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btraet-hiug the detaminrtiw of tbc conatimtkn of e&f8cnill koktal from EkuwQ rawkluis, ddlt 
iaomcric monometboxy-monomcthylc~ wue ryntbcsii. These studies proved that ekersenin wxs + 
metboxy-5-lncths 8 colutitlltioll with lbuvd bioxyntlEtic iInphtbas. Appxleauy c&efsenin is the fint 
examok of nxturd canwin bioswhxix iovdti odv rhepdw nwte. Comparative spectral condatiom on 
S& COMlUkSUeSumm;ired. 
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Up to date Behqio smgcllaui~ is the only member of 
the family Meliaceae that has been shown to yield a 
coumarh’ as an extra&e. Ekersinin was initiany be- 
lieved to be lhIetboxy4methyicouMlin 8, but the 
present studies now establish that the initial formulation 
was incorrect.’ Ekersenin is, ill fact, rlmethoxy-s- 
methykoumarin 1. The sigdbmx of this constitution 1 
in rda!ion to the normal biosynthetic route to natural 
coumarins is discussed in the sequel. our sbucture pro- 
posal for ekersenin agecs with that independently sug- 
gested’ by VentureAla et al. after our sbuturai and 
synthetic studies were Complet~I.~ 

We have now syathesii the eight possible 
llhmometboxy-moMwethy1~ (l-a) with one of 
the substhnts at position 4, and the other substituent at 
eitbcz position 5, 6, 7 or 8 of the count& skekton. 
4-HydroxycoumluiIl~ 4-llydroxy-5-roethyhlmarincoumerin, and 
4-hydroxysmethykoumarin: were obtained nspec- 
tively from methyl acetylsalicy&te, methyl tacetoxyh 
methylbenxoate5 and methyl cresotate‘ by the action of 
sodium metal in pa&in? 4-Hydroxy&nethyl- and + 
hydroxy-7-aMhykoumfuins were obtahed by the 
meti of Matsui and Ota 5-Hydroxy4mL?thyc 
coumarh’ was ohioed from the hydrolysh of the Wit- 
tig reaction9 product of l-3di%cc&xy-2-acetylbfKene 
pad carboxymethyl methylene triphyl phosphoraoe. 
bHydroxy4methykowuin was obtahed by the 
metbod deschd by B~III&‘~ and 7+droxy4methyl- 
coumah was made by the Pecbmann pro&me.” 0 
metboxy4methy* was obhed’ from 23 
dimethoxyacetophenon. As expected, the +bydroxy- 
coumah gave mhturcs of the correspond& 2- 
metboxychrollMXhea aDd 4-methoxycoumarh on 
methylatioo with ethereal diaxometbane: in the cases of 
4-hydroxycoumarin and 5-hydroxyuXlmarh both types 
of O-methyl derihves were isolated. 

spectm of thl? comma?ins 
Tbeavahb%tyoftbesactunllyrehtaicoupmh 

(1~)hasencuura@ustomakecompuisoaabetween 
tbeirUV,IR,NMRandmassspectra 

TbeUVspectra(Tabk1)ofthedislhshtalcou- 
marins (14)abow abmprh band8 tvhich'are not in 
accodwithtbcrllksbaduponsllbahweflecta 
propoacd by §hr and Bafna.12 Howeva the obsaved 
Wabsorptionchact&ticaofthccoumhs(~)are 
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inacuwdwithtksharandBafnanlka.“Tbecou- 
nmrins (8-a) au show two single absorption bands in the 
rac@es 2.51319nm (27SMl for coumalin) aod #IS- 
w)nm(3llnmforcoumsria).Incontrast,tbecoumarins 
(l-4)sbowtwo&vblcabaolptioabandsinthcraseeJ, 
267-2!Snm and 303-322Ml. The observation of these 
two sets of do&e alMorption bands is apparently asso- 
ciated with the presence of 4-methoxy groups: car- 
responding sets of do&e absoQtio0 baods are also 
shown by the model 4-metboxycoumarins (9-M). The 
appeuancc of these two sets of d&h absorption bands 
in 4-metboxycoumarin derivatives (14, 9 and 10) is 
ceruinlyduetothcadditionaipoasibility ofcrosscon- 
jugho provided b$ tbc 4-methoxy group. 

