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TRMRICTE R

Although ~ wnat smount of ressarch has been crrried out on
the chemistry of lignin in the past hundred years, the structure of
1ignin i{s stil] =n open guestion., Part of the 41fficulty lies in the
fact that lignin 4e ' 2mor houe Ligh polymer whose comosition viries
in 2ocordance .Ath the method of isolatisn ~nd from different rources.
“sme of ‘hese 1so0l-ted !isnins ~re sulte different from the orisinnl
or vrotolirnin nresent in wood., :nly Xrauns' isoluted natlve lignin
(1) seems to be iresment vs such in wood., [lowever, tis yleld of n=tive

lignin is =small in comn.rison with the total lignin content of the wood,

ie the result of sxtensive research, 1lignin cheni~ta have,
Iy now, coms to accant scveral nertinent facts rbout the couestitution
of lirnin, “he prescnce of ~romatlec recsiducs in lignin huas b:en nroved
by various workers, Yunillin hae teen isolated by alknline hydrolycls
of ligromulfonic meld ~rd 1y alkuline oxldatiorn of ieol:ted :tanin, or
even nrotolipnin in the -remence ~f nitrohenzene (2). Tecently ance
(2) bhas ueed = vhyeleal method to show tho sre-ence of nromstic rings

in nrotolirnin,

Barris 'n- coeworkers (%4,5) isolnted nropyleyclohex:ne deriva-
tivas in a fulrly lurie yleldé by the hydrorcenolyeis of methanol mznla
1ignin und thershy showud the -resance of « thresec-rion side otain Ate
tached ts nn -rom-tie ring. "hie .re enticl - ted Yy Finson (§), who
sggumed thit lirnin is formed by nolymerization of corlleryl nldehyde,
Froulenlery end coe-orkers () have rccently obtrined # ligrinlixe mowe

terisl by the “ehyiro-olymerizution of conileryl slcohel.
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Althowh 1t is generally accented thnt gymnosvern ligmin is
tilt mninly of guaincyl units vith s three-carbon side chauin ir the
neta osition to the methoxyl sroud, the conetitution of the side ohain
and the monner of liaking of ‘he lignin tuilding stones 1s stlll Wie
cert=in. ‘ree nleoholie groune are nresent in iignin, ond the rressnce
of oarbonyl group is :lao indie ted (§). The aresence of ~llphatlc
double bYonde in lignia ic controverslnrl, although nore "nd more 6Vie
Aences are accurmlating to indicnte that such double honds do exist in
1iznin (9). The nrezence of oxygen-containing heterocyeclic rings in
1ignin hne been costulnted from time to time, thourh no direct nroof
has heen obtained. Towever, Clading (}0) eni sulin-“rdtman (11) - ostue
1ated thai ultraviolet snaotroscopic measurements indleste the presence

of suech heterocyelic rings in lirnin,

"he individual 1isnin wilding stones may ie llnked by an
ether linkmge -otween the nhenolic hydroxyl grous »f one mildin~ stone
and n onrbon atom in the side chaln of ~nother bulldin; stone. iut there
{es zlso evidence for carbonecarbon lininge besueen lignin tulldirg stones.
Freudenberg nd cowworkers (}2,13) obtained Lsohenmininic eld by = mild
2lznll troatsent of mothylnted 1ligmin, follored by methylation ~nd oxi-
dation. “he nroduction of ieohsaipinie acid indlectes th.t some of the
benzene rinss in lignin have an adiitlonsl carbon rcice ehain 't the S
nosltion fro-. the ususl side chain. .vidently, if voth tyves of linke
age, ©.f., » phenolic ether linimge, nnd o cerbon=cxrivon linkere, ~re
srenent hetween tho same two 1lgnin hullding stonce, @ hetsrocyclic ring

would be formed,
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Among the reactions used for the stuty of lignin, mlfona-
tion has heen videly emloved. Unlike orid:tior or hydreganation,
sulfon~tion does not bre-k down lignlr !nto e2lmple monomolecular come
nounds. The study of the nroduct of =ulfonation, or the mechaunisa of
sulfonation should tharefore contri ute immortant information rhout
the structure of ligrin., Many theorices Lave Leen advanced for the
nechrnien nf mulfonation, and on the ‘asis of these, tha - resence of
rertain chenical #rouns in lignin hwve heen inferred, i'owever, none

of these theorlcs =re eutirely satiefnctary.

In recent years, the wmulfonation reuction har teen ived to
evolve n new =mronch to lignin chemistry. “his is the . :proach of
aodel resctions. If an organle mo'el eonound cun ie muliynnted 1n
the same way os 1ipnin, then such ~ prouwclng ne s vecent in the mole)
comround aey nleo bas renent in lignin, apd nay be resnonsible Zor the
malfanotion of lignin. liowever, this lo nn ovirsim lified leture, bo-
rruse many oxfunie comounds esntnining different chemical prouns unsi are
ro sulfonation, In order to n~ke f0od uee af 4i.e nodel ‘emntions in
the f1eld of lisnin chemistry, e must (n) start vith a good model come
ound, 1.8., one which has grouns simil:r to those resent in lisning
(») con-are the -rocess of sulfomntin: with that of }lrmin, e.g., rate,
rondition=, snd chanres in the shysienl nronertlce ~uring -ul fonstiony
(e) show vhat chemical ~hanre hus taken ~lece in the 8del comnound as
the asult of sulfonatiorn; =nd (d4) comoare the nrodurt of sulforstion
vith lirnosulfonie ~eld, “he advintaps of aodel recetions 1z thut ve
denl ith lo-wnoleculsr -elzht cowpounds of mown »tmcture, nd that

ve ean cmelly treeo the change oflectsd y sulf-rations



Py .
KISTOKICAL A EVIEW

As was mentioned earlier, many theories hove besn oro-ozed
from time t» time for the mechanism of rulfonation of lignin., It ie
poenerally recopnized that the ~ulfonation of wood procceds in two
~tnges (J4). First, a solid lignosulforic seld with = low ~ulrfur
eontent is formed. Further trestwuent »ith Lisulfite results in hye
drolyeis, solubilisation, nnd further wulfanntion of the solid ligno-
mlfonie seld.  Freudenbherg nnd cowvoriers (19) chowed that sulfonation
takeo »l:es entirely in the side chiin., xperiments ly Tiihbez;t and
Tomlinson (}§) seem to indicate further tht in lizmosulfonle noid
the sulfonic neld 1« »nrohably wttached to the earbon in the 2ide chaln

next to the hanzene rings.

‘he sulfor.tisn of liynin nay occur in one or .wro of the
following wayel

1. lLeplacement of an nlcoholle hyiroxyl group by the
sulfonic asid s~roun

e Additiop °f sodium bi:ulfite to an zctivated doudle Yvond

1, csiplitting of an ether linkige nnd mtesaguent sulfonation
af the liberzted nleoholie hydroxyl sroun

'y Opaning of & pyran or furen ring «ith eubrequont sulfonse

tion of the lilerated anleoholie hydroxyl ~rouv.

todel exnsrimente have “gen carrled out to show thut 1lcoe
holle hydroxyl rrouns ecan be rerlacad by mlfonle ael? srou s By the
setion of Lirulfite, olmterg nd Hecen (u) obtninad the corraw Mde

‘ng mulfonic neids from aenhenylsthanol, , =phenylethanol, “nd “enrhydrol
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by cooking with bisulfite. [iowever, Kratzl :né Aabner (18) coniem’x
that the yleclis of these sulfonic rclis nre low conpured to thet of
lignomulfonie 2eid. lindgren (19) shoved that cubstituted ienzyl
alcohole, much na vrnillyl aleohol, veratryl zlcohol, 18 LhO XY™
lLehydroxyshenylnethylearbinol, #nd 7, lmdinethoxyphanylnsthyleartinol
wera mere suitabla llenin models in giving r~ood yields of the corre=

snonding sulfonie aclie,

"ewover, the nrezence of other ~rouns ir the slde chrin
ngnlle hydroryl hoe o declded effeet on sulfonation, Hratzl, Uﬁubner.
and Stepent (20) showed th-t cehydroxyketones like -“henylicetylenriinol,
lenzoln, ~nd cehydroxyoroplovanillone gave little or no mlfonie anii,
‘lowever, ;=hyiroxyietonss were very “uadily -ulfanuted. These workers
slno showed that the sulfonle ucids fria the j-hyiroryletones ware
anslily hy'rolyzed (reversed uldol resmction) 5y alkall in the followlng
wayl

rzcn(so,’n)cmzcoa' —— L CH(OR)CH_CORY —= OO + CU_COKY,
- £ 5]

mosk and ¥ratsl (2)) belisve that the "hy:'rolyz:ble”
venillin is formed from lignosulfonic =cid nccording to the mhove

mechanien,

It wne Klason (22) ~ho first observad thut in lirnowmlfonic
acld a nart of the sulfur is loosely cembirad -rnd 1is mnlli off vy
dllute meft or =1'mli, Fe evrlained this wy snsuning that the fimly
bound mulfar in lienowulfoute ~eld to formed bty the iition of ~ule

firous acid to a douhle bond, wheveos the loorely 'ound sulfur is
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obtained by the addition of sulfurous aeid to a carvonyl proup. This
led Thgplund (22) to use cinnasie aldehyie " = sodel eubatrince; this

rescted with hisulfite to sive hydrocinnamic rldehyde pesulfonic acld,

"“he avove findings have Yeen seneralized YWy Kratzl ~nd co-
workers (}8,20), who shewed that although isolited double tonde have
11ttle or no tendency to rerct with tisulfite, = dxuble “onl in an
aeieunanturnted aldehyde or :etone readily adds sulfurius neld. ‘“hey
obtnined snod 7vieldn ~f muifonie nelis fron = mumter of chalerones,
8.5, ZVehy rozycholeoone, Llehyiroxy-1'emethovycheleone, ~nd Mlahyuroxy-
7, atrinethorychuloone, Shis they exolained ty -olatlng out that
the « ouble ond ir suech ~o mounds is ceotivatsd by the carbonyl sroup
in the geposition, -nd thit j=hyirorykotones xnd ayp-upnraturaztoed
ketones ars veadily interconvertible.

=-,0

3171{(0:{)(;!!2&)92' == NCHeCHCOK!
+ Ry0

ithera have nlso been used ns lisnin ~odels., After finding
s guitatle 0del romnound in awnhenylethrnol, lioluterg (24) considered
that the lignin molaculs may e bound in the wo0d Ly ten?yl ether
lininges to carbohy rate noleciles or to other !ignin aglscules.
Frow enherg ' rd coeworkeres (25,26) ~lno considered the vossitility

the:t ether srou.s =may '.a res onailtle {or the wuifonatixn of 1lmnin.

“oriing with shenslie ethers = =odel wmubstinces, Lchtzen-
hain (_2_2) ‘howod that benryl pualaeyl ether was apllt "‘nto -enoyl
aleohol .nd maniecol ty 're cetion of mlfuraune zeld. ‘Vowever,

oemethorytensyl sunineyl sther uoe converted Ly the cetinng of sodium
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sulfite into guniscol “id soium pemethoryveneyl rulfonate. he cther
of an arom:tlc secondary -leohol -an found to ve - Lettur nodel come
nound than thnat of an sromuatic rimury ~leohel, In cantrast with
henryl (uelncyl ether, funiacyl methylphenyle:rbinyl ethwur ..o 1ot

anly split, ut the ~leohol : s nurtly conv. rted into tuie sulforie velid.

Iinderen (28) showsd thut both iv.ratryl ethor nd voratryl

ethyl ether csn o mlf.u-ted io %, wdimethoxy toluenewmeaulfonic ~eld,

rewtenterg (13) proved thot rulfonnti.n esn oecur Uy ihe
onsnines of “n oxyren ring by showing thit .rdtmants ~el: is sulfonated
by Mmlfite sc o resuld »f the opening of o Mircn rine 'nd rulrequent
mlfnetion of tre lilersted s2ledholie Lydroxyl srown. Hiclhtrenhaln
(27) etudled the iehnvior of « number of owysenecontairl g neteroe
cyelie ecomoounds tovard imilfite. ie found thut vhirine flnvonone
clves sodiun ;=(Z«hy.roxy .oenzeyl)phenyletryl-a-sulfonsnte Ly ring
onering, flavan, Femethoxyfloven, demethyleousaran, cemsthyle «nhonyl-
noumnrar, snl cephenyleoumsrone ¢1d not react ~ith tisulfite. ALl
tyves nf oyran or furan rliy's sroe therefore not opensd uy ecooking ~$¢h

rioulfite,
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PUASSRTATION OF %3 PLOCLIA

'"he problem deals -1th n search for further .oiel ~omocunds
which nro mors cultable for the study of sulf2natinn of lirnin thon
those hithorto used., s described in the ~vevioue section, v-rious
model com:ounds hove nlresady been studled ss to thelr tehevinr t0-
ward blsulfite, giving roma informatlsn adbout the possiile meﬁhanlsm
sf the malfonstion of lignin. lowever, further vork wi‘'h mocel sube
~tances more elossely rel-tcd to the structure of lirnin, as swpested
in recent years, ha: to e done in order to ¢+ln 4 mors cor lete
xnovledge of the sulfon=ti:n of lienin., “he :r.-snt sro:len denls
with the synthasic of & series of ruek 20 <1 copounds 'nd +ith a
study of the behavior of these cowounds tovard bisulfite under the

conidttineg nged in the :1mlfite sulfonntion of lignin.

