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Bl.-,ck v:attle Tannin, obtsined by the extraction of the bark 

of the Bl<:~ck W.:~t tle (Acacia r,.olliss:ina) 
1 
belonrrs t o t he group of 

t ann ing materials known as the phlobatann ins. Reviews on the 

suggested s t ructures . of t~is r roup ha ve been presented by Corbe~t 

(1), St ephen (2) 1 2nd Silk (3) . As an int roduc t ion, a bri ef 

summary of the extent of knowledf.E: to datE: follows: 

Russell (4) a nd Russelland Tod0. c ~ ) SUffGSt that the phlob3-

tannins are built froM cat.::-. chin types of nolec nles I, t hes E: being 

linked through the 4 pos it~ on 

II. 

l· 

to ~ive the Fla vpinncol structure 

OH-..CC" 0 tH ~/ . ~;OH 
. f \ . I 
' h-- _);'H . ,....... 

"-"" C ...:..pH2 

1 
~c~~2-q· · r.k '/ ~\ .. OH II. 

OH 0/ - / 
OH 

II was cla imed to ha ve been svnthes i sed by them, and was shown in 

a series of qualita t ive r eactions to be indistinguishable fro~ 

t ~·pical natural phlobatannins. Carrying this further, they 

synthesised a nun, bcr of other flnvp in,qcols wh ich ~ere c orrp.qred C'nd 

found indistinf:uishable from individuc>l natural tannins in qua l:i.-

t a tive r sactions. Spectroscopic da t a obtained fror comparison 

also f~vourcd identity of t he natural and synthEtic prod ucts . 

These authors infr r that ~hatevr r its structural make -up ~ay bs, 

phlobatannins are constitutEd in t he same ~~y as the synthetic 

product II, individua ls diffcr:inr: only in the position and number 

of hydroxyl groups. 



- 2 -

Freudenberr (6), criticisrd these res ults, and disagreed ~ith 

the method of synthesis on th( ~rounds of aMbiguity . He su~g-csted 

an altcrnativG structure for the phlobatan~ins I II 

o:(XOH r:QOH /I . 
' HiH-01! OH 

OHYi(OH ~ --{\- OH 
~~"t;w~H-OH \-foH II_I_,_ 
t 2 

His theory is that cach ~)hlobatannin is a polymE:r of that ::3 hydroxy 

polyhydroxy flavrne ~hich giv£s fission products correspond ing to 

those pivrn by the tannin i tself , qnd that the polymerisation takes 

place by thf 2 - 6 link~pf shown in III, ~ith scission ~t the 

oxyr~n link~gc in the pyran ring . 

FrEudenber~ and Vniltand's (7) detailr~ studies vcre c~rricd 

out on °uebracho taDnin, and they mainta in that IJI r esul ts when 

Dufbrrcho catechin (IV) is h~at~d with dilute acids. 

is su ~gc stE'd to bt: idE nt ic.!ll \\'i th qUE:·bracho tennin . 

The product 

Hm:f vcr thf 

actual y·a ve l envths of the b ..... nd or brnds us·d to iccntify the 

synthetic specimen \:ith t he n;:~ tvrn l product ,. ,... rc. not i ncluded in 

their publish8d ~xpcli~cnt~l dqta . 

l .IJ..!.. 

This condensation occurs ,. ithout the splitting off of ".'·OttE..r, and 

Fr 0ud cnbcrf clRimtd to s~ov t at this ~2s th~ cas e by deduction 
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fro~ ccrbon-hydrof · n r stimations. He s upported this vic~ from 

the fnct that an increas E in acetyl content ~as found in t~c 

polytJt: r,shmJing that r:orE hydroxyl groups h~d been r:1dc a vc: il.:. blc . 

Lowitt (8) ho~Lv : r has ascert2inrd that in the ca se of Blnck 

Wattle tannin, no such incr c~s e is found. 

The above data docs not : . elude the possibility of a molEcule 

of the Russellt~rpc res ulting on HCl +.rci'trent 1 as such a con­

densation v'ould occur v·ithout the loss of if-·atcr . i orcovcr, if 

the pyr an rinr should open an incr ease in nccty l content would 

rtsult. 

The ~ vidcncf at prEsrnt 3V3ilPble in support of thcsr two 

theories docs not ;ustify thE·ir '1pplicRtion to thE whol F cln ss of 

condcnsf d tannins. Whilr th: y r:ay be npplird to somr of the 

croup, a p.·· n::r~1 e.rplicg,tion !"lust br. radL wi th son·o r c:- s cr \'C· if 

it is bas ~d r crely on the sirrilRrity of the synthesis ed tannins 

to the pa r t icular phlobanhE:ne bc. inf stud i ed . 

In order to c:: lucic1Rt c thr structure of Black ··rattlE Ta nnin, 

in recent years work has been carried out at the Lea thEr Industries 

Research InstitutE in Grah~~stm. n. Thre e na in methods of sxpcri­

mental D..ttack have been cr.ployEd : -HydroC"cnation (3); Conductir ,c tric 

Titrations (9)tmakinf us c of the fact that phenolic Proups be h~vc 

a s weak a cidic groups; and thirdly, Ge ner a l Ch~nical Dcfrednt ions 

( 2 ) • 

In the wor k on hydropcnRtj on no distinc t ive cor:pounds v·c:orc 

isolatEd , but the:: work de t,_rl"'lincd the best conditions for 1'1'J~Xil'!'um 

y i eld of dcfradation products . 

ShuttlEworth (9) c11rricd out conducti ~etric titr~tions on 

t a nnin, 3n~ on co~p3rison with v~ lucs obtnincd on other polyhydroxy 



c onpounf s h r s sho;n ~h~t th~ tnnr in ~ivcs hirh rqu iv ~ lcnt ~c i~ ~ts, 

surrcs tinf ~h3t it :xists in thr forr of n polyncr . The vnlu~ s 

obt~incd ~re of the or der of 250 . Similar ti tr~ti ons p·:rfor, .u· 

"on tqnnin prcpr:trEd fror;. fr cs:) bark, ·'lrt.c:'lutions b c :i.n" t .~l en to 

prc v,·.nt polyr:Kris,_tic:r, '"'S f;:u· as rossibl: , r:i. vf, V"lucs or 170 for 

the ,. quiv~Icnt y;ci :·J-:t . ·_,' his v~. lw: i.s coFp- rnbl·- Y:ith tb:.t for 

catechin, for which t~£ v?lu~ 160 ···- s obt~ inc d . 

'Ir, c S € r c S li l ts n r( ir: ~ CCOrri '· j ·t·h the dHTic~ l t vidence On 

th-: n !'" tur :- of t· is <. xtr.' ct, · ':ich poly,,~- :r is r s r .::..pj dly on E:. Xfosun· 

to h ea t or r J.r, :--·nr" <}.') r ':--ns j_n ::1 short · ·h il :~: . 

OX~D;_T T.Q£I ___ '1~J'Jr.~ __ T:41~-~_;T-_fR.Qt __ f\QjiC IfL£QLJJQ_S_Ijj\-!. 

Corbett (1) ncrfor rcd n nunbcr of rcncr 2l oxidatjons on 

>·111ttle t:nnin r-nC its dcrivntiu(.s~ Stephe n (2) la+e.y re.peat i::"t _~ thi:J 

'.:ork o ,,h ilL the ir ' .-or!: doc s not prove tr c. c sscnti;::l blli ldins: 

r ~.... s c:rch . 

a rnixtur ~ of ncids ~'"' s obt~in . d. 'Ihc s ..: -: r s c p[lr<ttGc by r::c.. . l:1[) 

of th€.ir silVET S''lt.::,f.'nd r:;n ·. ··:- s id :.. ntifi~ d ccncltJsiv ~ ly '1S 

trir.lE",thyl gallic .··:ci<.! by ,-:- [~L:u'~ r.,: ltin(! poi.nt '· i.th .:.in nu t :;c nt:i..c 

This second ::cid P- ·1.V:: th --: corr ·~ ct c rub'Jn 3nd h.vnrog cn vnluc ~ J 

r:cl t ing '!)Clint , equi VR lc nt :-· c i ;·ht J r nd r cthoxyl valuc.s for vE.rfl tric 

acid, and~ Fhen rixc~ ; ·ith trir ~thylgnllic 1.cid, it rcltrd ov~r 

tht:. s:.tr.:G r1.ng.:. ::lS did thE~- ori r: in:-' 1 t:: ixturt. of n.ci6s . Ho·' c- vc:t 1 

!:l.lthough. the c-viclcnc c; is str onr: , i t i~ b;7 no ,.,c~·ns conclus ive , 

--: nr it r:~ust b E. 0 cc e: ptE:d :->_s v c- ratric reid 1flith r(:· s cr v~, ' S ·ill b.:: 

slj,own l~:tEr . 
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We have thercforr fuat one buildin~ 
OH 

-c-~~H and possibly v: 
unit is:-

OH 

-cO·oH 
The pcrrnangana t e oxi dations in each case yi eld ed very low 

percent age s of aci~s - a t the ~ost 8% - and it s eems as though 

a morE thor ough invcstig~tion of conditions night increase the 

yields. 

Th( oxidation of tannin itself by Corbett was unsuccessful, 

and he suggests that the phenolic gr oups in the rol ccfile r onder 

it too unstable to oxidise c An atten pt to stabilis e. the ool ccul e 

by a cetylation before oxidation, t hus r endering the benzene nucl~ i 

mor e. r c si.sts.nt t o cooplt.. t c disruption, was .:.. lso shown to be 

frui tlE. s~, :1s y·a s t he oxi cr tion of bror1 inatec1 r~ethylD ted tannin . 

Stephen (2)*on oxid isin~ thr tannin with warm conccntra t Gd 

ni t r ic acid , obtained a r : a s onabl e yield of styphnic ncid ( t rinitro-

r c.sorc i nol) ~nd oxolic acid dihydrate. He sho~cd that these 

products are i dEntica l ~ith those obtained on ni t r at ion of a 

mixtur e of resorcinol, pyrofallol and catechol unner the saQe 

conditions, anc" suggcsteti thnt the tannin ooleculc is buil t up of 

these units. His oxidation of t annin ~ith bro~ine , SUf?Ested by 

the ~ork of former r es earchers (10) , r ( sulted in :1n anthocy~nin 

type of ~olecule which, ho~cvc r, failed to give typicQl a ntho-

cyanin colour r eac t ions. The colour of the pigment in a cid 

solution was red, but no blue colour was produced in a lkr>. line 

QCdia, And no i oni c chloride could be detected in the isolnted 

pi gr1Ent . 

Stel')hcn also r.ttcnpted to show R fl -:tvpina col unit according 

to the RussE li theory, by an oxidat ion with period ic acid and l ead 



- 6 -

tctr s.cct{-l te. It hns been shoTin that the l-2 gl vcol linkases vr e 

split QS shown with thE nbovc oxidi s ing Bgents ( 11) • 

\I \I 
c - OH c = 0 
l 

,/ c - OH c = 0 
I\ 1\ 

No such evid ence was obtained . It shot.:.l d a lso be noted 

that Rus scJ,l h i ns el f has never pr oved the glycol l inka ~e . 

StEphen (2) found that fus i on of tannin with a l knlis yi el ded 

r esorcinol a nd g~llic a cid ~ A snall qmntity of et cids Vlhich W( re 

not i dentified was a lso obte ined . 

'l'he nnturE. of the hydroxyl groups in tannin v.cr €. stuc i cci. by 

Corbett (l) and StephLn ( 2) jndependcntly, by means of acetyl~tions 

Rnd net hylat i ons. Corbett found that , on an a vera ge , approximately 

4 .6 hydr oxyl gr oups wE r e ecetyl~tEd . Th€ only concrete r esult 

obt? ined was that tannin proved to be 3 cety1~te~ nor e easily than 

it could be ~ethylatcd, a highEr a cetyl content being obtained on 

acetylation than nethoxyl v2luL on ncthylation . It was u. lso 

shown that to obta in a f ully methyl ated pr oduct.it \ O S necessar y 

to methylat€. v1it.h dir::tethyl s ulph.:>t( ?.nd KOH at l ce.st thr c c tir"c s . 

ThEse f~ ctors induced Stephen to s t 2tc that "'I'he rea ctivit y of the 

hydroxyl gr oups in tannin is clearly f ar b ~l~, tha t of thos ~ i n 

Phlor of!lucinol". 

ThE:. qctua l highc:st pcrcentacr s of q;thyl .,.._tions llnd ncc ty-

l3tions obtained we r e as follot s: -

Acetylation~ -

r.:e thyla t ion: -

By partia l pr ccipitRtion 

Dj.~ethyl sulph~ tc 

39 - 3~ 

41. 0~ 

35.8~ 

Lowit t (8) has cont i nu.::d the s tudies on a cetylat ions a nd 

net~;.ylat ions, and h::1s r -: cord cd sone i nter estine f a cts. He 
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exhaustively acetyl~t~d tannin, and then replaced the acetyl 

groups with mothox~ eroups by ncans of dinzopethano. It was 

found that "\'Jhereas the r.Jajority of thE. groups were eo. sily 

r €placEd, the last r cDl a caable rroup provEd nuch rnor0 difficult . 

Studie s on r elated cor:1pounds induc ed him to supg.: st that this 

phenomenon is due to sterric hindranc e . This is ioportant in 

relation to the position of one hydroxyl group of the tannin 

molecule . 

Finally, on bror.Jination~ Stephen (2) found that tannin 

conbincd 1''i th 57% bromine, of i."hich 10. 5~~: could bE: rsmovcd 3 s 

silver bromide in alcoholic solution. 

It should be cr1ph0 s iscd that a 11 ths above Y'ork, with the 

exception of Lowitt's, ~as carrisd out on tannin extractsd with 

r cetone fr o~ the co~nercial extract. The tannin sanples h3d 

thus been exposfd to all the factors kno~n to f2cilitate poly­

merisation, and were 3l most certa inly hiphly polyr.1erised before 

use. 

\Jilli ~ms (12) has since repea t ed ruch of the above work, 

and ha s us ed tannin extracte0 from the fr esh b~rk with ethyl 

acetate. By a specialised ~cthod of extraction, he reports qn 

extract containing 95.8% tannin, thus incr easing Stephen ' s yield 

by as Guch as 10%. The tannin, he rc~orts, is extracted in an 

unpolymcriscd state, but polymcrises raDidly on exposure to heat 

and air. This is accor::pGnied by a dnrkening of the product to 

a red-brov:n. 

