
2’.Hydmxy ((w amoxy) chakmne dihdidel (I) 
may bc divdd into Iwo class43 by consjdcting Itbe 
phwluc~x they form in ~hc Emikwict-vcm KOS(M- 
ecki reactw:* (I) those lha~ ydd ndy llavone~ 
on C~CIINIHHI with aqueous alcohohc alkali and 
(2) Ihow Ihal yield auroncsun&rlhcsccadllicms. 
<'IaM 2 may be subdivided mlo three groups L\ 
follow-s (2.~1 ~hosc with a 6’.Ohle substi~uenf in 
the A.nng. (2H) ~hosc havmg a 2. or 4.itlkoxyl 
group In the H~nng.and (X') those with a 2. or 4. 
nllmgroupm the Bring 

Sfembcr~ ofcbs I arcbcl~cvcd’~obcmechanml~~ 
1lcally ctihodox m thclr mode of cycliza1lon. fhc 
phcnoxkle anion dl,placing h&de wn from the fl. 
puGlion IO form a 3~hakqcntfivanonc (2) whrch 
then chmmatrs hydrogen halide 10 form the fkvtme 
The cychzz~~~onnr of chalca dihahdcs of class 2 
arc of cons&r&k lmptiancc as manly naturally 
cxcuting llavono and auroncx arc subsl~lulcd In 
a Tr\illlrwr charac1cris1lc of lhlr pup. Obv~c~~rly. 
hou-ever. they arc mccha.rurldly more involved 
as GUI bc seen from OK fact I~I the ckc1ronically 
disslmilu suhWun1s. mc1hoxyl’ ’ and mtro.’ * In 
~hc 4.porilltm of nnp.H. t*Hh cause auronc forma. 
bon In IhIs paper. the cycl~zdon d chkonc d,. 
halide\ tti group 2A. I c thou whose A-rinp have 
a 6’4)Mc ruh\lilucnl. WIII be conskkrcd 

f’rcvlouxly knoun* : mcmbcn d thl* group arr 
chakone dlbrornrdc dcrivaGvc\ of phlorxe~o 
ptlclww 1c.g 4. x Hrb and htbvt been found lo 
y~cld aunmc~ (e,g 7). exclu~vcly. lhe parent 
chakonc. WII~OUI a nuckar bronunc atom. 2’. 
hydruxy.4’.6’.dlmethr)xychaktmc. alW ykbdx 
auronc when IIWII~ with alkaline hydrogen per. 
oxldc’ (rhc Algar-Elynn-Oyamada (AI;()) re 
acllon’) <icls<man iywl Fukushlmr’ have d- 
v.anccd IWO p\slbk CNUUS for this: finely. the 
slcnc cfkc~ of rhe 6’.O%lc rubMucn1 reduce con. 
)uplnm between the A.ring and lhc <'O group 

making the a.H consi&rably more acidic and 
secondly. this xubs1i1uent otTers more x1&c bud. 
MCC 10 the foimalion of an adjacent 6-membered 
nng lhan II doe3 lo Ihe formalion of a S-numbered 
ring. These w&en Mcd the r~milarily between 
the AFO and the Emikwicx-von Koxtancck, 
rcaclKW)\ 

‘The lafler cxplanalwm. when apptiert lo the 
cyclitnrlon of chatcone dihalider. wax considers 
ably s1rtnglhcncd by the la~cr discovery” thal the 
nucku h&gen rtom. always present in these 
chakone dihahdcs. is no( in UK S'-pmitti as 
sumd.’ bum n. in fret. in ~hc 3'.podion. I.C. m 
the u&r posilti orrho to the ltrturc helenr-ychc 
ring. 