“igaanse thare iz wnole ircleation that i lispin the bonzene
rinre of the mllding =tone= e ,}oiﬁc:d by © thregseenrion slis ahrin,
econonunds having a 06—03-06 yroap are af nrilcular intercet. ‘he
wvork of ¥ratzl rnd roeworkers on the aulfonatlon of chalernes nf
other a,i-unsnturate’ ketones vwhow that theme comoun e «re vendily
milfonsted, Fowaver, it is rot yet n>m vhether 2yran or furan ring
formntion, or sazy suscentibility to ring formution of the threge
cnrhon elde ehnlin could ehanre the rocetivity of tho o,/.=uns. turated
ketonle rrouping towsryd Uimlfits, ‘he srotlen :lso inclw ee & atudy
of this agrect of sulfonatisn snd would therofore involvs odel come
pouncs with o,f-tne2turcted etonie srouss 1itsine two zrom tic ruclel;
the threce-c:rion cise chal: '3 open in rome, tut formas oart of o

heterocyclic ring 1: othors,
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The nrespnge »f differently substituted enzonyrun grouss
hag boen nostuleted in lisnin fros tlnc to tlue, 'ut vo definite
proof hns reen okialned, ‘towever, sulfonnuti:n »f wone model eone
sgunds -hich econtain utstituted lenzonyrarn ¢youss has beaen etudisd
tr the past In order to zec whather cuch croupg con he “ulivnziad.
“ut in orcer to arsyw “efinite conecloolans, wore ortensive . ork has 0
e done 4. thin direetion, eonecislly on the use of -ouel com-ounds
which conteln srouns .nown to e mresent in lispin, Ao a lLepimning
{r thie dircction, =cveral sutstituted ensopyran ca) sundis, 6ot
nreviously studisd, are to le ‘avestleeted i this wori =8 to their

hahavior towards hirulfite.

The prosent work snacifically invoalves synthesez of naveral
suit>*le suhetituted tensofMuron nd .enzonyran lisnin worel romnounds
an’' & study of the ~ctlon of visulfite cookings litmor or these And
other nodel comoounds., ‘‘he nodel com ovne to te studlsd nre (1)
2=vanilloyllenrofuran, (i) Zeverillylldene=ecoum ranone, (") Jemnet!oxy-
21, hadihyiroxychaloone, () Vensthorye'd=hydroryflavons, (5) 3'=nethoxy-
2, twdihycroryshaleona, (6) 2'=nethory=i'=hyroryllsvyliun cilori‘e,
(7) Manetioxy=itehy: royflavnnone, (1) 2Vemat .ovye - ite thydronyfliavan,
(3) quercetin, and (10) 2,%edihydrocucreetin, 47 thoes, con-ounds

<, 9, oh 10 hrwve esn oreviously re ortad in the iteruture,
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SYNTRES-S oF HOLAL CUiPOURLS

“ha lignin nmodel comprounde were synthesived following cone
vontionnl orpanic renctlong. “he detalls of aynthesis, 2e well s
discussions o sach nodel compound soynthesized, are rosented in this

saction,
ZmVANT LLOYL RKEZOFURAY (1V)

1wo procedures sm loying 2 comman zynthotice msthod for the
~renaratisn of hensofurnn derivotives vere used for synthseizing
cmvanilloylbenzofuran (IV). 1his aethod lnvelvas a eoubined hyiro-
vromic zold elimiratisn 2nd aldol condensction Let-esn ~ronorly sube
stituted aromatic aldehyier wd Hotones undsr tho influencse of wnhydrous

notugsiun rartonnte (£9).

W= romoaestovinillone scetats (11) 1s » aown convound nnd
can be vemared fnlrly caslly from woetownilinsne (20,31)s In the fi-st
‘rocedure, therefore, thic vie used ¢ o sterding naterinl, Salicyl-
rldehyie (1) wnd @-tromoncetovinillone (Il) were cordensed in t?.hta'c;uto
othinol rolutisn 1n the .resence of cahydrous ~otisvium carbon:.te to
eive 2ev-nilioylhanvofuran neetate (I11). 1Thie uvns hy rolyzed to rive
Z=wanrilloylltenrofur:n (IV),

0

o FUR,C0 OCHy —— @ OCTig
ety + OAc OAc”

(r) (11) / (111)

o
w AT 4 84
(e s

(1v)
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The yield o»f Zevanilloyl enzofursn ..cetats (I11) in the
conden: tlon stop were vary osry oo orecisble amcunt of o rogllous
satericl cao “oemed.,  vhis ecan = ooy olnined by tho lnctaullity of the
egher Froun uncer tiw ~lialine cordition i the re ction. 12 tle
neetyl Froup of w-dromoacetovanillone ncetate (II) wir hyvirolyred
during th+ condensatior, Llien A=btromoacetovanillone thue formed
would reret itk Ltasdf with the concslivilla fo o tlsn of & Loings
chatn resin, The finnl stun of hyarolysis »f Zevenilloyllenzofuran

~eetete (111) “roceeded smoothly.

2t CTLLOYL SNTOFUEAL ACKTATS (111)

Arcetovanillone -as ucetylated by acetic ~rhy’'ride ans
rodiunm “cetate nocoriing ton the methond piven by Multzel (22). 1he
resul tings acetovanillone acatnte wir Yrominated 4 unhycrous chlow
rofarm sol:tion ceordiing to the method riven by rielmar, 'avkirsg,

nnd Yitiert (w-

Froehly distilled sallcylallehyde (1.2 sToms) ond Ty
w=hromoec-tovonillione acetate (27.0 grams) as obtalned ztove were
dimsolved ir nbgolute ethanol (100 2l.) in 2 250~-ml. round=ltotion
f1zsk. snhyarous cotzesium earbonste (1% . rame) vere ad.ed, =nd the
nizturs wae Lolled for one :oir n the ekeam Lath. the ixture e
ad-ied ta e-case ~nter, ond the reeinitited oil wus extractad vith
ethar., “he athar colution w:as dried over ~nhycrous sodium ~uli te
an the ethar -8 evanorstad. 4 thiek viscous residue rorulied whieh
14d not erystallize n cooling 'n the refrirerator for acversl days.

Vacuunm istillztion of the viwcous nroduct re-ult.d in zn reciable
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decomposition, but the iuet +l'eh distilied ovar at 250¢ «nid T«l0
nm, erystslllzed o). cooling ! scratohing the sider of the contalner
Lith » slnag rod. eerystnllized reventedly Trom dilute ataunol, the

vield of the -mre ~roduct melting 2t 126=147° ae anly T.< grace,

m.l Unleulnted for ~everilloyluensofurnn ucetste,
Cypllyn0gd  Co £9,7%4 ¥, L5 NeQ 10,07, Founds €, 09.773 Y, .60

Hed, 10.67.
2LV TL oYL A (1Y)

ceVanilloylbvenzofirun zceticle (2 rrams) was dlosolved in 50
ml. of ethanol, ~nd 5 nl. of concentrated hydrechloric ueld wers added.
After refluxing for 12 hourr on a stean tnth, tis solution was evaroratail
to nnlf 1ts volume. In dilutinn uith weter, the eolitlon yielded a
cryi\;alllm product., The “roduct wns dissolved in dilute ethinol, de=
colorirzes «with Darco, and recryst.liired. -bLout one ;rax of pure

Zevweanilloylbenzofuran ~elting at 137.5=178.57 war obtalined,

Apalysis. Caleulrted for Jevrnilloylienzofuran, Cl 6”1 201’:

Cp 70.68¢ 7y 573 e, 11.6%. Pound: C, 71.2:3 ¥, H.Gip Hel, 11.65.

~gomise the over=tll vield 4n the firet procedura was very
noor, an alternntive nrocedure .«2 developsd for the ~ynthesls of
z=yanilloylbensofurun. We romoasetov:nillone henzyl ether (V11) .ne
not lnown, ut wam falrly ewslly srepared by first enzyl:ating coto-

venillone (V) in the wwus? ~ay ~nd then broninsting the ~roduct. ‘hlle

1.4\11 analyces - ere carried out by 'r. Tonald !'rcdornsll,
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this rork 'os in nrogresn, ieopold (32) re-orted the nreparation of
w-rrononcetavrnillione henzyl ether (VII) in a very eimilor ny. “his
rompound wee eondensed with enlicylaldehyde (1) in ethanol colution in
the 'resence of anhyirous ‘otascium carboncte to form cevanilleylhenzo-
foran <nzy) sther (VIIL) in good yields., %him tenzyl sther was very
raoidly celenzyleted in othyl 'cetute ~olution by moleculsr hydrogen

=t room tegr-eraturs rpd at a - ressure of 50 nounda un.or the eat:lytle
influence of 107 palladiun an ceotivated charcozl. c~¥anilioylienzo=

furan {(1V) '~ ooteined in - pood yleld.

m co Ci CH €O »cu el CO Ay
on 3 —-——-3 uh —_— L ER?

(V) (v1) /< (vi)
co M
O.J Onm)”h Ocno

(viin) (1)

o\
#o

(1v)

The rorernl method of nrexnration, the fuct that the sams
eazround wvae ohtalned by two rlternstive rocedurce, ~nd the elenentary
analysis dnta leave nn douht ap to the structurc of the synthesized

compound.

soetovanillone (/#5 grams) -nd ienwyl chloride (0 prane) were

dissolved in 100 ml. of scetoné in a 2450-ml, round-bottom flmak,
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fnhylrous potiasiun corvonate (35 grems) vao wn'ded, 2pd the ml-ture
was refluved for alght hyurs on the 2tean ithe The roactisn mixture
wra noured into on evcess of ice wnter :ni extractsed with ether. the
ather solution wne washed witi dilute sodiuwm hydroride solution and
water, and finally dried over nnhydroms sodiun sulfate. The sther was
iletilled off, "nd the reeidusl solid w:s reerystzllized from nstroleun
other {hen. 60=110"), fThe yield of the pure eompound, melting nt G-

B6.5%, »ms 50 grams,

Analysis. Caleuleted for benzylacetovanillone, C, M, 0,1

¢, 75,04 H, 6,751 90, 12,19, Foundr C, 75,073 H, 6.4} HeO, Lz W,
WeTROMY SHAYTACHTOVAY TLION: (VIT)

‘enzylacetovanillone (5 graus) was disgolved in 50 ml, of
ATy chloroforn in n round-bottom flask fitted with » dropning funnel
and n stirrer. “hem 7.2 grams of broaine in 25 al. of dry chloraform
vers sndded dronwise with stirring over = period of 45 mirutes at room
termerature. Stirring s continued for an ndditlonal 70 mirutes. ‘the
produet wae woshed with vater and bieartonste solution. Lhe chloroform
~glution wnsg dried with unhydroue sodlum mulfate ruid evunorated under
reduced ~regsurg. he residue crystrliired when nlloved to atand end
the sidas of the contalner were scratched :ith a glaes rod., The
eryetals wers dissolved in ethanol, decolorized with charcoeal, nnd
recrystallized fron diluts ethanol. “he yleld of "are L=bromobentyl=

ncetovanillone, nelting ~t 102107 wnes ! prams.

Agelysis. Caleulatad for Webromoltenrylacetovanillone,

n._0.8rt 'e0, 9.7%, TFoundt Me0, 9.5%.

16" 509
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2 ANTLLOYLSENZOFU AN T iYL mnm (VIEL)

vy Webromobensylacetovanillone (! ;rans) and freshly dis-
tilled salloylaldchyla (7 greme) were dissolved in 50 nl, of absolute
athanol in s 250=nl. round=hottonm flasl:, Anhyirous otas-ium carionate
(1.5 grams) vas added, ond the renctlon wixture wne refluxed for twe
hours on the steaa htoth, “ha resction mixture waes noured into evcess
water and ertracted with sther. "he ether extract vn- wnghed with
A441ute sodium hydroxide solution and water, end dried over anhydrous
sodiun mulfets. ‘“he ether was distilled and the recldue cryst:llirzed
from dllute ethsnol. ~ecrystallimation from 95 etharol ;2ve 7.B

rrams of the ~ure bengyl ether, m.p. 119=120°,

Apalysis. taloulated for Z~venilloylhenzofuran Lenzyl ether,
Caqfya0pt  Co 7,175 T, 5.00; MeO, R.75, Tounds ©, T7.1%3 I, 5.2%8

Hel, 9&05*"'0
2eVATILLOYLE N2OWN AR (1IV)

Z=¥anilloylhensofuran tenzyl ether (1.4 rrams) waes dissolved
in ethyl =aetrte (100 »1.)s 2nd 1 gram of 107 pallndlum on actlvated
charconl was ndded, "ho mizture wa- shaken under hydrsren ot 20° nnd
50 ponds nressure for 15 minutes, <he catalyst was flltered, and the
sthyl ~cetats eolution was extracted with dilute sociun hyiroxide
solution. Crushed ice wis a ded to the alimline extract, -hich was
Lrer ol t9T " 7 hidrachlorie neld with viporous rtirring. A
seninolid preciit te wes formed which eolirified completcly on con-
tinucd atirring, The preeinltate war filtersd and recrystnllized

twice from dilute ethenol. 'the yield of the ~ure com:ound, nelting
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et 137,5-17,5%, was 0,7 sran.  The mixed nelting ~oint (ith 2 eurmle
of Z-vanilloyllrenzefurrn obtained bty the nrevious method ghowerd no

sdenrecnion.
2 YA TLIYLI D0 e COUM, S ASTORE (XT)

“he nrctive nethylene groun in the Zenosition of Jecounncanons
iz imnwn %0 condense rendily with nléshydes in the “rasonce of hydiroe
chloric actd (23,74). 7This fact wis utilized in symthesicing levanile
lylidene="=coumnranone (xI), which was formed in pood yleld vhen
vanillin (¥) and Jecomsnranone (IZ) were condensed in etharol solution

in the “rasence of hydrochlorie reid,

0 one OCH 0 =en OLH
\+ l Ot 3T ) R E

(17) (%) (x1)

Ty using the same cenernl method, the oondenaation nroduct
from Zecoum-pranons mnnd Veﬁntm.l'{ahyde wee argnared hy frevdenberg snd
co-vorkers (33), and its melting noint wi- reorted to he 150, This
ssme cormound was naide by methylating Zevanillylldenesiecouiarcanone (1)
with dimcthyl sulfute and sllkali, tut its melting »oint was found to be
158«160°. A samln of ieverntrylidens=“ecoumaranons w:s thcrefore pree
pursd neeordins to the nethod givan by “rendenbers ind cowwnriters. Its
neltine ~oins and mired nelting point ith sethylnted Zdev-nillylidene-
Aeconnranons was found to ba 155=160%, the renersl nethod of | rinfe
ration, clementary annlysis data, «nd the forastinn »f e nown methyl

dariv.tive establishes the structurc of the comirund (1) syntheeiszed.



