1560 cm - ‘; NMR signals at d 1.55 (6H. s), 2.28 (3H, s), 
3.87 (3H. s). 4.97 (IH. dd. J 17.5 and 2Hx). 5.07 (1H. dd. 
I10 and.2i.i~). 6.i5 (iH, d, J9.5Hx), 6.23.(IH, dd, I17.5 
and 1OHx). 6.80 t1H. s) and 8.23 (1H. d. J9.5Hx); and 16 
(20mg l&) &lo&as needIts. m.R. 166-167” (lit.% 
167- I68O) (from EtGAc-light petroleum) identical (mmp, 
NMR and TLC) with a sample prepared by acetylatioo 
of 14. 

Hy&oiysis of 18 
(i) A soln of 18 (Mmg, O.lSSmmole) in MeGH (1Oml) 

and 2”/. NaOH/MeGH (3 ml, 1.5 mmok) was stirred for 8 hr 

until TLC indicated complete disappearan~ of starting 
material. Work up as for 7 gave a mixture of two products 
asanoil.prcparativcTLCoosliica(FlukaGF254)and 
elutioo with MeGHCHCl,-light petroleum (1:4: 20) x 3 
alforded the c6ylycliofurmr 28 (I 5 mg 31”%) colourloss ne+ 
dka, m.p. 154-156’(from f!tOA+tht petrokum). (Found: 
C, 69.0; H. 6.25. C,&O, requireir C, 69.2; H. 6.2%); v, 
1725, 1620, 1612 and 1565un-‘; NMR signals at 6 1.20 
(3H, s), 1.42 (3H, d, J 6.5 Hz), 1.47 (3H. s), 3.93 (3H, s), 4.46 
(1H. q. I6.5Ha). 6.28 (IH, d, J 9.5Hx), 6.71 (lH, s) and 
7.86 (lH, d. J 9.5 Hz); and 6 - Aydroxy - 7 - methoxy - 5 - 
(1.1 - dimethykallyl) 17 (31 mg, 6Y/J tan-yellow 
plates, m.p. 92-94” (from ether-light petrokum). (Found: 
C, 69.2; H, 5.95. C,,H,,O, requites: C, 69.2; H. 6.2”/J; v, 
3530,1720,1610 and 157Oan-‘; ,l_(MeGH) 352,302,260 
and 238nm (log L 3.87, 3.81, 3.48 and 3.91); &,, 
(MeOH + base) 352, 302.260 and 238 mn (log c 3.85, 3.80, 
3.58 and 3.91); NMR signals at 6 1.62 (6H. s), 3.96 (JH, s), 
4.95(IH,dd.317.5and2Hx), 5.05(1H,dd.J10and2Hz), 
6.00 (lH, s, OH), 6.12 (1H. d, 59.5 Hz), 6.25 (lH, dd, / 17.5 
and IOHz), 6.73 (lH, s) and 8.30 (1H. d, I9.5Hx). 

(ii) A solo of 18 (62 mg, 0.203 mmole) in MeGH (5 ml) 
and 10% NaOH/MeGH (12 ml, 30 mmok) was stirred for 
10 min. Work up as above gave 17 (52 mg, 97/J; no trace 
of 28 could be detected by NMR or TLC. 

Methylorion of 17 
A mixture of 17 (2 1 mg), Me1 (I .O ml), KzCOz (100 mg) 

and acetone (10 ml) was relluxed with stirring for 3 hr. Work 
up as for 11 gave 6.7 - &n&oxy - 5 - (1.1 - &ethyL 
allyl)coumarin 19 (21 mg) colourkss plates, m.p. 7576” 
(from light petrokum); mass spectml peaks at m/z 274 (M +, 
looO/,), 259(50), 243(30), 231(27), 128(28) and 115(45); v_ 
1720, 1593, 1559 and 1463an-‘; NMR signals at d 1.62 
(6H, s), 3.75 (3H. s), 3.93 (3H, s). 4.90 (1H. dd. / 17.5 and 
2Hz), 5.05 (lH, dd, J 10 and 2Hx), 6.13 (1H. d, J9.5Hx). 
6.25 (IH, dd, I17.5 and 1OHx). 6.78 (lH, s) and 8.24 (1H. 
d, J 9.5 Hz). 