This tannin, unlike the comr: rcial extract, WDS r ead ily 

sol~ble in ethyl a cetate and a~yl a cetate, but insoluble in 

benzenc nnd other hydrocqrbons . His combust ion analysis agreed 
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with the c15 r.JO l E: cul c of Stephen, nncl. nn a lka li fusion r ave 

resorcinol. On oxidation with bromjne,anthocyanin pi gments 

wer e prod uced which failed to crystalise and whi ch could not 

be s opar atcd c hro~~to?rnphically. 

~: illiaos • acc tyl~ti0ns ga v~ higher vnlucs thnn Stcphcn •s 

for the ful l y a cetyle t~d ~ntcr i al,viz . 41. 5~, and he cla i med that 

an acetylation only of phcnolj c gr oups ,~::t s effected, r ivinp: 1. 

cons tant value for the partially a cetylnt0d Materisl of 35.5~ . 

J.:ol Eculn.r weights of the fully "- C C tyL'tt r-c f:1"terial ga vc the va l ues 

of 450, 433 , 470. A chro~~torraphic s cp2r ot ion of the partiall y 

acctyl~tcd ~1.teri~l ~~s successful, but the t~o fr actions obtained 

fa i l ed to crystalise . 

THE STRUCTURE_pF '.l'~J.j\.NrrJl~Y,.'QJLDING m ri T . 

The tannin ~olc cule is probably of the ca techin type.as 

would s eem t o be borne out by the r rportcd isolation of antho-

cyanin pigments on brooine oxidation of fr esh bark extr acts. 

Since r~sorcinol only was i s ol atEd on alkali fusions of both 

fresh bark extr0ct and co~~crcial a cet one extr act , one bui l dinr 

unit in the mol ecule beconc s if:1ncdiately established 3S a r esor-

c inol nucleus . CorbGtt (1), in is ol atinp 2no i dentifying gallic 

acid est::>.blished the other h8.lf of the mol~cule. It ther efor e 

bec omes possible to postulate the structure of one of the bui ldin: 

units as V or VI 

OH 

OHa· .· ,........o '-CH ..-q> OE 

r.~t-IOH H 
· Ch~ 

2 v. 

or 
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If the other acid Corbett isol a ted on oxidation is vcratric, 

anf this oust be ac ccptce ~ith due caution for r easons later 

outlined, then the other oolccul e 

or 

Stephen (2) suf~c sts that the tannin is a ctu~lly a ~ixture 

of thcs~ two types of ~oleculc s. This would seem to find support 

in Williams' chroMato~raphic s eparation of the partially acety-

l2.t cd tannin. Lowitt ( 8) showec that if v'e a ssumE:: these t wo 

mol ecules to be present , an ac~tyl content of 41%,which was 

obtained, woul d corr csDond to a mi xture of 52.51- of the 3 1 4 1 

dihyd r oxyphenyl 3. 5 dihyfl roxypyran anc1 47 .5~; of the 3 ' 4 ' 5 ' tri ­

hydrox;phenyl 3 . 5 dihydroxypyrRn . 

Lovvitt's( 8 ) studie:s on the 'lcety l ntions and ~cthylat ions of 

tannin :-tnd cor.1parison , ,· i th s i milar studi es on r elated compounds 

led hi~ to suggest th~t the position of t he phenolic group in 

t he b~nzpyran unit is in the 5 position~nnd not the 7 . If the 

gr oup is in the 7 pos i tion, r eplaccnent of the acetyl der ivative 

by methoxyl group should be relativel y easy. If however the 

hydroxyl group is in the 5 pos ition , stcrric hindretnce v1ould 

render r eplacement much more difficult. This W? s shown to be 

the case . 

Williams (12) ha s t entatively proposed an alternative 

s t ructure for thl tannin . He points out that Stephen has shown 

that on bromine oxidation of tannin. an ~nthocyanin results, and 

t hat on brominntion of tannin (a process in which oxidat i on and 
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nuclear substi t ution occur sinultancous l y) up to 10~ of the 

broo~ne in tho isol a ted br onid0 coul d be re~oved by silver nitrat e 

tr eatr:~cnt . This, nillia.os reasons, points def initely to n 

pyr illiun sa l t forn~tion s 

This oxida tion c~nnot be expl ained on the Freud enber g s tructure , 

since oxidation waul~ l 0ad t o conpl ct E degr2dntion of thi s 

mol~cule into phenolic ~cid s . I t ma y however be explo ined on t he 

Russell f or mula . Stcph~n f niled t o d~tc c t a glycol gr ouping in 

t annin , esscnti~l f or a fl3vpin~ c o l s t ruc t ure , but '~illi~~s pointed 

out t ha t t his doe s not exclude link~ ~ c thr ough the 4 positions of 

t vw pyr11n nucl~ i t o gi vc a r: :ol E:~ culE: of t he follov·ing type g -
• 

No dir Ect experjnent0l fin~ings as yet confir~ the presence 

of thE· above nol ccul c , but he point ed out tha t pol yr.lcris tl tion 

appea rs to be a ssociated with oxidation and hence quinone for~~tion. 

The or i e in of thi s nolccule h0 expl a in8d ~ s a pri r:~ary ~tnos phcric 

oxi da tion of the building unit, ~ith the ~andcring of a hydro~en 

fron the 4 position t o l eave this an a c t ive centre t ' rough ~hich 

polymcrisntion occurs. 
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DISC uss:ron. ---·-· .. _ - -
The i~ entity of the acid of cqui v3l cnt ~e irht 182, re ltina 

point 178°C - 179°C 1 r cportE".d by Corb€tt ~md St ephen , nnd a ssur·cc1 

by theo t o be ver a tric 1cid , ~as not confirv~d . It r ust be poi nted 

out ther ef or e , that ther e is e very pos sibility th~t t his ~cid is 

2.6. di~Gthoxybenzoic a cid (di mc thoxy ~ r c s orcylic 2cid ) 1 which 

ha s exnctly the sane c~rbon and hydr og fn v~lu£ s , cquivnl cnt vc i Ght , 

p~rccntagc me thoxyl, ~ nd melts ~ t 179°C. 

The origin of t his ocid can e l s a be cxpla in~d fro~ t he 

propos ed FreudenbEr f structur e . The mcthyl~ t ion of t a nnin was 

effE:ct ed by means of diEJE:thyl sulphate and KOH, a.no the a lkali 

i s a l u3 ys ma inta ined i n excess. In t he pr es ence of a lkalis , 

a ccor d ine to Ni er cn.s t c- in (13 ) )the pyr "' n ring opens a t the oxy~en 
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bond , nne the hydroxyl ~roup thus f or rnrd i rnnul L: t cly bocor.es 

ava ilGblc for methyl a tion . The structure f or the resulting 

t annin ~ould then be VII. 

In this str uctur: it h~s bc0n ass~~o~ thnt the 3 hydroxyl 

group hes not be em r·.cthylf' tcd o This is a rc1son~bl~ assunption 

t o r:;~k€ on cons idc:r ·" tion of the l or: n.:!thoxyl detE:r f'l in':l tions of 

EtEphbn, and the difficulty GXpt ri fnc cd by Lowitt in Methylating 

<' conpound vJith ~ sir·ilr~ r er oup. 

An oxidat ion of t he nbovc ~ol c culc c oul~ yield ther efor e 

tri~= thylgallic -:1 ci~ and 2.6 . d i methoxybcnzoic 1cid by scission 

at thE 3 position a s ind icat~d by the dottEd l i ne o 

('y OCH3 
l lC OOH 
~~ 

t ricteth rlgallic 'tCi c . -·-·· .... . . . .. . . -- .. -· . -· -·--
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CATECHIN. --·---
A brief sur-r:a ry of the y•ork conducted on catechin h2s been 

included, as the studies on this molecule, which is thoup.ht to be 

similar to the tannin molecule, provide 3 useful guide to the 

methods of attack wh ich may be applied in the elucidation of the 

structure of bl~ck watt~e t ann in. 

Perkin in 1902, reviewed the eArly ~ork on the cntechins (14 ). 

Since that d~te cat echin ha s onl y r ece ived br ief mention in the 

Annu~l Reports (15) , but Russell (4) in 1935 reviewed these compounds 

in conjunction ~ith the tannins. 

Crtechin ,,:-s first described by Nees van Esenbeck (16) in 

1332 , and i n 1837 Svanberg (17) assip;ned to it the formul ,o:; C1 5H12o6; 

this combustion was performed on the qir dried sAmpl e . Subsequently 

formul ae r .:wging from C12H1 205 to C22H2209 received favour (18) , 

until the work of K~rnowski and Tambor (19 ) i ndic8ted, ho~ever , 

Perl-in and Yoshi take (14) 

indepen~ently arr ived nt the snme empiric formulA . L~.ter Cl!!user 

( 20) showed that catechin could form a number of hydrates . 

Perki n (21) confirmed this work, and formulae c 15Hl 4o6 , 4H20; 

C15H1406, 3H20 ; and C15H14o6, lH20 ha ve been est~blished . 

Gautier (22) wns the first to show that r.ambier catechu 

contained not one but t hree ca techins of melting points 204°C -

205°C; 176°C - 177°C and 163°C . Per V.in (14) confirmed the one 

of ~.Pt . 176°c - 177°C , but coul d only i solate one other c3techin 

r.·: .Pt. 235°C - 237°C from gn.mb i er c:::techu . However he succeeded 

in isolat ing a compound ~.Pt . 204°C - 205oc from ac~cia catechu, 

which he showed to be identicq l with G~utier ' s catechin. In 

order to a void confusion Perkih . (21) ca lled this acaca techin . 
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£p~cif1c Ro~ation. 

It was first mentioned in 1921 (23 3nd 24) that c2t echin 

could exist in a number of ster eoisomer ic forms. 'I' he early 

v:orkers in this field f a iled to deter mine the op:ical .!lcti vi ty of 

the compounds, ~lthough Perkin r eported his a c0catechin As 

optically in~ctivc. Freudenberg 8nd co-workers showed t ha t 

gambier catec~ in pentaaceta te was a homogeneous dextrorot2tory 

co~pound ,8nd sugf~sted that th( pur e 1 - form m8y occur in 

a ca c0techin, dr8stic extrPction methods causing partial r~cemisation . 

f iFrenstein in a subsequent p8per (25) deniee the op t ic J l ~ ctivity 

of 2cacatechin . Lat er it ~~s independently e stablished by Fiest 

and Futtemenger (26) that thr ee ca t echins examined by them were 

optically r ctive. They a lso est~blished the pr esence of tno 

a symetric ca rbon a toms in thE molecule of catechin. 

Belo\Y follor•s the nov· cst8 blished list of the ca techins 

isolntcd from natur3l sources with thEir r espective specific 

rotations :-

d-catechin 

1-catechin 

r-··. Pt . 

93°-95°C 
l74°-175°C 

(Anhycrous) 

d-epicctechin 245°G 

1-epica techin 245°C 

dl-epicntechin 224°-226°C 

Specific 
Rotation . --·- --

Gambier (,\(]# +17 .1 °!\.ceto_ne 
Mahogany • J) 50% 
Block- in~ctive 1l cohol 

G0 mbier. 96% 

Acacia ~..$} :-16 .8°Acetone 
Catechu. • 1) 50;.' 

innctive alcoho l 
967; 

Acacia in~ ctive. 
~'Jahogany, 

C{-l,techu. 

Block ~768.9°Alcohol 
Gnmbier. » 96% 

o~+59.9°Acetone 
....;JJ) 50% 

Acacia '~ - 68. 2°Alcohol 
C::-. t cchu ·;y, J) 96% 

,.,
21 

""- 59. 0°Acetone 
~j 50r,: 

Pegu­
Catechu. 

im1cti ve . 

14 ' 20' 

27' 28. 

30 . 

30' 28. 

30. 

30 , 14 . 

30' 27. 
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Freuc'lenbe:rg nne~ PurrmF.'n (29) h·2Ve r lso shO\."n thnt i t is 

possible t o convert d -c~techin to d-epicntecbin by hea t ing it 

~t l l 5°C for t we lve hour s in a queous potassium ca rbonat~ solution. 

By s i mil a r mEthod 1-~picat~chin has been converted to d-catechin 

nnd dl-cs.techin. 

StructurE;._ of g_J_tecbJ& 

By dry dist'illa tion of ca t echin Wachenroder (30) d e. t ('ctcd 

c.D.tf·chol, y;~ ilc r·i1lr: r (31) founr. ~cet ic acid, ca t0c hol , !'nd 

phe·no1. Ett i (18) on nlk~li fus ~ ion identified phloroglucinol 
I 

and protoc atechuic aci~ . 

Perkin (14 ) conf i rmed the pr esEnce of phloroglucinol 2nd 

protoc ~t E' chuic Bcid , ~no on oxidPtion of c~t 0chin tetramcthyl~th~r 

with KlV'n04 ( 21) he isolnt<::d verq t ric acid . Becqus e of t he marked 

similarit y bet~een the catrchins ~ nrl quercet in VIII which 

~ccomp~nics them in the pl0 nt, he sugg ested that they ma y bL 

vitn2d ~ s r eduction products of quercetin, and propos ed the 

follo~ing s t ructur es for t he catechin molecule IX and X. 

OH 

OH ~. / ••lD'EH ~~. OH 

~;,:;\.=-f 
. OH g VI1h 

OR 

OH.oc~H~· . <. - eH 
I j - . 

. '- I .__,r(HOH 

· OH 2 IX ._ 
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Kostanccki nnd L~mpc (32) 1 bccause only ~ monobromotetramcthyl 

catechin could be prtnnrcd from tetr~methyl c~t echin, a nd bEca use 

on oxidation only V8r ntric ac i d could be isolnt ed 1suEfested that 

catechin could not contain a chroman group but had a coumnr an 

typE:'. They proposed thE following structure for catechin XI. 

0 "9H2 
.,;--.....--v· CH 2 

XI. 

They claimed to confirm their proposed structure by isola ting 

.~ compound ''Jhos • combustion nn1lysis :tfr ces '." ith 2 . 4 .6.j' . 4 1 • 

pentamfthoxy 3 cthyldiphenylmethnnc YII. 

OCH OCH3 

OCH3 v~CH~)- OCH3 

OCH3~H2-CH3 XII. 
This compounc~ 1 :ns obtained by r educing catechin tctramcthyl-

ether ~·ith soc:. ium in alcohol ::1.nd mc.thylo. ting tee r esulting oil ( 33). 

!~ i t r c.ns t 0in (3~ ) obto in0d J compound M.Pt. 284°-285°C with 

decomposition, which he ca llEd hydroxycatechin XIII. This 

compound wa s obt3incd by the r Eductive ~cetyletion of c:ttechonc 

with acet ic anhydr i de nnd zinc dust, 

XIII. 