2 VAL TLLYLI DR bm B GO AL AR U (XT)

T={ounaranone was nrecared zecording to the followins nmethod
given by Fries and Ufafiendorf (33). rhenol chloreacet:te win formed
from nhenol nnd chloroacetyl chloride. ¥ries' rearrangenmcnt of phenol
chloroaoet~te by henting with enhydrous aluminum chlerlde ylelded
g~hydroxychloroacetophenone. “he latter compounc mu‘hnated with
sodium aeatate in ethanol solution to effect ring closurs, thereby

nyodusing “wconmaranons.

JeCoumaranone (14,2 greme) anc vanillin (15.° grams) were
Alssolved in the minisum smount of choolute cthanel nt 50-60°, Ten
mi1111iters of concentrmted hWydirochlorie aeid were miced dropuise ag
this temmeorature. An ovange-ysllow crystalline roduet wrre roecinle
tated, The nrecinitated 2011d was flltersd, w:shed with dilute nlco-
hol, =nd dried. learystnllisation from a2 chloreforemathanol nixture
and then from dlorune ylelded 15.5 (rems of the desirsd croduct,

ornnge-yollov needles, melting nt 206=207°.

spalysis. (alculated for Z-vialllylidenc=Jecoumaranone,
016”120“3 Cy 71.6“!“ Mo i"o57-; 1190, 11‘6‘2. Founds €, 71.6:2-"3 iy “‘.6:?':

vad, 11.5%.
2= VERATRY L1 iHiim Y COUNARARDE 5

A small amount of zevanillylidense“ecounarznone was riathyliated
in the usurl way by dimethyl eulfate »nd alkzali. “he nroduet war washed
thoroushly /'th dilute slknli solution =and wnter, and then dried. FHe=

nanted recrystallizations from methanol ylelded n comvound nelting at
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155=1607. The nelting noint wne not denressed when mived with »
enmnle of & Zeverntrylidens-d-coumzrenone (m,p. 15°=150°) nrenared by
condenaing verntraldehyde nnd Jecoumaranone undar conditions ae de-

seribed chove,
Lt ETTO Y2y lae DIHY HOXYL ] WCOK L (HITT)

nesell ~rd Todd (3§) nrecared Jemethoxye2',/mdihyirovychaleone
(£111) 4: the following way. Vanillin (¥) rnd o-hydroxyncetonrhenone
(%11) were benzoylated :ui¢ the nroducts were condansed by Hassing dry
4 hy rosen chloride in anhyirous ethyl scetute solution. “he tenzoylnted
chnleone thus formed was .sbenzoylated to give Jemethowy=z!,l-dihydroxy-
chaleone (¥I1I)., ‘The overesll yleld of this rocedure w2s not reporyed
by Fureell snd Todd, An attemnt to meke the chuloone hy the above nro-
cedure aid not result in a satisfuctory yvield. “herefore z woiifted
procedure (37) was used to synthesize the chaloone. The vrocedure
consisted of sondensing vanillin (1) snd g-hyiroxyncetenhenone ( 1I)
directly in the nresence of nlknali, and gave a entisfclory yleld of

o thoxy=2" , edihydroryehaleone (<II1).
o + one OCHA i OH
(;(16}13 o 7 — COChmCH UCH
(x1°} (x) (xx11)
A ZITHO (w2, e P THYLROTY O AL A (XT1T)

vanillin (15.2 greme) ond ge=hyiroryncetoherone (17.6 <rams)
wore dissolved in 50 nl. of ethanol ~nd cooled to 0°, & 7j=nml. nortion

of n 407 potassium hydroxvide snlution was cooled to 0¢ =nd =dded to the
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above slooholic rolution with stirring. 'The flask was well stoppered
and tent for neven dnys =t room temierature with ocensionnl ghaxing.
The eolor of the solution -nd the susnendad solids pruduslly turned to
bright oranre. After sover days, crushed ice wan adiad o the nixturs,
which wse then neidified (congo red) with & X hydrochloric acid., The
senisolld olly nrucinitate wie extracted with ether, wushed with 2
grtirated solubion of sodiws dimalfite, and finelly subjected to stesm
Atatillntion. “he residus amlé then we crysts’lizeld fron . llute
sthanel to vield 12 grans of Yente thrxy=2'  mdihydroxychalcone. ‘he
melting noint snd the nired melting roint with =n suthentic eanmle

prannred by “ussell and ‘Ad's method wur 1299,
SN0 Yl LHY DO Y PLAVOEE (AVD)

mHathoxy=2*, bedihydroxychaleone {111) wrs used as the
sterting naterlel for the synthesls of '-nethoxy-tl=hydroxyflavone
(7v1). ‘he ;eneral nmathod of presnring flavonss fron chalenner s %0
treat the latter with bromine %o give the chnalcone dibromido, whieh

ylelds the flavone on treatmert -1th nleoholie potash (J0).

Instend »f vaing Jemethorye2',/iedihy’roryehrlcona {(X111)
{1tealf, the dlcestnte (¥IV) wne used for bromination, Lecnuse the
nragence nf hylraxyl grouns in the ring sometimes causes simultaneous
mbstisitian and sdiitlon on trosiment with hZromine (29), whersas
with neetntes of chalesnes the reactiosn is penerally limlted to nddie
tion (/). ~=tethoxy=2',l=diacetorychelesne dibtromide (xv) thrus
obtalned .me trented with hot aguesus nleoholiec naotassium hyiroxice

to #ive “'amethoxy=-"'=hydroxyfinvone (¥71),
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O On f}Ac
CrCTmON ST TGl s'(‘l‘

(-111) (x1V)

/\

vy OAe dac
an — k/ COUHTPCHTY OCting

0 (x¥1) ()

"he astructure ot ths flavone is estudllishes Ly the seneral

method of “rencratlon and tin elenentary nnzlysie dota,
At Y2 Y e DT AC S TOXYCHALC TR (VIV)

“miiethoxy=2!, mdihydroxychaloone (2 grans) wos dlssolved in
15 nl, ephydrous “yrldine in a 50eml, Srlenmeyer flask, and & ml. of
acetic anhy’rite wers gradunlly ndded, The finsk wao stormered and
kent overni, ht ut room temssrature. ‘he reaction mirture wae poured
{nto un arcesa of ice water. Tha nrecinitnted solld wne filtered und
wished first -ith very diluse hydrochlorie el solution nnd then with
woter,  The nroduct wes recrystnllized from 957 ethanol to sive »ale
vellow crystnls melting =t 137%, The yleld of the yure product wes

Z¢78 eprans,

Apalysis. talculated for J-methoxy-z',’dincetoxychalcone,
Co0ypl6t € 67.P73 11y 54173 HeO, 5,04, Foundt C, 67.9, ¥, 5.1,

1187, ?00%-
", M D Y2 ¥ g B DY AL S TOVYLTLALLON DIFRII TS (4V)

“wliothoxy=R! , tedincetoxychaleane (2,25 ~rums) wis dissolved

in dry chlorofors (20 ml.) »nd & solution of bromine (1.1 srsms) in
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dry chloroform (10 ml,) wng acded dronwise to the zbove solution at
roon ten~erature., he bromine was concumed as racldly r.s it wes added.
The solvent was co-nletely evarorated on thie stomn bath, leaving a
solid residue., 7Thie wis reerystcllized severnl tinos from dilute acoe

tone, yleléing wvhite erystals nelting at 170«171°,

Apalysls. Cmloulated for Jenethoxy=2', lediacetoxychaloone
dibromide, Cpgfyg0gi®at €, B6.PE Ty 2575 try 2017, Voundt ¢, 76,975

T, Ly e, 31,07,
PO T Q] Y URORYT AT L E (XV])

“wt'gthoxyes! lmdiagetoxychalcone Aihronide (1 gram) uwne
diesnlved in sthanol (20 ml,.), nn’ the colutlsn wus hented on the
stesm bath. A 607 votassium hydrozide soiution (10 ml.) wns frodunlly
added to the nbove solution, causing the szolution to ¥urn red. The
solution wrs j.cotz) on the steam bath for 15 mimates, It wia then
gooled, noldified with dilute hydrochloric rcld, -nc kept in the re-
frizer-tor, asuxing the meparstion of ysllow cryetels, which were
filtered ond recrystallized twice from dilute ethanol. “he nroduct,

melding ot 194=195°, gave a negative eodiunm-fuslon test for hulogen.

Apalysis. Cnloulated for YV amathoxy=lt<hyiroxyflavone,
Cyglya0nt Co 71.6%1 Iy 5,571 Me0, 11.67. Founds €, 71.5%4 7, By

ve0, 11.6f.
Y LTHOX T2, B @ DIRY ROXYCHALCONT ((T11)

M olakho ez, H=dihydroxydhzleone (XVII) woe reprred by

the sanme rensral nethed uased for mnting the other chalcone (+111).
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talicylaldehyde (I) and scetovanillone (V) were condensed directly

in the nrosence of nlkall.

O OR
(‘HO 05{300 OCR, (‘I"C['(v() 0(3?[3

(1) (v) (xvil)

Ths condensation nroduct, however, could not ba ohtalned in
a sufficient st-te of urity., 7his wre bdeocsuse of the fnet that the
comround wie alowly converted to & rod »nroduct wvhen it w«=g heated in
solution of A solvent, e.g., during recrysiallization., It wns there-
fore converted into {te teonmoyl derivetive (XVIII), »nrepared nooording
to Schotten-Taumenn (4),152) starting with a fairly ~ure sam-le of the
nroduct. ‘the elenantary mnalysis of the purifiled tenzoyl crivative
nroved that the commound formed during the allmline condensution wms
2V umethoxge2, M =dihyiroxychalcone (XVII), Murther nroof to this effect
wan obtalned " the fret that this cluleoone eomld be very eanrlly cone
verted to ?'emethoxy~ii'-hydroxyflavylium chlorlde ty nzasing hydrogen
chlarile in » glreinl acetic acid nolution. Iueh conversions to

flavylium salts are charmeteristic of Z.hyiroxychaleonss ()22).
LMD w2 M THYUHOXYCHALS. T (XVIX)

In a 250eml, irlenmeyer flask, salicylrldehyde (12.2 grams)
and ncetovanillone (16.6 prams) vers diﬁnqlved in 100 ml. of ethsnol
snd the solntion wea cooled to 0. A 75eml. nortion of a 60: notape
siunm hydroride acluti~n wis rnlso c2ooled to 0° nnd ﬂw:n audided to ths
zbove eolution with stirring. The contulner w=s wsll ato;»ered, and

the re~ction mixture wan lwpt st room tomrer-ture for filve days. IV
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wap then added to ~n excess of lce wnter ant acidlfied with 6 X
hydrochloric 2eid, whoreby e sticky asesisolid nreci:itate wis obtsined.
“his vas eztracted with ether, and the sther solution wng wached with
sodiun bimulfite solution =nd with water. The ether solution wns dried
over aphyirous sodium esulfate wnd the ether <istilled. 7he sirupy
rericue was triturated with & llttle ethmnol, whereby trownish crystuls
sanrrated out, These were filtered «nd reeryatallized reneatedly

from dilute ethanol.

he ~roduct did aot have a sahars melting point ant n henting
elowly in the melting noint dath, it graduslly intensificd in color and
melted %0 = deep blue liquid et 152«157°. ‘he commound could not be

uprified further by repeated recrystallieation.
2V BHIHOY Y2, DT OTICHALLON - (7VIIX)

4 sanll nmount of A'wnethoxy-c,lledihydroxychaleons ws dise
solved in 10% sodiuwms hyiroxide solution, :ad =n emiu of lenroyl
chloride wag addied in nortions with shaking. ‘The mixture wse shaken
vigorously until the odor of benzoyl ehlaride ro longer naraioted,

“he s0li@ whs flltored, ‘e had tioreughlywith wsater, .nd reerystallized

from sthanol. “hite crystels meltlng at 14G,5e1L7.5¢ were obtnincd.

