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Abstmcl : (&-Leloca@n 11 has been syntheslssd by Heck aryfatbn of the Mschrcmene 10, wlth 2-chloromercurb-4.5- msth- 
ylenedioxyphenof. Further, a new pterocarpan 12, an isomer of the naturally ocaw&g hsrnflokcarpin and named lsohemllelo- 
carpfn has also been synthesfsed by a sfmliar arytaticn of the bfschromene 10 wfth 3-methoxy-2-chloromerwr~phsnoL The 
formaWn of lland 12. indicate the ssfective reactivfty of one of the chromsne rings In 10. 

Several pterccaqens have been Isolated’ from vadous natural sources and a number of them have been repotted to 

possess anUfungslza and anktun& actlvfty. 6ome of these have a 22dimethytpyran moiety as part of their structure. In contl- 

nuatlcn of our work cn the synthesis of 2.2dimethylpyrano and 2.2- dlmethyfdlhydropyrano heterocycies. we new report the 

synthesfs of (&Mocarpfn and (&koherWelocarpln by usfng the Heck aryiatfon of the appropriate chromene wltf~ 

sultabfy substituted o-chfcromercurfcphenofnols. (+)- Lelocarpln has been lsofated from the bark ofApuM8 leloavpe ’ amf&/bsrg/a 

n/tW/a’? (&LebcarpIn has earlier been synthesfsed by Farkas et a/. ’ by thallium (III) nltrate oxldatton of the appropdate chal- 

cone to lsoffavone followed by reduction and add catalysed cydlsatlon. 

In cur earlier work on the synthesls of 2,2dl~hyl~ranoflavon~s,~a~~n~s, flavanols’O and, xanthones” 

the approach was to start wlth a 2,2dlmethyl-3.4dlhydropyran moiety and bulkf up the rest of the heterocydk framework on 

this. Subeequently, the dlhydroderfvatives could be convtenentiy dehydrcgenatsd to the pyrano compwnds using NBS/CCI, or 

DDCXsH, . However, thls approach Is lmpractlcabfe for the synthesis of pyranopterocarpens, since attempted dehydrogena- 

tbn of the dlhydropyran rnclety gave either a pterocarpene”or coumestan12 and no dehydrogenatlon of the dlhydropyran unit 

occurred. Hence the aftematfve approach of bultdlng up the pterocarpan unit on a built-In chromene derlvatlve was adopted In 

the present study. The MschrcmenelO appears to bs a plausfble lntermedlate to bulkl up the pterccarpan framework by Heck 

arylatlon and further lt provides an lnterestfng case study as to the relative reactlvlty of the chromene rlngs. The blschromene 

was synthestsed through a series of steps and later used to synthesfse (&ielocarpfn 11 and (&-lsohenMocarpin 12. 

2,4-Dlhydroxyacetophenone 1 was reacted wtth 3-methyl-2-butenal In presence of pyridlne tc give the 5acetyWhydroxy- 

chromene 2’3.Thls on Cfalsen condensation wkh ethyl formate and sodium gave the chmmone 3. The PMR spectrum of 3 

showed ‘he presence of two doubfets for C2-H and C,-H centered at 6 7.73 and 6.26 with a J-6 Hz. In another route, 

resordnoi 4 was condensed wlth acrylonltrfle In presence of sodium methoxlde, when a mixture of both the mono and dlcyanceth- 

ylated products (I and 6) was obtalned. On the basis of thelr soluMty dffferences In ether, these were separated, the dlcya- 

noethyfated product being lnsofuble. The mn’mcyanoethylated product was cydlsed to the chromanone 7 by lntramclea~far 

203 1 



2032 D. D. NARKHEDE et al. 

6 

Reagents : 

al )=CH-CHO /Pyridine bl HCOOEt /Na cl Cy=Ch-CN/NaOMe 

dl ZnCl2 /hCI e) NaBhL /CZhSOH fl p-TSA /C& 

/LiiPdClb /Acetone h)h Me/Li2PdClL /Acetone 
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Hoesch acylatkn In presence of ZnCI, and HCl. In the PMR spectrum of 7, aromatic protons form the expected ABX spin system 