Parted &methyiation of 7,8-a%ne~hoxycowna& 22 
A cookd solo of cone H$G, (27 ml) and water (9 ml) was 

added to 22 (4.55 g) and the yellow solo stirred in an oil bath 
kept at 70”.n Monitoring by TLC revealed maximal concen- 
tration of a oew product aBer 6 days compared with starting 
material aod the more polar 7,8dihydroxycoumario. The 
cookd soln was poured on to crushed ice, extracted with 
EtOAc. the organic layer washed with brine to oeutrality, 
dried and evaporated. The residue was crystallised from 
EtOAc-light petrokum to give 21 (3.29g, 770/, m.p. 
173-175” (lit.22 17>174”; 29%). 

Dimethylpropargylation of 21 
(i) A mixture of 21 (440mg) in 2% aqueous acetone 

(30 ml), KzCO, (1 .O g), KI (150 me) and 3&loro- 
3-methylbut-1-yne (1.5 ml) was refluxed with stirring for 
12 hr in a closed system. More KzCG, (500 mg), KI (50 mg) 
and 3chloro-3-methylbut-1-yne (1.5ml) were added and 
refkxing continued for a further 12hr. Two further addi- 
tions of 3-chloro-3-methylbut-l-yne (1.5 ml each) were 
made ak 36 and 48 hr. After 60 hr. the mixture was 8ltered 
through cclitc and washed with acetone. The combined 
filtrates were evaporated and the residue ptitio~ed be- 
tween EtOAc and water, the organic layer washed with Yh 
Na$O, soln. brine, dried and evaporated. The residual 011 
was chromatographed on silica gel 60. Gradient elutioo with 
EtOAc-light petroleum (I : 9 to 1: 4) afforded 7 - methoxy - 
8 - (I,1 - dimethylpropargyfoxy) - 5 - (1.1 - tfimefl?yl- 
Poporgyk- 2!3 (14mg. 4%) colourkss plates, m.p. 
150-152” (from EtOAclight petrokum). (Found: C, 74.0; 
H, 6.15. &J&O, requires: C, 74.05; H, 6.2%); mass spectral 
peaks at m/z 258 (M +C&, looO/’ and 243(79); v, 3305, 
1723, 1590 and 1495an-‘; NMR signals at b 1.72 (6H. s), 
1.77 (6H, s). 2.3O(lH, s), 2.38 (lH, s). 3.92 (3H. s), 6.25 (lH, 
d, J 9.5Hz), 6.90 (IH, s) and 8.72 (lH, d, J 9.5Hx); 
7 - methoxy - 8 - (1,l - dimethyipropvgyloxy@marin 23 
(89 mg, 15%) as a pale yellow oil. (Found: C, 69.75; H, 5.85. 
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C,~,,O,rqinx C, 69.75; H, 5.4F/& v,, 3300,1725,1608 
ud 1560 an - “; NMR dgnais at 6 1.79 (6H, s), 2.30 (Hi, s), 
3.92(3H, s),6.U(1H,d, J9SHz), 6.86(iH,d, J8H& 7.21 
(lH,~J8Hz)Pd7.60(tH,~J9.5~~rad~~21 
(nom& 

@)A*offi(aDBtiQ#=3(~* 
3-dkkuw3ae#nt-I-yne(2lnQoadaolsae(25mi)u8e 
rsdmaiwitb&&gforMiuinaciomdsyntan.Workup 
and chromatography aa above 8ave 23 (13Om& 460/@. 

s_vIth&e and ctal#m Narr~enlae of 24 
ArolnofZJ(69nag)inEtOk:(lOml)wuk~~~ 

ow 5% Pd-BaSG* (22 mg) for 2.5 hr. Ranowl of catnlyat 
and soivcnt followed by flaab a&mm chrometography on 
silica gei @b&a GF 254) and c&ion w&b EtOAc-iigbt 
petrol& (3:17) gave 7 2 methoxy - 8 - (1.1 - &m&l- 
proPoxYkoumm;bl25 (13ma. 17?? c&urk63 nadim. m.p. 
-39&F- (from EtUtigbt-&r&&m); NMR siap1;1 at-6 
1.15 (3H, t, J ii@, 1.30 (3H, a), 1,85 (2H, q, J 7Hz), 3.88 
(3H,s), 6.21 (lH,d, J9.5~),6.~(1~,~ 18Hz),7.14(1H, 
d.JS~~aad7.57(1H,d,J9.SHz);7-~~~-8- 
(I,1 - efim&wy&+=w?in 24 (49rn& 7lYJ coiourkss 
nesdks, m.p. 58-59.5” (from EtGAo-iigbt perokum). 
(Foundz C. 69.15; H, 6.25. C,,H,,O, mquirs C, 69.z; H, 
6.2%); mass wctml peaks at m/x 192 @4+-C&, laa%), 
164(21), 163091 and 149(M): v,. 1725. 1605. 1560 and 
15Oj &I - ‘; tiR sigaaia it d i .5v6H, 8); 3.88 (3H, a), 5.00 
~1H.~J10~2~~~5.12~1H.~J17.5~2~~.6.~ 
(1H; d, j9.5Hz). 6.25tlH. d& 1’17.5 and lOHz), 6.8j’(lH, 
d,JfIHz),7.15(1H,d, J%Hz)tmd7.57(1H,d. J9.5Hz); 
and 23 (5mg, 7%). 