rnthcIRsp&traoftbecoumarh (l-9) (Experimen- 
tal) the 4-methoxy coumarhs with the exception of the 
coon&~, 4 sbow the CO absorptions about 1700cm-‘. 
This is a shift to lower CO strethng frequency when 
comppred with the mod+, coumarin (Y=- 1715cm-‘) 
alldtbe+methylcoumanns (S-8) (vco 1715cm-‘). The 
&if.t to V~ 17oocm-’ as-so&M with 4-metJmxy sub 
stim&mbinaccordwithexpectahnbecausetbeco* 
jugative e&t of the 44Bethoxy hstituent would 
raiucethe&abkboodcbsrac&rofthecoumuinco 
glwp- 

In the NMR spectra (Table 2) the C-methyl lpoup 
abwrpth were observed” at 7 7.S7.60, for the 
coumarh (2. 3,4,6.7 aDd 8). In coatrast 4-Inethoxy-s- 
methykolllnah (1, T 7.35) showed the well knowll’4 
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T&Ic 1. UV SpeceJ cbam&hh of tk: ~OWE&C Mob extidoa codEcicnta in pucntb#ir. 
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scbaos 1. Possii pelltaketide roota to ekerseniq 1 and 
sideria. 10. 

This biogenetic uxrelatioo may well he regarded aa 
elluWag@theviewtbatutcrcarcatkaatlwodiflcfcnt 
biosyttthicroutcswbichcankidtotlatualcoumarins 
in ligber plants. 

-AL. 

For &ails of experimental procedare see Ref. 18. Tic gksx 
pktesweleco8te4iwitbrshtrryofMczcksilkagelPP.254and 
or PP 366 and activated in tbe oaud nlanocr.Tlc-Bweie 
&vebp@l wit!l ethyl acet&benxeDe (1:3). 
cHydluxyconmalh This was ohioed as fouows uxiQ9 sodium 
in purlBa:’ 

N1metrl(0.50)raddrypurlsnoil(48ml)inrI~ecLed~ 
equippaiwitbrmech&.dsher.rdmppinlfunndutdare- 
ouxcoo&mefwefebertcdfa0.5lKandtitrinedti~~ 
(metal bath temp). The methyl a&sdkykte io p8fa9n oil 
(4Bml)wasa&kddropwisetotheatitredmdtenNainpuah. 
Heatiogwaacoatinoedfofnfurtbef2hfaftertbeuldithlloftlW 
ata.Tbcmixtlneon~liqgtoroom(emp.~verbrowPppt 
wbkbwnscohctedbytUbatiooandwaxbedwitbligbt 
pctrdeum. 

Tbeppt~GWthSlyiratedwitbuloeou,MeOH(MeOH: 
water 1:l) to destroy the excesx Na. Tbc rexnitiog xupeuakn 
wWadhdtowater(5Oml.u65qMdtakeotopHIMwitbdil 
H$O,@$O,:H#. 5:12). The ppt was removed by 6itratko. The 
6llrateaftWtreataEotwithchucorlwrrt8keatopH2@% 
H#O&. The ppt of 4-hydroxycauwin (0.56) wu co&ted 
by Wtratioa. It bad m.p. 205-2W (lit.’ mp. 2062103. r..,, 3100. 
2700, ww). l670,830,760,743cm-‘. A, 210 (c 21,600), 269 (r 
7200X 280 (c 8900). #)3 (e 7640) 316 nm (c 46&I). M+ at m/e 162 
tgetberwitbmle12Oend9R 