We hrvc cxammcd the cycltiion pr~*luc~s of 
a scncs of chakm dihalides (bromide and 
chkwibex). the 3'. and 6’.subsWenls of which 
olTcr mcrrting hindWe lo hclemcyclr ring 
formatKm The dlhahdcx are: ~'-PccIox~.~~.C'. 
dltihakone dlhahde (3. X Hal). ?'~irc~oxy~ 
6'~mclhoxychalcone dihahdc (4. X Hal). 2’. 
acctoxy.~‘.hnm*,.6’.~hoxychPk~ dihalide 

(5. x - Hal). aJBd lhe previously studied 2'. 
rttoxy-~‘-bnwno-4’.6’-dimclhoxychiJcone di- 
halide (6. X - Hal). ?‘.Ace~oxy.. rather than the 
wmpkr ?'.hydroxy.. chakcm dlhalidcr were 
employed in the eUne\ because the ~eroxyl 
gnwrp of 2’.Joeroxy.6’.mclhoxyc~lccwK U&S Vlld 
for the prevcnllcm tti nuckar hplogcna~xm during 
~hc ~uwen~~l of the chakonc IO its dihalnk (4. 
X - tial). II would have been dcsuabk ~oexaminc 
2’.weroxy.l’.6’.dimclhoxychakonc d&&de bur. 
even with the acctoxyl group pcescnr. nuckar 
substilulion occurrrd dunng the halogcnal~~~ of 
lhecomspodingchakone.7'hcuuoflhc nuclear 
dibromimcd chakonc dlh;rldc (3. X - Hat) rather 
than OK more sultik nuckar momlhrnm~na~cd 

compound. ?‘-accfoxy.~‘.bnwna~lc~c dihahde. 
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U-U nccesr~~a~cd by the unavaihbili~y. at the ~mc. 
of the lu~~cr’a prccurwr, I’-btumo.?‘.hydroxy. 
iKc11*nonc ” 

‘I’hc cychzr~bn reacttons u-err camed auf by the 
ddilmn of 0 2 hl KOti to an elhanolic solution of 
wspcn\ion of Ihl chakone &halide. The mixlurr 
U~LI mamtaincd a! 30” for 6 hr and rhc pruduc~ 
compor~lwn of ltk nculrd fr-aclwn* *at cw4h. 
Id~d hj 1JV ~p~clrmcopy.‘~ ‘The rcwll\ arc 
pvcn in ‘I’lrMc I 

SurpnsJngly. ?‘.accloty.\‘.hnHno.4-.6’.dlmeth. 
oxychakonc dihahdc (6. X Hal,. prcvllnlurl) 

cons&red’ IO give .~UII~IK only. noI altmc gave 
fbvcmc (8) hug gave II il\ the mqor prduc~. ‘I-he 
faJhJrc* ’ of previw~ workcn lo iuhlc the flavonc 

(8) was undtwuh~edly Jut IO the fact that II IS con. 

sdcruhly more wluhk than the wronc (7) in the 
ullvcnlt coinrnonly uwd for cq slalliwlwn 

fkrpile iIs etkl~vcnes~ in ahcnng lhc cwlx of 
the AF:O rcactum’ ” the 6..O,Hc group alone wa\ 
highly incffcclivc tn Jlenng the ncwrn.~l cwru ol 
the prewnl rwclrtm ?.Accloxy.6-.meihoxy. 
chalccmc dihddc (4. X - Iial) ~;cvc only a I-IT 
yickl of 4~mcihoxyauronc (II ). ‘Ihc other SIJ~XII. 

lucnl ~01~3 lo lhc polcnlml hcicnx~ycl~c ring. ihc 
3’~tmMlw \uh~lJlucnl. U;L\ alro inclTcclive - no 
i~urwc (9) being fornxd by the rrng cbsurr of 
?‘.rcroxy.3..(..dihnwnc~ckonc dlhalJ& 0. 
X lid). ~bvcvcr. when both “~rrh~” sUh\iJ. 

lucnls were ptcvnl. lhcy proved IO be reasonaMy 
eklivc Jn bnnging atxwrl aurwc ftxmatnm 2’. 
Ace~oxy.\‘.hrc~.b.melhoxychirk~~ dhwmdc 

tS. X Hr) gave a I?% y&j of 7-bromo~4~ 
mcthoxy-ruronc (13) whlk ~hc corresponding 
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chakw dKh&mdc (5. X -- (‘I) gave the relatively 
high auronc y*M of I tt% f 

