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Abstract - The l ryletion of chfwnm-l-one l nd 4-hpdmxvcoumarin dsrivr- 
w pentrvalcnt &rplhfrmuth rcaganta bar been crrried out. Chmmm- 
I-one given the. Sdiphenyl derivative, whereto 3-formyl and 3-oxalyl 
dsrivrtivsr are phcnylrted to imflwrnones in &crate to hfph yields, 
Arytrtion of bhydroxyeoPmn&s by rulour WV) rwmntl glws rice to 
f’unctlunallv substltuted 3-aryl-4-hpdmrycwmuino in high yfelds. 

The irrrrflavanonrr , S-aryl-4-hydroxycoumulne rnd their tirthsr elaborated 8tructurw, 

such a.m the ptemcwp8.w urd rotenoidm, are an important group of biolo@cally active nrtturll 

pruducta * poo~86ln~ l common C-15 rkeleton. While the Ieoflw~oneo 1 md 

3-w-yl-4-hydroqcoumarina 1 have exhibited linitmd biolqyical activity. they are imwrtwt 

synthetic precursors Ierdinu to the bioloplaally active iooflwonold derivatives,’ The 

iwflrvonaids, rMch am? of limited tuonomic dIrtr!hution, have ctest mmnic, inrecticidal, 

pindtial md antifungal pmperties.’ A number of synthetic routee have been dwind with 

llF!ted mccem for the evnthseir of i~flrvmone83 and 3-•ryl-4-hvdmryooum~r(nr.l 

The nvnthwb of both of thertc: Irurllavonoid rtructural typer In good yieldr still remdns 

unutirfrctorP. Aryhtlon a- to the cut~nvl mp of the chromm-4+nc 3 md I-hydroxvcaumrrln 

j skeletonn is UI obvious synthetic route to the imflavanoid and the 3-rryl-4-hydrox-vcourrin~. 

raapectiwly l The momt ratisfactory rynthedr of ieoflrv&nonso. for exw@e, ir the prlladlum 

atalyti Hack l rylation of chrun-S-en-44 rcetrtaa with rr+~rcu~~Xt) ampoundr. 5 

However, it mqulre~ the une of I rtofchimwttic amount of pdlMlum wzstrte and of toxic 

l rylmmcwy dsrlvrtiver , 
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Amng the recently fntmduced l rplrtion methods, two )Foups of or~ometallic c?nmnounfls 

have emer#ed IS partlculrrly sfRdcnt aryl cation equivalents for the l rvlatlon of n wide vwMy 

of subatratcr under very mild conditions : the l ryl-Itad cwnpounds ntudltd by Pinhcv, 
6 

and the aryIblsmuth(V) compounds. 7 Ptntrvalcnt owanoblsmuth compounds n~c efflcitnt 

l ryleting reqanta for phenols, ketones, l nols and other l mbldent nnlonb, au well au for the O- 

and N-phenplrtin of alcohols. phenolr, urd amlnes. 
7 

As an erttndon of these sturllts towards 

the aynthtst of natural prwtucts, we now report the l ppl!catIon of these rergwntrr tn the direct 

arylation of the chmmn-l-one 3 and I-hpdroxycoumrrin 4 skeletons. 

Arylrtion of the potudum cnolutt of chroman-l-one 3 with Ph3B1f!:(19 S or Ph3RICl, 6 lwl 

to modest yiddr of the CIS)-dlphtnvl dmrirrtivt 7, and some ITHBnODhenyl dtrivrtlve 8, with 

Ph38tC03 Ph,BiOTon 

S 22 

PhSRiC1, 

6 . 

Ph5Di 

23 - 

PhjRl(Ohc)2 

21 - 

PhjBI(OTos),, 

24 - 

concomitant dccocaposition of 3. VwMIon of the rerctian ~ndltlpns frllefl to improve the 

ralectlrlty of the wylatian. Bec8uns of the higher add’itp of C:(3)-H In 8, cnolate txchangw 

fwoured the fornrrtion of the sccand covalent wylhismuth enolatt.a leading to the dtphanvl 

compound 1. To atop (he phsnylailon nt the monophtn~lrtcd stage, the most ohtrlcl~rlr WV wau 

to replace one of the acidic protons et Cf3) by rn saslly removnhlc slwtmn-withdranlnp 

mop’ uhfch would fbrther activate that pmltion towards tnolmtc! format-fan. SInca rncmt natural 

isoflrwrnsnes posress n C(7) oxygen rubstltuant the l rplrtion studlen were then performed with 

‘I-rubatitutcd chwnan-4-oner. Vwioos ettemptr to prepare the J-crrhethnxy dtrlvrtivs of 

7-benzylaxychmm#n-l-one 9 Itd to complex mixtures, 

Subrtltuttd Chwnan-l-ones 

It1 R2 

ii 

?i 
H 
OCH,Ph 
C’CH ’ 
OCHSPh 
OCH* 
Or H'Ph 
0CH* 
0CH3Ph 
0CH’ 
tXH:Ph 

Ii 
Ph 
Ph 
ii 
H 
CHO 
CHn 
Ph 
Ph 
Ph 
Ph 
CO-clJ*et 

ii 
Ph 
ii 
H 
H 
H 
H 
Ph 
Ph 
II 
H 
11 
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Horevsr, &urn mathoxide catdyaed aMal oonbnutba of e and 10 with ethyl Kate af’ftied - 
utisfmdory JieJdr of the 7-bensykxy and f-methoxy-3-formylchnwnur-l-one 11 and 12. The - - 
phenylatlon of fi ti 12 ~88 attempted under a vuhty of condltionr. Becauw~ of the reJMire 

JnstabJJlty of 11 and 12, - - the dJphenylated producta 2 and E were pIpducad In hJRh Meld, 

fnlJowJng in dtu ckfomylation. -- The bent yiaJd of ‘I-bent~Joxyl~flava.none lb ~a8 only 32a, and - 
for the f-methoxy an&qua fi, only 26%. Moreover, In the m reaction of fi, two minor 

product8 17 and 16 were aJa, obmenred. - - Mmer 17 nmae by an aJdoi condmution between z 