Chhhoxy comnuvin, 9. +Hydroxywomwiu (2oomp)~dry 
MeOH (lOOmI) was treated with ~XWU etbcred dnuwcthae 
andkftfor24hatroomtemp.Removdofexcessdhmehac 
(HOAc) SKI solvent pvc a solid mixture wbicb wax separud 
into the followio6 compooenta by ptk; cWboxyammuin 
(122mg) hrd m.p. 123-W (lit.” q .p. 125% vu (Nujol) 1710. 
1615,845,770,753 cm-‘, A_ 2fB (e 24,600). 214 (26,&lO), 265 (# 
1 lboo). 275 (e llzlO). 3u2 (e 6900). 314 nm (4700). M’ at WI/r 176 
togcnbuhtb m/c 148.133 Md 118; 2-Wthychromooe (25 pr) 
crystdhed from Ii&t petmkmn q .p. 105-106’ (liLn m.p. 1W). 
r, (Nujd) 1630,1610,15W 85U, 827,766,752 cm-‘, A, 206 (e 
16.000). 222 (c 21,270)). 267 (e 10,760). 287 (r 2500). 295 MI (a 
~~M’otmlr176toOstbawithrrr/rIt133,10S~92 

CNethy-5-mdhyfcounah, Cmethyl-onlJlroucJJk odd 
(Z.9)ohhlf~fmmn-crexolinhy*(60ml)w8strWed 
witbexcessetbeRddh!mctlmoe8ndkfto~yloom 
temp. Ramwlll of cxcux nusnt and solvent nve metilYi2- 
&xyawthylbeIuoate (oil 26); r, @Eat) l%o. 172Oem-‘. 
Tbemetb~lertaiudwt~~&~oil(ua@wucvdkedwitbNa 
nwd (zbom&) in piilln oil ax.for ihe pr&ation of c 
bydroxyconmxrh. The product Cbydroxy-5-metbykomwio 
(Illml)wubdrtedotpHSd;m.p.232~trom~H(li14 
m.p. 23sm; r, (Nujd) 3300.165@, a?2,790,760,725cal-‘: 

m/e at 176 (Ii*). 134 and 106. 4-bydroxy-5-methykoumh 
(!Jom&illMeoH@hlll)wastre8talwithexcarctbacpl 
diaxometbxacandkftovch&tatroomtemp.Ooremovdof 
sdventr8oiidmixtWeortwo m (tk evidsnce) 
sepuuedbyprrprntivctkwrrobtrined.Tkmajorcompooxltt 

z$p. m.p. 1W 17al. wu - (Nojd) i&nthl 1600. 810. io 795car dl7 , with 207 eke+ (a A, 
2&W. 215 (a WXO, 275 (e W90), 283 (e 1 WO), 305 (a 47fx.J). 
315am (e 3WO); v(CDCl,) 735 (3HH, s. CH,-Ar), 6.66 (3H. I, 
-OCH,), 4.37 (lH, II, vinyl H). 250-3.12 (3I& q , uomatk Hs); 
m/e at 190 IAd*). la 147.119 d 91. (Ihal C. 69.67: H. 5.32 
WC. for C;,H&,: ti. 6!i&; H. 53696). The mioor cinqionent 
which wax prob8bly 2-metboxy-+mahyl-4-chromoox had m.p. 
1zT from MeOH; r,,., (Nupl) 1625.810.790.758 cm-‘; A_ 205. 
Zi4.264 and 295 mn; v(CLXl,) 7.17 (3H, s. CH,-Ar), 6.08 (3H, I, 
-OCHJ, 4.53 (1H. s, vinyl H), 25-3.10 (3H. m, aromatic Hs). Cf 
fR and UV of 2-metboxy4cbromonc above. 

Chfethoxyamtthylco#ma& 2.4-by&oxy-6-metbyhomaIh 
wax prepued from paesol (100) lad mdooyl csloride. The 
cruk product wax puhtkd by chronWo6mpby on silica gel. 
Etba: pebhtm (3:2) doted pure 4-4ydmxy+metbylcoumvin 
(126mgh m.p. 243-24F (lit.’ m.p. 244-245’). The bydroxy- 
coomuinwasmetbyktedioMeOHasrudbytreatmentwitb 
etbcredltiax4Jmetbane.TbecnKkpmductofmetbyktionwaa 
puritkJ by pgarative UC to give &etboxy-6-a&ylconmuin 
(70 au) m.p. 179-181. from MeOH. It hd r_ (Nnjol) 1695,860. 
826,732cm-‘; A, 206 (c 20.460). 217 (e 19,800), 255 (a 5OLRI). 
267 (c 8200). 278 (e 7400). 309 (a rooo). 322 11111 (c 2600); f(CDClJ 
7.6 QH. s. CHrAr). 6.0 (3HH. s. -0CH3. 432 IlH. s. vinvl HI. 
23i2.82 (3H, in, a&& Hs); (Fou&C. 70.b; Ii, i.74.-Cai: 
for C,,H,&: C. 69.Jb; H, 5.3%) m/e at 190 (M+) 162,147 lad 
119. . 