II wwld appear from these ~~WJIIS that the 
twtho rteric cflccl plays a lprp pa.17 tn the hfmalh 
of aurunci fmn group 2A chako~ dihalidcs. It 
may ~KH. however. be the sok cause (u the 8% 
mcruuc tn the yield of aunm OII intruduong a 
4’ ~OMC &rWlp into 2’GKctory-3’~hmln&‘- 
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mcthoxychakonc dlbromidc 0. X n Rr) appcan 
too large lo be due simply to a buttressing eflcct 
by thts vp on the 3’-br~~ whli~uen~ of 2’. 
rctoxy. 3’.~4’.6’-dimethoxyc~~~ dlhro. 
mide (6, X - Br). 

Wuk ~JK -1s of the ~CPEI~ mcchantsrnt\~ 
for the cyclization ol this class of chak~~ di. 
W must awut the synthesis and sludy of the 
ccurespandirq series Oc 2’.hydroxychakm d,. 
halkles. with a.nd withou1 a 3’.bromo rubslitucnt. 
a sludy d a propo~I i~~tcnncdiate was curitd 
WI. 



aceIoxy~4’.6’-dim&oxy-3.4-meIhykncdioxychol- 
ca?c (16). obtaid not lbc chakm dibromide 
~JI OK a-hrornoc~nc (If). This. when cyclized 
with aqueous clhanolic potassium hydroxide. gave 
IJK comspnding aurone (I@,. As a consequence. 
rr.hmmochakoncs have &en been proposcd’~“~ I’ 
iu mlemtcdialex in the formalion of auroncl from 
chakone dihromtdcs of group ?A. Althcagh :hc 
anabogy between von Kostanccki and Tamhor’a 
compound artd typical group ?A chakone di- 
halides IS false: it is sdll as likely I~U ~UIUIK 
formation from these dihaiidcs occun through an 
~~~hplogenochak~ as through the ahernalive 
auronc hydrobromide’ (19) because I)K slcnc 
InhibiIion of rt sonancc Mu-ten the aromalk 
nuckus and the <‘O gruup. caused by the orrho 
subsliIucnIn. enhances the acidtly of Ihc t8.H and 
facilitates the etimina~ion of hydnwn halide from 
the side-chun. II wouuW noi be cxpcc~cd. however. 
lhal in the cycliulicm rlcp lhc inlrarnokcular 
Michael-rypc add&on of the phem~xide ion would 
occur al the ~-carbon d lhc double bond 

We have found IhaI Ihc ~&romo (IS. X - Rr) 
irnd cz.chkm, (IS. X ‘8 <‘I) dcrivat~vcs of 2’. 
accIoxy.3’.brom+4’.6’~dimelhoxychakonc can 
readily k prcpanzd hy frtaling the comspwwling 

‘II tut SIIXC been found’ thrl P mdhyknebry 01 
Wmdar &ruup on IJK B.nn$ matly uKrcAu1 lbc kaWn# 
&lwp cucc1tvcncs* of Ihc ~4WtXnIn ‘Illn chakm 6. 
brwndc ryucm c4 van Km&nccL~ ud ‘lamhr lxknua 
r\mlKhlognlup?RudIognlup?A 

th 

Mea , 0 Qr I -0: ’ 1 oh, 
‘), ’ 0’ 

\ 
hldi 

I8 