17 R’ - PhCH,O ; It2 - H 

18 RJ - PhCH,O : R2 - Ph - 
19 Et’ = CH30 ; R’ = H - 

and its enolate, iWowed by decarbonylation, dehvdratim and rubwqutnt iraeriaatlon, rhll~ 

pMduct 16 l ro~ by a dbect phenylatlon of 1. - In the l rvJation of 12, cmly the dlmer 19 u~lr - - 
observed. Aa an aJtematJve activating gmup, oxaJyJ derJvatJvc 20, a stable, cwotallJne 

compound ua8 prepared by condenution of f with &thy1 oxalate. -iNtat hydrolyelo nf the 

oxalp pup did not mur with 2, hJgh yJcJdrr of diphenylated product 13 were l gaJn observed - 
for both tri- and tetrr-phenplbfsmuth reagentr 21 and 22, Uherrraa reaction nf 22 retqufred - 

ha8Jc condltJon8. trfphsnylbiwnuth dlwetate 21 reacted even under neutraJ condltlons to vl&l - 

the diphenpl derivative 13. - Pentaphenylbiwnuth 23 Is known to react with a ride var%ety of 

rub8trates under neutrll condltlona, and partJculnrJp rrith enolic fl-dlcarbonyl compounds. 
la 

Thur. reaction of 23 with 20 led to a gwcJ vIsJd of tha monophtnvJ.ated derivative 15 (561 at - - - 
roM t@mperatuYw). Under these reactin condftion8, the nxalpl protecting group wae aJso lo&, 

after phenvlatlon took place. A srndl amount of the dJphenv1 derfvatlve 13 wa8 obtdnad. - 
However, conductfng the reaction at -23OC under strJctIy neutral condltfons, a near ourntitatlve 

yield of 7-bentyJoxyiaoflavanone 15 ~88 directlr obtained (bit), wJth only 38 of the diphenvl - 
derJvaHve 13. - In spite of thslr mlatioe JnatabJJJtv, enolk subotrate8 11 and 12 reacted ulth 23 - - - 
to afford high yield8 of the cornspondlng iaoflavanones 15 and 16, - A&n, hydrolydr nf the - 
formal frroup um not necearary. ae It wu lost under the reaction condiHon8. ThJr svnthetic 

route, utJJJring pentaphcnylblsmuth, provides a general method for the synthseI8 of A-rJng 

8Ub8titUted ieoflavanonea fn high geld. However, Boat Of the bloJ0gJcalJy aCthe ibotiVmdd8 

bo pOSSC88 l lUb8titUent fn the B-ring. TheoretlcaJJy , aub8titated psnturyJbJ8muth rould be 

requlrwd. IlnfortunateJy, a Umited number of such compounda la known, and none of them ir 

8uitabJe for further eJaborrtion to varJnu8Jy rubatituted Isoflnvanonaa. 11 

An alternative 8ynthetiC rpprrrrch to the 8ynthesiR of B-rJng l ubrtituted 1wRavonddr 

rouJd involve the action of pentaoaJent OrgnnobJsmuth reagent8 on 4-hydroxycoumarJn 

derJVatJVe8, PentaphenplbJomuth 23, - triphenglbfunuth dlchbrfde 6 and dltwyJate 24 were - 
nacted uJth 4-hgdmxycoumarin 4 to dve very low yhlds of the monophenyJ&ed dsrJvatJve 25. - 
Howwor , triphenylblamuth dinltrate 26 rarllred a relatively m phanylatbn of I, under baolc - 
conditiona, to give I-hydroxy-3-phen?JcwmarJn 25 (SSI). RventuaJl~ * trlphenvlblamuth 

diwetate 31 reacted with i under buic amMon~ to provide a high jeJd of 25 (81%). - 
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Table 1. Phenflrtion ot ChraauA-one Detrlrrttvsr 

labmtrate BP Rmqpnt Reaction Condtiona’ Pnxhlct, (8) 

!aq. 1 (oq. 1 

3 

3 

3 
s 

?1 
11 - 

11 - 
11 - 
11 - 

12 - 
I2 - 
12 - 
20 - 
20 - 
20 - 
20 - 

a (3) 

! (3) 

5 (1.1) 

a (1.1) 

5 (1.2) 

3 (1*2, 

b (1.5) 

a (1.5) 

23 (1) 

s (1.1) 

a (1.1) 

23 (1) 

21 (I.11 

22 (1.4) 

E (1.5) 

23 (11 - 

THP. KH (31, reilux, 12h 7 (34) 

CH2C12, KA (3). mflux, 1Zh 1 (311 

CH2C12, RH (31, rt, 72h 1 (17). a (1s) 

THP, RR (31, rt, 72h 7 (201, f (22) 

THP. KH (3). rt. th 3 (IO), 15 (14) 

THP. BTMC) (3,9), rt, 1Sh 2 (131, 11 (101, c (17) 

THP, RTMCi (1.21, rt, Sh 13 (141, 2 (321, 17 (5) 

THP, BTMCl f1.2). 18C6, rt. Slh g (15). E (30). 17 (2). E (2) 

THP, -23OC, Ih 2 (71, E (94) 

THP, BTMG (1.51, rt, 2h r (10) 1 g (41, 10 (40) - 
THP, BTMG (1.11, tt. 4h 1( (141, z (251, 19 (13) 

THP, -23+3C, lh z (91, 2 (79) 

CH2C12, dark, reflux, 4h 1s (251, 15 (211, pfi (41) - - 
THP, BTMO (2+1), rt, 21h g (371, E (23). 2 (26) 

TH?, I-?. Sh E (111, 15 (5b), aa (9) 

THP, -2S*C, th 13 (31, 15 (98) - - 

I) rt h mom tempenture; l!ICd ia QcyAohtxyl-ld-cram-I. 