Karrer and ~idmer synthes is Ed a nu~ber of this type of 

compound from hydroxycoumaroncs :md hydroxycoumnrans ( 3 5) • 

r enE: '\."ere identica l '''i th the ca tochins . Because Ryan .'}nd 

~~lsh (37) observE~ that by opening the pyran ring in the P&rkin 

structure for cP techin, a pent~mr thyl derivat ive could be formed , 



- 17 -

Nicrcnstc in ( 36) sug?E:.strr: :1n n 1 t crnR ti VC' s t r ucture for cn tC'chin 

XIVo This hs claimed to prove by opcnjng the pyr~n ring :nd 

oxidising the profuct to givs an ~cid , catrchin car boxylic acid 

XVI, 1Vhich he statE'd was i d8ntical v:ith an .'Kid of thE:. same 

s t ructure synthr si scd by him. Later he synthesis ed the degr ad cd 

mrthyl r>t t-. CI product XV, which hE cl aimed was i de:ntic'l l with the 

origin~l product. 

Frcudenbs rg (38),howcver, c l~imcd tha t 3 . 4 . 2 1 o4 1 o6 1 • penta -
t . 

methoxy<X b diph€n;,rlpr op::mc XVII is i cJcnt icnl vvi th the product 

obta ined by Kostanecki and Lampe (33) on sodi um ~nd ethanol 

treatment of catPchin, with subssquent methylation . Ni crcnst cin · 

denied this, so Fr eudenberg (39) synthes is ed this compound nnd 

established absol ut e i dent i ty wi th mixed melting points . 
OCH3 

OCH30· OCH3 ~OcH3 
· . CH2-CH2-C~~ 

YVII . OCH3 --- --
Ni rrcnst8in ( 40 ) still mninta i n8d th~t cat ech i n carboxylic 

a cid could be prcpqrcc ~ccording to his method , and t o expl3in 

the d iscrep~ncy sugg 0s ted thrt gam bier · catechin and acQcatechin 

differ. Fr E:. udcnbe.rg 'J.nd Cohn ( 41 ) hoV'.'C VE.r, r eestablishu1 the 
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ic entity of their r educGd product .. 

Drumm ( 42) sugg r: stE.d that E" i thE.r of the t"JJIO formula e or iginfllly 

proposed by Perkin,IX 2nd X (14),~r c applicable . Freudenberg (43), 

hoV.1E'Ver, stated that ther e ·, ·E-r e four possible structures for 

co.tcchin,of which XVIII was the most probable. 

H 

~~_f\oH 
HO ·~H 

XVIII. --.. ~ ... --- XIZ..:.. 

Hazleton n.nd ~1icr Enstcin (44) no\' announced that by the 

Pction of penicillium solitum on a ca catcchin, maclurin XIX was 

produced in B6r. yields. This ras claimef. to support Ficr cnstein's 

structure . 

Fr eude nberg an~ co-~orkGrs (45) synthesised compounds of th . 

figure XVIII type :J.n0 showcc1 th:m to diffc r from catechin. 

Fic. r enstein (46))in :ln attEmpt to disprove Perkin's structures 

IX and X \unsuccessfully a t t n,pt Ed to r c duce qu::rcotin to cqtcchin o 

Freudenberg and Kammtlll t:r (47), hm"cvcr, succGssfully r cCiuccd 

quercetin pentamethylcther with a pl 3tinum c,talyst to d-1 epi-

catE.chin(48). 
. 

This conforms with P ~rkin 1 s structure IX. 

While Nicrcnstcin criticise~ this synthesis on the rrounds 

that the constitution of cyanidin hydrochlori~e was still ind efinite 

(49), Robinson (50) pointcr:l. out that it had befn indepcndcntly 

synthEsised by two cheMists, ~nd that thE-r e ~cs no r easonnbl e 

cause for doubt as to its structPre. Robinson himself later 

successfully oxidis cd d-cQtfchin pentamethylcther to cyani~in 

hydr ochloride (51). 
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In 1937, ho':;cv cr ~ Fi c.rc:nstcin ngr <:ed t ha t, since T".'1 itlnnc~ 

(52) hn~ isol~tcd p E nt~methyl dl-cpicatcchol from t he reduct ion 

pr oducts of pcntamcthyl querc~tin , Freudenberg ' s structure - or 

more correctly that of PErki n IX - must hold (53) . 

Th£ fina l co~o cnt on the catechin structur e h"s been taken 

d ir0ct f rom the abstract (54): -

"'I'hc c i spute ovt':r t he structure of cat.:. ch i n is noy· ended 

3S Jait l~nd hPs isolat ed p~ntJmethyl epicatechin fr om t he 

r c~uction products of penta mcthyl quercetin, a nd Nicr enstein 

!'lcccptEd this as c stnbl ~ shine the Fre.udcnbcr g f ormula ". 

I n conc lusion it should be notc·d t hnt t he so ca ll c: d Freuc1 en­

berg formula was origin~lly sug~ E stcd in 1902 by Perkin~ an 

a uthor ~ho has r ec e ive ~ litt l e cred i t for his work . Per kin a lso 

obsc-rv<::C t hat on boilL1g catc·chin v'.' ith HCl, an amorphous powder 

origin2t 0d with t he loss of v~tcr. Freud enber g h~s used the 

same method for the synthes i s of quebr a cho tannin, but states 

th~t no l oss of wat er occurs. It i s e ssentia l that no loss of 

~ntcr shoul d take place for the Freudenberg str ucturL of tannin 

to hol d . 
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P A R T II . 

E X P E R I ~ E N T A 1 . 
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P~EPARAT,IOl':_QE_ SAt~fLES FOR ANALYSIS . 

The work r ecorded i n t his thesis ha s been c ond uctE~ on 

t a nnin obt~ined from t~o sources . At first commercial bl~ck 

vmttlc cxtr ::c t ~:n s use:.c' !'S the st2r tin,e: materia l. Thi.s is 

prrpnr(d in t he f actory by t he cxtrnction of the bPrk wi th ~at cr 

Aft ~ r the s ludgE:' h~t s been nllm·,cd to s ettle , 

ev~poration i s cPrric~ out und €r rc~uctd pressure , an~ the viscous 

Extrc ct obt ~ ine d sets to a brittl6 sol id on cooling (55). I t ';"JO.S ' 

however ., subs r qucntly found -:.dvisnblE. to cxtr.!1 ct t he tnnnin 

c~ ir c ct ly from the fr c sh bark r·h ich hn.d been prcs c:rvc d i n paro.ffin , 

::nc': i t r·..,_s on t his m:::tcrial tha t t he bulk of the ".'Ork v•:J. s conduc ted . 

;_!-:tr_.::. ct io~ .. ..9f_ .Q_omG2SJ'C i a l F_JS.!I.~ ~t_ l.:_i tl} A9_£tone. 

300 gr 8ms of the co~mc rc ia l cxtrGct,finc ly ground , ~n s 2ddEd 
• t o 1, 200 ml. 3 Ceton~ ~nd ~~s l Eft for t hr ee days v• ith int cr~ittnnt 

sh9.king. The ~cetonc r" s thEn filt er ed off,le~ving ~ d~rk brown 

gummy m~?.ss . The filtrat e t aken down on ~ ~~ tcr bnth to 

o. br or:n syrup, nne thc remaind cr of t he < cetone '~as r cmov:d under 

vacuum. 

220 grams of a l ight brown amorphous powder . This ,:'ill henc e -

for th be r e-f erred to "s nacc tonE' cxtr.:.o.ct 11
• 

Extr 3ct ion of Fr esh Bnrk. 

During the va r ious cxtr :.'l.ctions the c- c e tonE? extract .z-d matcri .' l 

had been cxposcc. to hE"a t a nd light. If,as is r eported by many 

uorkcrs in this fi~l~ , t anni n polymr ris cs 3nd oxidis es so very 

easily, then the resulting extra ct ~auld a l most certainly be 

highly polymerised . It was ther efor e decided to obtain n bctt · r 

startine, mater i a l. 

~re t bnrk l.'ms fi ne ly cut up and ius t cover ed with distilled 
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Pate r in a f l 3sk. The air r:~s cHsplaced v ith hycl rogE·n and the 

flesk ~Ds ~€11 stopper ed. rlftcr standing in th~ dark for six 

hours~thc r esulting dark solution ~as filt E rc ~ off. Since 

mcthyl2tcd tannin h0s be en used throughout in this ~ork , it v~s 

decid e~ to mcthylat6 th~ tannin as soon aftEr extraction ~s 

possible to stabilise the mol6cule qnd r~ndcr it l ess subj ect 

to polymrris2tion . The filtrate wa s ther E for~ immediately 

methylated i:"i th di methyl sulphc: tc qn( KOH . The pro0. uct , howe ver, 

\·:~s highly colourc c; ~ :- nc as tl"~ is is e.n indication of polymcrisJ. tion 

a better method of c xtr ~ ctio~ ~ns sought . 

1 'Gt bark ,_:·as once r.1orc cut up t :.nd ius t cov( r E:d ' <' i th 

methanol which had been frtc~ from acetone . The fl8 sk •::r.s 

stopp€r cd and pl~ccd in r dark cupboar0 for six hours, aft er 

~hich the light r ed m:thnnol solution ~as filtcr c ~ off. This 

was immedia tely methylated as ebove to yiel d a light flesh 

coloured amorphous pOY'dEr . Aft.::-r drying thorou~hly under 

vacuum at 60°C, a methoxyl det : rr· :in-:~tion ras carried out 

accorcing to the s tand <:.rc: Zeiscl method . 

0 .1093 gms . gave 0 . 2856 gms . Agi r.•hc·ncG ; ocH3 = 3( . 50 

0.-1089 II II 0.2831 11 Agi II ;.ocH:1 = 34 . 43 

r,:ethoc of ~ethyla tio!1..!. 

Corbett (1) reported that a fully mcthyl~te~ derivrtive 

of t a nnin was obtained by mcthyl~ting thr ee tirues with di~c thyl 

sulphl-l.tc. a nd KOH . ThE method adoptEd in the prEsent invcsti -

gation was as foll~ 's: -

10 grams acc.ton~ extr~ ctcf tannin ~as dissolved in 100 ml . 

m~ thyl a lcohol, and 20 ml. - ~imcthyl sulphate was added all a t 

once . ThE: rcsult~nt solution w~s kept just alkaline by the 
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slow a~dition of a conccntr2tcd solution of KOH in methyl a lcohol1 

nhilc stirring vigorously. The rc~ction was vigorous. After 

stirring for t~enty minutes thE methylation was repeated using 

the same quqntiti cs of rearcnts, ~nd was then finally repc·ato~ 

for the third tine. During th~ second and third mcthylations 

the solution heated to boiling point. 

Whrn thc thirC m : thyl~tion was completed, the solution ~as 

made slightly acid ~ith ( ilute H2so4 , an~ poured into excess 

vatcr,whcn the mcthyl~ tcd product scparQted a s a pink gr~nular 

mass. This was filtered off and token up in hot ethyl alcohol 

in \illi.ch it \'as complc tt.ly soluble. Boiler! Y'i th 'lnim'll ch:1rcoa 1 

end filtEred hot into watEr, a lighter coloured prorluct scpar~te~. 

This was filtered 8nd dric~ to give 9 grams meth~lated tannin. 

A mcthoxyl determination on the eric~ prorluct ga ve the 

following figures:-

0. 1122 gms. gave 0. 2953 gms. Agi whence %OCH3 = 34.70. 

0.1106 " II 0.2900 11 Agi 11 ;:ocH3 = 34.65. 

This method was 2c~ hcrcc1 to for the: methylation of the 

tannin from the extrnction of the fresh barko 
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O:XIDJ~T I?!~!_!LETHYLATED T1\N:~IN '.''ITH KT:n04 • 

Corbett (l) ~nd St~phcn ( 2 ) both oxi~is cd methylated t~nnin 

successfully~ 2n~ cl8imcd to hAve isolat(~ trimcthylgallic acid 

~ne vcratric ~ci~ ~ although, as h~ s been point e~ out 9 sOQC ~oubt 

Existsns to the it cntific~tion of the l nttr.r ncid . I n orcGr 

tilcrcforc t o es tabl ish the pr e scnce of this acid, a nr1 to ~tt E:mpt 

t o incr cas ~ the yi~l~s of oxidation pr oducts, a nurebcr of 

oxi~ations wer e car riEd out under varying cond itions. Acet one 

f. xtr r c L .c'l matEria l v·n. s ust::d, a s by CorbEt t " nd StE:.phen . 

_ErOt;CSlll;r'C . 

10 gr r> ms me thylR ted tnnnin, of 32~1 mE-thoxyl contc nt, v:G s 

fine ly crushtf an~ suspcnd e~ in 200 ml. water, the ~hol0 b ~ in~ 

kept thoroughly stirru:; . Fi nely ground KJLnOt.. vms slo''.' lY adccc' 

over a peri od of t "o hours until no furthe r oxicat i on was 

apparent , 60 gr ams in r ll being r ~quircd . The oxidati on procEeded 

rcaaily a t room tEmpe r Ature but ros e quickl y to 4 5°C, droppi ng 

~g~in as the ox i da tion near ed compl etion . 'The _xcess pcrr·' '.lng:.ln tc 

was removed with sodium bisulphite • The r esul ting I\in02 i":J. S 

fil t cr <:.d off '1ncl washed ''' i th n:t r m '·' :>. ter, ~nd the combi ncc fi 1 t r '1 tcs 

2.nc washings v·c r c conccnt r :tt '.· r on t he l'J. tcrbath, ::cif.ifi:ci '': ith 

HC l a nd extr acted five t i mes '!: i th ether . The ether cxtr.J.ct · ·.1.s 

~vaporated t o givE a s mnll quantity of cryst2ls in n r ~d~ish ~ur. 

These were t aken up i n sodium bicarbonate solution, when onl y a 

t r ace of amorphous m~t crial remained uncis~olvcd. The solution 

~as fi l tErLd, acid ifif~ , a na Gxtra ct cd one€ mor e with ether , 

giving on £vaporation of t hE ether and thorough drying .6 8r~ms 

of a ycllo~ gum whi ch crystalis 0d on cooling . 
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Es ing solubl~ in hot ~atcrtthcs~ cryst~ ls ncrc boiled v·ith 

anim3l charcoal nn~ filt f r 0~. On rccrystalisin? tnic0 from 

~ater, a small quantity of colourless cryst3line ~cids ··as 

The ~xa~ination of these cryst~ ls 

is r eported l~tcr. 