[67.83(d, J-6.6 Hz. CH), 6.54 (dd. J-8.6 and 2.3 Hz, S-H) and 6.47 (d, J-2.3 Hr. 8-H)], Reactkn of 7 wtth 3-methyt-2- 

butenai in presanoe of pyrldlne gave 8, the PMR spectrum of whkh showed an AB system at 67.71 and 6.46 wtth a J-6.7 Hz 

for offho-coupled aromatic protons. Both 3 and 8 were reduced with NaBH, to the chroman-4-ol9 whkh was dehydrated to the 

Mschromene 10 In presence of p-TSA In CsHs 

only one of the possible products In each case,namely 11 and 12 respedJvely. In the PMR spectra of the purlfled products the 

protons at Ma and 12a (or 1 la) showed an ABMX system, whkh constitutes a highly characterlstk spectral pattern for pterocar- 

pans. The arylatkn therefore has ocarrred at the chromene ring which Is devoid of the elmethyl. Had the arylatlon 

occurred In the gem-dlmethylpyran rlng,the ABMX pattern would have been absent. Compound 11 Is (&lekcarpln and 

compound 12 named as W- lsohemllekcarpln Is an Isomer of W -hemllekoarpln. 

ExperImental 

Ail melting polnts are uncorreoted. IR spectra were recorded on a Perkln-Elmer 237 spectrometer and PMR speotra were 
recorded on a Varlan VXR 3005 speotrometer (300 MHz) using CDCI, as solvent and TMS as Internal standard. Mass specbum 
was recorded on a Shlmadzu QP-1000 spectrometer. 

6-Aoetyl-bhydroxy-2,2-dlmethyl chromsne 2. To a stlned solutkn of 2.4dlhydroxyaoetophenone 1 (6.0s) In dry pyrldlne (4ml), 
3methyl-2-butenal(3.80 ml) was added during 1 h at 1400. The heatlng was continued for 3h after whkh a further quantity of 
3-methyl-Bbutenal(3.60 ml) was added ti the heating continued for 6 h. The mixture was evaporated to dryness and the 
residue was chromatographed over slllca gel and eluted wtth petroluem ether. The product crystafllssd from the same solvent as 

yellow plates of 2 (4g) m.p. 103-104°(lit.13 104 -105~; v 1640,1620,1490,1470.1360,1370,1260 orrr’; 6 1.47(s,6H, genxJl- 
methyl), 2.55(&3H,CC-Cb ),5.5O(d,lH,J-10 Hz,&H),6.32(d,lH, J-9 Hz&H), 6.73 (d,lH, J-10 Hz&H), 7AQ(d,lH,J-9 Hz,7-H), 
13.OO(s,lH. OH, D,O exchangeable). 

B,sMm~vl4H~anso[l,P,-b~apb? dlpyran4one 3. A solutkn of 2 (3g) In ethyl formate (25ml) was added slowly to 
pulvertsed scdlum (3g) at 0 and kept In refrigerator for 24 h. The reaotlon mixture was poured Into crushed ice contalnlng HCI, 
the product was extracted wlth ether,the extract washed, drled(NazSO,) and the solvent was removed. Chromatography ot the 
residual reddlsh yellow oil over sllka gel and elutkn with pet. ether-ethyl acetate (8020) gave 3,whkh orystallked from the same 
solvent as pale yellow needles (3g),m. p. 124-G@; v1640,1620,1450,1400.1370,1300,1260,1100 an”; 61.49 (a.6 H, gem 
dlmethyl),5.71 (d,lH, J- IO-Hz, 4H),6.28(d,lH,J~Hz,8H),6.~(d,lH,J-l0Hz.lO-H),6.63(d,lH.C6.6Hz,&H).7.79(d.lH. 

J-6.0 Hz,2-H), 7.96 (d. lH, J-8.6 Hz, 5-H). Found: C.73.45; H.5.15. C,,H,zO, requires C,73.67;H,5.30%. 