Subrtitutad I-hydroxycouumrlna 

NO R1 9 R3 

4 

2s - 

27 
28 - 
29 - 

z 
32 - 

sr 
E 
36 

H 

Ph 

A 

R 

Ph 

4-CH&H, 

4-CF$-C6H4 

3-02P-C8H, 

3-CI-CdH4 
1-Ad)-CdH4 

H 

H 
Ph3XB1 

H 
H 

H 

H 

Ac 

AC 

AC 

H 

H 

H 

CH30 

CH20 

H 

CH20 

H 

H 

H 

The l trtking fnflnpence of the leevlng -up Intervsntnf? In the fonnatton of the covalent 

coumwinoryblsmuth Intermediate 27 lo noteworthy. Momover. onlr the wwwwphenplstw’l product - 
ua8 obtained. An even higher ylsld of 25 warn obtdned with trlphenyl’bfsmuth dfamtatc, when - 
the rmctlon ot 4 with 21 uaa parformed In nfluxl~ THF or CH2Cl? In the dark, under neutral 

condltiona. A8 oppomd to the reaction of 21 ulth the enollc rubrtmte 0 rwulting in the - 

blw(=-phsnpl dertvrtive. only the mono-g-phony1 dertrativc 25 uao obtdned under thest neutral - 
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condtionr, l dudkr C-phsnylati m wea obnned prwkiurly in the cue of 

ethyl 2-oxocyclohexuwc4.rbo~l~te, 12 ruch I rewtion was rather unsvtsd on the brdr of our 

recmtky demribd +qlrthm mecthn of l variety of rubstratem (much u phmob, smlr and 

aloohoir) by trt8~Ibimmth &cylrts~. l3 Thfr ralctbn ~..a llro epptisd to t-tihory anrlogus 

z afVo?din# p)* Again, the generality of this renctlon IO U&tad by the evdia&Blty of the 

triwylbtunuth -t&es. Thar, rumt SO mre the UXI~~I c and 32 In good Jisldr. - - 

Table 2, ArylMon of I-Hydmxpeownuin Derivrdvee 

Substrate RtV Reagent Reaction Condltkwm Product6 ($1 

(eq.1 (sq. 1 

4 9 (1.65) 

4 z (1.10) 

4 21 (1.05) 

4 c (1.1) 

4 z (1.25) 

4 35 (1.05) 

28 21 (1.45) - - 
28 - 30 (1.45) 

THP, KH (31, reflux, 67h 

THP. BTMC (1.21, rt. 23h 

THP + CH2C12, BTMG (1.21, 

CH2C12, dark, reflux, Ilh 

CH2C12, duk, reflux, 19h 

TRP, BTbtHO (1.21, rt, OUh 

CH2C12, dark, reflux, 43h 

CH2C12, duk. nflur, 4Sh 

4 (461, 25 (25) 

i (251, g (SS) 

rt, @Oh 4 (81, tS (81) - 
r (31, 25 (92) 

j (81, fi (88) 

34 (83) 

E (51, 29 (82) 

a (7). 5; (80) - 

Recent rtudier on the compultlvc migratory aptitude of a-1 pup8 in the r~lrtlon of 

phenol8 and enolr by pentavaltnt wylblrmuth nrgmt l have shorn that dtm rubotltuted uyl 

groupr mluratc much faster than a phenyl or anfayl groupa.14 Under ba& conditions, 

trlphcnylbfrmuth dlnitrrtc pmved to be the mout cffldent arylating agent for I-hpdroxy- 

coumarip . Accordingly, the tri-E-nitmphenyl derivative 33 would be sxpccted to show mn even - 
ruperlot r~latfng 4cl1vity. When thim qnt uaa reacted wtth I-hydmxpmumrrln under bade 

condltionn, and the rsrction mixture acetylrted, I-rcctoxy-S-(S’-nitrhenyl)-catrmrrln g w&a 

obtdned In 838 yteld. Thla compound ua.m f’urthsr functiona.Uswt. A rarlaty of reducing agents 

(Ra.ney nickel, tlturlum(t1) chloride, tltanium(f1~) chloride, iron-acetic add) were tried rrithout 

IUCCW~ In the attempted reduction of I-rcstolry-3-(St-nit~phsnyl)-coumrr3n to the corrc~- 

pending u&w. However, rsducdon of jr occur-d on hcatlng at SO°C in concentrated HCl for 

12 bra tn the prewncs of tin(Il) chhwl&a. The mine ult wu dimotitsd in atu by tium -- 
nitrite. Replecemcnt of the blasonlum rrlt by I hydroxyl group followed by l dbltion of rrtsr to 
the cold dlasonlum aolutbn and heating rt 70eC for 4 hrr. hcetylation of the Fclrction mixture 

with rcstlc mhydrlde/pyrl&te afforded two pmducts, I-its-S-(I’-chbrophenyl)-cpu~rln 35 

(27t) and I-acetory-3-(a+-Hzstox~henylI-couamrin fi (IJIB), Ths synthrrie of I S-rryl-4- 

hydmxycoumuin suitably dcrhtired for further tiflcation wu therefore rcalired. 

Theee mtudiem have tiwn that proper chdca of the orguiobiwmuth reagent and of the 

reaction oonditlrms can lerd to high yleldn of aelectively monophenylated derlvrtlver, l reaction 

which ua# currently difl’lcult to perform with orgw?ohiuPuth ruqents and tmpaseibts with 

orga.Iwle&d coolpowlda l 

1s Fwthtr work Ir now under p-w to slrtxwatc theee lmflwanone 
derivatives, 
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n.p.4 ~#te detormloed with 8 Ufl4r hot-et.&* .pparatw and are uncorr.et.d. lu-mu 
.paetr. wr. recordad on Perkln-IIIm.r RlZ or B12B rod Varia. PM-360 (60 ?lHt) l p*ctrowter@ or 
tith a J-1 PR IDOL (100 MHz) la~trummt for l olutlo?j in CDCl with TN3 aa internal .tandard, 
ml... otherwla. .tated. 270 tit Ii-?MR and 67.8 lCAt C-lWR w+. rccotded on a Jeol J#rl-CX 770 
PT inotmnnt. YR .pmtra vlrr recerded en P.rkiwt1m.r 2831 or 297 l pparatu.. U.V. .pectra 
were emmared on l Pym-hicam SP8-400, Pmrkin-Llmor 124, 558 or krbda 5 .pectraphotowtrr.. 
M8.e l pectra u.r. rrc0rd.d on a VG ricro~ss 7070 H l p.ccrosetar. All solventa and realtent. 
were pur1fi.d and dried by l tandard technique.. Chroutographic *eparationa were performed 
uelng Merck Ki***ly(cl 60 W-254 (Preparative t.l.c.1, M.rcL Kir..l$ml 6&H (Colum chromto- 
Kraphy at l horpherlc prerrure or under light prtraur.). Ech.r r.far. co dfcthpl ether. KH wae 
4 35X .u.penaion in mineral oil. 