+MUhxy-7-mdylconma& 3. This was prepared in’ tbc 
same mulEX u for 4-aEtfmxy&mdby staftiog from 
muud 4-Hydroxy-7_ bad m.p. 214-216’ from 
EtOH (EL’ m.p. 216-217’). The cro& product of metbyktion of 
the bydtuxycowuio (IsOn& vu pmilkd by cohmm diroum- 
~o~~~~ll~liver~compoasntm.p:125-1~” 

mapr compoocot 4-metboxy-7-me&ykounWm (98 I@ 
m.p. l&185’; r, (Nojof), 1700.1600,834,8011 cm-‘; A, 206 (c 
27,100). 216 (a 23,100), 267 (I 8700). m (c IOjOO). 303 (c 8168). 
315 (e aoo0); r(CDclJ 7.6 OH, I, CH,-Ar). 6.~07H~hO&~ 
4.46 (1H. s. vinvl IO. 2.38-3.18 (3H. q . aroambc : : . 
69.56; H. 555. ihk; for &H,& ti, i9.46; H, J.tij;de at 19ti 
(M.), laz 147 sod 119. 

Cmethoxy-EmuhyfcoWwf$4. A mixtlue of osreaotic acif 
(5n).A~O(lOml)mdcoscHtSO,(IQopl)~~~UT 
(I5min)lad~1o(r(5olia).Themirtmewupwredwith~ 
into watef (IOOlttl) awl kft overni#bt wbco crystals of acetyl 
o-cresotk acti (4.8 g) were formed, m.p. 112-1 lY from bcaxeoe. 
l%eacetylouuse4icacidpvetbemethyleater(oil,qauhtive 
yidd)oomstmeotwi&ethaidhmethc.Metbylacetyi 
oaerotlteiudryiiqoidpuaUinwutrcatedwithNametdufor 
metbylacetykdicykte.OowortiqlnptbcmixtnretbepptatpH 
5-6 cofhoal ulydroxy&tlully~ (1.1 g) N!crysmuiacd 
from etbcrqtrokom q .p. 230-231’ (lit.’ m.p. 230-2313; v, 
(Nupr) 3460,2WO. 1575,784.752cm-‘; m/e at 176 (M*). 134 sod 
106. Tnrtmeat of 4-bydroxy-hetbykoumuio (I& in MeOH 
witbubueddiuometh8neasuuulpve8mixmrewhicbmr 
dll0~hedW8ilh#d.15%mIdzoketbL?fiOpetKhUD. 
ehuul 4-aWboxyhtetiiykonmuh (75Olllr) m.p. 151-T frost 
MeOH. It baa r, (N&II) 1725.1575,849.785 cm-‘; L 206 (r 
24300). 216 (e ?2Joo). 268 (e 1lJoo) 278 (N IOaoO), 306 (e 4500), 
315 om (r3300); v(CDCl& 758 (3H, s. CH,-AI), 6.03 (3H, a, 
XtCH,), 435 (1H. s. vioyl H), 2263.07 (3H. m, aronutk HI); 
m/e at 190 (nr), 162.147.119 aal 91. (Poondz C. 693787; H, 5.51. 
Cdc. for C,,H,,O,: C. 69.16; H. 53%). 

5--4-&W 6.2bdihydro - 
(II) in AdlH (4ml). AcxO (4mI) and pm 
(lg)wadkwdtoat8odover@ltatfoomtemp.Tnemixtnre 
waapoaredwitbctinipIintocddw8ter(2OOml)udextncted 
withetbs.Tbeethaextractwaswukdwithmtsr.drkd 
(N~~~evlpontedtolive~vebts(oil,II),~,(~) 
1770, 1680 and 735car’. TIE Xetate (II) 8od choetboxy 