ipelysis. Caloulated for 'emsthoxy-z,i'-dlvenzoxychalcone,

C U 03 ¢ Sy M, 4,77, Youndt C LTy my howl,
20 2276 s 75.%%1 H, 7 4] v 75 -

-

ATELIRA: ) SULNRE, 45 HERe SEWERY 49 AETREN PO ) SANN O &3

MNotgthoxye'it=hyiroxyflnyylium ehloride wis srevarad by

treating thr mbove chalgone in plzeial zeetic =cld selution wlth



@2l

anhydrous hyiroren ehloride. ‘his is a very ¢eneral method of

aynthesining flavylium chloriles (%),

+CI™
. . 0
OH on HE™ LJ(.)‘H,l
CHeCICO OC}(3 A CHOT

(evIIl) (x1x)

The structure of the finsl nroduot vre Injlested By the
goncrs]l mathod of synthecle, interse red coler of the nrnrueg,
(fiavylium anlte rre deenly colored), the formatisn of o doulls s=lt

vith ferrie chiloride, ~nd the rnalyels of the vurified galt,
VLKA O Yl W HY RO Y H LAVYLIUN CHLON 10n (30X)

4 falrly mire zemole of 7'emethoxyez2,ls'=dihyiroxyzchaleone
(W1I11) (1.5 eroms) wae dissolved in 15 nml. of zlaclal =ecetic reld,
The mixture was cooled in rn ice heth, and iry hyiregen chloride was
nhgsed throush the solution for 10 minutes. /n intente red-colorsd
solid menarated ont. “he vreeinitete wns flltered by swetion. The
renidus w's recrystallized from 70% ethanol raturated with hydrogen

chloride. “"he resulting ‘een red ecrystals warn Tiltered =nl dried,
LT el b L {{Y: SO YYFLAVYL I S ICHLORTI LR

A spsll anount of 1'-methoxyeHahy: roxyflevylium chloride
woa dlgsolved in gloeinl seatic ncld, «nd & gluciznl neetie =eold
solution of ferr-ie chloride (0.75 gram in 10 ml. of 7lsclnl necetlic
scid) wan added., OGlistonipg erystisls with & met«1lle luster sennrrted
out, "he-e werp filtered by suetlon Anc rreorystnllized from #luctal

scetic aold,
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' Apniysis. Caleilated for 'enethoxy-!i'=hydroxyflevylium

ferriehloride, Cygfl 741, FoGly1 e, 12,87, Foundi Fe, lo.67.
At ETHO Nl P Y Lk GLY FLAV AR L (+¥)

Starting --1th Zenethoxy=:!,’=dinyiroxyehnleone (“111),
2V epatloxy=t ~hydrotyflavanone (7-) wne ohtained by the usual

1somerizetion nrocedure (/Hi).

' 0
Oo% I {)(JHJ
COCHSCT N1 TN on

(x111) 5 {vy)

4 mixture of the flavancne =nd tha chalcone reemltod from
heating the chilaone «ith =lcoholic hycroehlorie ueié for . hours,
e flavenone hed to o surified by renerted reeryeirlliizatisns fron
sthanol an® finally fmm ary ethyl rcet:te. %ha atructure of ths finnl
compound is nroved by the sen:ral methad of orevsratlion “n’ the eleneds

tary anulysls dnts,
AT Yttt (Y BT VAL (X))

Teilothoxy=2t , mdihyd roxych-lcone (S grams) w.t diszolved in
Lot ethanol (150 nl.) on the =tsam b th, and o 3 hydrochlorie zcid
solutinn wee added until » nermanent turbidity ~~nanred, ‘hie fure
ridity dlsannecrad ne the re otion nlrxture win hesntad on the atean
nith. The solutlon war refluxet for 25 hours, OUn coolirg the solu~
tion, crystals separated. “hare were filtered, dscolorized with
eharcoal, =nd reorystzllized seversl times from eharlute ethanol.
FTinal recrystnllisation from dry ethyl acetate yielded :hite crysizls

melting at 171.172°,
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sDolysis. Caleulated for 7'enethoxy-i!=hydroxyflavanone,
Cyefynlnt  Co 113 My 5.2 YU, 1145 . Foundt €, 7l.Z'3 iy 52773

a0, 1197,
XL IRUEIRs ORISR TLINT: §7) SNV An SFNRFN N { “¥1)

An attemnt to nrennrs ~'enothoyyelt, iVedihy: roxyflavan (%i1)
from 'enstlioxy-/'=hydroyyflavanone (¥?), Yy catalytic reduction with
molacul~r hydrogen in the nresence of »l=:tinum catalyet .ng unsuccess-
ful. ‘owever, thie reducti n wss made ~ossidle by aluminum lsoprop-

oxlde mocording to the mnthod of .eervein nnd “onndorf (45,56).

0 o}
{3CHn (VALY
- e R o
OF Wit

3 OH
(5x) {¥i1)

“he structure of the cousound was »roved bty the nethod of
fhrmetion, the formatisn of » dincetyl derivatlve, nnd tha comnlmstion
analvdical resultis, Crystallised from dilute eth-mnol, the coriound
{rtred s monshycrzte whlek losss 1ts water of orystellization ut 100¢

in &2 vaouun,
A0 LIHOT Yl BV QDL UY D RY FLAT AL (70T)

1. 1gthoxyei'=hy: roxyflavenone (z srang) cnd aluninum
{asopronozide (5 grame) werr coverad with 150 ml. of nlsolute {=ovroprnol
in n round=bottom flask fitted -ith « short uprisht condenser (<5 em. ),
the ton of vhich 'me attachsd to rrosher small cordenser sat for (le-

tillntion. o holling enin wee adled, «nd the solutlon vas refluved on
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the stesxn “mth with no water naselng through the woright condanser,
The rate of dlatill~tion wis five ‘rope ner aimute. . ositive test
for scetone in the distillate given by Z,'=dinitre henylhydrazine
reagent showed th:t the retuctirn of the carbonyl groun to the secondary
aleoholic groun wen teking nlace, After the =cetone test necame noga=
tive, wr ter was pnrssed through the unright condenser for five nlmutas,
“he water w-s then rsmoved from the nright condenser, nnd the first
five drons of the distillate weore testcd for scetons. & nositive test
was obtained, > the distillation wie econtinued. “his srocedure of
intermittent refluxing =nd dlstillation wis eantimisd until no further
scatone wre being ~roduced., ‘‘he reduction ime completed in 20 heurs,
sné additisnnl abpolute isonron=nol hnd to he added ta ths retction
nirturs Juring tm» noriod, oab of the Llsovromznol -~ thon removed
urier reduced nreswure, “he cooled residue vis then hyvirolyzed with
cold dilute hyirochlorice :cid snlution. “he yellow eryst:lline nrofuet
which senarnted out ucn filtered and dricd. ot ~etroleun sthar

{ben. 60=110°) lesching left the mnjor -ortion of tie nroduct s o
white residue. ecrystallized three $ives from dllute athnnol, the
vhita erystals nelted at 160«1561°, when the teaperzture of the alting
noint buth was raised very grafuslly. Towever, the compound melted at
a -mch lover temmcr-ture {the exact tenperature could not be doter-

mine?) if the rate of heating of ihe melting noint tath wme ranid,

snalysig.  Crleuliated for » 1 pathoxy«t, ' adihydroxyflavan
monohydrate, Cl(’?'mf);,, Tab Uy 66,273 Ty Ge2 'y “a0, 10,7, Yound
after drying the oconpound over nhosnrhorus ~entoxide for threc hours

at 60’ snd 2 mm, wreegurer C, 67,173 31, 6,75 HeU, 11.1,
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(aloulated for 3'=mathoxyel, tedinydiroxyflavun, 6163;1 6("13»’
C, 70,63 1y 5.9°. ound ~fier (rying tho compound for elght hours

over nhosphorus nentoxide a$ 170° »nd 1 nm. vressure: €, 70.6:5 4, 6.0,
] 0T Yl Y QBT ACKTOXT FLAV £

2eltathoxy=", Hedihydroxyflaven (0,1 gram) wis digsolved in
anhydrous nyridine (5 nul.), =nd 2 wl. of ncetic anhydride were ndded,
The solution v s kept overnight nt room twancrature in r stopnered
irlenmaeyer flnel., It wer then diluted with 50 ml. of ices water with
stirrings, vheredy cryatele sepsreted, ‘hese wuere flltered, w:shed
with dilute hytrochloric rcld and water, zz‘m?. dried¢, coecrystalliration

fron sthonol gave white crysinls, mane 121.5-1277,

fEsa keh . ‘gld’ﬂlﬁtad for ?“msth’oxy-fbi!s"d’.ﬂﬁﬁwm‘ﬂa'ﬂn

Conilsglg? Me0, B.,9%, Tounds leo, R,7%
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ACTION OF “oDI RISULRISE O30 00wl o Ui

In peneral the model eonpounds were oooked eithsr with a
sodium Mmlfite sslution or - sodaebase ncld cooking liquor, cone
tatning 1.9 free milfur dloxide »nd 5.5 total salfur dloride, -8
analyzed by the 'sluresc nathod (QZ). The coddings voe done in a
gerled gluss tube &t 175° in 2 pslyecerin bath with ocenslonal shaicime,
rpoouee tha rate of solution snd the treatment after cooizlng differed
considerably with ¢ifferent commounds, euch expcriment vill bve (ige
cuscod individuslly. vidence of rezction is baeed upon the solution
of the compound in the sulfite ligquor snd the rrevaration of the

henzylisothiuvronium salt.
WIINLHOMS AV LIRTNNSS s gREARE (B RVE NS ST

“.tpthoxy=2", edihydroxychaleone (1 gram) as hented »ith a
golntion of codium disulfite (1 grai) in dirtilled water (25 ml.) in
5 ssaled tuba st 1357 with ocrasionnl shuicing, “he conngund vent
somletely into solution within twb hours to form = colorless solutlor,
Jn standing at room tormernture, = white crystalline nrecivitots sen-
ar-ted., 7he tube wae anened, and the white crystile -ere flltered,
weshed with a small amount of 507 ethanol, drled, ~ nd eifhed, the

yleld wns 1.7 preme. “he theorctical yleld of mo'tum mulfonrte 1a 1.7%

Sreme.

e white orystsls wer: diseolvad ip 2 little dlstilled
wrtor, he solutisn wae fulntly -eldified wlth hy roehlorie reld,
and a solution of 5 graas of venzylisoiblours: hydraehloride {n the

mintrum cmount of distilled witer wor a:led to it, Thite crystals
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aineared almoat inmedintely, and the orecinit=tion was comlete on
stanings. hese erystals were filterad, wished with n llitle wviter,
and recrystallized from dilute ethnnol. %he nurse crystnle thus obe

te'ned nalted nt 212°%,

Annlysis. isnleul-ted for the bengylisathinroniun =alt of
the “emethoxy=2!,lied{hytroxyech«lcone sulfonie ncid, Czu"‘_,zs‘:’?":z“z‘

©y 12475%, Foundt &, 1Z2.%7,

el{gthery=2',/,edihydroxychaleonn (1 rram) wne heated with
20 ml. of a 5  neutrnl sodium sulfite solution at 175", . he domr-ound

win dlsgolve! comnletely +1thin five ninutes.
2aVn T LLOYL 507 QFUHAR

imTanilloylbansofuran (0.2 gram) »me hesdnd with a eolution
of sodium Yimulfite (0.2 pram) ir Alstliled water (310 -1.) in » sealed
tute at 175 with oaenslonal sirking. .he comround did not o into
molution even fter hcating for seven hours. ‘Te residue wne fllteresd,
washed thorourhly with witer, dried, rnd relghad. The welpht wir Qo<
rram,  soryetnllized from dllute ethmnol, the .roduct melted =t 137, 5=
17%,5¢, ‘hercfore the strrilng usterinl was not chanyed under the

conditions nsed,

"he ahove evhariment waz rangnted with sels” cooking liquor.
Z=Vmnilloylrenzofuran (0,7 gram) \vs heatsd with cooling liquor
(25 ml.) in & aenled tube At 175°, The comnaund wes left undiseolved
aven ~fter heatine for 2! hours., ‘he origincl wolght of the sturting

naterlsl wvas recovered in the sume way 58 above.
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Z=¥anillylidone=T=coum ranone (Z grans) woc heated with n
solutisn of sadiur bieulfite (2 grems) in dietilled witer (X0 nl.) in
% senled tu‘f.m nt 179¢ with ocension:l chulting, he ronnounc waAs dige
solve® cuite slowly, »né r roerlius wns left even :fter Ilve hours of
henting, After eooling, the rolid me;tdun wiie fillercd, washed thore
oughly with water, dried, »ni weighed. ‘he welpht of the rasidie wueg
0.75 : ram. lecrystrllized froa ethannl, the oranze orystals neltac st
206207, “he ~ixed nelting -oint with n sarnle of the zterting mute-

rinl was the sane,

The filtrate from the solld re-idue iz -nshed - Lth ether,
end the free sulfur cloxide was .riven off from the eolution in a
currant of nitrosen. AR excers of the cationesxchanse resin ‘mollte-C?
ae smnlied wms ~dded to the solution, which wris then filtered, mnd
the litersted sulfur diovide e, nin driven of{ by » cﬁrrent of n’trogen,
The wslution wne neutralired with <codiun hydro-ide solutlon, faintly
aeldified with hydrechlorie neld, »nd cooled. "o this oold solution,
& coolrd enlutisn of 5 grrma of “enrylisothiouren hydrochlaride in the
minimm noount of smtar wae dded with stirring. 0 0il nowarated whieh

eould not he farthar mrified,

“he ~bove ewrarinent .ng reneated with acld cooking lisuor.
2=V:ni1lylidene="=counranane (2 zrame) und cookiry licuor (15 1.)
were bantod in ~ semled tubs »t 175, “ha rate of solntion wras glmilar
to the nhbove cook. A little recliue vor ledt ofter heating for five