Prmparatloa of OrRaaobimth R.aKenta 
Trlph.nylbia#uth carbonate 2, triphenylbimth dichlorid* 5, triph.nylbismuth dfacatato 2, 

totraph.nylblmthtolu.n.-rmulphonate 27, pentaphenylbirruth 23, triph)nylbi.much 
dltolurm-E-mulphonata 24 wre pr.par.d by literature wthodm a. prsvioualy reported. - 

Triphmylbimth Maltrate 26 
A solution of ftming nftric acid (X.25 8, d 1.52) in l nhydroua nthplme dichloride (50 ml) 

warn l dd.d dropvirr to a vi$orou.ly l tfrr.d rurpenrion of triphenylbirruth crrbonate (5 a) in 
l nhydrou. m.thylrn. dichloride (75 ml>. Ttm raactloa rlxtur. w.. l t1rr.d for a further 30 min. 
Th* volume of wthylme dichloride u.. reduced in vacua and en .xcoea of cthrr added. The -- 
precipitate u.. fl1t.r.d. wahrd with mtor, ether and cryrjt 1lir.d (methylen. dlchlorld.-.therl 
to giv. 26, a. needle. (4.75 8, 84X), l .p. 159-~ll*C, lit. 148.C. (Pound: C, 38.50; H, 2.51; 
H, 5.16. Calc. for C,IH,5fliN206: C, 38.22: H, 2.66; N, 4.96X1, 

Tri-tnitrophrnylbirth D1nftr.t. 33 
- -26 (2.5 8) ua. added to fminrnitric acid (25 K, d 1.52) which had bren coo1.d to -IS*C. 
m. rzultin8 l olutlon vaa rtirred at -15.C for 10 win, and th.n rt room tarperaturc for 22 hr.. 
Th. rolotion ~a. cautlou.ly added to icre8t.r (150 ml). The prrclpitaca we. filtered, vamhod 

with vat-, hy;4;:; cr;;:‘t$ ited (acetone-hrxanr) to yield 2 aa pale green medl.. (2.98 II, 
96X), rep, - 

12: C, 30.9;: H, 

loS.c 
(Pound: C, 31.25: R, 1.59; N, 9.52. 

i.72; N, &0,X). 
C.lc. for 

C18H,2BiN 0 S 

Tri-p-tolylbiamuth Diac.tatm 30 
- To a ~11 .tirr.d uurpenrioa of tri-p-coI+lbimth carbonate 

10 
(I.15 g) fn nthylrnr 

dichloride (IO ml) uaa addad dropvire at rum tamparaturo a solution of acetic acid (1.20 ml) in 
rthylmn. dlcblorida (6 ml). Aftmr 15 min, th. voluu of the how#rn.oue reaction slxtor. uaa 
reduced to 2. 6 ml. An exe... of ether warn added and the precipltatr fi1ter.d and cryrtallirtt 
(wthylene dichloride-hexane) to yield 2 l e fine needler (la03 g, 81X), rep. 159-l6b’C. lit. 
162.C. 

Pr.paration of Oxygen H*t*rocycl*r 
7-B.nryloxychr~-L-on. 2 (m.p. 101-103*C, lit. l9 103-104.C) * ?-wthoxychroun-4-m. 4,$ 

Ir.p. 52-54.C. lit. 5%54.C). 3-fomy~-7-m.thoxychrara-4-onr $ tm.p. 99-lOo*C, lit. 
IO&101.C) and 4-hydroxy-7*thoxycwrin 26 (m.p. 254-256*C, lit. 2S6.C) wra prrpared bv - 
literatur. wthod.. 

A solution of 9 (1.07 8) in l nhydroua bentsnr (13 ml) YU rdded dropvirr to a cooled (O*C) 
eolution of l odiu~ Lthoxide (0.68 R) and ethyl formate (2.78 g) in l nhydrou. b6nt.n. (20 ml). 
Th. rlxtutr vaa viltoroualy l tirrad for 1 hr. After acidification (R sb 

2 
30 ml of a M 

aolutlon), La&t. the bmxtn. l olutioa uee l xtrect.d tith l queou. 0.W l odium c.r ~loxl0 al). 
T?I. alkali extracta wrm acidifird and the precipitate uaa filt.rad, v8.htd with u.t.r end 
dried. Afc.r cry.talli+ation xana-cth.r), fi mm obtained 81 platre (0.868, 74X), m.p. 

I12-113*c, v 
‘\I 

(cRCI 1 1610 cm ; 1 f?f*OH) 308(7691), 276(13791), and 214(27935) m; 6 
(al ) 13.8&?z, br.i, OR), 7.94 (lH,d. J 8.7 Ht, 5-R). 7.64 (IH, ., k-R), 7.49 (5H, aI Ph)* 
6.78 $lH, dd, J 8.7 R’t and 2.6 gic. 6-H), 6.60 (IW, d, J 2.6 Hz, S-H), 5.15 (2H, a, GC)12Ph). and 
4.90 (211, 1, 2-cR2); l/Z 282 In , 77). 254(15), 91(100), and 65(24) (Pound: C, 71.96: H, 4.80. 
C1,H,404 raquirrr U. 72.36; H. 4.96X). 