Reaction of reaorclnol wtth acrylonlttlle: Preparation ol3-(3-hydroxyphenoxy) propanenltrlle 5. A mixture of resordnol 
(llg), acryknltrlle (1Oml) and sodium methoxlde (lg) was refluxed for 7 h, exoess of aofyknltrlle was dlstllled oft and the 
resldue extracted with CHCI,. The organk layer was washed, dried (CaCl and solvent removed. The residue showed two spots 
on TLC. lt was repeatedly extracted wlth ether. The ether Insoluble & uct was ldentlfled as 1,3-Ms-(2~cyanoethoxy) benzene 

6.m.p.11 l-l 120 (llt.‘4 1120) and the ether solulie product as 5(6.Og).m.p. 65-W (IILl 67-6@); v 3360.2286 (-CN),lBlOcm-‘; 6 

2.6l(t,2H,J-6.5 Hz.C 
!i and 6-H), 7.14(t,lH.J 

CN). 4.14 (t,2H.J-6.5 Hz.OCti2) 5.68(s,OH.D,0 exchangeable),6.41(d,lH,J-2.3 Hz,2-H),6.47(m.2H.4-H 
.2 Hz,5-H). 

2,3-Dlhydro-7-hydroxy4Wbenzopyran-&one 7. To a solutkn of 5(lOg) In dry ether (MOmI), fused ZnCIz(5g) was added and 
the mixture was saturated with dry HCI at d. left for 48 h In refrigerator and worked up. Chromatography over sllka qei (eluant 
pet. ether-ethyl acetate (8020)) gave 7,whkh aystalllsed from benzene as oolourless needles (5g), m.p.l45-1480(llt. ‘140”); v 
1650,1600,1570,1370,1350,1240cm-’; 62.77(t.2H. J-8.4 Hz,3-H), 4.51 (t,2H, J-8.4 Hz,2-H). 6.47 (d.lH, J-2.3 Hz&H). 6.54 

(dd.lH, J-8.6 and 2.3 Hz, 6-H). 6.61(s,OH,D,O exchangeable),7.63(d.lH,J-8.6 Hz,SH) Found:C,65.52; H,4.83. C,HsO, 
requires G65.65; H,4.91%. 

2,3-Dihydro-8,6-dlmethyUH, 8Wbenzo[l,2-bL~b’jdlpyran4-one 8. To a stirred mixture of 7 (4.908) In dry pyrhilne (2.45ml) 
at 1~.3-methyl-2-butenal(2.QOml) was added during 1 h. The heating was oontlnued for 3 h after which a further quantity 
of 3-methyl-9butenal (2.9Oml) was added and the heating conttnued for 6 h. The mlxlure was evaporated to dryness and ths 
residue was chmmatographed over silka gel. Elutkn ~14th petether-ethyl acetate (95 d) and aystalllsatlon ot the product from 
pet.ethergaveSascokurlessneedles(l g),m.p.l22-1230;vl670,l640.l590,l570.1470.1370an~‘;~l.45(s.6H.gem-dlmothyl),2.74 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
H). 7.71 (d,lH,J-6.7Hz, 5-H). Found : C,‘73.25; H,5.92. C,,H,,O, requlresC,73.W;H,6.13%. 
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SpolhydrM,SdhMhyl4M,@H4mm$l~~,4-b~ dfpyran4of 9. A sofutfon of chronwne 9 (3g) fn Omanof (25mf) was 
added to NaBH, (2g) in etfumof (25mt) and the mixture was reffuxsd on a water bath for 4h. The sofvent was rsmoved and tfw 
resfdue dlssofved In ether, mrshed with water and drfed (N 
chromatograf3hed ovsf sflks gel and &ted wtth a?h pet.&or-e 

SO,). The yelfaw offy msfdus obtafnsd on removaf of other was 
yl acetate (755) to gfve W as pple yeffow oil (3g). 