An oxidation ~as no~ carried out on the co~plctely ~cthy-

l atcd pro~ uct i.e. 34 .7~ OCH~, in exactly the same m~nncr c s 
.J 

~ cscribc~ above, except that 10 grams of sodium carbonate ~as 

a0dcd to the suspension befor e starting ths oxidation. In 

this case the oxi~a tion ~oul6 not proce?d at room temperatur e , 

~nd no dccolourisation of the prr~~ngan2tt was apparent aft ~r 

1~ hours, 2lthough vr ry little pcrrn:mgana tc ha~ been added . 

The suspension Y\1as ther efore h( '1tcd up slo¥:ly to 55°-60°C :1 nd 

the oxidation ~as carri ed out at this temperature. 55 ~r3.ms 

~:nO ,· ~e r e used in oxidisinr 11 grams of the mcthyl~ted tannin. 
~ . 

The pro~ ucts rcrc ~ork0d up cx~ctly as befor e , nn~ 3.3 grnms 

of" rc~d ish gum,crystPlising on cooling,~as obt~ incf. 

;,.s t he s e 2cids ·y-~rc probJ.bly not fully oxidi s cd ~ they '.'7c:rc 

once more t a ken up in 50 rnl. so~ ium bicarbonQt~ solution .nd 

filt ered , giving a red solution. This ~as r c oxi~iscd on 3 

boiling , ;a t c. rba th .'1 t 8o0 c with Krn01;. . 

quickly at this tE· rnpcraturE";, :::tnd 5 grirr·s vH::rc rcq11h"cC to 

compl ete the oxi~ation. The Mn02 v;as fil tcrcd off, 1 ·a s hcd 

thorougt ly with hot ~atcr, a ne the combine~ filtr ~ t ~ s ~n~ 

r!<! shings conc~ntr .:t~;d on the W<i t ;:rbtttr . On acic ific3tion and 

coolin~ in th: icc chest for 24 hours the filtr nt r yield ed 0. 5 

grems of ~ crysta line acid. On t~ic c rccrystallising from 

\"'at c. r thE. crystals cc lt ~: c~ shnrply at 178°C. Th is appE3r cd 
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to be t h r one ~cid previously sug pc stLd to be vcr~tric ~cid. 

In orfc r to ~o o conpl t t c 0nnlysis of this n ci~, 0 . 5 gr~ms 

mor e w~ s obtaincct by a simil~r oxid~tion, 0xcept th~t in t his 

c:ts c no soc'! ium l;li c :irbon.:1tr ,. r. s '1 f dcd to the sus pe ns ion b efor e 

oxida tion. This .'lppc:-,r u'l to d <. cr : ns c t he :,ric l c} of th<:: rnixEC' 

acic~ s . F . Pt . ncid 178°c • 

.hnnlys E. s rc r c noy· c ::H}:';. :..d out on t h e ~cicl .rts fo l lOY'S: -

'.'.'hence c qu i V ? ]. ( nt ., ·.._ ight = 183 . 0 

0.1056 gr~~ ms . i 
~ Cl.C' give s Oo2710 gr::Qs Agi 

'.'!hen ce c1 OCH3 = 33 .9 ,1• 

0.1011 gr :::.m s :::. ci<" gives 0.0506 gr ~· r:s H 0 2 and 0.2195 e r n :!S C0
2 

whence c~ H = 5. 56 (!" c = 59 . 2 I' f· 

C6H3 (OCH:)) 2COOH r e quires: - Eqt:i v.~ lc nt .. e i ght = 182 

( ver ·.: tric • cid or ~-

OCH3 34 . 07 
2 . 6 o c1 i mc thoxy- = 

benzoic '1C i c'l ) ( , c = 59 . 3 j:J 

c H = 5. 49 
' 

In ord er to cst~ bl ish the ident ity of this ncid n nd to 

exclud e the possibility of 2 . 6. di~ :thoxy - b~nzoic 3CiC~ both 

thE. sc 8-cids V'Cr E: synthcsiscc} o Vcr~tric ~ci~ ~~s cnsily 

prc:p2.r cd by oxic1 i sing f i mcthyl::. ugcnol ;··ith KJ··no4 . 2 o 6 o d irv thoxy-

bEnzoic Clc i d rns prc pc. rcc'l i n four stage s frorn nitro bs nzc nc :: s 

follov;s (56) ~ -

Fur inc: 
-- --d. O .; ·-· 3 

OcH
3 

OCH3 . 

(~Cl\'" f·ethyl . C)Cl~ 
> l "'" Alc~hollc :;. 

\...._ _,;, 1\TO KOH OCH 
'"""-./ ., 2 3 

OCH3 Be-~ 

O
cocy unc. 

OCH
3 
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As the origir..:1 l p.':l.pE r \ !:l S unobt~. i n-':l l be , d ifficul ty ' ·as 

E'Xpcric nced in th<:: hydrolysis of thG 2 .6. dimcthoxyb E:.nzonitrilc, 

but on incr :~sing the conccntr3tion of the ~lknli 2nd l engthening 

the time of hyc~rolysis , thr ncir \''Cl.S succr ss fully isol " t<x1 . 

r l oPt. 181 °c. 

The i dentity of th :. unl~nown ncicl \":-lS nov' f irmly cst!lblishcCl 

a s vt:ratric :- cid , sinc e r. mixer1 me lt v·i t h V(:r:-. t ric 2cid s howE::d 

no eepr t ssion, mel ting at 178°C, whrreas ~ m ixc~ me lting point 

with the 2.6. dirn~ thoxybc:n zoic r eid gc:.v 12 the V3.ll'E: 162°C . 

The m. thyl rstcr of the unkno~n e cid ~nCl that of vPr~tric 

::! CiC1 1.''CTE' prcpar .:c Y'i th ciazomcthnn:- to p. iVt 4 in C:'.. C h C::'. SC1 Q 

whitE' crysta llinE' sol ic, . r'c-1 ting points we r c c;_ s follows~-

V -: rn. tr ic -:cid me. thyl c stcr 56°C (The orEtic..--.1 56°- 57°C) • 

Unkno'Jm ,"' cic rKthyl C' stc: r 

H~ving nou cst~blish~d t he prcsenc ( of vcr~tric ~ciC, c 

number of further oxic~r:1 tions of the methyl !" ted tnnnin ·· ( r r. 

carrie~ out in ord~r to obt~ in enough of the mixed nci~s to 

effect a sep2r ntion . Th - conditions of c::tch oxicn.t ion ·,.-~· r :· 

va ried in an atteMpt to incru~\st' the yiclcs of these Z'cids , ·'nc' 

the: a cicis in each ens .- Pe r c boil ed with ch:1rco2l ·: nc r ccryst-:lliR --:( 

from water . A table sho~ing the affect of th~ con~ itions on 

the oxication h~s been inclu~cc on pc:.gc 30. 

The. mixcc 2c i c's f r or.1 the- various oxid~tions wc r ( no,-· 

combincd >'lnd r s cp:" r .:1tion ·rs effect ed by mcnn s of the s i lver 

salt1 ns r eported by Corbett (1) . 

~ issolvcd in ~ slight ~ xc css of ~mmoniQ 2nd boiled unt il noutr~l . 

The solution ~as mndL to 300ml. rnd hc~tcd nlr.~ost to boiling 
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~hen a h ot solut i on of ~ f r ?WS silver ni trr te i n 100 ml. 

~ blurish si lv ~r s ~lt settle~ out im~c~i~tely. 

'l.'his Y.'r' s ~llo-r·e·f to c 0::>l to rooc tcr·pc- r qtv.r c-, ':nf thE:: s i 1 vcr s~ 1 t 

f il tc rH~ off , '1-:: s 1F c f our tir ~e s ··:i t h , .. ::t tcr at 6o0c , the· '·:n s hin · s 

'?hc silver s2l t r. n(~ the f i. l t r a t c v·e r <::: tr e:o>. t u 1 

s e p-.r · tc l y . 

Th.E silvEr s" l t ''l.S suspencc{ in 100 r.!l. hot ,_ . Qt~r ,nd :1 

s lif'ht GXCE?-s s of c :~nc . HC l ·.':'. S nr1 (] :.', . ~he ~gC l prccipitr t c 

··hi c h f ::>r rE:-r"!. ···".s i_ h r.:: n h ..:~ ~;c~ ,~h··os t to bo:i. lin? point :nr' fil tc r ec'l 

hot . The filtrr~ tE. , r·he n c olr~ , ····~ s no"· c x t r Gc t Ec 1'"ith e ther, :.nf 

the ether c vnpor.:--. tE: :-'1 t o fi v : :: 1·:h i t c cryst~, llinE" 1.cid Ylhich , on 

l'c crys t~lli s inc t--· icE fr om ·."::t t c.r, r~ vc 0 . 2 pr <.'.ms of ncec' le-li¥-.c 

cr~rst 'l. ls r.12 l t ing .:.t 178 . 5°C , ::1.n t s hon inr no c, epr cs sion of nc l tinr 

point whsn r .iXU1 l' ith VE-ratr:ic 3 Ci0 . Jl" . Pt . 1 78 a5°C . 

':.· h e fil t r :-!t r: ,.·as c ool cc1 thor oughl y in t he ic c chcst for 2< 

hours; \·,1h c n ':.1. li ttlE. ere·" r'1 - col :.mrcf s i l vc r snl t ,.,IJ s f ounc1 t o h' vc 

pr ecipitated . This ~as filtcrG~ off 1.nd t hE fil t r 3tc trc~ t~~ 

with HCl t ~ prc cip it1.te t he silver , 1 nd extrec tcd with [ ther t o 

Ther d had evi~ently be en Pn 

inc omplst e ssp~r - tian, so the rcic'lic crys tn ls were sub ject~C t o 

2 furthe r s ilve r s~ lt s~pnr~ tion . The filtr'J.t ~ y i el~ed 0 .15 

0 
a ~cltinf point of 167 c. .n. r'ixtur c of this 01 cid ··:i th synt.l-J.\ t ic 

tr im~thylgn llic qci~ (I'.Pt. 167°-168°C) g~vc n o f epr ..: ssion of 

the me l tinr point, ~.~c lting sh!'l r p ly ::l t 167°C o 

Hn. ving no~ · c ::nfir rrH1 the pr8sc nc c of both the pyrnr:-'.llol 

::~n0 c~ t c. chol nncl0i in the sic,c ch:-~ in , i t appc1.rs th1t St:-,ph(' n 1 s 

sug~r stion th~t t1.nn~n is a mixture is c orrect. 

c -:rr!r•:r c i:1l cx t r 1.c t h~s b~cn ps :c1 f or -'2 11 the oxir~~. U r;ns so fr. r 
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r E corccd , and Russell ( '<- ) points out that somcti::-s v·hcn the 

origin of tho ~xtr~ ct is not knmn, qn( if b~rk ~n~ ~cod ~r c 

not extra cted S i p~ratPly, n mixture of ph~obatnnnins is 

sometime s enc ounter ed , thus confusing th : i ssue . 

In order t o c xclud e: this pass i bili ty, 30 gr .".r.J S ncthyl·1 t ed 

t a nnin;fr or.l fr esh bnrk cxt r ;;ctcd in the l a borAtory, V'ns oxidis E.d 

0 6 0 a t 50- 0 cas bef or e , to g iv~ 5.1 ?r am s mixed nci~ s mhich,on 

boiling with charcoa l ~nC rccryst~llising fran water, mel trd 2t 
0 

1~3 C. Thcsr ~~ r - subi Ectcd to 2 silver salt s cpnr 3tion, giving 

tv10 .?.cids .:1s b c::: f or E. '''hich , ·: r E' shoy;n by mel t ing poi nt s :.nd 

rJ ixcd trtc l ts to be vcrntri c ::cir} :-- nd t rimE:thylgnllic Reid . 

It shoul e bE note~ her e tha t nll subs cqurnt uork ~a s 

carr i c-c" out on f r E· sh b:::trl': E.xtr.'lct. 



C~L) •. \I'ICN 1:1:i2.JltLT .. j 0~·< :.:~i:l'FYL.,.\'.L'J:J 'i'.tL ' ~:.· . 

• 

~----------,---- - -- , . . - - -------1 ---~--,---·--· ··--·--;------- . ···~ ·-.. ··-·- . .. - :· .. ·----~----------1 

I Weight !Perc entn:_:e j7-·1_e r J.ture j i-T.:-. 20i...' 7 tl·- ·rt . l~i.:nC4 1 Yield L- "':ie~·-LL I~: . Pt. cf I Time of l 
,Ox i dis'?-ct ! Met~1 c x:r1 !C)f O::c iclat!~-nl ..J_ used . ;i.! ixed J\ci(e 1 ; :tcid:::. _Oxidation . ; 
. -----~------------~-· .. ··- .. - .. ··---,.--~-------- - -------------,..-----------···- ; ... ·- . ···l- ---------~---------1 

1 0 ~ ms . ; 
~ ; 

No Uro f:C'!S • ; 0. 6 gmc . 2 hrs . 

! ; 

~------~-... --.------- -~------ ---~-- .. ------~- -~-------~-.. ··-· -----[---------· ·- ··;·· ·-· ··-·-·-··-·· -- -· ;-- -------+---------t 
l ! 

4 
. i I I i I 

1

: : ,1 

1 ll ~w:: . ! 3 ·71-· 1 50 c1- S0°C I Yes I 55 rrms . l 3·3 gms . I 30~ ; 
1 

I 3i hrs . 1 

I I I I ! I ! I I l L------t------t--·---------[----r--··-----t----------+--·· ----- ----· 1------t-----~ 
I ! I j I l I !1 !e1 ted i j 

1
1 12 gms . i. 34 · 7/~ I! ·: o°C 1 Yes i 75 ems . j 2 . 0 rms . i 1 :' . ~;; !over a I 6 hrs . 1 

I I I ' I I I I l ' I ! I ,range . I 
~I ---------t-------·t·· _ ---··------r-------r------f------------·-+ .. ---- - ---·- -----+150-1~----~ 
I : ! I I i I ! I ! 
! 10 :_m::: • . 31+ ·7· I I 55 C- Sc0 c No ; 60 rrms . l 2 . 5 O"!.JS . i 25; i l 45°C I 7 br s . ,, 
I . . I c. I - I ' I I 

r-----·-t------+ -------t--t----t------+-------+----+-----~ 
10 e ms . ! 31~ . 7~ ; l Jo•·c 1' No 1 65 ~ms . l 1 . 2 rms . l 12 ·. 1 164°C I 8 hrs . ,I 

! I I I ' I I I ! I I ! ! I l I I 
1--------L--------~---·- -· . _______ L __ -J---------L--------1.-----------... .L. ____ _j _______ ___j 
1 : : l ! : ! ! l I 
: : I ! I ' : ' I I 
i 1 : : i I : 

Nc 0C mns . 
~ · 

2 . 3 gms . 6i hr s . ' 
f : t ! ; ~ I 

~------L _______ _l_ __ ..... - ________ _!_ ____ +-----·----~--------- .. ! - · -··-- .. ·- _ _:._ _____ j -j 

l l I I i i ! I I f 

i 3 er:Js . ! 34 · 7/ ~ I :-:.~.~."':_uxed . I l'c I 25 2:L1S • ! 0. 2 gms . ! 6. C7~-~ !l65-l75°C 9 l1 r s . I 
I : I ! i ! I I 
!_._ _____ . ___________ ., _ _____ ___ __ _____ , _____ ! _____ _!___ -------------------J. -----··- _l _____ , _______ l 
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C o~~lusions on Oxidations. 