Ethyl l .t.r of 7-Bwtryloxy-4-oxochroman~lyoxylic Acid 20 
A .olution of fr..hly dirtilled diethyl oxeIata (2,64 K) in l nhydrou. tolu*n* (LO ml) ~a* 

8dd.d dropuiee to a viRorou.ly .tirred *olutfon of aodium l thoxida (2.93 $1 and 0 (3.0 R) in 
l nhydroua toluen. (30 ml) under an l tmaph.re of arKon at room temperature. Aftrr rtirring for 



Pcn~vaknt orgxnobtmuth rugmu XII 6393 

21 h, the mixture mm l cldifimd (m R So , 60 ml). T?w toloam 1-w m, l xbwtiral~ l xtractad 
vlth wtar (4x25 ml), follawd by 0.d &OW tiftlr cm?bmut@ (4x30 l l). T?w c&fned l queom 
l xtractm wre quickly l cfd4fled. I?M yellow prwlpltrta uxa flltm&d, nrhed vith ntmr, dried 

to yiald 20 l yellow pIatom 8. 76x), IW-llO*C, 
(CRcl ) 370(12265) and m; (CM.1 270 ?tllr) 

7.84 (111, d, Y%t.79 Wt3, Ml), 7.38 (5R. a, PM, 6.69 BE. Ud? J 8.79 Ilt 
and 2.20 Rx, 6-R), 6.47 (III, d, J 2.2 Rx, 8-F!), 5.38 (2’E, l r MA ph). 5.09 (28, l r 2a2), 

-al ): d t&c1 1 105.39 (I, C-38). 
4.38 

(tH, q, J 6,9 Rx, dell ), md 1.40 (3R, t, .J 6.9 HE, 165.97 
(m, c-41, 163.26 (a, A?), 162.39 (u, c-9). 159.72 (I, C~30),c~35.683~.. C-121, 128.90 Cd, C-51, 
128.82 (d, c-13, C-17). 128.47 (d, C-151, 127.58 (d, C-14, C-16). 114.16 (I, C-10). 111.43 (d. 
c-6). 107.65 (a, c-31, 101.82 cd, C-$1, 
and Ir. 14 (q, C-3~. CP3): m/z 354 Cn , 

70.49 (t, C-II’, 66.14 Cc, C-2). 62.52 (t, C-31, CH+ 
lb), 279(14), 252(14), and 91(100) (Paand: C, 66.58; II, 

4.92. CZOH ,606 rmqulrmm C. 66.81: A, 5.08Z). 

Phrnylation of Chmn-4-on.a 2 

a) With Ph3Blc03 2 (3 l q.1 : A ruepearion of 2 (0.50 8). 2 (5.07 ~1 and potmmlur hydride 
(0.54 10 in l nhydtotw THF (30 ml) vae rtirred under reflux under aitm#oa for 12 h. The l lxturr 
uas filrcred through Calitm, THF dimtilled off, and the remldor purified by colum chrouto- 
graphy (elwnt: hexam-chlorofom-mo than01 40:20: I) and cry8tall 
3,3-dlphmylchroun-C-ononr 1 l m nerdlrr (0.34 gr 34Z) , m*p. 1 29-131*C, 

to yield 

b) With Ph{iClb 2 -(3 l q.) : A reaction am above perfornd in enhydrow nthylrne 
dichloride (2S m 1 vlc 2 (0.30 ~1, 6 (3.62 8) ax! KH (0.24 ~1 afforded 1 (0.23 g, 38t). 

c) With Ph MC0 1 (1.1 l q.1 : A l urpawlom of 2 (0.25 s), 2 (3.71 I) and KM (0.20 8) in 
l nhrdroum n ethyke a ichlorldo (10 ml) mm l tirrrd at room temprraturr under nltroRen for 72 h, 
llw mfkture um filterad throwb Ctllct, the l olvant diotllled off and the rrrldua porlfiod by 

coIum chrmto8raphy (rlwnt : ether Bradlent in hrxane) •ffordm~4~ (0,086 8, 172) and i which 
c~rtxllized (methanol) •~ platea (0,056 g, lS%), r.p. 77*C, lit. 77.C. 

d) With Ph 

s 
BlC12 2 (1.1 l qe) : A reaction au above prrfornd in l hydrwm THF (20 ml) vlth 

2 (1 8). 6 (4 8 and K?i (1.08 #) nave 2 (0.40 8, 20X) end 8 (0.33 R, 22x1. 

Phanyletlon of 7-8anr~lo~-3-fotmylchronn-4-ona fi 
a) With Ph 

3 
BiCO3 2 and KFi : A rwpmrlon of I_! (0.125 R), 2 (0.261 I) and KH (0.052 ~1 in 

anhydrous THP ( 11) mm stirred at room tamparacura under an mtmephere of rrlon for 7 h. The 

mlxturc VM filtered throrrfi Calitr, the rolvent dlrtllled off and the rerldua fractionated by 

colum chromato~rephy (ela.uot : hrxane-ether 3~2) to afford 7-benzyloxy-3,3-dlphenJrlchta8n4-oao 
13 (0.072 #, 403) aa a rolld, q .p. 143-144.C. v (CHCl ) 1680 and 1626 cm ’ ; X Wotl) 
323(9730), 287(17075), and 23W42687) cm: 8 (mfl’7.95 j,R, d, J 8.98 Rx, 5-H),?:jB-7,22 
(lSH, m, Ph), 6.63 (IH, dd, J 8.98 Hr and 2.38 RzF b-R). 6.43 (lft, d, J 2.38 Rx, 8-H), 5.02 (2R, 

l , -OCC2Ph). and 4,US (2R. l , O-CR 1; m/z 406 (M , 
9l(lOO) (Found: C, 82.78: 1, 5.63. 