ch&a dih.&& with ~IhPnolic potassium ac~l~!~. 
The NMR spectra o( rhest n-haJoge~cJtakaus 
show lhaf they are mixlum of C’IJ and rruru 
~romcn’* in approximately equal amounls. They 
could not be scpara~cd. however, cilhcr by prc- 
paralive layer chromafopphy or by fracfional 
crystabaplion. When cyclizcd with aqueous 
cthanolic potassium hydroxide they yielded (‘l‘abk 
I ) aurone in amounts comparabk IO ~htne obtainad 
from the ccmpaading chakon dihalida-so 
wpporring Ihar inlcrndiacy u1 the cyclizAon 
of the latter. 

‘I-he UV spcc~roscop& Dada lot the flavonc pnd 
jurorbe praducts are g~vcn in ‘Table 2. The slandud 
sampks were obtained ax follows TrcaImenI of 

suspension of 3’.brw,.?‘.hydn,xy.4’.6’. 
~imcIhoxychakonc dlbnwntdc in ethanol with 
aquctws pctissium hydroxide gave a mlxlurc of 
8.hrmncrS.7.dImeIhxy~v~~ (8) and ‘I.brrm 
4.bdinuIhoxyaurnne (7) whtch wax sepa~ed 
by column chromatcvphy. Stmilarly. 8-btomo- 
%mc1hoxytlavonc (14) Md 7+r0rrM~4-mcIhoxy~ 
wronc (1.3) were prrparcd from 2’3feloxy-f’- 
brom6’.rnclhoxychdconc dthromidc (5. X - Rrl. 
J-Me~hoxyflavone (12) wax oh&cd by the 
alkaline cycliz~Iti of ?‘~rcIo~y-6’~m&oxy~ 
chakonc dibromide (4. X - Hrl. ‘I’re%lmcnt of 
2..hydroxy~6~~nuIhoxychakonc wslIh alkahnc 
hydvn pcrux& gave QmcIhoxyauronc” 112). 
Pyrolyus of 2’-~~1oxy~3’.~‘~dIhswnochPkonc 
dtbnnnidc (3. X - fir) u&r reduced pressure 
gave 6.8.dibromollavonc (IO) l~hcr with 6.8. 



‘I’&2 I;Vutdvn&krpctndlbvmrandummr 
-- . __ - 

A- (bl8) 

II.E-5.7GboxynJvoac cm 
_. 

267 (4.a).285 s (4 200,. 32Y (4-I 
6.8.I~~vooc (I.) 261(4-24). w4(4 21). 329 (4 14) 
3:M&orynJvoclco~l 261(441).29Os(4 12).~20(407) 
8.Bruml%5.meaorynawae(I4) 267 (4 3%). 291. (4 OB). 127 (4 04) 
7.Bromo 4,b~xyF (7) 246 s (4 18). 1 I4 (4 -3,). 1%) (4 29) 
4. Mahoty alJruu”(ll) 108 (4 22). \lw I4 U) 
7.Brumo4methotyr (13) 267 s (3 RR). 27’S (1 94). 306 (4 18). 194 (4 1’) 

- ,_ ---_ _.__ 

&bdvwt (t)) and J’.S’.dibrane?‘. 
hydroxychakow. The dibrwtokavaw (I@) was 
maa easily ohaincd by Ihc cychzntion at the 
ditwumuchakow dihwnidc (3. X - Hr) wth 
potassium hydroxide. 

txwalYtl*r*l 

spccvum sbowcd II to be M rQporhJ1dy 50.50 nllxtufc 
d CII and from tuwam. OAc ~7.79 and r7 68; OMc 
16 I%. rh 18. r6 IS. r6 I). and ~601; J’.tI 11 79 rad 
rl $3 

W&KOti4~~ml)wnadkd~oasuspm*nd 
2.\.)-.mkaao.2-.bybrory.4’.6’.dtmtrbory.~.p&ayC 