A slmlfar reactfon ot ohromanone 8 (lg) In othenot (IOml) and NaSH, (lg) and worfc-up of tfxe reactfon mfxtum gave 0 as 
pate yeffow dl (la); v3300,1630,1560,1360,1375 om-‘; St.40 (SM. genxlfmsthyl), 1.62 (s,Of+,DzO oxchangeabfe), 
2.OO(m,2H,3-H), 4.20 (m, W, 2-H), 4.70 (m, IH, 4-H). 5.66 (d. IH. J - 10 Hz, 9H),6.40 (d, IH, J - EHz, eH), 6.61 (d, lH, J - 
IO Hz, lOH),7.02 (d. IH, J I 8 Hz, 5-H). 

~~~~ [&2-b : &4bl dlpyran 10. lol~~~~k add (10 mg) was added to a soft&n of 0 
(1.16 g) in benzene (25 mf) and the mfxture was heeted to 500 for 30 mfn,aftar v&f& ft was vfasfwd Mh NefiCOs sofuffon, water 
and dried (CaClp). The solvsnt was removed and the resfdue was ChromatograpfvxJ over sllka gel. Elutfon wfth pet. etfter gave 
10 as pale yellow ofl(0.5 g).;v1640,1600,1870,1470.1386,1370,1270,1210 an”; 61.41 (s,6H, gemdlmethyf), 4.60 (q, 2f+ J 
- 3.6 and 1.8 Hz, 2-H), 5.57 (d, IH, J = 9.6 Hz S-H), 5.60 (m, IH, 3-H), 6.31 (m, IH, 4-H), 8.32 (d, lH, J I 6.0 Hz,BH), 6.59 
(d.lH.J-S.6 H&lo-H), 6.72 (d, 1H. J = 6.0 M, 5-H). Found : C, 78.Ml; H, 6.67 C,4H,40z requfres C, 76.48; H. 6&S%. 

6a, 12aplhydm-2,2-dfmetftyf-2H, 6K[l,3] dfoxolo[Sfl ~zofu~3,2-8] ~rano[2,3&] p] knzopyran (+LaMarplnll. 
A mixture of 10 (400 mg), UCI (160 mg) and PdClz(33O mg) In dry aostono (15 mf) was stfrred at mom temperature for15 mln. 2- 
Chlwomsrwrfo4,5-~~othylon#lloxyphend (740 mg) In dry acetone (15 ml) was added to ft and stfntng was contfnued for 5 h. 
fi reactfon mixhire was then poured Into twke Its vofume of saturated fxfne,extracM wflth benzene&e extrad wasfwd wf& 
~~~d~(~ .~~l~~v~~~a~~~~~ was ~~~~~~ sllfca gef.EfutJon wf&pot 
ether- ethyl acetate ( x : 2) and crystafllsatlon of the pmduct from pet. ether-benzene gave 11 as cofourfess needfes 
(lOOrng).m.p.l66-1700(lft7. 166-1~); ~1620, 1560, 1360, 1375 an”; 61.42 (8, BH, gomdlmethyf), 3.46 (m, lH, 6a-H), 3.65 (1, 
lH,J- 10.8Hr6ax-H),4.25(m, lH,6eq-H),SM(d, IH, J-6.9Hz. 12a-H),5.57(dd. IH, J- lOHr3-H),b.9O(q,2f-f,J-lA 
Hz,*H),6.43(~, IH, It-H),BS2(d, IH, J-8AHz,l4-W),8.62(d, IH, J-lOHz,4-H),&72(s, lH,7-fi), 7.23(d, IH, J-6.4 
HZ, 13-f+); m/o (relative 1~~) 350 (f#+, 721,335 (laO), 173 f36), 167 (31). Found : C, 71.6& H,F&XC,H,sO, requfres 
C,71.9@ H, 5.16%. 

6a, 11a-Dfhydre-7-m~oxy-2,2-dhnetftyf-2& BKbenzofuro k-1 pyrano m] [l] Nn (& faohemlfefooarpfn-12. 
A mixture ot 10 (400 mg),LlCI (160 mg) end PdClz (330 mg) In dry acstnns (15 mf) was stfrred for 15 r&after wf#& 2- 
~~methoxyphenol(720mg)kdryaeetone(t5ml)wasaddedandthemlxftrro ~r~~5h.~-upa~ 
~~~~y of tfxe reauft kg msfdue ovar s&x gef (efuant pet. ether-etftyf acetate 96 : 4). gave *2 v&f& u+affMd from pot. 
etherascoiourlesssol#(120mg),m.p.83-85°; v1620,1560,1360,1375un-*;6 1.42(s,6H,gemdlmetftyl),3.69(m,1H.6a-fl),3.76 
(m.lH, Bax-H), 3.65 (s, 3H, OCH,), 4.33 (m, IH, Bsq-H), 5.55 (d, IH, J I 6.9 Hz,lla-H), 6.56 (d, IH, J - 10 Hz, 3+f),8.45 (d, IH, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(t, IH, J - 8Hz, 9-H). Found : C.74.w H. 5.84. Cz,H2oO4 raqufres C, 74.w H, 5.99%. 
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