35). 329(10), 226(66), 180(64), lbS(l?), and 

C H 0 
38 22 3 

rrqulrrr C, 82$9: H, 5,42l), and I-bentyloxy- 
lroflavanonr 2 (0.021 1, 142) xo l l oli , l .p. l29-l3l*C, lit. 130-131*C, 

b) With ph BlCO 5 rnd bT?K : A rraction aa abow vrforud with c (0.122 g)* 2 (0.281 II) 
and IT’!% (0.tea3r) r$frrrd for IS h afforded l ftar work-up 13 (0.024 g, 1321, e (0.014 II, 10X), - 
and 7,7’~ibanrylo~-2,3dlhydr~3,3’ncbylana-bf8chr~n-4~na I?+ (0.038 8, 1721, U.p. 166- 

167’C (methanol-bmzrne), v (KBr) 1672, 1632, and 1606 cm ; 1 (CRC1 ) 302(31769), 

268(*1730), end 244(39653) ru!?“& (CDCl 270 IIRr) 8.11 (lI1, d, J 8.79 #1:*St-H,3, 

7k7.32 
7.86 (IH, I, 

2+-R)) 7.81 (I!?, d, J 8.79 Rt, S-H), (IOR, l r 2Ph). 7.03 (IA, dd, J 8.97 Hz l d 2.38 
Hz, 6*-H), 6.87 (Iii, d, J 2.38 Hr. 8*-R), 6.63 (IA, dd, J 8.98 Fit and 2.38 ffr, 6-R). 6.4S (Ia, 
d, J 2.38 HZ, 8-H), 5.13 (2H, a, -0CH Ph’), 5.05 (2H, l , 0C?#2Ph), 4.61-4.17 (2flr l e CKR 1, 

3.13-3.08 (LH, l , 3-H). and 2.99 -2.64 &i. l r 8). 427(4), 266(21), 253(7$, 
and 91(1OO) (Found: C, 76.58; R, 5.03, 

Crr2): m/t 518 (H , 

‘$26’6 
requlne C, 76.47; U, 5.02X). 

(0.22 

c) With Ph3BiC12 2 : A react ion aa l va perfolwd vith fi (0.30 6). 5 (0.77 $1, and BTW 
g), l tlrred for I h afforded after wwk-up 13 (0.060 8, 14X), 15 (0.11 g, 32x1 and 17 

(0.027 8, 5x1, 
d) Uith 

U), 

Ph BiC12 2 and 18-crown-6 : 
dlcyclohoxy -Id-crowd 1 

A rarctlon •~ above prrfornd vith fi (1 g). 5 (2.11 
(0.15 ~1 and bT?K (0.726 g) l tlrred for 56 h yleldod 13 (0.11 a, - 

152) * 15 (0.18 R, 3Ot), 17 (0.019 R, 7%) and 7,7’-dibrnrylo~-2,3-dihydro-3-&nyl-3,3’- 
nthylmr-blachmn-l-one 18 (0.018 8, 2x), l .p. 149-150.C (uthaml-ktreoa) l v 0Er) 1673, 
1632, mad 1605 cm ‘; 1 (&I ) 305(20386), 

8.02 (la, d, J 8.79 A+,y-R), $78 (1H:. d, J 
277(28118), l d 149(26010) na: d (wf , 270 

7.327.13 
MHz) 

8.79 Ht. S-R), 7.47 (IR, 8, 2’-H), (1SR, 
l , 3Ph), 6.95 (lR, dd, J 8.97 Hz rod 2.38 Rr, 6*-R), 6.74 (IA, d, J 2.38 Hz, 8’-RI. 6.49 (lH, 

dd, J 8.89 Ur and 2.38 Hz, 6-R), 6.24 (lR, d, J 2.20 Rx, 8-R). 5.04 (28, a. 

d, J 12.64 Er, R 
(lH, d, J 14.10 r?!, 

or Hz& 4.89 (2R, I, M_ -Ph), 4.36 (IF!, d, J 12.64 Rt, 

R ) mad 2.96 & d, J 14.10 FIR, H 

503(s), 368(7), 329&b).“i7%!I: 
or R 

78.00; R, 5.05X). 
and 91(69) (laund: C. 78.40; kfB5.09.1’~39H3006 requlrem C. 
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01 Uith Ph bi 20 : A rolutioa of 11 CO.050 ~1 and 20 (0.105 8) fn l nhydtow TW (1 ml) ram 
meltred l t -234 St MI l troephate oFat#ott for 1 h.- THt vu d$rciiiuj off and ptrpatrL1vm 
t.1.c. of tbo tmidua (alumt: rthylana dichloridehoxam 9:l) l ffot&d 13 (0.005 8, 7X) l d 2 - 
(0.049 6, 64X). 

Plmaylrtiou of ?-?tothay-)_forqlchroua-h-on@ 12 
a> With Ph MOO 5 md BT% : A toaction petforrrd a. for ; vith 12 (0.4 R), 5 Il. 10 8) 

and IRK: (0.5 63 in b (15 ml) airtad for 2 h at room tompatamra. affordad 3,3-d$tm+7- 
wthorlchrmo-4-a 14 (0.066 6, 10X) aa piatom, l .p. 

1661 and 1606 cm ‘; i- 
151-152.~ (methanol-hmxma), w me) 

o(rCM) 314(8710), 276(15034), and 208(37421) m; 6 (CDci , %I HH+) 
7.86 (lH, d, J 8.96 Szf’%O), 7.26-7.15 (IOH, l r tPh), 6.48 (1H, dd, J 8.98 Rr .:d 2.M Hf. 
6-H). 6.26 (18, d, J 2.39 At, 
Sl), 253(16), 160(100), 165(34), 150(82), and 122(lof (Pound: C, 

8-H). 4.78 (2H. l , -OCR 1, and 3.70 (3H, l , 0CH3); m/c 330 (II , 

t*quit== c* 80-01; “* 
16 aa ffnr n:~~~~~ c”d.O:o’“,’ 4X3, r.p. 

C 2Ta03 

92-93.C (marhanoi), fit. iwthory-3.3’-wrhyl.l.-b~*ch~-~-~- 
19 (0.294 g, 40X), l .p. (*that-haxmo) 174-175.C. - 

b) Uith Ph liCi2 2 : A traction l I above petfoked vfth 12 (0.50 t), 6 (1.38 g) aad ET% 
(0.47 a) atitte a for 4 h at tool temprtatuta, rffotdod 4 (0.116, 14X), fi- (0.15 R, 251). and 
19 (0.112 6, 13X). 

c) Uirh Ph5Bf 23 : A rarcClon performed l # for 11 with 2 (0.1 ~1 and 23 (0.289 g) 6ava fi - 
(O.Of5 6, 9X), and 16 (0.097 8, 79X). 