It ha s bnm shm"n that t hE' ox i dat ion of thE: incompletely 

~ethylAtcd tannin procee~s C3s ily, while t hat of t he completely 

mEthyl~ tE d tnnnin (34 .7% OCH3) has to be mor e dr astic. From 

the table on page 30 it will also bE s een that the yiel~ of 

mixe~ Ecif s or e very lo~ in the cnsE of the t~nnin of 32.0; 

~cthoxyl content,in cor:parison to oxicntions on the fully 

methylated pro~uct. Both Cor bett (1) and StephEn (2) r eport 

low yicl~ s of these aci~s , ~nd the oxi dation is r eporte~ P S 

going a t roo~ ternpcrnturG. It would s eem , therefore, t~nt 

their '"'ork v1as conduct.:-d on ir :coF..plc- toly mcthyl~t e(l tannin. 

From the t a blr of corparison it cnn br s een that s3tis-

factory cond itions f or a maxinum yicl~ of oxida~ion products 

woulf be n temperature of 55°-60°C,with th3 add ition of 

sod ium carbonate before oxidation. h 30r yi eld w3s obtrined. 

A high~r tonp~ r 3turc decrc~sus tho yiel d of mixed ac i ds and 

pr ol ongs t he oxication, ~ s some of the acids for~ed a r e evidently 

further oxi~iscd. If the oxidation is carried out ~ithout 

sodium c arbonate the same eff ect i s obs erved , while 3D oxidation 

a t 80°C v ithout sodium carbonate gnvc only a 12~ yiel d in eight 

hours. 

The te~perature also appears t o ~ffect the r el at ive yi el f s 

of the o. cic}s 1 as is shown by the rise in t':e mr:: lting points of 

the unseparated mixture. The mor 0 ~r~stic the oxidation the 

l es s trimethylgallic 3cid 1PPE~rs to be nrcscnt. (M. Pt . trimethyl-

On refluxing 

with K11n04 >the mixecl a c ids softenec at 165°C a nd meltEd slo,·:ly 

over a r ange? collapsing finally nt 175°C. It seems,therefore, 

that the tr i mcthylgallic aci6 is itself undergoing oxi~ation under 

~ rastic conditions. 0~ rcoxi~etion of the mixe~ aci~s at 80°C 

only ver atric a cid is is ol ated . 

1 
' 
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NJ:.TRATION OF NrTHYL;;.TED TAJ\T!~IN ._ 

Since only v~r~tric J nc trimethylgnllic acids coulo be 

isolated from the oxidation of methylntcd tannin, it woul d 

seem that the other hnlf of the molecule is d i srupted complet ely . 

This is due possibly to th~ f ormation of a phenolic groun by the 

scission of the pyran ring , thus renc'lcring the r esorcinol unit 

less st:1ble. 

Oxford (57) oxi~ise~ griseofulvin ana suc cessfully isolnted 

3 chloro 2 hyC.roxy 4 .6 c i methoxybcnzoic 2Cid 
CH3 

H 
>----t<Y -.. C ::: 0 

d·H 
0 ''s..C~ 2 CH3o 

This hns n chlorine 
cbocH"3 

group in ttic phloroglucinol nuc l eus ~hich 

It Vi? s thOU,fht 

that if a st~bilising group such as a nitro gr oup coul n be intro-

~ucc{ into the r esorcinol nucleus of thE rethyl~te~ t annin, this 

tr.ight h'1 ve the r E'.quire0 EffEct, en~ bline t his uni t to be is ol 1 t .... d 

on subsequent oxi~q tion. hC Cor d inely v~rious m~thod s of ni tr ~ -

tion W€ r e attempt ed . 

One gram of methylate~ tcnnin was taken up in 10 rnl . 

a.cetic acic, ano 15 grams e thyl ni tratc 1J? S ~"c1c! er~ . 5 ml o 

phosphoric ~ cic' ' ·as nd C: cd ~ropl j_sc ··: ith stirrinr over .1 pe-riod 

of~ hour, ~n~ then 3 .ml . cone . H2so4 w~s addcc'. 

solut ion ~?.rkc ncc consioerqbly anf war med up on t he ~edition of 

thE: H2so4 • 

ThE r Enction mi xture ,_.,:ts now poured into c1 i s t illec "'a ter, 

when a very 6ark r ed amorphous product separated. This V'3S 
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·. 
filt E:rE.c , n1.shcc~ we ll ..,.,ith ' :ater, rissolvccl in qcetic :->cic~ , 

boilef with animal charcoal, filtE.r c~ ~n~ pr : cipitntcd i n wat er 

t o give A ~~rk r Ed ~morphous product . rt quali tn ti ve ni t rogcn 

test on the friF~ product ~as negative . 

A r epeat attFopt ~ t nitr2tion · ~s m~d c by dissolving 

1 gr2m of thf nethyl~t cd t~ ~nin in 5 ml . ethyl nitrate, a~d 

acding 5 ml . cone . H2so4 <'lrop· ~is c:- '';ith sh:1.king . The solution 

once morF farkenL~ consiferGbly and wnrm~d up . ~ftcr shaking 

f ori hour the nixtur t -~s pourcf into W3ter , when a r ~ ~ -bra·n 

amorphous precipita tE s ettle~ out . This 'as filt orcd off, 

wnshef, ~ nf purifi cC ~s bef ore to giv~ , very fine r c0 suspension 

on precipitation i n ~atEr. This ~·~s ccntrifug cc~ and cried . .n 

nitrogen t r st on t hE dri€d product ~as ncg~tive . 

By 1~cans of HN0
3 

in the Colcl . 

1 gr<!m of ncthyl=.tE:C t.:'..nnin v·as c~ is solvec in 10 ml. :tcctic 

acic~ , to V'hich 5 ml . cone. H:ro3 \'>':J. S '"'t1der. dropr:ise in the cold 

with constant shaking . The solution ~~rkened, but no other 

signs of reaction ~ere appar ent. This ,·as sh::}{en for 1~ hours) 

a ft er uhich it ~P s precipitatEd in water to give a light brown 

amorphous product. This Pas c entr ifug eCJ, , -·a she0., and once more 

reprecipitated fr om acetic 2cir to free it from "ny HN03• The 

precipitat~ on centrifuging nne f ryihg, gave once ~or e =. negative 

test for nitrogen . 

By Means of Hi'J03__QL60°C . 

Since the nitr..,tion c id not t~~e pl~ce in the colf, it vns 

r epea te( :ts follo· .. s on the '!::1 t -:, rb::1. th r.. t 60°C :-

1 gr am methyl2teC tannin ~as dis solved in 10 ml. acetic 1cj~ 

and 2 gr ams urea a~ced to r enove HP02 • This 'ND.s V'nrmed to 60°C 

on the uaterba th 1ncl 5 ml. cone. Hro3 (previously boil ed ···ith 
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urea t D r emove HiT02 ) W<""~. s acldec dropwise with stirring. The 

reaction y,•a s vigorc'us Y.'ith Effervescence , but no N02 f umes vrer e 

evol VEC1. The brown solution darkcncC! -9S the HNO 3 was c:dded . 

11/hen the e..cid hac: been 1cloec, the Mixture '"as heated on the 

l''r'.terba th for onE:. hour? and so conc cntr.?. ted. On the addi.tion 

of ~2ter an a~orphous brown precipitat e settled out? which v2s 

filt ered, washe~ well with cold ~ater, t aken up in hot a c etic 

ncid and r eprecipitntcd in water . The precipi tate uns then 

fil t er ed and washef well. A nitro~cn test on the amorphous 

bro~n precipitate was positive. Yi el d 0.8 grams. 

~ft sr t horough ~rying a methoxyl and a nitrogen ~etErmin~ tiori 

':;_rc carried out as follows~- ('l'he mE':thoc1 of nitrogen c'lct\;rmination 

is ~cscrit~f l a tLr). 

0.88~0 grams g2ve 0.0864 gr ams Agi whence % OCH3 = 13.6 

0 .1056 II II 0.1093 " Agi II 

0.0510 ~rams gqvc NR3 equiva l ent to 0 .3555 ml . N acid 

= 9.7. 

The methoxyl content of 13.6~ nppear ec to be too low, and 

it was thought thqt a partinl d e~ethylntion of the m~thyl~ted 

tannin hao occurred. The co~~ounC was th(rcfore taken up in 

ethyl alcohol and rem~ thylateo ~ith 5 ml . di Qethyl sulpha t e 

and K0~1. Ado ition of water aft er ~ci~ificntion with H2so~ 
procuccl a r ed-brown amorphous precipita t e ~hich vas fil tered 

~nd ~ashe~ well ~ith ~attr. This ';as dri t::c thoroughly unc:: er 
0 vacuum a t 60 C., anc mE thoxyl clet c. r r :ina t ions \ 1ere conducted . 

0.1004 gr nms g~ve 0.1580 grams Agi ~hence ~ OCH3 = 20 . 8 

0.1010 II II 0.1597 II Agi " 
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This compounf is soluble in d ilute alk~li, be inr rcpr t cipi-

t a t ed on ~ cieific~tion. It is vcr? soluble in e thyl ncE'tPtc and 

acetone,be ing repr c cipit~tcd fro~ the l a tter on the ac~ iti on of 

I'! a ter • It is insoluble in ether . 

.h.S it '."ns suspected frau the ~bove tha t free phenolic groups 

v:c rc still pres ent, it 1'Jas rer,ethyl3t ec1 in methyl alcohol three 

times ~ith _ C imethyl sulphat e ~n~ KOH. ~ftPr precipit~ting the 

procuct, rJashing qnc <"rying, anal yse s w .:r c carried out. 

0.1037 gr<:H:J.S g.:1 ve 0 .1790 gr'lt:ls Agi l"henc c 61 
I V OCH3 = 22 . 80 

0.1010 If II 0 .171~5 II ;~.gi II ('~ OCH3 = 22 . 82 ,. 

0.1046 gr '1ms ga ve 0 • O ~rl3 gr':!r.:s H20 nnd 0 . 2000 s:rill"1s C02 

v:hence < H = L',. . 39 < ~C ,, ::: 52. 12 

0.1050 gr c.os gnv0 0 .0421 gr[1 r:1s H
2

0 and 0 . 2010 grams co2 

whcnce r' H = 4 . 45 rfl c = 52 . 25 I p 

0.0524 grams gG. VE: rm3 equivalent to 0 . 2473 rnl. N acid 

whence .~ 

N 6.61 f-: = 
0.0563 gr ams ga vE: NH3 equivalent to 0 . 2626 ml . r RCic 

whence ~ N = 6 . 53 

This pro~uct, methyla t ed ~s highly a s possibl e , sho~e~ 

only very slight solubility in a lkali. 

A comparison of these figures with those of a theorctic21 

dinitrated oethyla tec tannin is civen overleaf . 



---~--------
1 

'.Analytical 
R.esults. 

(J1 OCH3 22.8 I· 

C' c 52.2 I " 

c: 
! - H 4 .42 
(fj 
F r 6.61 

I 
'f----..l..------
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·-------------..,.----
Theorcticetl for 
Dinitrat€n Tannin 
with 3 1 4 1 Dimethoxy­
benzcne sice ?roup . 

22.9 

53.21 

4- • .:t-3 

6.90 

r 

I 

ThcorEticnl for 
Dinitrated Tannin 
~ith 3' 4'5' Trirnethoxy 
benzene sid~ groupo 

28.4 

52o2 

4 . 58 

6o 42 

---~--------------------

It will be s een tha t, except for the mFthoxyl valu~ ,the 

an::1 lys is agr ces VIE: 11 with c~ ini tr:t ted methyl qtcd t annin, as suP-'l.ing 

a mixture of the two units according to Stephen's sugg estion. 

No higher methoxyl v~ luc coulc be obtained . 
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!'£~T.ti.Q]2_Qf_FJ~:· r~ 9~-IT_~ ?T. J ~ .. AT J PtL. 

Th~ rnetho~ of nitrog.n Es timation adopted , known ~s t he 

11HydrogEn:-ltion r.:athoc" ", h::'S bE En (1 E'S cr ibt:r. fully by Shuttl n:orth 

(58). The principle of the proce0.ure i s to combust the co~pound 

in a streRn of hy~rog~ n ovsr a suitable catnlyst, when the 

nitrogen is c onver tc..cl. to ~m3 which is thr n '1bsorbe0 i n '"' s t .-:nfl .:-rc1 

• J a c J.C • The ~mount of NH3 evolvEd m~y thus be deter mined by 

titr3tion of the aci~ , and h(nce the nitrogen va lue is obta ined . 

As thR mtthod is not wi dely e~ployed, a bri ef 0escript i on is 

i nc 1 ud E.'d • 

A c'l iagrnm of the o.pp::ra tus cons tr1•ctcd is gi w.:n on page 38 • 

. .c\B <1nd CD are b;w l engths of br.qs s tube, 1-?!" c1 inrr:ett-r , :tnc1 611 an<..~ 

1811 i n l cngth,rcspectively, nhich 2r 10 wrappf"d in nicn for ins ul n. -

tion . They ~re '\Nounc'' \,i th sepJ.ratf hEa t i ng c oils J, which ~r c 

connE ctEd to the li?hting circuit through two rheostats , R1 ~n~ 

R2 as shown • AB r nd CD ar c insulAtEd fr om each other by ~n 

.::sbes tos plug P, .qnd :lr E" p'lck-c! firmly \'' ith asbEstos packi ng into 

a circul2r as bestos cylinder EF, ~hich i s moun t cc" on 2 ~oo~cn 

sta nfl. 