bours,  lentine wan contimuegd, ~nd the aomound went eacletely into
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golution in 24 hours. “he colutisn ~fter the cook wis yellow. Un
cooling nd extr.ctiosn vith ether, the yollox eolor ws removed by
the «thar, sng the colorless aguecus solution wae trected irn the ssme
wvay As nbove, ‘ere *1s0 the venzylisotlhiluronium esalt wue obtained ns

an otl,

sn attemnt wane therefore mivde t2 Hrepare the hnrlum salt of
the sulfonic secld, After comlstion of the cnok, thr eolution wasg
freed from - 11 entinns »n’ mlfur 2ioviie hy treatnont vith ‘uolitee(?
regin in the srte woy ne =bove.  “hes vecultine soloutian wee trented with
brrdum hydeorids solution until t'e alrture attained 2 falnt pizk eolor,
Turtan ¢loxlde wsne nawuad throwrlh this w0l tion for 10 nimutes, wheraby
the red aolor vantshrsd enmnlstely. he alrture - e heatad on the vater
bats far five  fnutes, =ni tho areeipitats of Lirium ecnrbonate wne
filtrred by suetion., The vellowish filtrate wnu decolorised by cnrbon

nnd filtered again,

A& portion of the sbove solutinn wis evanorated to a very
small volume un-ier vacuur snt the. poured into -2 o cess of athanol,.
Yothing Mt a silky kv za wee forned, The snme raeult wnz obtained
when u aconeentratad solution of th- barium sulfonate was poured into

an gxce~e of ‘lovane,

#. wart of the aqueous sslution nf the harlur sulfonate wna
.evaporated to Arynass at 50° undar reduced prrssurs. The resul ting
8011d wns yvellow ir color =nd 416 nnt commletsly dlensolve ir. water,
After =eching thoroushly vith water, the yellow residue wiz rgopystrle

lized fron dllnte ethnnal. “he melting nolnt and the mized melting
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noint with Zevanillylidensel=counsranone wan 206%. ‘the bariun rsulfonste
is tharefore cuitn unstzhle nnd ensily deconnores Into Zevanillylidone=

T OUNATTNONG.
RAEREOHERe £X L) SREERA NN A

TiatigthoxyeYehytroryflrvore (0.1 rram) »nd = arlutise of
sodium bieulfite (0.1 ~reu) i:n Jietilled water (5 ml,) wore heated in
2 qculed tnbe at 175% with veewslonsl shalting. “he orround reasined
wndissolved even fter henting for seven nLours, - JSter coolirng, the
residue wwa filtered, wrshed with water, an! dried. “he drisd residue
welghed 0,1 sram.  Fecryetrllilzation fri. <ilute ethnnol gnve cryetils,
whoze melsing ~oint and mived melting —oint with = sainle of the actart-

ing naterial wie 100w108€,

“he above ex:eriment wno reneated with weld ecooking licuor,
Valgthoxy="rtahyiroxyflevone (0.1 ersm) war Leated lth cookine liguor
(10 ml.) ip = menled tube 2t 1735%, "le commound wnc left undimsolved
even ~fter henting for -4 nonrs. "hs oririn~l wel Lt of the sturting

materinl wsas roeovered following the nhove ~rocadure,
W OV HY Y FLe Vo)

i. sugrension of Femathoxy=lilehyirory flsvanone (0.5 grom) in
a20id esoidng 1irmor (25 al,) wvin haated {r » scnle? tube 2t 175¢ with
oeonrlon:]l shiding. The enmound vent eamslot-1y into soluttion within
tva lours o plve colorleas solutlor. O etondigs -t room tennomture
& white ery=tniline »rceinitatn geonreteds  “hie war Y{l4cred, . ished

with « small =uount of cooled distille! weter, snd dried,
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The white crystsles were dlesalv-d fn ~ 1itile lstilled watsr,
cie the eolution was cooled, “his solution ixnre f2intly secldilied with
hy rochloric ncld -ni then =ndied to ' cooled sslution of | (rmug of
banzylisotiisures hy .rochloriie in the siniru »mount of rdistillad
wisr. The resulting whilte crystelline nrecinitsts vne flltered,
wnshad with a2 1ittle water, urd reerystzlllized fron dilute stharol,

"he pure cryst:ls melted ot 212°, 7There w.- no “enrcesion in = ~ixed
aelting nolnt determinntion with the benzylisothiuronium e2lt of the

wpoduct fron eulfite cookine of Zenathoxye:i!,lledlhyiroxychalcone,

2V aigthoxy=I=hyiroryfiayanone (0.5 -rom) win ~leo cooied with
- grlution of oure codlua bimulfite (0.5 rram) ir distilled water (10 nl.)
under siniler coriitions us descrived 2dbave, 7he comnmound —-ent comletely
into sclution within two hours. “he ~zoduct waz L'sntlenl with that from

the ~hove co0l,

M athoryebtahyiroxyfiovansne (1 rin) wie hented with £0
ml. of » 5. nentral sodium sulfite solution =t 175%. he comronnd wie

Alsznlvad romnlately in nbout one hour.

W D Y VW HY DY LYY IUT CTON L

M _pathoxyeltahydroxyfl- vyliun chloride (0.5 pran} wis dise
solved ir ~cld eookirs 1iiuwor (25 ml.) to give = eolorless solution,
.";"he solutdIp wan th n hented in m reclad tube n% 175% for four hours,
g wnnerent chrnes took »nluice durine cooklns, no o a1 m terind
annapnted €rom tie solutisn on -trnilng ~t room tem» r turce for ceversl

dnys, “he molutinn une oxtricted with ether, but an evicor:tion to
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fryness, th: ether a-iract 1eft no resldue., Fitrocen yas wis “nesed
throuzt. the ouaebus sol1ti-n to Arilve ofy frec muliur flo~lce., 'he
solution w s then tresied widh an grveess of nolltesi” resin raui
filtered., “he liverstsd mlfur diloride v 5 ~galn driven of 7 in & cure
rnt of nitrorcn.  “he solution s ecnlorired with corbon, filtsred,
and evasorsitad to d ryness in o vactua desice-tor. i svecorctlon, the
colorless «olutlon wielded » biriyht red eclld reeidus, 53.11-r to the
stnrtinge asterisl, “he dry welpht of the recidue wis noproximstely

0.5 £ DB,

A swnll smount of the red reclidue wes dissolved in gluelnl
snatic neld, and a faw drops of coneeitratad hydrochlorie neil were
ndded, To this rolution was =dded & gluclal .cetic neld aolution of
ferric chlorlde, Shining crystals of the ferrichloride ierivetive were

ontnined,

sediun fuslon test An the rol raslduse indieated the nussnce

of hualorens ut ~resence of sulfur.
PLACTIOY it oL rua I

Naitgtnory=-lehydroryflavylium chloride in acueous sclution
wae decolorized by nrmaning sulfur diorxide gr- throusis the solution or

hy adding ta Lt © solutiun of sodium Maulfite or neutr:l rodlum zulfive,

Maigthoxyebtalyiroryflntvyliun chloride (2.5 ran) wes g
golved 1+ dietille? nter (25 al,) one sugeous malfar iavide -6 stezed
themph the eslution.  “ree suifaur dlorlde v removed fru. the o=

ecolorized salutian by »Haasing nitrocen throurh 4t. .. vortinn of the
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solution wae evenorstel to c¢ryness at arcinsry temoernture Y iive n
beight red selid resldue. - colution of the raeiiue in gloelnl reetic
reld wae trosted with n few Grops of eoncantrnted hyirochloric weid,

rpé n gleeinl sestie ncld solutlon of ferric chlorite war added, Uhinine

ferrichloride erysisls wvere formed.

Yhen the sulfur dloride decolorized solution wns eviraetad
with ether =nd the ether aztrzet wie aveno - ful o - Tyiyde, - & SR 7
vag left, ‘he cecoloPiwxy . ~mauhlop oy o vl ERRE AT T NIRRT Al R
column cortmining Minlite-a: reslin, nnd th: reslting onlution was
evaworm*ed'to dryness, s reaivue w.e left, Houwsver, on cation axe
chanse by nolite~=C?, tﬁn resulting solutior on eysmpar:tion to “ryreds
vielded = red solid rocldue. “his resisue sove - ferriechloride fol-
lowing ths nrocedure mentinned ~bove. “he red residus wue ~lasolved
in witer, =n” the resulting colored soluticn could sgnin bo cecalorired

by weesinge mulfur dlovide throueh 1%,

« sartian of the sulfur dioride decolorired anlutior wng
evenorated to dryness unier reduted nremssurs st room trno-veoture, i
the reslcae wae dlesolved in dirtillad -mier. - n.rt of tie eolution
wnn trented with barlum chloride molution, tut very 1ittle resintinte
wns formed, - nather pert wne vrsowd throuel » column coateining
molite=C? rosiln, and the resulting colorlesa solution w-z tosicd for

rulfite. & poeitivs o=t for mlfite wae obtained,

“he ref ealor eould nlno ©e rorenerated vy tho gﬁvition of
enneentrated hy rochlorie seld to 2 deecolorize: solution, +herahy the

red color rmoerred alovwly. After the nddition of concertrated
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hydroehlorie 2eld to = decolorired solution, » borium chlori:e nalution

wae ndded. ‘here wre no Hrecinitation ~f nirium sulfate,

% iortion of the walfur dloxide= scolorized solutlion wee
avitorsted very slowly 7t room termerature wnd nreseurs, In this way,
n quantity of velleformad red crysinllinc miterizl wes ouvtuined., ‘'his
vag filtared from the nother liruor, warhad . Lth weter, unt Jdrled.

"hig eormound was not further urified, ne =n atles:t at reerystollisa

tion 'y hesting the eouvnund in wmter rerulted in dsevannsition,

anlysis.  Caleulated for ?amethovy-/ttehy:imoxyfliwylium
mulfite, Caplp0g51 Oy 5.45%, Caloulsted for 2Venethory-i!-hydroxy=-

fleyyliun sulfate, Caoloc0) 08 Sy 5eTb, Toundi B, 5.7k

Another nortion af the sulfur diovide deeolorized solutlon
wee cooled rnd ndced to n cooled aslution »f Lenzylisoshioures hydro-
chloride in the ninimm smount of vmter, ihe aixture vas kert in the
refrigerator overnizht, 4he solid was filtered under suction and re=
crystallized froo = small smount of ethansl. “he sroduct nelted at

175-177,

analvsia. Cialeulsted for renrylisothiuroniun sult of the
compouand ohtained by iasomeriszetion »f Waene thoxy="t=lyiroxyflavyl fum

Smglls gty G SN 2y .65 ! Se GoZn
mlﬂte. f,}()‘iz(;’ag‘. F.’ﬁlo !\zl Ty j.65 R Founds . 2
2OV Y2 WA DEEY YL

: falrly mre sou-le of 2leusthoxy- ' =iihyirovych:lcone
(0.5 gram) van heated ith o solution of socium Lisulfite (0.5 ran)

th distilled water (25 ml,) in o senled tude at 175 with oecenclonsl
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sheking, 7‘he commound wvent comnletely into rolutlon within one heur
to form 2 colorleaes znlutlon, "he cnoking =i eontimied for another
hour, The rreulting solntion wix cooled, <ni ta = nortiaon of th's

solution, concentratcd hydroehlorie ~cld was ndded., A red color ap=-

noarsd predunlly.

Litrogren wes nassed throurh the remeiring rortlon o the
rolution to Arive off theo free wulfur dlox.’e, ~n graecss of iuolite-("
resin ves aided, snd the zolution £1)tered. Vitvogen wis arein nwssed
throuph the aolution to reiove the litersted silfur dlo~ice, A mart
of this solution wns aviornted to uryness at ordlncry tuivapratire and
sreemre, A tright rad residue wes left., This wes dlesolved in /1o~
eial reetic aeid cnd tremted with o fow drops of esncentrrted hydroe
chlorie aeld., m the = <itdnr of » rlereisl nestie el solution of
fervic rhlorlde %o the «bove esluti~n, shining orystele of =~ ferrls

chloride vers formsd,

In nl1l 1ts nther r=.ctlans, the cooked solutlon ichrved
exnotly like o e:lution of ?'emothoxy=/i'-hycrovyfluvylium chloride

decrlorized with sodium blesulfite,
At DO kb BV QDTHY 3 KX FLAVAY

g thoxy='ty bladihydroxyflavan (1 ;rram) was heated with
7% nl, of neld cookins liamor in 2 eenlad ~lras tube nt 175° with
oreanslancl el sine, o 85r'% olly residue :«a lefi undiscolve’ evan
sfter 12 tours of hentine. <“he produst -m=s egxtro~ted uith ether, and
the ether solution was eve orated to ‘ryness ¢» sive .1 grom of

ra=idue. “he nqueous eolution sfter ather extraction v« free! from
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dispolved sulfur dioride by —mslng & current of nitroren througn: 1t.
The snlutior winp then trestsd vith on cveess of molite~(™ resin, the
solution filtered, -nd the liberatcd smulfur dloxide a¢xin re-oved by
presing nitrosen threusk Lt. “he anueous salution w-¢ then almont

neutr-lized sith sodium hyirozide rolutinn :nd cooled.