popughmocw (5 2 @ m Lt<)H (SO ml) Ancr I hr. wawx 
rUddCdWdLtU~wUChnrrul~OaJ 

cohw d aJumma lo PVC 7. w&ch crysalltud from 
wciax m nc&es (I 5r). m p. 258-2S9’ (kc m.p 
251’). and 8. m p 2%2$7’ bxknx). tb.” m p ?W- 
?C?.,. 

2’ .4~rforv \~~bwrn~ 6’ mrfk~rwhulronr Jlhaldes I% 

X-H& Acctylmhoa d )‘.twomw?.hybrory.6’~ 
lwhorychakoac” (I? 1s) pvc (Is UCrfufr (I39L). 
m p 119-12Cr (F.:OtO (Faud. (‘. (40; ti. 19. Br. 
?I 0 <‘,.ti,,Br0,requuea. (‘. 37 7. H. 40. Br. 21 \%I. 

A&hixm d hwmnc (2 I p) m <‘(‘I, (4OmI) lo J wln 

of 1he acewe (1 g) m<‘(‘l,(Ul ml)pvc ?.,oc rforr~~?.?.3’ 

frrtwtwvnr 6. mrfhozv ~~phrnrlpnyrtophrnotw (5. X - RI. 
3 4~. m.p 172’ (benzenel&~ pew&urn b.p O-80’) 
tl:wnd (‘. 40 4. H. 30; &. U 5 C’,.ti,,Br#, rrquurr 
C’. 40 4. ti. 2 8. Br. 448%). ScmiLrty. &(m d cbrtnc 
(I \ g) IO the LCUIC (6r, PVC 2 .a e.fuxr. 3’~hrom> 2.3 
rtrrhkwo~4~.mrho~r~ ~~pk~&~~pwphrmmr 0. x - 

(‘I. 4s). m p 145-147’ (1-1 (I:uund (‘. 48 6. ti. 
3 4. tirl. 11 4 <‘,.ti,,Br<‘L,0. m (‘. 18 5. H. 14. 
Hal. \WJS) 11s NMR a+xctrum rhn*rcd II IO bc a nus~urx 
(63 37. -or) d cry~bm ml thrm Isawn. mihfu. 
ti. r4 36. H, r4 62. I- 6 7 tiz. lhm, LIOI~W. tj. and H,. 
r4 61 

20% KOt# y (5 * ml) was &led IO a \urpcnsnm d 
5 (X - Rr 2 $ ~1, m FMW (6( ml) Aner I hr. the nw~ure 
rm ddutcd wth wrlcr and the pp( wu chnmu~~phcd 
oo Jumuu IO pvc 7 hrr,rrur,4.nvfk,lBuurl,nr (IN. rhach 
cryallncd lrun I.ROH ID yclluw needles (0 Q&l. 
mp 202-201’ (Found <‘. VI I. H. 1 1 <‘,.ti,,Rr<), 
rcqwm3 ( , W 0. ti. 14%). and I4 (0 72 p). m p .I)?- 
19\‘o~PrWO.(lfl .‘mp lW.lOY) 

?- .41 rf,,r, 6. mrfhrrrrc huk orv d~ho/r&s (4. X - 
Ital) Accl)la~wrr d 2’ hydra)- 6 .nu~horyctukcnc” 
(7,7@ PVC I& uccfuf< (6 1s) u. J &%9 (t’OUnd (‘. 

‘72 6. ti.5 7 <‘:.t1,6),rtqum <‘.7lO.H. ( (%) 
Brornmc (2 9 ~1 m (‘(‘I. (60 ml) was ddcd sbrrty IO 

J dn d tbc rcto~ychakta (( 01) m <‘<‘I, ((Mm0 
t:v~ d I& wh-CIW prc 2. o( rforr~?.l&hrt>mo. 
6. mrflrrr l~phrn~lprqwophrnonr 14. X - Br) l kh 
cr)-r~alkwd drum bcnrcnc~t&~ pew&urn (bp 60-W) 
m pnms (’ 11). m p I4?-141’ (load (‘. 4’4. t(. 
16. Br. 13 I <‘,.t~,.Br,o. rcqlfltn (‘. 4: 4. ti. 16. 
Br. l( 491) Ad&m d (‘I, t I I ~1 I<> lhc rtioxychakonc 
(4 2&B cJ”e 2 .wefoxv 2.l~drrlJrw~~ 6’.mrfhort.l. 
phcn,/ptrtptry+r *I,WC 14 X - Cl). pclsmr I1 q gb ffmn 
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