Phm~iation of chq ttbyi kret of 7-~ntylo~-•-oxocbto~nglyo~yiic Acid 20 
8) With Ph,Bi(OAc)2 21 : A rwpaarion of 2 (0.10 8) and z (0.17 p) in l hydrour 

methylma dicbiotido (6 rl) ~88 rtittrd under taflux undat an l tmmphrrm of l t~on in the dark 
for 4 h, ne traction nixtutr ww filtrtad through Ulire, and the ottmic rolvoat dimtilled 
off. Ptrprtativo c*i,c, of the torlduo (elwnt: wthyirnr dlchiotfda-hama 3: 2) l f forded 13 
(0.029 8, 25X), 15 (0.019 8, 21%) and uatmctrd 10 (0.041 g, 61X). 

b) With Ph BiOTor 22 : A solution of 20 (0.20 8). 22 (0.54 6) and BT?UZ fO.20 6) in 
rnhydtoua THP (&ml) uaaytitted at room rmpr%ture under l y l trorphatr of arton for 21 h to 
afford. after votk-up and ptepataCive c.1.c.. 2 (0.066 I(, 37X). f5 (0.043 g, 33X) and 20 (O.OS3 
8, 261). 

c) With Ph Bi 23 at room tomgw~tuta : A roiutian of 20 (0.2 it) and 23 (0.50 f) in 
l ahydrouo TH? (3 l lrulr rtittrd l t racm temperature under l r&tmomphrte of &on for 3 h. 
Uotk-up and ptapatrtiva t.1.c. afforded s (0.026 R, 11X), 2 (0.108 I, 58X) and 20 (0,013 K, 
6X). 

d) With Pb Bi 23 at -23.C : A taacrion #I &ova uith 20 (0.15 11 rnd 23 (0.25 8) prrfomed 
at -23’C for 2 2 l f?&ded E (0.006 6, 3X) and 13 (0.123 g,e6X). 

Atylatioa of l-U~dto~coamtfa 2 

(28 :I “::‘: ?-tt’,“.? ’ 
: A solution of 5 (0.25 61, b (1.31 8) l nd KH (0.58 6) in l hgdtour TKF 

udrt trfhx undrt l n l twaphrte of arson for 67 h. The mixtutr UlB 
fiit~tmd thtcru#h CaliCo and tha rolvent dirtillrd off. Colum chtouto&taphy (rlurnc : 
athat-haxmno 3: 1) l f forded C-hydroxy-3-phonyicctin 2 (O.gscl 8D 25X) l m a l olid vhich 
cqmcaiiirad l o nmedlem (nthaaol-knrmr), m.p. 236~237-C. lit. 239.C. and i (0. II5 6. 46X). 

b) With Ph Bi(M) ) 26 : A dXtUt@ Of 4 (0.132 6), 26 (0.496 g) and BT?K (0,275 8) in 
l nhydrour TRP (?2 l i)‘w$a~rirrrd at room tr;baratura undeym l tmmphrra of atnon for 23 h. 
Yotk-up and prrparatfve t,l.c. (elumt: 
l d 5 (0.033 II, 25X). 

cICi3-uehmol-W20 1O:l:O.I) afforded 2 CO.106 R, 55X), 

c) Ufth P?I bi(OAc) 
a), 21 (0.542 ~3 

21 under hmic coodftlonr : A tmctlon II above prrforwd ufth 5 (0.15 
and I &- (0.317 a) fn l mixture of mhydtour wthylona dfchlotida (10 ml) and 

aahy,droum TTW (IO ml) mm rtlrted l t room tamperaura for 60 h, York-up and ptapatatlve t,i.c, 
afforded 25 (0.178 6, 6iX), and i (0.012 8, 8X). 

d) With Ph l!(OAc) 21 undrt neutral condicionr : A l urpmrion of 4 (0.162 R) and 21 
(0,615 ~1 in l h:drour ~t~irna dichIoridr (15 ml) VU mtitted under taflux-mdrt an rtaompha= 
of ataon for 16 h. 
(0.001 g* 3X). 

York-up and ptmparativm c.1.c. l m above afforded 25 (0.22 $, 92X>, and 2 

in 
a) Uith p-701 rni(aAc) 

l nhydtow mothy ana die il b 
K): A ram t ion a8 
iotlde ( 10 ml) 8titr 

l bova par ,forwd vith k (0.11 8) and 30 (0.510 R) 
wd undat tef iux for 19 h l ffotdrd after work-q 

and propatrtior t.1.c. (eiwnt: 11 C-hydtory-3-p-roiylcoumrin 31 (0.145 
6, 85X), aa naedlmm, m.p. 226*C, and i (0.009 6, 6X). 

f) With (m-RO-CH) Br(wO) 33: A solution of BTM (2.79 ~1) in l nhydroua T’RP (8 ml) wao 
add&d dropwiw ovaf a6 1’ h3 peric?d ‘toan ice-coolad (0%) l olutioa of k (1.32 8) and 33 (6 8) in 

l nhydtwr TH’P (16 ml> uodat an l trorphete of argon. The rerction mixture mo l iiowd to umm to 
room Crmpatatuta over 2 h and than mtirtad for a further 93 h. Acetic mhydrida (10 ml) and 
pytidine (3 ml) wre added, and the rlxture l tltrrd for l furthat 5 h. Concmntratrd HCi (20 ml) 
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vu added, and the 8olutioa heated at WC for 6 h. Mthylaar dlchloridr (60 ml) va8 ad&d to 
the cooled mfution, follovad by water (50 ml). Aftmr flltratim tbmah Callto, the flltratr 
uam uaahd ritb wtat (2x50 rl), uturatod weoum kB0 (2x25 ml) amd wtor (2x25 ml). The 
drird &SO,) orasaic layer uy reducsd to 20 ml. Addlt& of wtbrool (5O ml) and filtrstion 
of tba procipltato 8~8 I-~atou-)_(3’-nitro~oy,l)-cauyr~ 34 (2.19 8, 8X) vhich 
c~stsllired ss mrdles (mthraol-uthylan~ dichloride), r,p. 188-18~C, w MBr) 17w, 1715, 
1620. snd lS38 cm l A 
and 2.20 (3H, l , i&f 

(QIC13) 320($2804) and 281(18396) m; 6 (CDC.1 1 glfbt.tXI CUR. I, Ar) 
m/L 325 clc , 51, 283(100). 266(17), 23b(l?), 121(64), mad 43(17) 

(Found: C, 62.96: It, rh; II, 4.42. C,,Rll?W6 rsquirar C, 62.79; R, 3.38: II, 4.301). 