. cosled solution of 2 grams of banzylisothiour:s hydrachloride
in tho ainisum smount of witer urs adoed with stirrine. an olly aroeiie

1t te resulted vhieh rould not ‘e further surifled,

RTINS £

OH
HO 0 oH
, OH
oF 1
0

.uercetin {1 pram) wan hested with ael! conking liguor
(50 m1.) in ~ senled ~lass tule ot 125 with ocenedonnl eh-ring. ~fier
Pive hours of hanting, a mart of tho sterting anterisl wont trito rolu=
tion, Mt ware reprecinitated on rooling, " he residue - filtered,
wvoehed thoroushly with wmtoy, “n reerystallized fron dilute ethmrnol,

“he melting noint of the unroduct vrc mbave 00,

© nartion of the ~roduct (0.5 pram) wne hewted for one hour
vith sacedie aphyiride (20 ml,) nnd erodlum neotute (< grsma) on = ste=n
»~th., “he roduet wee cooled and diluted ~1th iee water »nd, nfter

decomposition of the acetic anhydride, the vesidunl ~0l3d -ne filtered,
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weghed vith wnter, and reerystallised from dilute ethinol. ‘he ~ure

nroduct neltec ot 198, 52007,

Anlysis. Caleulnted for ruercetin -entascet:te, Czsuzoolzl

£, 58.6%; ¥, 3,97, Founds <, 5B.603 K, #ls.

2, %= DIAYY: O U iRCETIND

OH
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o

o 3=Tiihydroquercetin (2.6 sran) wae hested rith reld cooking
1icuor (30 ml,) in - senled glnes tube at 175° with oeca«lonal sheking.
The cormound wia dlssolved comlet ly by the tlme the temnarature of
the *~th reached 100, 4fter ons hour at 1757, yellow erysinls bhegnn
to sesnrate from the eolutlon, “le beaating was contimes  for = totnl
of five rours., "he yellow orystole vove “illtcred, wn-had thoroushly
with wntar, and dried, The welght of tie sroduet wus 5,55 eram.  “hie

wAs rocrystrlilzed from 6llute ethansl, “he ~roduct -eltzd above "00°,

A small snount of the »roduct wis ncetrylnted by heating ith
seetie anhyirids and eodiun ncetnte on a stean vmth for one bhour. “he

aroduct waz dlluted with lce water to reolpitate the neetate, “he n0lid

lThis compounc was rrensred by Hr. Jo €. Pew of the 1. 4. Yorest ‘rodnuets
Latorntory, Hdison, ‘‘laennsin,



wen filtered, wmshed with water, and reerystzllized from dilute ethanol.
The product melted st 105,5«2007, The nelting nolnt wiz not lde-renssd

by nirture «ith ruthentie suercetin ventaagetzte,

In npother evserinment, 2,7=~dihydroguereatin (0.5 #ram} wae
hested with neld esoking licuor (25 ml.) &n - sealed tuig nt 100° for
half an hour, A alear solutlion was tlereby obtsined, ut -hen the
solution vz cnoled, n 6014d eepuroted Hut, Thle e filltered, mshed
with v ter, mnd rseryztellized froa hot water. The Hrofuct uelted at
130175 with deaom:oaition, ‘he wixed neltirg ~oint with » asanle of

2, J=dihydrocuercetin vy rleo ths sune,

Zy=iihydrocuercetin. (0.5 grum) s aleo heated with Cistilled
wvater (25 nl.) in e realed plzs~ tube ot 1757 for elght hours, ‘he
product went into solution and stayed ip solution until the e¢nd of thy
caook, On cooling, n s0lid rrecinitatad out of wolutlon. 7This wes
filtered, nnd recryatsllized fro- hat water., The melting polrt and

the mixed melting noint with 2,%=dihydroquercetin vz 170=1735%.
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TLUPAVIOLTE ARBUEPTION SP<CRRA OF SV nQual CGXIPUVEDD ARUL
rnln BVLRPOLATED el

“he ultraylolat abeorntion spectra of the 0del compounds nnd
sonas of thelr sulforsted deriveotives were studied for comoaritive ‘ur-
ﬁO%@?. nnd for tracing the change effected Ly the rulforstion of model

comnounds,

“trong absorption in tos ultravielet Lo piven by co.unounds
eanshls of rseannting betveen severzl confiaurations. ‘ile benzene ring,
whioch is carable of smuch reéonnnen'gtvas % ebtrong nheorstion tand ag
200220 mwm. Substitution of the Lenzene ring, e.z., "y hydroxyl or
amino ;/rouns, increnscs the raaber of soesible resonating structurcs,
»nd therefors introduces other absorntion ‘mnds, lLone nora or less
golf=rontainad rewonting ~yrtemp, .4, (I, ~“3?, and wliele, rofuces

charneterietic nbrormtion tandse,

The ultraviolet sbsorntion speetrum of » coapeund ie the
interruted result of the different overlas ing tands, characterictic
of the different sfrounrs. Tome of these jande mey Le sirong enough =0
tht their »uxima -tand out Hrominently, vherear other lese strong
hands nry be 1oat in the ovemwall curve as & result of overleoupning.
Therafore, although the over;all ourve is = dlstinctive »ronerty of
r nortienlnr compound, distinection of couvounds vithln 2 conplex
fanily e hapdly -<chieved by the study of the ultraviolet spsctrum,
“he lecation nnd intensity of the marim+ nrc the mort significant

fentures of an ultravislet ahsorption curve,

lTho ultraviolet -pectrs vere letermined by “r. ‘onald !wedonnell.
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The ultraviolet shectrum of lignin hae been oompersd with
trose of » ceries »f model conmounds by vlading (30), -tterson =nd
“Ahbert (Bf), ~nd 1lineipdtan (39).  Although these authors agres
that trhe ultravislet mneetrun of lignin iz th.t of = subsztituted
tenzene iy, thelr interoret-tion of the overeell curve is guite
A1ffarent, "his im to be exnected in view o the nlove discussion
shant the 1inritntione of the ultraviolst svactrum. In friet, the mumlter
of orsanie eormounde whose ultraviolet spectra closely ros.oble thut of
1ienin $e contimu lly rroving.  Yhis shomld be went in nind in comnaping

the ultravislet s gotra of the model co-.oumris with that uf lignin/?A- 1),

"ltreviolet hsorntion spectrum hur lgo heen uscd to troce
the chanre ef Tacted Ly sulfonntion of nodel comdsunder,  Uvétasn and
eo-varicers (50) tave shoum thit the replac.mant of = Ly 'rowyl group in
n model compount hy o sulfonic =eid grouws involves nractienlly re
chanpe &n the nltravinlet mrve. liowever, = najor chance in the rodel
commound, wuch -~ the o-ening un of - heterocyrlle ring, would rive
nn ~ntiraly 41f erent ultroviolet curve from that of the originnl model
cormount, "herefore, : rtudy of the ultravielet snectrum may be vale

unble ir trieing the change offected Uy sulfonution.

"he ultreviolet nnsctra of the model comnounds ~nd of some
of thelr rulfonle =cifs w=re datormined in ethanol or =iueous solutien.
In erua of thore sulfonic ~eldn - fieh eould nat he 1aolztad, naoueous
solutlsne wore obtrinad Ly eooking the ~ocel con unrs «ith sulfur
dis-1de molution -t 175, -fter the aodel com.-und hao die olved,
¢ manr sulfur S{ovxl e wae renoved from the salution b seeglng w eurvent

of wmrifisd nltroren theoush 1t,
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"he ultraviolst sseetra 2re =rosented in Filpures Z2-5. It 1s
{nterc:tins to rots that 9f ~11 the commounds - tadisd, only tha eulfur
dlovide=tlonched “temothoxyw/itehyiroryflavyliua chloride ¢ave & elose
spectrum (Fiz, 1a) to native lignin or lirnosulfonic scicd. The struce
ture of the comound obtained Vv the sulfur dtoride Llienching of
Tt eme tho ~y=ltt -*.roxyf}rw;.'lium chloride hea not oen eetobdblished, liowe
ever, 1f 1t 4s s sulfonic acié, of which indleations have bLeen obLtained,
then the siructure of thic sulfonie asid may lLe simil-r to thot of

lignosulfonic reid,

The snectrs of the model comounds having o,/ -uncsaturated
ketone prousing nonrecting two arom:tic mielol huve iren commiled in
Mpure 7. All thare commounds hove pmmtbent absorction hende in the
longer wevelcngth resion. Trom the striiirg Alssimilarity 0f thase
greetrn from thot of nntive limmin, it is inferred that 2 gbwunsatureted
katone :rouss 2rc not nresent in llgnin, or the amount of suech grouna
ts 1nsignificant. “iowever, this doer not preelunie the -o-slblidiy of

tha nresence of nmasked eldol-tyme grou-s in 1ignin,

¥imura 2 sleo shows that the aarian for “emethoxy-2',/dihye
drovyehilnone nnd zevsnillylidene="mcown ranone (a und 1) ure close
tosrether sround 400 wm, wherens thowe for “evanilloyllenzofuran snd
2tamotioxy=ltehy iroxyflnvone (o rrd d) swroeor st 200350 mem. It ie
{nteresting to note thut the former twsr compounds reaet with Lisulfite
to give mulfonic nelds, vherees tha latter two o not renct with hlonle

fite at nl1l,

"he aveckr: of the o, -unenturatsd retonic no'el com mnds,

«whlech aould e sulfonated, nnt their mlfoncted derivatives hrvs heen
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comiled in Flrure 2. From chanlerl evidence, Lt is known that with
the chaleona (n), sulfon:tiin takes -lace by the sddition of sl furous
aeifd to the doulls hond., “his renoves the coijJusnted systemy, ~nd oiso
the strong tand 1n the longer wavelength reglion. ihe sulfonio aeid
fron 2-vanillylidens=2ecoumaranone was t0o unatable to Le {golated for
analy»ls, rnd therefors the structure could rot ne declded Ly chenicel
mosns. [ owsver, by cornaring the ultruviolet snectra, we find thot in
the: malfonic ~cld from fevinillylidene=“=counranone, the strong
absorntion e to the «,p~unscturated ketone ¢roud hiw cisanvearsd,
arther, the difference hetween thc spectra of “Twgthoxy=2' ¢ ledthydroxy=-
chalcone (n) and its sulfonic neid (=') is clonely dunlicated by that
hetyeen 2-vanillylldeneeTecoumaranone (b) =nd ite sulfonle ncid ('),
'The nrobable change effected "y ealfonation of 2evanillylidene=7-
counsaranons it, therefore, m;dition of sulfurous acil to thc doutle

bond in the followine way.

H0mlt

0 T cH LT, ' O~ ¢ iy
\ OB \ on -
~o Yo

(1) {XxIv)

Corm=rison hetween “emothory-2',ldihyiroxych:lcone (2),
41angthoxy="1=hy!roxyflavanone (b), and the comson sulfonic reid s
mode in Mure 4, It 1s seen that 11 threa curves nre dif‘erant from
ench other. Thie 18 to be exnectcl because sulfonrtisn 1o mecompanied
Yy ring opening in one onse =nd Ly the disarnearsnce of & conjugnted
syatem in the other. lowever, the ring onenirg in Menathoxye/it=
hydroxyflavanone ig not sssocinted with 2s "uch rchinge i the 1lires
violet s~eetrm (enmnare b ond ¢), as would be exnected from the

findingre of rdtann snd co-workers (50).



The ultraviclet erecira of ensthory-it,!iVedihydroxyflnvan,
Manethoxy=~=hy raxyflevylius chloride, »und their slfon~ted Jerivatives
are ecom. vred in Mpure 5. In the care of thc flawyllum ehloricg, 1t is
esor thnt r drnstic choree In the structure takes lace as a result of
alfon: tinn (oo-nure » nnd 2V},  Farthor, ne lresdy -ointed out, the
curve for the sroduct of mlfonntion (&%) renembles tht of native
lifnin, or Yimmamidante eald, e curvse for "'euethoxyeb,Hedihydroxy-
flevan (b), +0d 4ts wlnle celd (V) were quite strilaxr ex-enting at
the low.r wuvelensth repion, ‘etter comp:risone could have been nade
i1f nltraviolet abrorntian it the lover wavelength refion were ore
fully recoried, an it is, nothins definite enn be inferred ne to

whether or not ring ovening tacgs -lnoe durdng sulfoustion,



INFAREYD ARGORPTLND GPECT LA W~y NQUHL, conrovrnsd

The infrared absarstion epectrs of asone of tha a0del comvounds
were studiad with = view to epnort the structural formlac assigned to

thom,

in rocent rears, infrared absorption soectra have Leen oxten»
sivoly used ns a supplenant to chemlenl nathods in dataraining the
strictural formilas of organio cormounds., The infrared nbsorption
epeetra of orranic cormmunds are the result of the resonant vibration
of atonle and moleonlnr grourg. “he frequoney of the rasonant vilrae
tion of the cherscteristic grouns deternines the position of altsorntien
rands in the infrared reglaon, nd herein lies the usefulnsss of the

tnfrared speotrum in the fleld of orgmnic chemistry,

uring the nnet 20 years, ths infrared sreotra of & great

mmber nf comounds have been systeuntioally necurmlated, e¢o that come
correlations hotween cheamlcal grous and thelr characteristic abeorp-
tion Lands cowld bLe established. Carrelation tables such ¢ those of
“4114nms (5)) and Coltimp (52) are avzileble im the literature for the
vuroaes of interreting infrared spectira of erganlc comouncs. ?romxina
(33) has aleo nnde correlution charts after studying the infrared speotra
of n great rumber of organic compounde. All three sourcses were con=

sulted fresly ir internreting the infrared ovwectra of the nodel compounds.