GH is a silica corr:busti on t ube , 2 1 3 11 lonr-', pr-ck co l oos<::ly 

with a nickel -asb~stos ca t a l yst which is kept in position by 

1lJic porOUS asb<::stOS pll' g'S S '1.n0 81 • wl o.nd ,._,2 'l.r (: two 11•1'1 sh bot t l E's 

cont~ ining, r espectivrly, ~n qcidic solution of ~~04 and nn 

,~ lkalinE s olution of KJ:·.nO .~ to purify thE! hyc'lrogE." n wh ich is .,. 

g(ner ettd in a ~ipps app3 r atus . Y is t he bo~t containing the 

nit r ogEn c onta ining conpoune mixed ~ith the cata lyst. 
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ThE. nickcl-r-sbr stos C 0 t :q lyst is prc.p::1. r cd by rr.ixin p: 'Nell 1 

p~rt by ~e ight of s~"ll ~sbcstos fibr 0s with 2 ports of nickt l 

oxide powder CJi203), or T•· ith 4 p~rts of nickel forma te. This 

is then p~ ckcd loos ely i nto the tube ? s shown , l 0nving the 

por tion of the t ube lying in AB fre e . The tubE is now pl~ ced 

in the furnncc- end the hydr ogFn tr ~ in is connect -d. 

A strc:\r· of hyr1 r 0gr n i s p~sscd r c>oi dly thr ough fln~. , Phen 

all t he ~ir is ~ispl~ cco , key K2 is plUf?. CC i n , thE rheostat R2 
be. ing ad .i us t ed to r·!~ int:'.in the t E: mpE r a tur e of CD at 250°- 300°C . 

The. cntalyst tnkcs ~ bout 2 hours to re duce , and should a l~nys 

be ke pt in hydr og0n t o pr c v~ nt r eoxidation. 

ReQgcnts ncquircc~ 
N r 1) 20 H2so4 " nd 20 NaOH solutions fr ee from co2 . 

2) 50~ KOH solution . 

3) Nickel form~tc . 

4 ) R:duc :c nickel, r.~cc by r c0 ucing nickel oxic c in the furn~cc . 

5) ~ .h· thyl r ef ind icc t or. 

Pro~ccl urG. 

Thl trmperAtur E: of CD is ~d 2ust r. f by ~c~ns of R2 t o r e~n in 

A position on th: rhcost~ t which Y.ill 

bring thE temperature up to 250°C in 10 ~inute s is narkcd, ~n0 

the exact time t~kcn is not e~ . When it h'1s reached 250°C the 

rheostat is shifted to position 2 which is such th3t it vill 

m~intain thE. furn~ c c rt this tc~perAture . 

We ig~· out ± 0. 05 rr~m s of thf' ni t r ogc n conta. ining corpound 

in '1 porcElain boe t Y, ~n~ nix i t ~ith ± 0.2 grams nickel forma te 

:tnd ± 0.5 grr:r.s r c-c: uccd nicke l • . Cov('r this T"ith a f cv1 ml. 50f-
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KOH s olut i on, :tnc1 -2 11(,,. 

~;he· outl ~ t t) f t h ,. fUI'lT C1.. j _s CODr't. Ci: d , i.n t.h t. L'K.'~ fl'''i: ilc, 

t c ' ti1 is t l .:. funn~.:: l inv(. rt , : " D· ~ di pp inv into:-. 100 r::l. b€:tlkcr 

b ·· · :-. ' ~·: r c -::mt<: ins 10 nl. st :tnl"i::l rc:iscc~ ¥o :J.cic1 [' m: 

50 r.l . ', ·<t t cr . P~ ss hy~r8f~ n through n t the rnt t of 1-2 bubbles 

per s c c ~:mc~ , r>. ml. -~ 11 m: r f E:r: !·,inutcs f or thr d is!Jl-"l. CE.r:ent of .1 m r 

:--- ir in t he t ube. . :·c·· c onrF c t K1 , l o:: ving rhc os tat R1 i n r:. 

positio n , pr 0viously Clct o ·r iriE-":c! , ,.,hj_c h v:ill :J.llm-· ,·cB t o heat 

up t o ~ bright r td h t 3t in .5 rninutL s . 'I h ::: fur n R C(. is r.:\ int.l. in.-;C: 

is .,., c. no vr ( : nc1 th.:· tllis t l·. funn(: l ·, -:.shc0 1" :.";11 into the s olut i on . 
~ · 

l'h c. exce ss 0cir is no , · t.itr:-: t.c:'. ~"ith 2u rrqOB: usinr: r.J E:' thyl r((1 ' l S 

inc~ icr~. tor . 

0.05 [ r :'ns l ew r c sl'lts ,,_. r z 0bt :: i nc~. , prob0. bly CU<" to inco rapl 'L 

r ·Cuc t ion of t h e n it r oge n ~ lon? tht cr t~ lyst . The r ::-. tc of 

bubbling of t he hydroge n h~~ to b: r :euc e~ f~o~ 2 t o 1 bubbl £ 

pf r s e c ond , t1 s the f '"' stcr r :1 t G r cc or-1r:cnc~<: c' b" Shut t l (• .. orth l u·· 

to lOYJ V[>. lUC S • 
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OXIDf.Tiotr OF TfiTR:.TED t:ET2YLATID TA~·HIN. - --·-·---··-----·--... ~ .... - -·-- ---
6 grnrns nitrate~ ~c thylatcd tannin wa s finely crushed ~nd 

suspcndE:·G in 1 50 r.l. '2.ter. 5 gra~s sodium c~rbonatc was 

a~e ca, thc ~hole b~ in g ke pt thoroughly ~ixcd . 20 grams f i nely 

grounrl KI ·n04 VJP.S no11 ':'tCdu'\ over o. period of 5 hours, when no 

furth£r r c~uction of the pc rrnang~nat~ ~a s d i scernable . The 

oxidn tion proce eded r ~o.oj ly ~t room t ~ ~pernture , the suspension 

warming up of its own accord. 

At the cnf of the 5 hour pcriof t h£ hlno2 w3 s filtcrea off 

anc v·ashed thoroughly 1·,•i th ''-'·':'lrn WA t cr, 0 m~ th( cor.-.binEd fi l tra t'-"~ S 

i nC' . ..,--r shings \·:e re conccntrnt. :: c on the~ w~tcrbath. The solution 

~~s now extracted with etht.r to yiel~ on evaporat i on a t r nc e of 

oil. The s olution TI'1S aci~ifief ~ith dilute H2so4 ,when ~ solid 

pr ·-: cipitatt::d, aile the· i..'hol P cxtractcrJ v·ith ether . The solif 

···'1s no-c corpl c t c l v solubl e in c.. thcr, but ::.. subsc qu£·nt ethyl 

3Cet~tc extraction rc~ovc~ it a l l. Both solvents ~er e : v3por -

"t(d, the ether ~xtr~ct yic l~ ing 0 . 2 gr~ms of ~ yellow r um which 

showc ~ a t En(cncy to crystQlisc (Fr~ ction I) . The ethyl ~ cctn ~~ 

fraction yicl ( cd 0 .15 gr::rns of ::n oily dark yeller gun \''hich 

f a iled to crysta l isc (Fraction II ) . A nit rogen t est on 0J. Ch 

fr r ction was pos i tive. 

In a ttcnpting to r ccrystnllisc frRction I fr om '"atcr) c' r oplcts 

of a hichly viscous oil s cp~ratcd . 

fron thE ycllm~: solution, wh ich was then concent r atec slightl.r . 

Qn cooling, mor E oil s cpar ntcn . This ras again filt i r~c off 

nne~ t lls so l ution placE~ in thE· ic c:: chest overnight . 

nteC. l e-likc cryst~ llin~ pr c cipit~t( s ~pnrnted . 

A yellowish 

Frn.ction II ,.,as insolubl€' in hot v•: t cr , toluene , benzene, 

X~len&, chloroform, c~rbon tEtr ~ chlori~e , nnf vFry soluble in 
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ethyl a lcohol, ~~thyl a l cohol, ethyl ~ c ct~ tc , ~nf a c ttone . 

All attEnpts to crystal lise this compounc fron tho abo ve solvents 

and r.;ixtures of theo provu1 frui tlf s s . In a n ~ttompt to 

purify the gum furtherJ it 1:·ns taken up in socl iut:' bicnrbonc:\te 

solution in which it ~as co~plctcly solubl e . This solution 

\"JA. S Extr3ctcc~ v·ith othyl -1cctatE , nne a tr":l.ce of a r : C. gum ':·as 

r c·rovrr . Acid ific~ ' i th ~ ilut0 H2so4 nnf once ~gain cxtr Pctcd 

v-·i th ethyl 2C(tnt:: , on evaporat i on i t A.g1in yicl c'lef, r yello_w guo 

To obta in t nough of th~s~ fr actions f or analysis, 30 grnms 

of t h e n i trater ncthylattd tann i n was ox i C.i s oC. 0s bEf or e with 

15 grams s od ium crrbonatc 2nr 90 grams ~~0 over a 6 hour pcrio~ ~ 
"r 

The oxidation pr od ucts wer e workfr up as ~ bove , yi el d i ng 2.2 gr nms 

of e t her soluble r cif ic rn~teri3 l ( Fr~ction I) and 1.7 gr nm s 

ethyl ~ cetate s oluble mqterinl (Fr~cti on II). 

Ex'lminat i on 2.:f Ether Extra c.:Lj_Fract i on Ih 

This was taken up in hot water, ~hen 'l qu~ntity of ~ark 

brown gum reoained un~ issolvce . The gol d en br O'.''n solution v-n s 

fil tered off a nd a llowerl to c ool to r oom tempErature when more 

gum s eparate~ . This ~as filt er Fd off en~ t he filtra t e pl a c ec'l 

in the ice chcst. bfter a fo~ days a light ye llow crysta lline 

ne edl e-like solid s epar a t ed , the need l es for ming agglomerates 

a nd giving the whol e an at:'orphous nppear ance . Af ter a week t he 

crys t a l s '"'ere f il tcrcd , _ wnsher with a fev.r ml. col o water 9 ".''hen 

thE: y l o s t their ye l lO\:' colour yiel r. ing 0 .0 5 gr ams of c ol our l es s 

crysta l s . ~ tarting at l74°C t hesE mel ted finnlly nt 178°C . 

An equi val Gnt we i ght det i r mination was carried out aft er thor ough 

r rying. 
0.0326 gr ams ~cid neutr8lise0 6.60 ml. 0.02606 N a lkali 

Whence cquiV.J. l E:nt weight = 189.5 
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'Ihc: ~ci( · :1 s r ;: c ovr r ~·r by '1Ci•:ificntion '.ln:' cxtr ':ction Y.'ith 

A mixc~ me l t with vcr~ ~ric 

The r.10thc r liquor s fr om the C\ bove E:.xtrnct jon of thE. g urn , :i t h 

r:J.t •~ r were <"deed to th<::· gum s e~ 1.rat ecl. previously :1 nd h cr.:. t -:·0 

on the w~tcr b3th . On filt ering a nr coolinP ~ s b~for c , a further 

crop of crystal s r as obtJ. i m:d on s e-cc:in g t h t sol ution with 'l 

cryst~l of the acic ~ Th.· s E: v·E r c fi l t e r €:-'! off :1nr1 1"'ashcr1 we l l 

\': ith a litt l e cold \ .. att.. r to ~~ ie ld 0 . 04 gr .:>.ms of J.cid on thor ough 

c rying . Th e s c Y.ltr E:! c orbin(d r·i th those pre vious l y r ecove r ed , 

an~ ~ re ect£r minJ.t i on of the ( quiv~lcnt we i ght ~as m3de . 

0.0346 gr ams aci~ neutr~ listd 7 o 2~ ml . 0 . 02606 N Al~~li 

~honce equivalent weight = 183.4 

~ qur: lit::ltivE nitrogE-n tr st \".'ClS ntgr.a..t ive . This ::! cid is 

thE:rcf or c C? st'1 b1ishc::1 :;s ver n tric 'lC i d , v.'hich h:"1 s I! . Pt . 180°C 

anf Lqt . nt . 1 82 . 0 

The c1 c.r k brm ·n ncifl.ic gur.~ rcr-"ining ~.ftE:: r t he extr Action of 

the ver n. tric a cic1 with wc>. t cr '.'·'.!J. S thoroughl y wa.s h ·:cl. ·:ith hot 

~at~r t o r E:.~o v E: 3ny tr ~ cc s of verntric ~cid . Al l a ttempts t o 

crysta llis e i t f .!J. i l ed . I t 1·•as then dri c..d thor ouphly a.m1 l c·ft 

in n VJ.CUUC1 dcs icco. t or f or c. week, whe·n it .s e t o.. lr.:ost solid . 

A nitrogGn test Tins positive a nd nna lysrs ~ere pcrfor ned . 

0. 1048 gr ans gPV6 0 .0-+50 grm"'~s H20 a ncl 0 .1861 ? r [I!'1S C02 

'.':hence d1 c = .... s . ·+3 (1 H = 4 . 77 I /' 

0 .1046 gr.:-·rr.s gr vc 0 . 0 ,~:. 5 gr f1 1'S H20 a n0 0 .1858 gr ar.,s C02 

';·h e nce r<" c -+8 . 4 5 -. H 4 .73 = = t• ' 

0 .1068 ~r"M S g~vc 0 . 2185 [r 1~s Agi whrnc c % OCH
3 

= 27 . 03 

0 .1020 11 II 0 . 2093 11 Agi 11 
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0 . 0512 grn ns gnvc NH3 cquiv~ l· nt to 0. 2134 ~1 . N ncie 

Dhcnco ~ N = 5.88 

0. 0 567 gr " r.·s g ." vc !'
1H 3 r qui v-; l ont to 0 . 2tr-1L;. rnl . E -~ c i c~ 

whence H = 5. 96 

0 . 0 !.,.2 9 gr :;,t:is ncutr:". l isc C\ 8. 08 r1l. 0. 02566 I? ;"i lk:~ li 

, .·he nee cqui v:' l ent 1YE: ifht = 206 . 5 

0.0585 gr~~f niutrnlisc~ 11 . 0 ~1 . 0. 02566 N alk~li 

v:h(-ncc E.quiv~ lEnt ·uc i ght = 207 . 2 

The r E. sul ts incl. ic~ t '.r~ ~ benzoic r c i r, v; i th t ,·:o m>: thoxyl 

groups ~ nd on~ ni tro groun . .. cor1p~ ris on wi th such :-:n '1cir 

f~llO\'.'S . 

qt . '.-·t. 
L-·--· 

~nnlyt ic2l tcsults . 