Arylstion of 4-Wdroxy-7-rwthoxycamwin 21 
8) Uith Ph31i(OA$ 21 : A dXtUr@ Of 26 (0.10 I), 2 (0.247 8) in aabydroua uthylena 

dichloride (10 ml) WI rtlrrmd under mflux in tk dark aadsr sa l twraphera of artoa for 43 h. 

Uork-up and prapsrstios t.1.c. (elusnt: CRCl3-NnOH-R 0 80: IrO. I) afforded 4_hydray-tethoxy- 
3-phenylcv rin 29 (0.114 g, 82Z) which crystsllitr a so plates (bsa~rnsathanol), r.p. 203- 
204.C. lit* 201??, rod 28 (0.005 8, Sr). 

b) With ~-To13Bi(0Ac~ M : 
3- 

A rasctlm so rhoro prrfotwd rith 21 (0.077 II), g (0.35 ~1 
l tirrtd under rtflux for 4 h Rave after tuck-up 4-hydroxy-7-utho~-3-p-tolylcoumrin z <O.cPl 
R, 802) which crystsllired ss needler (bontaoo), 8.p. 222’C, v (K8r) 1656 and lb05 n ; 

(CHCI ) 317(22990) sod 243 (8560) nm; 6 (d --1cotomm + d -m,’ 270 Mix) 9.M (1R. br.s., 
7.883(lB, d, J 8.80 Rt, S-b), 7.33 (2R.“d, 9 8.42 Cir, 3’s. 5’-Ii), 7.26 (28. d, J 7.70 Rt, 

2’-A, b’-HI, 6.86 (III, dd, J 8.80 Hz and 2.20 Ht. b-H), 6.80 (Ill, d, J 2.20 lit, 8-H), 3.88 (3R, 

e, OCH 1, 

C-7). ? 
and 2.38 (3R, l , CH 1; 6 (CDCl + d -MSO. 67.8 MIX) 163.51 (a. C-2). 162.75 (I, 

b0.87 (a. C-91, 154.41 18, E-41, Id.38 PI, C-l’), 130.94 (d, C-2’ , C-6’). 129.26 (d, 
C-3’, C-S’), 128.60 (a, C-4’), 12S.00 (d, C-5). 111.74 (d, C-b), 109.70+(0, C-101, 103.65 (s, 

C-3) l 100.13 (d, C-8). 55.68 (q, OCH 1, 21.26 (q, -a 1; m/t 282 (PI , 1001, ISl(96). rod 

I32(83) (Found: C. 71.82; H, 5.17. C17a1404 r8qulres C, 71.25; H, 4.9bZ). and 28 (0.008 g, 7x1. - 

Preparation of 4-Acetoxy-3-(3’-•etoxyph~nyl)coumarin 2 
A ruspanrion of 34 (0.10 ~1, sad tin(II)chlorids dlhydrrte (0.21 R) in concaotrsted HCl (2 

ml) VU vlRorourl7 stirred for 12 h at 80.C. Aftar ice-cooling, thm ruopsorioa mr trrsted vith 
a solution of medium nitritt (0.022 8) in vator (1.4 ml) added dropvixe over 1 h in such l 

mnnor that the reaction temperature ~88 uintainad betvaan 4-S?. Aftrr l tlrrlrq for l further 
1 h at O*C, vatar (IO ml) vaa rddrd, snd tha rssotlon rixture hamtrd ia an 011 bath at 9O.C for 

d h. After cooling, the reaction mixture ma l xtrxcced throt tier vlth l rlxtura of m (8 ml) 
rnd nthylrnt dichloride (10 ml). nr comblnsd organic 8xtrscts vere drlrd (MS0 ) mad tb 
solvent dimtilled off, The oily residue mm fndirtsly dlrsolwd in I rixturs o 1 pyridfnt 

(0.25 ml), acetic l nhydrida (1 ml), snd urhylrna dlchlorido (2 ml), md stirred st ram 
tmprrature for 4 h. The reaction mixture VU v~hod vlth vatat (10 ml), dilute aqurouo HCl 
(201, 10 ml) and wstsr (2x10 ml). Dirtlllation of the l oloant and prepxrxt!vr t.1.c. (rluant: 

chloroforwhaxane 10: 1) afforded 4-xcrtoxy-3-O’-chlorophanyl)-coumria 2 (0.026 8, 27:) vhffh 
cryatallirtd aa orrdlm (ethanol), a.p. 165lbb*C, w (CRC1 ) 1790, 1733, 1637, and 1617 cm ; 

snd 281(14482) nm; 6 (CDCI~%.2O-?.oO (8R, mr Ar) and 2.20 (3H, s, 
4). 272(100), lS2(52), lZl(bb?, rnd 43(36) (round: C, 64.83; H, 3.45; Cl, 

11.27: hsn I,_,C,,RL~lCll rrquirra C, 64.89; H, 3,50; Cl, 11.27f). and 4-mcrtoxy3-(3’-•catoxy- 

P J. _ (0.063 8, 61X) which cryrcallizod sm n~~dlr~l(rthsnol-wthylenr dlchlorlds), 
l .p. 168-l70*C, v (CHCl ) 1768, 1736, 1635, snd 1610 cm ; A (CHCl 1 320( 12887) snd 
287(13921) rm: 6 
m/t 338 w+, 21, 

a 1 7.b7.00 (8R, P, Ar). 
296(22), 254(100), 134(40), 

2.33 (3H, s, CCKTFl f’;nd 2,?8 (3H, s, COCH ); 
121(77), snd 43(3F3 (Found: C, 67.30; R, 4.18. 

C19H140b mquirrr C, 67.47; H, 4.14X). 

Ackmvltdfiownts : P.H.S. thsnks CNR!&NBST/RLA for rn l!xchsnRe Psllowhip. Us thsnk Dr. 
Kartial r)rous for s wlcoms apply of triphenylbimmth, 

1. 

2. 
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