The infrared absorntion spectra of siz of the model com>ounds,

as deternined by n lerkineXlrmer dodel 127 infrared sg-ectiro hotoneter,

1mhe tnfrared sneatrn ware detrrmined byrr, Hichard {essner 2nd lip,
Hehcrt J. Wwxton.
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ies shown in Figure 6. All those comrounds were ohbtaincd ms filaw
from sultable solvente, «s seen in pure {, tie infrared specira of
the 6iel commounds s«ra quite com~licated ard do not lend theiaselves
ta » enmlete mnalyelie. A few conclusions can, houmver, be deduced

from thae curves,

311 the counounds show the charscteristie hyiroxyl bands
nesr 3500 em.~l. “henolie and nlcohollc hydroxyl srouss are not
usinlly distinguishable in 4nfrared ourves. In tie vrosent work,
however, it wae found thrt two hands were obtulned irn the hydroxyl
reglon i the curve of compoun:t D, which contains both pherolie 2nd
slooholie hydroxyl grouns, Vanillyl aleohel ~nd coniferyl sleohol ,;‘O_:a
have two ‘wnds in the hydroryl region, In certsin caseg, therefore,
it scang that (ifferent Mends for aleoholle and nhenolic hy:iraxyl

Frouss nay e obtined,

511 the oompound® hive two Lands &t about 1500 and 1600 on. "}t

ag o rosult of the ~resence of zrom~tic rinss. ‘the alinhatle double
bond is indiested Ly the “vnds at 1587 em.~l in compound 4, ond 1642
t:tm.-1 in commound ¥, The band at 1577 oam.~l in compound 4 orounily
contains overlanning tands for both the aromntie ring mnc the aliphntic
double bdond., Tecmuce of its ease of isomerisation to tho chalcone, the
comnaund 1 aleo shows a band for = double bond at 1645 em.=l, In come
~oupds € and T, the double bonds prodadbly have lost their sliphatie
char:cter; they are in conjugation with a condensed aromatic ring.
secordingly, the bands for the rlinhatic doulle vond are wmiesing in

these two comrounds,
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“he nyran or furan ring is usuilly vssoclatod with 2 band
Vatwosn the 1500 und 1600 om.~l bands for the aronatic ring. 4ll the
somnounds revialed such n band, 7The “roeence of = sinilar band in the
curve of con muml'!n indlented ag=in thzt 4t visht hove rovmilted from

the {somerirntion of the eom:ound a to the flavznone.

The esritonyl groun w.n revresented by hande at 1676 em.~1 tn
sompound A, 17D en.”} 1n commonnd ¥, 161R cn.~1 in compound ¢, 1691
em.~1 tn osmound 4, ené 1677 on.”} ir comound 7. The carbonyl band

woe nboent tn the ocurve of comnound o, as is to be exected.

Carhone=hydroren linkees nre rosresented by tands ot pREL
1570 em."} tn nll the ermmounds. A hand at 1750-1770 em.~} wee
arasent in #ll the comprundg =nd muy be secribed to the rhenolle
hydrezyl rroun, ~11 the enmnounds also showed absorntion {- the
vieinity oi‘hlz'?() cn."l. which may be due to methoxyl groups. “he
1120 cm.'l pand, ~rement in «ll the curves, 13 due tc dlormne which

wvie used na - solvent in order to make the films,

ihe trisubstituted benzene ring le rrrreaonted by bands
in the vieinity of 1070 -t 550 enm.=l 4n =11 tho compsunds. 5l1 the
com oinds #1060 showed infrared absorntion near 760 cm,~l, which s

characteristic of tho dim hstituted benzene ring.
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Twd tynee of model rom-ounds vere etudied in the heulflite
cooking eyrerimants, ‘he Tirst tyse ecomorines camnounda.containlng a
-é:é-ca- rroun conneating tvo ~rom-tic nuclel, nanely, Jevarilloylhennoe
furan, Zevorillylidenge"e=govmsraziono, *-@ethozy-Z'.hndihyﬂraxychalcona.
Manethoxy=Blehy. roxyflavone, rnd 2tenethoxyez, Hedihydrazyehrloone.
Commounds eoant-ining o,/ -ungetursted ketone rrouvts readily u«dd =zodiunm
birulfite to tha double bond neeording to Yratzl and coeworkers (15,20).
Thase comounda were therefore heated with nn nqueous aolution ~f
apslytienlegrade sodiun bisulfite in ~ senled tube. In the cace of
romtounds chieh wers iosoln le or difiicultly solubls irn sodium bisule
fita solutisn, ~nother cook wne car-led out in nn seld eodkins liquor,

contalning .0 fre- sulfur diaride “nd .& total aulfur 2lovide,

ke sseond groun atudiedlcomprisne com-oundsg eontaining the
three=carhon eide choin conneeting tvo sromsatic miclel in the form of
= vyran ring, Thewe comounds vere 2'-nethoxyeltahrdroxyflavyliun
chloriie, ?'emethovy=it=hyirozyflavanone, ?'-mathorysy,edihydroxy=
flnyon, cuercetin, =nd 2,=dihydroruercetin. All these compounds vere
rooked with = solsehnse scid eooking llouor, which cont:ined =,9Y fyree

sulfur dioxide ~nd 5./ totrl sulfur dioride.

3¢ the first proun of connounde, Zevanilloyllenzofuren and
onethory='t=hyroxyfinvone 1d not resct «ith Lisulfite. Althouvgh
theae roncounds esnt-in zn o, -uneaturated kotone ~rouplne, ovidesntly

ring formation -nd coﬁjuﬁétion 443 the benzone riny has conferred

atnhility to mulfite ~ul ing conditions. usrcetin which cnntrine
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rimilar a,, -unsatur:ted ketone ¢roun ia addition to o free hy ' roxyl

groun ir the ~yran ring ~leo showe stabllity townrds hlsulfite conlkling,

I'nlike ‘=vanilloylionzofuran, Z-vmnillylldenee’=coum:ransne
wan elowly sulfonztad to form a soluhle derivative. ‘The tenzyliso-
thiuronium aalt wag oily ~né ungtnble, nd & ~ure nroduct war not obe
taine? for nanlysie. The harfum rolt wnie rlso unztabtle ond feqomnosed
very rendily to 2e-vrnillylidene-"-councranone. Thercforsz 1t could not
Ye fatersined vhether sulfonation takcs nlrce by adiltion st the double
hond or by other ways, such ae ring opening. ‘he formetion of &« lwntone
hydroxysulfonate bty the adiitlon of sodium dplsulfite at ‘e earbonyl
proun is immrobaule in soite of the relative inntabiiity of th=s sulfonile
acifi. Thie 18 beemuse of the faect that tha cnrbonyl sroun in Zwvanillylie
Adcne="wcoum-rapone ls attoched to = lLensene nucleus sund & tertiary orrhon,
and Le unlikely t; farm a hydroxysulfonnte with sodiun blsulfite (3h).
In fret, anttempte to mals the oxime and the semie rhoazone {Pos Zevanile
lylidene=T=coun renone wors unmuccesnful, Hrotably bhecause of steric
affasctn., Purther, durine the atteupted isol-tisn »f the harius gulfne
note, the sulfonie neld wie not converted to cmvinlllylidene=lecoumira-
none by mernly mtking the »nroduct of the enifite nook slualins vith
excear darium hyiroride. “he bisulfite adiitin uroducts of earbonyl
connounde - re dachmnoned under sisiler cinditions (S5). Although the
structure of the suifenic reilcd could not be determirad by chorieal
mathods, ultraviolet smeatroscopic nmeasurements seem %o indicnte that
the sulfonic neld 1s obtzined from Zevsnillylidene="=gouniranons by the
nddition of sulfurous ncid across the double bond, in amecordence with

the viewn »f ‘~eek ~nd Kretzl., linlike 2ewv:nilloylvenrofuran, sulfonation
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of 2e-vanillylidenc="=ooumsranons ia norsitle nrotadly bocsuse the
1atter, does rnot contein @ double dond i the furan ring 1n conjugztion

with the condensed tenzens ring.

“ellothoxy=z', ledthy roxychelcons w:.e vory readily sulfonsted
1y heating itk a solution of godlun bleulfite, he sulfonic neld wre
1golnted se the slishtly soluble sodium anlt and ~leo ~e Lthe bensyle
fzothiuronium comound., nslytienl remilts showed thet the emlfonie
reld wi: farmed bty the add{tlon »nf one olecule of sullurous acld ¢
the ehnleone., ' neet and ‘ratzlls work shows that smilfurous neld adds
very »s:¢3ily to the doubls Tont of differant eluleones, in such » &y
that the mulfonle neid groun is nttached tc the ; -carbon wtom from the
carb nyl srouny therefore ths Tollowln structure is {uflented for the

walfonic seld:

! )“ !{) ‘—‘ ‘]’{a’
rncvzcﬂ ua -

{xv11)

t.itethoxy-t hydraxyflrvanone dinsolved readily on heating
+1th aeid cookine licuor or bisulfite solution. “he sulfonie acid wag
{solted a8 the sodium 53lt snd aleo = the benzylisnthiuronium commound,
~“nd wig found a4 he tho rane com-ound (*YI1) 28 that obtained from "=
netho ry=2', edihyiroxycizleone, <2 nroved Ly the meltins nolnt =nd nixed
melting roint doterninitinsne of the bensylisothluronium covpounds. 7Thie
wie 49 be exnected from the works of Richtsenhain (z7) and ¥ratzl (18),
who ~howed thnt the nyran ring in flnwvanone omened ur on coskine ith
bisulfite salution, ! the nroduct was {danticul tith thnt obtalned

-

from 2'=hy roxyerrieons,



~56m

fhe rate of salfonati-n of both the nhove clinleons and the
corres-oniing f1-.vrnane wes ~onroximntely the eiag vith either Limulfite
solution or =eld cookins liimor. ‘he sulfon.tior of the fluavinone muy
~roaged «ither by irect anlitting of the sther linkmie, or by interme-
diste formation of the ch-lenne., IThe wolidic nedlum uecd for cooking
tihy flowvnnone clwa frelliiteten flavanoneschaleone isomcritation. Mure
ther, vherear o, -unsaturrted ketonas have uvcen own to #lve mulfo-~
nnted ‘erivativen, tihs only type of ntenzonyran oo ound that is hnown
thus far to underge ~ulfonution by ring oneriry La the fluvnpone. “Therce
*are th. 37es thut 4 the vresent ci-so, the flavenons first ilsonsrires
to the chleone, =ns then the chrleons is =ulfonited o cms very

n1louaeible.

Co

/ (2171)
° or CE eH CHOOCH
07 2 3
€O~ "5o,H

) (n11)

“hen cooked in £ noutral sodium sulfite solutinn at 1757,
the chaleone ¢iseolvesd within five nimutes, wherc2e the fl.v-none toonk

more than one hour to dissolve. “he rasctizn rotee of the smillonotion
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of the chaloone »nd ths flewanone in neutral :ad acidie nediz can Le
srnlinined seeardinge io the bove hyrothsale ir the following wey. In
aeldle ~edin, the rate of sulfonntisn of the chiricone is slower than
that of the formutlor of the ehilocne from the flawan-ne, Tharafore
the over-sll reto of sulfonntisn would ‘e deternined by the rate of
milfarctisn of the chulesne, 1llence the rate of sulfonstisn of the
chaleone nnd the flavanone would be tie sane in aeldie wedia, ilowever,
{n neutral nadls, tha isomerization reactisn should be elower thin the
smalfonation af the ehileone =n? should therefore daternine th: overwall

rate far the sulfonation of tha Mlovanone.

"ha zbowe hynothesis 12 =zlro sun-orted bty the fict thut nle
tiough ether linitires in some mocdel compounds hrve boen tioun to e
hyirolyred ~n coolking with biwvu. fite, the rate of such rencti-n ie
definitely slow under the ususl eulfite pulning eanditionn, consared
vith the rate of sulfonztion of 2'enethory=it=hyiroxyflavenone. !'owe
evor, the renty eulfon:tisn of thirs flovapope nay rlso Le expliined by
the resence of proper mubstituents, which would meke the ether linkeye

nore sascentibles to hydrolysis,

1aethoxyw?, M =dihyiroxychaleona, which wis not obtained in
» ~upe state, Tendily pave & water-solutle nroducd when cooked with
sodiunm bimlfite solution. Although Kratzl :nd co-workers (18) wvorked
vith sever-l ohnlgones, none with a hydroxyl ¢rvoup in the le—ocition
had heen subjected to hirulfite cooking. ~s rlready wontioned in an
earlier sectlia, the Z~hydroxychileoones have a great tendency to form
flavylium cormounde, esmecinlly in selilec medie, “he flovylium coge

sounds have boen lmown to b deeolorized =mnd thersfore chericzlly
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changed by the notion of sodium bimulfite, Therefors, 17 the above
chrloone 45 heated with & solution of sodlum bisulfite, it 18 vary
srobedle that it wonld he firat converted to the 2V eps thoxy=H! hyiroxy=
finvylium snlt, wvhich would then reset with ws'ium blemlfite %o form
the colorlena cormound, In fact, the nroduct of sulfonztion of the
abowe chaleone vag found to be tho same sc that odsaimed by decolorioe
ing a golution of M.methoxpeltehydroxyfluvylium chloride with codlum
bleulfite. Nowever, mccording to tho views of Kretzl and cee-workers,
the sulfon~tsd profuct might have boan obtainod by the addition of

galfurous acid acroar the double bond of the chaloone.

cn-cn-(:f »Ooax O TG .cc:Oocn
3 gl

(vviI) ' ' (:X111)

If such is the oau.‘ ths decolorization of 'emethoxye!itwhy-

droxyflavylium chloride bty sodium bisulfite must be sasociated wvith

ring opening.
0 + CI™
O OOl
7 o ;g;ﬁxgco 00“3
(vix) (xx111)

However, wve do not ‘have nny evidence vhather the views of
Kretzl and oo-vorkers would hold in the case °f 2=-hydroxychelcones,
which have a groat tendency to form flavylium eompounds. Purther, ns
wlll be dlcousresé later, although a mulfonie actd is -rebadly formed
by ths decolorisatisn of the flawvylium chlorides with timulfite, the

nnslysis of the Lenzylthiuronium cormoéund did not  gree with the above

formla (XXI111),
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“he decolorization of 7'enethorxy-+'-hydroxyflavylium chloride
1s rnalogous to the sulfur diasxide or sulfite blanchinge of the coloring
matter of lovers, i.e., anthooyanins, ne noted Ly “fllathtter (50).