27 .1 

/~8 0 ~-

. .,. • 7 

5.9 

207 

---...., 
Thcor E::ticc.l f or :-- ! 
~ irnothoxy nitrobcnzoic 

. 1 
!J.ClC. . __ l 

27.3 l 
1-7 . 6 

3.97 

G.17 

227 
·----· _ _., __ ---"~ 

ExaQination of Ethyl Aceta t e Fraction (fr~ c t ion II). 

As h:;.s been stated bc forr,~ll P ttc~pts to cryst~llisc thjs 

gul!l f:~ilc d . However, on e vc.por ~t ion of tho ethyl a cGt nt : nf~cr 

extr::1.ction, finE "'hi tc crysta ls wE:.rc <." c ros i t f'd c.r cunc~ the .:of. gc 

of thE bcnker, ± 0.01 gr~ms in qurntity . ThEs L ~ er e brushEd 

into :1. wntch glas8 nn( "-·ere f uun( to be strongly ncic ic townr (~. s 

l i tr:ms 
0 

and very c !'.. S ily s oluble in r 'J. t er 1 tnt" l ting :.1 t 89 C, 
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On ~v~por8tion of the water solution long fl~t need l e s 

crys tall ise~, ~elting at 95°C. These ~ere shown to be ox~lic 

acid crystal s by th0 norm~l qus lit3tive t ests. 

The gum was washed thor oughl y 1.~·i th hot wn t cr to r emove ::ny 

oxclic ncic, 11nd dricc nell in a vacuun de sicca tor f or a week . 

.t·tna lys e s wer E: a s follO\"!S: -

0 .1045 grams g::3.VC 0.0438 gr nns H20 a n0 0. 1700 grams C02 
-r1hence d1 

/·' c = 44 .36 ('1 H = t, .66 

0.1061 gr ams ga vt:_· o. 0450 grrt~s H 0 2 and 0.1728 gr <1ms C02 
1:ihE ne e C" c = 44 . 41 (fi H = 4 .72 ,. ,. 

0.0529 grams ga ve NH3 equivalent to 0.2606 ml. N a cid 

~henc e % N = 6 . 9 

0._0491 gr .~ns g-::ve NH3 equiva l ent to 0.2393 ml. N -:. cic1. 

r:hc.nce = 6 . 82 

0.1100 grnms gc:. ve 0.1153 gr nms ;;.gi whence o.: ;o OCH3 
0.1018 gr -':l.ms ga ve 0.1060 gr ~·. r~s A.gi whencE (<1 OCH3 /' 

0.0598 gr o. ms neutr :lli sccl 13.13 ml . 0.02566 N NaOH 

VJht·nC L cqui v::t l E·n t Jc ight = 177.5 

0.0469 gr~~s nc utr~liscc 10. 26 nl. 0 . 02566 N NaOH 

whrnc L equivnlEnt we i ght = 178 . 2 

These fi gur Es nr c inconclusive . 

= 
= 

13 . 85 

13 . 76 

It nust be emph~s ised that ~s both the acidic gu~from 

this oxidRtion r ( fused to cryst~ llis c fro~ t he numerous solvents 

ussd, it is probabl e th3t t he· analyses wc-r o c onduct cr~ on i mpur e 

substa nce s. They we r e fr ~ed from oxalic ncid " S t hor oughly 

qs pos sibl e , but it is still likely thqt a s~all qu~ntity was 
t ena cious l y hel d by th E- gums. This voul d acc ount f or the low 
equiva l ent ':·e i ghts obt3inE:.d in er-ch cns €' . 
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I - /,lkali 'IrE'e.trn.:-nt of r~c thylatEd T::wnin. ----------· __ _..,_ _________ _ 
H~ving f c ilcd t o isol~te the r Gsorcinol nuc l eus fro~ the 

oxie~tion products of t ho pr Evious oxi de.tion, attempts ~ere nov• 

made t o open thc,pyr~n ring before. ox i dntion. If th8 pyran 

ring could be split ~s shov1n a t the oxygen l ink, and the r es ulting 

phenolic group liberat ed, methyl~tcd, then by subsequent oxid~tion 

of the ch'1in s till linking the t wo bcnzen€: nucle i~ the othc.r hnlf 

of the rolcculc rnifht be obt ~ inrd qs an acid, ~s the r ~ sorcinol 

nucleus ~oul~ noT be s t qbiliscd . 

Karr er (59) shay cc1 th::: t t:'c-thyl.':l ted ."lnthocyE~ nins v.!cr c 

sat isfo.ctorily degrac.c d by boiling- ' ith ~) ilutc n l kt'.lis ~ 3.m~ 

Stephen (2) r eports small yiel ds of ~ cic1s by the s~mc t r ea tment 

of methyla t ed t~nnin. 

atter.:~ptE:d . 

This r.:~ethod of ~ttack wa s ther ef or e 

1 t:r ""~ s~mplcs of the tTlC thyl<:!tcC. t annin , .. cr .:- d issolvr-d in 

20 ol~ mrthyl a lcohol, end r ( fulxcd f or 5 to 6 hours wi th 

increasing concentration of KOH . The tannin during this 

treatment was pres erve~ from 8t Mosphcric oxidation by a flonting 



l '"'yc r of benz ine , 1·i t'1 , .. hich rJ(thyl .:::. lcohol is j_r~,...,isciblc. 

The solution in each c :s ~ ~~ rkc n£~ sl i [ htly on r cfluxing . 

~t the en~ of t he 5 hour per i od th~ benz ine l ayer ~ns 

s ep:lr ""' trf '"'nc: cv:.pDr ntod on the r.·a. t Erbnth. Th~ Methyl ~ lcohol 

soluti0n was r ~~rthylqtcd wi t h 3 ~1. diocthyl sulnh~te ~nd KOH , 

,; ci( ific c1 ~nr' pourc:1 into water, ':·h-_n, in .::ach C'"'.SC' , .-::. li;:oht 

pr t cipi t.::;_ t c very siMilar t o rn : thylnt~~ tannin s ~ p~ratcd . 

:ftrr c o~linr in th: ic 0chcst t his pr ( c ipitatc ~as filte r s~ nn~ 

It ~~ s th0n ~ r ic~ thor oughl y in ; va cuu~ ~~siccrtor, 

qn~ the ~~thoxyl contents ~c tcrrincd . The fi l t r ates fron the 

::>bov c:. v·c r c; cxtrrct ~r:"\ r·i th t. thcr t o r c.r 'OVt ~ny '''!lt cr solubl e 

rn~tcrial, ~n~ the ~ thc r ··as c vapor~tcd. 

~ table nf corp~rison is ~ iv(n bel ow: 

;rp~~;:' KO~. ~-, ttwxyl -?,on~; nfl Bc~z-~n:" '"ol~b~c 
by \, l ght.:tftc. r tr c tncnt . ~ - tcr1... 1. 

·--· ----
5 

B 10 

c 25 

D 50 

E 100 

F 200 

G 300 

H i,.oo 

I 500 

J 600 

K 700 

1 J 800 - -.. -- ~--~---

?/-. 7 

3/r • 8 

3· • '-T 

35 .o 

35.0 

Yl- . 8 

3!;. . 5 

35. 0 

Yro 7 

3<~ . 5 

35 .o 

1 

NO 

BErznrE 

SOllTBLE 

I _;~'J'ERL.L. 

----------------

R' DT. ISi-I 

Oil. 
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· The r~cthoxyl ccntcnt ::-f the origin.'1l tQnnin v·'1s y~ .s;: , 

so that no ch~n[c ha( tnkcn pl3cc. Shoul( Q phenolic group 

h~vc been libcrntcd , '1n incr cnsc of mEthoxylcontcnt of ~t l£1st 

9f waul( bE ~nticipatcd. The m3terial after trc~tmrnt ~3S 

i~cntic~l in appf~r~nc E ~ith th( original mcthyl~tP~ t2nnin. 

It ~~s faun~ i~pos sibl c to increasE thc conccntrntion of 

the nlkali furthE.:.r 5 since tl:H· octhnnol solutio!! .-:.t 800',_· by v:c j_fht 

n~ s ~lrc~fy seturat£C, 2 sr . ll qu~ntity of KOH rcr1ininr un(issol-

vccl. 

II - Eejuction of ; ·c thvlr~ tcd •_;' ,"nnin 1'ith ,Soc'.iur1. - - - ----.. -· -------- - - ·.1..:..---·-- ....... --¥ ........ --· __ ,_,...._.,., ...... ---·-----· -
Ravin§'- f:1ilcd to open the rin2: by boilint-~ with ~l i lutc 

:<.ost'"tnccki 

~n{ L~cpc (33),by boiling t ctrsF cthyl cat~chin with soCiu~ in 

~lcohol, wer e able to split the nyr~n rin~ 2t the oxy~ cn lin~ 

re~uced catechin. An in 'lcstirntj_on of ~ sntisfnctory n ~tho~ 

of obtaininr, a rcC'uct:i.Dn of th:-- ~~ethyl~trc' t::tnni.n :·,-::s th :n .for<:: 

nor1 conducted .. 

( i) Boili.Q.g_ !Yith __ !fl.s.SoQ_iur:I S~1.t of~ ___ _!;_1'l(; __ ...::1-.S:P.h2.1._ 

Th€ s ocium s:Jlts of cthnnol, n-but:'lnol~ ~:n~~ pE:nt."nol ..-~er r.:· 

prEpared by t he nd~iticn of 2 grcns soCiu~ in fl~kcs , to 45 ~1. 

uf thE. r espe ctiVE': lllcohol, 1 . .'hich '; 'QS kept boiling nntj_l r 11 +· !-· .: 
~'I ! V 

soeiuro ~as fissolvcct. 

in a n:inimuo of tJ.:::: rl spE..cti vc :Alcohol " 'lS 'J.CJ_(< C \1 to c~_ ch ~ ·;_n:'! 

th( solutions Y1Er c boiled for 5 hc11.1rs, ·"'hen they 'ere observe( 

to hnvc lig"'.tcncc't in colour. 

break the soCius s ~ lt, ~nd in the cas e of ethanol the sol~tjon 
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was e cidifi cd ~ ne extrRctcd nith ether. ~·lat er being i mnisciblc 

in butRnol And pGnt~nol, t~o l a yers scr2rated , the water 

l~yor be ing dar k bro~n in colour. These 13 yers r cr c s eparatEd 

3n( the wat Er l ayer was ncid ific~ ~nd extr acted ~ith ether, 

The 2. lcohol vas steam distilled from the othe·r l ::1 ycr, l en ving 

in c~ ch cnsE:' a br mNn s cmi-solic'l which v·as then ·::lcicificrl qnd 

r xtrnct od with ether, the extr ~ c t being co~bincd with that of 

the \?'J. t c.r. 

In each C8 S C a s Mnll amount of brown highly viscous oil 

r esulted , wh ich s et t o a gl ns sy solid aft er being k(pt in a 

vncuum de siccator for· ,.., ''' t ck . 

rolec ul ar vo ight c etcr ' ·in!l tions, nccor C. ing to the net hod 

of R~st, WGrc perfor~cd on each of th( soliQS to nscert~in 

whE:thE..r thEy were st ill of l m" mol Ecular weight, or whether 

polymsrisation hac taken pl 2ce un0cr the c onditions us c:L 

Combustion ana lys es wer e a lso con~ ucted. 

Sodium Ethe.na t E: Fra c_!;j..Qrr__J.Frnction.___l_L_ . 

0.0211 grPms with 0.1455 gr~ms c~mphor grve n depression of 

(Molecular DeprEssion Const~nt f or camphor= 395). 

whence molecular weight = 424 

O. J023 grems ga ve 0.0627 grams H2o a nd 0.2483 gr ams co2 
whence = 66 .2 ~ H = 6. 80 

Fr action fr om Sodium Salt o:(__ljy.t~]:_J.fr F.l_q_tJ..Qg__Jih 

0.0345 grams with 0 .1588 gr ams camphor ga ve a Clcpr cssion of 

whence ~olecul~r weight = 420 

0.1021 grams ga vE 0.0628 gr ams H20 a nd 0.2498 gr ams co2 
whence ~ C = 66.7 ;: H = 6.83 
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0.,0324 grams with Ool608 gr ams cn(ll phor gn VE:: n C:
1 epr es s ion of 

19. 5°C v1hc-ncE:: []'i0 l (;CUlilr we ight = 410 

O.l0t:4 gr2ns g~ VE: 0.0660 gr "1 r: s H20 ·'1nd 0 . 2566 gr n.rrts co2 
whcncs (f! c = 66.5 c1 H = 7 . 02 I ' 

A nothoxvl fetc r~inPt5on wes m2~e on tho c o~binea fr'1ctions , 

?ft(r which they ~crF rerncthylat e~ r ith di mEthyl sulphrtc ~nd KOH . 

The rc~cthylnt6e proeuct was ~ried ~ell nnd n re~etermination of 

mLthoxyl c ontent was m'1dc . 

u~t:1G~yl On COmbined fr~ctions . 

0.0998 ~r~ms g~ve 0 . 1912 gr ams Agi V!h€-DC6 r.: OCH 3 = 25 • .) 

0 . 1027 gr~ms g:l.Vc 0 . 2021 graus Agi V'hGnce 1 OCH3 = 26 . 0 

~e ha ve t her efore : -

.

:!_ · _ ··_-·- _ _ - _ · - _ _ ~- u y~ __ · ~t-: ry.ield-.-~-~ ~-c _ .. ; H -~-· ~-.6cH3 ___ fOcH3 -·,'1ft.eT'-! 
·- __ _ ~--~-' - _ _ - · . rer~e_~.:hyl.'~ tlq.Qj 

I Fr:J.ction I. 424 . 2gr.:s. I 66.2 6.8 ) ) ! 
I ) . ) 

l?ractie;n II 4 20 . 4 " 66 . 7 6 . 8 ) 25 . 3 ) 26 . 0 
I ) ) l 
f_r:_c_t1_· ~n II·-· ..~..-_4_1_0 _ _, _· 5 __ ~~_ j __ 6_6···-5-~ 7 ~-~-f -·--- ·-) -· --· ____ j 

Fror.: the mol~cul3r we i ght deter~inntjons i t can be s een 

~ nd pol ymcris ntion does not see~ to h~ve t2k~ n plncc. A 

r: s rta in amount of r~ f,octhyl?l.tion probc.bly occurrcl , ~hu mGthoxyl 

content h~ving dropped t o 25.3~ . Ho' ever, re~cthylat ion did 

n~t r3 i se this appr ecia bly. A c crt ~ in rmount of re~ucti0n 

2.ppuusd t o he. ve t~ksn place vi th the cor'"!plct E:: eli min::1. t ion of 

: :ot.'J.oxyJ. f.r6ups, but it cannot be s: id that thE r ing h~Cl opcnE~ . 