A mixture of 24 (27 mg), NaOAc (5Orng) and AC@ 
(1.5 ml) was l&lxcd with stirring for 90 min. work up 
as for IO gave 7 - mefiwxy - 8 - @cetoxy - 5 - (I, 1 * 
sfLmef~yUfyQcowtt~& 27 (32 m& lO@/d coiourkss needles, 
m.p. 159-160” (from EtOAo-light p&r&u@. (Found: C, 
67.55; H, 5.5. C&,0, rcquitw C, 67.55; H, 6.00/a; v, 
1760, 1730. 1605 md 1495cm-‘; NMR aignak at b 1.49 
(6H, a), 2.38 (3H, (I), 3.93 (3H, II), 5.04 (lH, dd, J 17.5 and 
2Hz),5.13(1H,&&110and2Hz),6.14(1H,d,J9.5Hz), 
6.15 (lH, dd, J 17.5 and lOHz), 6.97 (lH, s) and 8.20 (lH, 
d, J 9.5 Hz). 

Ceierin’ 26 and its mthyi ether 
A~kof~(21~0.07~ok)kM~H(5~)~di% 

NaOH~~H (O.Sml, 0.125mmok) was stirred for 
lSmin.Wortul,ssfor7~n:7-mctkoxv-8-hvdt.on- 
5 - (I,1 - cfimefhjwyl)cxw&&l (c&in) $6 (lSm& 10&J 
ColOlUkM DIptcs. Ul,D. 158-159.5’ (Iit.’ 154-156’\ (from 
EtGA&i&t p&o&). (PO& ‘C, 69.4$5; ti, ‘6.1, 
C&&& xquins: C, 69.2; H, 6.2/d; msm ape&al peaks at 
m/z 260 OH+, loo”/d, 245(244), 213666) and 185(23); V, 
3550, 1730, 1612, 1580 and lSQOan-‘: L. f?&GH’) 325. 
264 and 228 mn floe =c 4.iOv 4.06 Ed‘ 3.70); 
(MeOH + base) 332,284 

;L, 
and 232 nm (log L 3.99.4.23 aud 

3.79); NMR sign& at d 1.49 (6H, s), 4.01 (3H. a)). 5.01 (la 
dd,J17.5and2Hz),5.12(1H,dd,J10and2Hz),6.14(1H, 
dd. J 17.5 and 1OHzI. 6.15 IiH. d. J 9.5Hzl. 6.93 (1H. n) 
a&t 8.22 (1 H, d, J $:s Hz); ;rt&ly &nil& (NM’R I& 
mass spectra) to thoac of a natmal aample. 

A mixture of 26 (14 m& K,CO, (1 SO mg), MCI (0.5 ml) 
and acetone (1Omi) was rcfluxui with stir&g for 15mia. 
Work up gan 7.8 - &me&q - 5 - (1,l - &ethyl- 
u&$k~ tB (15 rn& loaD/ colourk8s plam m.p. 
99-100” (from li& pctrolemn). (Foundz C, 70.2; H, 6.65. 

C,&O, requires C, 70.05; H, 6.6%); mass spasmi peaks 
at m/z 274 @I +, loaD&, 259(64), 231(21), 228(63) and 
2ooo; v,, 1725, 1590 and 1492an-‘; NMR siSnais at 6 
1.49 (6H, 8). 3.98 (6H, s), 5.02 (lH, dd, J 17.5 and 2Hz)* 
5.12(1H,~J10~2~~,6.14(1H~~J17.5~2~), 
6.14 (IH, d, f 9.5Hz), 6.93 (IH, s) snd 8.18 (lH, d, J 
9.5 Hz). 

Rck~~wieiigettws-We pfe gnu&l to Professor S. R. 
Gupta for copks of tbc ‘H NMR and mass spcetra of 
c&tin. we ako tbmlk the spmlkb Ministry of Education 
and Science for financkl support. 
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