Thie bleoching reaction hre tren usuxlly rejorded ws n reductin effected
by sulfur ‘io-ide (52). ‘lowever, the »rasent work clenrly shows that no
reduoction le involved in such decolorlration. Jn evaunoration to dryness,
or on the addition of concentrated hyiroehloric acid to the decolorirzed
solution, the brilliant red color reanpcars. "hse red soler also reape
nears when & sﬁlution of the flsvylium chlori?s, deecolorized «with neutral
sodiun sulfite, is shuken with evcess harium chloride. The ved . roduct
ohtained Yy evasoration of the decolorized sslution gives = ferrichlo-
ride. Therefore ve cen conclude that the intermedinte colorless nrode
uct is nat vory ~tnble =nd is readily reconvertesd irto the flavylium

compound,

The dscblorized solntion eontnined nn orranle anlon, because
ether extrnction or n estionearchanre reeir falled to remove the orpunie
rasidue ’rom the decalorized solutloi, wvheress 2n snloneevohian; e resin
adgorbed the organie nortion cownletrly. '“he organie rnion cont-ined
mulfur, beeomuse 17 the ~ulfur dioride decolorized rolution we- evanorated
to dryness ~fter the free sulfur dloxide had Leen driven off, the
residus etill contnined sulfur, a= shown by the sodlumelucion tast.

"he red residue odtalned hy evanoration of the decclorized solution
contains mlfur nortly ac sulfate ano Hartly =e sulfite, lowever,
sulfites 1n solution sre sloviy oridired to sulfaten Ly Cinsolved
oxyren, an' tharefore thr gulfate in the red reslcue iz wruhghly the

result of euch oxidation. Thie iz rlse sunported by the fact thnat
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vhen a fresh wlfur dioxide-decolorized solution is treated vith cone-
sentrated hydrechleric neid, and a burium chlaride esolution {s then

added, no presinitation of tarium sulfate occurs,

The orgnnic anion containing eulfur ie mest nrobtably = sulfonio
asld, which is obtained from 'euethoxyei<hyiroxyflavylium sulfite dy
sone mechenism othor than refuction. In eupport of this view, 8 hensyle
$asthivroniun conmound could be formed fruou the decolorized salution.

It must be reembered, however, that some compoundis other than suifonle
nolds slso give banzylisothiuronium sults (5{,52). 7The analysis Qf the
bensylisothiuroniur salt 1s hard %o explain, hLeccuse anly one sulfur
atem wra vrecent ner two flavylium units; the sulfonlc neld would ro-
quire one sulfur stom ,per flsvylium unit. IHouwever, thes henrylisothl-
uronfun cowpound a2t ht not have been very oure, bLvemuse 1t was nighly
soluble in wntsr, froa which it was reorysiullised. Ko other suituble

solvents were found for recrystallisation,

The ultraviolet spectrogravhic studies show that decolorisa~
tlon of the fluvylium chlorids by sulfur dioxide is assoclzted with a
drastic structursl rearranrement. As pointed out enrlier, the nasnidile

ity of ring opering to form n sulfonic soid (“XIII) is not precluded.

wher 3'emathoxy-i'shydroryflavylium chloride was coolted with
seld onoking licuor, the vame dleschins netion took prlace, and enoking

a% sn elevnted temnerature wes found to heve no further effact,

Maigthoye't, i1 =dibydroxyfluvan dissolved alowly in aeld
eooking 1icuor st 1759, but m rasidue w-s left at the end of the oook,

The sulfonie neld grve nn olly tensylisothiuronium com:ound, which
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could not bHe further nurified. 7he hyéroxyl groun in tho “wpesition
should Ye falrly crnafly «xd fannﬁed, pecause Lt i¢ slnilor to the hydroryl
Froun in the c-shenylethanol, vhich wee successfully sulfonsted by Holme
terg =nt teden (1Z). It could not be shown, however, vhether the ring
also oneng u» or not, “he ultravislet snectrosrankie study (see »nge

h2) ¢1d not adi any further informatlon,

A% already nentioned, cuercetin was not sulfon=ted Ly cooking
with neld cooking lionor. iowevsr, z.j%utilm':-iro:guercotix: wva R ganvartefd
to ruercetin unler sinilrr concitions. Tew (60) showed that Z,3-dihydro-
quercatin is oridized to quercetin hy heating vith Ailute sulfuric sneld.
Yvidtently Misulfite ncid cooking liyuor nerely -rovides the neluity for
the oxidation. ‘uring the process of ceoking with aeld Jiquor, Z,%
#ihydroquercetin dlmsolves to form = enlorlene eolation, from vhieh
quercetin ultin:tely senarnies, 'ut no internsdiatc sulforle ~cid is
formod, "his - ravad Tw the faet that, snce Z2,%=dibydrocusrcetin is
dlegolved i neld cooing licuor, it can dbe renracinitated ns the
orisingl »rodurt by ecooling., For 4dentiflcation vmrnoses, quercetin
wag rnuvertsd to the mentnncetete, which w8 ensily "urlfird to obtaln

«8lleformed crvstals mclting in the range of 175«177¢.
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SUREARY XD COMCLNCIGRE

5 numter of mofel compounds, in -~hiech two csrom-tle nuclel
wery joined Ly a thrececardbon ride ohain, wore :'mthesized. ' ecause
the sutstitusnte mre known to have a definite iaflucnce on the sulfons-
ti+n of model argonie comounds, onc of ths nromuntic ruclel wuc a
punineyl rroun, This wns done becsuse such groung sre mown to be

~prgerent in 14pnin,

In addition to ~rovidin- eevernl li,nin a0del com»yunds for
mlfonntion, thoe ~rezent work len serves 28 o prellainery synthetie
rmypach to the preoparstior o7 lirrin models, in which hoth the aromsatie
miclel wousl he proporly gubstituted, as shown bolow., 'oth the struo-
tures rre known to he proseat in lisnin, ne rlrendy dlscussed in the

introdnation,

Cas DL

“he srevent work 5lgo Oopens up avernuss of a proagh for

=G

synthesizing snother type of hotter model comnounds, 'n wihich the
three-carbon side chains =re nraonerly substituted, “ost of the side
chatina in lirnin econtain =le-holic hydroxyl grous, =lthough the typse
end tha rosition of such hy'raryl croupns are not eortain., ne 'mrlol
rommound eontaining a hydroryl ~roun in the slide chain, namely,
Mapathory=",Yedihyiroxyfl van, has been deseribed in thls inveotiae

gation. Towvever, other si-llar co mounds moy be syntheslzed iy the
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nroncy reduction of eome »f the model coxz oundes contatning o, =unsntie

rated !retonas orowre, «hlch have heer dgserihad ir the (resent wor,

In the bdlsulfita cooking ererimants, nodel comvounds containe
iny ogp-unesturntad retons proune showed r wide ranscce of reastivity
towards Lisulfite cooling licuor. Toth the chuleonee were very readily
sulfonatid.  "he sulfonic ucid we- formed from }-mcthoxy-z',hodihydroxy-
chaleone by the doition of sulfursue medd to the double lLond. <lthourh
a gulfon-tnd “eriveative waes forued from Jlemethory=z,4'«dihyiroxychzlcone,
its structure coul® not he estnblishsd, Teenuse of the hydroxyl groun
{r the ‘-nosition of the chzleono, the esswonnd hos - ireat tendenay to
form flavyliun salts, In fzed, tihe sulfonsted darlv.tive wie ldentiosnl
with the nmoduet otainad hy the ble ching of 'enmothnryy-llhyiroxy-
flavylium chloricde ith sulfur dioxide., “re sulfon-tl.n of AV-methorye
2, =dihyiroxycheleone nny nroceed elthnr throush the irtermedinte
forantion of A'encthoxy=litahyiroxyflovyliun snlt or J(irestly by the

addition f smlfurous ~cid to the ¢s%le hond,

In the zolel eomr~mindg, whers 9 thres-ocrbon side ehnin
wee involved n e fives r -~i-.membered heterocyclic ring, the rouetivity
t0o bisulfite uvue <dtronsly offected. Z-Vunilloyibenzofuran &nd 3'enethoxy-~
ahydroryfiovone, in which the double wonds are in the heterocyclie
rinee, nd ir eonjugation ' ith the eondensed aromitic miclel, <1d not
raset at all vith hisulfite. lowvever, Zevwnillylidene-Jecoumnrancne,
whieh cose not hove ne atable » eonfipurntion o the ulove eomprunds,
roscta . 1th bloulfite cooking llouor, ~lthouwh tha rexction rte is
quite slow. 'The sulfanic ~eld could not be lsol:ted, but the structure

waa “educed from nliraviolet svcctropra hle stulics., It anpeara that
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the sulfonic netd in formed By the nddition of mulfurcus acid to the
doubla Tomd 1 *he n=me wry that the sulfaonic cid im formed from

%ene thoxy=2* , ledihytroxyehal ¢ons,

The uvltreviolet snsctra of tho model compounde contiining
a.f-unsaturated 2etone groups revezled sove corrslatlsn ~ith their
chemior] structures and thelr relotive stubilities townrd disulfite,
If the double bond wme in the heterocyclic ring in conjusmtion nith
the condensed aronntic mucleus, then th: umrxim:a of the brnd Tor
eonJusntion wue nt » lower wavclength then 1f the douile vond wag
outeside the ring. It wes ob -erved that the two model compounds vhose
marims were in the wavolensth roglon of 400 mm could be sulfansted.
However, the conrounds whose maxima vere in the region of 200-7550 mm

a4 not renct with bleulfite,

In tha ease of model compounds with a nyran ring, only
21 apo thorye=t' =hyi roxyflavanone, ='«usthovywlt, 4! «dihyiroxyflaven, ~nd
2t ope thoxyeltt «hy roxyflavylium ehloride reccted with tisulfite ocooking
liquor to give rulfonnted ~roducts. Illchtsenhsin's (27) work has
shown thnt neither ﬂnva.n nor femethoxyflivan react »ith *tlmlnte.
The present work shaus that Vwme thovy=thy ' royyflavons, =nd cuercetin
also are statle townrd dimulfite gsookins lisuor, HRowever, 2, -dihydro-

quercetin 1s oridized to tuereetin .hiem heated vith cookings liouwor.

In the ease of '-pethory-'i'=hyiroxyflavsnone, wilfonation
takes nlase by tha olening of the -~yyan ring. .xnerimente ruve been
porried amt to intiecnte that the sulfonstisn oroceerls ‘t'hrmxfrh the fntore

4mad.£“e formudinn of the chaloone. 7be sulforic ~old olbtaslined wae
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1denticnl witih that obtained fron Tensethoxy=-2', e Lliydrarychslcone.
The atructurdas o7 the mlionie eide fron Flemotho yel, HYad Lhyds soy-

f1avin and "'emathoxy="'ehyiroxyflavyliun chloride were not established,

sa to %ho npobable sreaence in liyraln of confipurntions
alntlnr 4o tiwase in the nodel copounds, Lt ¢an be sall th=t the
ceneunsatur.ted kelone grouns are rob oresent in lignin, ut leest not
to onr slonifiesnt extent., The lirnvisalst etudl:n Tond susnort to
this view, lowever, i nasied o,j-unsaturcizd creup why Le ~ressnt in
Tmin.e . Marins sulforation gsueh - grow would be initinlly converted
Intn SR o, -uncaturated etons group, which vounld subsecriently resct
4¢h hlaulfits, “he nrsscnt worliz, tharefors, eonstitutos oertly e

gstudy ol thr goeond “hres »f mulfsnation of o nasked o, =unsaturated

atone Froum aroviied, »f ecurse, that sueh & groun does exist in lipnin,

“ho -ressnt laveztisstisn does not rive mny {nforastion an to
vhether limmin oantalneg oxyrone-contulidng hetsrocyelie ringe.  However,
the flavone und benzofurin coafigurations, ovazn 1f they woere prﬁéant ‘n
1ignin, which in doubifMl Leesuse they -ro stable ¢, -tnsaturated ketones,
definltely =re not resuonsille for the sulfonstlon of liynin., The erme
is truas for n flawvinol or 2,%dibydrollaveonol ctructure. “rom the vigwe
soint of & model rulfonution rewctlon, fluvanone, lwhy roxytflavan, or
o vaenired bhenzylidene-Tecoumiranone configuration muy e rresent in
1{/nin, Although the deen-colored flavylium~ion confisuratinn nmay not
be nresent ir 1llgnin, the structure corrssnording ts thc sulfonnted
dorivotive of 1'enathory=/i'=hydroxyflavylium chloride nay ‘e sinilar to

that of lignosu)fonie ~eld, »o shown by ultraviolet smectrogrwphle

ntudies,
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