A nore dr2stic r educti on was no~ adopted . 
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(ii) Reductiop. of ~~eth_y) . .Q_t_e§ T -~nni.n v· ith Sodium_ J.JL.filcohol. 

1 gr ::>.m msthyl c. ted t nnnin , · ::lS c~ issolv :..d in 30 P.ll. ethyl (.l lcohol 

:->nd 3 gr ams soc~ ium \.\'n.S slowly adr.eo \in smnll fl!1kes ,to the 

boiling solution. ~ben a ll thE sodiuM had been used up, the 

solution was boiled for 1 hour, cooled, ~nd rc~ethylQted with 

3 ml. d i mE. thyl sulph:tte anc1 KOH. On the :l.l:'!dition of ~··ater, 

an amorphous pro~uct, identical in a ppearance ~ith the originnl 

m€thyl~tfd tqnnin, sEp~rated. This was f i ltEr ed ~nd dri ed 

thoroughly ~ftEr ~3shing. The methoxyl content was deter mined . 

0.1170 grams gave 0 . 3046 grams Agi whence % OCH3 = 34 . 4 

N0 r eduction or openin~ of the ring had occurred . .As e. 

highcr te~perature might facilitate the degr-dation,thc above 

wqs repEated using n- butanol and pentanol respectively. 

lf'Jhcn thE reRction \'.'as complE:ted Rfter one hour, it '"as 

observc.c1 th<:t the solutionsh:::id lightened in colour considerably . 

They ~ere cooled, 2nd vatcr w~s arlded to bre0k the sodium salt. 

The dark broTin ~atcr layer in each c~se ~ppe~rcd t o h2ve 

dissolved s o~e of the roect j on products. This layLr was 

s eparated and acid ified with H2so4 ~hen an ~~orpheus precipit8tc 

separa tc..d. It was extrncted "'i th ether . The a lcohol v·ns 

steam distilled from the other l ayer, VJhen <-l brown solid '"as 

l eft floating on the wat er . This ~as acidified and extr ~ct cd 

with ether, a little resinous bl~ ck gum rc:mnininr undissolved . 

The ether Extracts fro m the watc..r l ry(r ~nd the tlcohol ic 

layer wer e co~binE:d, ~nd ~ftcr drying over anhy~ rous sodium 

sulph~te and evaporation yielded, in the cas e of but~nol, 

0.45 gr~ms of a dqrk brown gum (fr~ ction I). Th~t frorr the 

r eduction in pent~nol yielded 0.75 gr ams of n similar gum 

(frqct i on II). 



- 52 -

On ~rying thtsc gu~s for a week in a va cu~M des icc~tor 

they both set solid . Combustions :1nd mol ccul,r weirht 

fl. E. t ermina tions v·crc conducted: -

0.0291 p.rams T•)i th 
\ 

0.1835 gr nrrs C!lr.Jphor g :>. Vt: ? depression of 

15. 7°C i"hc-ncc mol cculs r ,;-( ight = 400 

0 .1013 gr '=lr::t s gP.VC 0.0642 gr~MS H
2
o :tnd 0.25,T6 r r c>.ms C0

2 
r·hc nee oi c = 68 . 5 () H = 7.0j j<J /·" 

0.1041 gr :-:ms g:1VC 0 . 2058 gr:-;ms Agi whence , 
OCHj = 26.1 

£:K.§:..9. t ion I I . 

0 .0200 gr Pms vith 0 .1]81 rr~QS cqMphor ~nvc ~ depr€ssion os 

whence ~ol~ cular ~e ight = 370 

0.1028 ~Tr> ms g'?l.VG 0 . 06<-~6 f:; r :- r:1s H20 '1n0 0 . 2604 f r rH'1S C0 2 
whence ~ c = 69 .1 ("1 

/ V H = 6 . 99 

0.1022 grqms gi:lV6 0.0656 gr nms H20 and 0.2592 f, r:'Hi1S C0 2 
whence % c = 69 .16 a" H = 7.08 r 

0.1020 gr ams ga ve 0.2025 gr~ms ~g i \'!h e- nce ;:, OCHj = 26.3 

The combined f r actions we r e r ~ methyl~ted ~s bcfore . ~ nd 

a n :detE:rmination of the brov•n solid forme( "' f trr thor .:;u~h 

drying ga ve the follo~inp r esult. 

0 .1031 grgms ga ve 0.2340 fr~~s AEI whence r OCHj = 30 . 5 

A comp'1rative t ~blc of these r e s ults is givon below ~ 

[ 
! Mol. vrt. 1 

----+----
!Fraction I 
(ButRnol) 
Fr~c tion II 
(Pent2nol) 

400 

370 
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It rill be s een frar the table thnt once more ~enethy-

lnti on hRs t aken pl~c c . Howcvc:r~ in t.his cns e on r cncthylntion 

2n incrc2se in ncthoxyl cont ent is observed . Whether this is 

~ue t o the opc-ning of the pyr~n ring with the liber ation of 

n phenolic group / 'hich is subse quent l y me thyl'l t ed~ or '.~·he ther 

it is ~uc only t o a p~rtial denethyl2tion of the mcthoxyl 

r r oups .nlr t:a<ly pru:cnt ,is i mpossible to say o 

On c omparison Yd th the C::l rbon ~nc~ hy(··ro-:;en v~lucs obt? incd 

for t!lC:thyln t ed t c..nnin of l ·· Jr.~ . ncthoxyl content, which "' r e 

~: C 63 o4 ~nc: {. H 6 .25~ i t vould ~.ppc;,r thCl t !:'> c t.rt·:'in .:r!:ount 

of hydro~cnation is acconpanied !:ith the ecnethylntion . It 

'lpf)C .:>. rs a lso, fr on the r:.cthoxyl V~. lUC Of 30 . 5.; ...,:hich is /;.. 

lower th~n tha t f or ~ethylated tannin, that ~p~rt fro~ ecmethy­

l~tion, .:1 ccr tr: i n e.CJ.ount of conplc t e eliminJ.ticm of rnethoxyl 

groups ha s t nken place. 

Since the hi ; hcs t yields of r ed uced methyla ted tannin ~ere 

obtained by the r eduction in pcnt2nol, this method was usc~ 

for the preparation of subsequent serpl es f or oxi~~tion. 
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'This product v:as f ounc~ to be insoluble in ,.·ater '1nd 

alkali but very s ol uble in nce t onc. 

8!5 gr a ms of this compound in 200 ml. 3nhydrous ~cctonc 

was cool ed in a freG zin~ mixtur e , being kept thorou~hly stirr0d . 

A little D'n04 was actded,but no r educt ion ·• a s obs~rvr~ ~ftcr 3 

hours , sc . the solution V'as a llor;cd to 1"er m up slowly to roor1 

temperature ( 23°C) wh£n the oxi dation procc ede~ rapict lyo 

18 ~-r2.ms I<J_no4 , ·as adf.E:d over a per:\ od of 2!'+- hours, th(' 

solution war r:!inr. t o 30 °C, cut fint>.lly coolin~ to 20° - 25°C 

over the last 12 hours . 

free it fron any unoxi~isc~ ~3tcrial. 1 . 5 tr~ms unoxi Gis ed 

materi~l ~as rec over ed fr om the filtr~te anct washings . 

ThE Hn02 '"as E: xtr.qcted wi th hot wat er t o f,jssolve the 

pot~ss ium sal ts of t he aci~ s, and Ras filte r ed off nn~ vnshc~ 

well with hot water. The combj nH~ filtrate :tnr1 v·e.shj.nc s 1'1C r c 

c oncentrated on the ~aterbath cnd extracted with ether. 

Thi~ extrac tion yielded a trqc e of br~wn gurnry mnteri~ l. 

The solution was now ncidifi cc~ with c'!ilute H2so4 , ·hen 0. 

brown,· appar ently amorphous s olid, prec ipit~ted . Th is v·as 

cxtrncted with ether 5 times giving on r v~poration 2 .4 rr~ms 

of crystals set in a brown gum . A distinct odour of propionic 

~ciC WR S observed . 

The· P.cids wer e t ":' k<:n up jn s!':turaud sodi.l.JJ!l bicarbow:ttr· 

solut i on, in which they ·were conpletely soluble v· ith the 

Thf solution r'."l S fil ter cd r: nd extr~cted 

J 
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. once more ~ith ether, ~hen a tra ce of bro~n gu~ was r croved . 

On r eacid ifica t ion and extr action with ether the crys t e lline 

acids set in a brown guB wer e once mor e obtainedo 

On heating on a wat erbnth wi th hot water t he cryst~ls 

were extr~ cted , t he gum r£~2ininf ins oluble . The solution 

was filtered off anf the gum ~as r eextract ed with hot water. 

Th~ c o~bined filtr~tos wer e pl Rc ed in the iccche st)3nd on 

c ooling a crystalline pr ecipitnte settled (Fraction I). 

ThE ex~minati~n of these is r eport ~d later. 

Examination of Acic ic Gum (Fr a ction II). 

This gum was washed thoroughl y with hot water to r emove 

a ny 11at8r solubl E:: ~ c id s , and then tnkcn up in dilute NaOH 

solutiono 0 I t '1.":-!.S cool c.:d to 0 C and slowly neutr-'1 lis (d with 

1 N HCl in an attempt t o cryst:1llise it. An oily yellor 

pr oduct ~hich f a iled to crysta llise was obt8i ned . Further 

attempts a t crystallisation froF ethyl a lcohol, methyl alcohol, 

end diluted ethyl ano ~ethyl ~lcohols a lso fai l ed . 

The gum , which was strongly RCidic d issolving in sodium 

bicarbone t e s olution with the lib~rat ion of co2 , was then 

dried thoroughl y in a vacuum desiccator over P2o5• 1 gr!:lm 

was obtained , and analys es were as follows~-

O.l054· gr ams gave 0 .2164 grams /~gi whence rf' 
I' OCH3 = 27.10 

0.1020 gr ams gave 0.2099 ?rams Agi whence % OC:H3 = 27.18 

O.l046 gr ams ga ve 0 .0590 gr ams H20 and 0.2317 gr11ms C02 

v·hence ~ c = 60Q 4 ('1 H = 6. 2 5' -
0 .1023 gr ams gave 0 . 0568 grams H20 anC! 0.2262 ·rEHilS C02 

whence ((1 c = 60 . 3 
,... 

H = 6 .17 I " I 

0.0521 grar.Js neutra lis ed 9.13 ml. 0.02566 N NaOH 

whence equiva l ent ·..-:eight = 222.4 
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Three mor e oxidations wer e carried out ~s pre viously 

des cribsd , a nd the oxic'l.at i on pr oducts v·er e worked up in a sir.li l ar 

manner t o give enough of fr actions I 8nd II t o continue inves -

ti :.;a tions . 

A silver s alt method of equiva lent wei ght de t er mination 

V·Jas a t tempt Ed on t he gum (fraction II) land a bla ck silver saL; 

d r iec~ a s thor oughly a s possible over P2o5., a nd n subs cqu E:.nt 

rletcr mi nati on ga ve thE val ue of 242 .2. HowEOver, t~is r·as 

c ~ns id er od t o be unr Eliable ~s the silver sa l t di d not nppe~r 

t o '.JE: pur e . 

The figur es obta i nco ~bove i ndica te t he compound 

C6H3 (0CH3) 2 .cH2.CHOH. COOH. 

L t a ble of comparison is ~ivcn. 

% H 

222 . 4 

27.14 

60. 35 

6 . 2 

226 

27.4 

58.5 

6.19 l _______ ._...:___________ - ·- ----·- -··-·-- -- --··-

If the compounc'l c ont ains n f r ee hydr oxyl gr oup in the 

side cha in.it shoulf be a ble to be ~ c ctylated . 

a t tcr..pt ed . 

Thi s ·ras 

Various 0< hydroxy a cids ·r er c nc ctyl.:;. t 8c1 i n or ner to 

~etar~ine opt i mum conditions. Acetyla t ions using ac etic 

~ nhvdride with anhydr ous soc'l ium ncot ate 2s n c2t a lys t ,and 

r cfJ uxi rig f or 1 to 5 hours f ai l cc1 Ja nd no cryste1 l l i nc ; c ot yl 
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ccriv.:-- tivGS 1:c-r c is 0l ::tcc . 

Fron t~: lit0r~tur ~ it ~ppo~rEd th~t d r 3stic c ondj tions 

1 •cr 8 nc c cs snry 1 d uc probably to the.. f :1ct tho. t tL:· n l iph.1. tic OH 

is strongly hydrogc n-bonG :d onto the o cj ~ ic c~rboxyl ~roup • 

.t~ccor t: ingly r ·~ndollic "Ci<" "lt '~ s trc::l t cc v.•ith -:: sli:;ht c~·· c cs s 

of fr Js hly Cistillcd ~cetyl chloride in~ snn l l roun~ botto~ .G 

flPsk fi tted ~ith ~ c ondens er. I r ~-cc1 intc E.vo l ntion of HCl 

occurr \..d , c.nc1 th-: r c.<> cticn ':·as cot"'plctcc by f-entl( hv:tin0 on 

·;hen the e vol ution of HC l h~d c e:-: s ed >t h e 

r. ixturc ·, ·~s poured i nto ic : wat e r , .. i th vi r-orous stirri n: . 

An ~il scp~r~tc: ~n~ cryst~ lliscd on coolinr . P:is - ':l S 

r ccrystnlli scd frc~n - at c r t o .r j_vG .1. rr:cltin ~ point 96°c . 

Th•or :: ticr l I . Pt . 96 . 5°- 98°c . 

The cx ::ct procc(urc outl~ncc~ a bove ·"as f ollo··rcd ···ith 

:To c. voluti on of HC l " '.:l S 

obs~rvE..C ':'.DC th: r c.:::ction r ·i~rtur c. c~-: rkc net- consifern bly on 

heating . On pourin£ into ~':lt L r ~ fq r k oily product scp':lrntc~. 

I t \"las c vif cnt th<: t r, c c or'D::>s i tion hac' ta~~c. n pl qcc , 'lnr' t his 

substa nce, which h3d l ost c. ll ~cidic charnctcr, c~ul( not be 

inc~ ucH, to cry~t .:t JJiso . 

Th E: l'c ss c1. r~s tic "..CE:tic ·~.nhycricls - sociurP r cc.t:::t8 

method 1.'a s nm r c vcrtcd t o with sinil:- r r e sul ts . 

OXID.M.TIOtr 07 TH!:" Gill .. • 

In or d c r to obtain n cryst~ llinc ~c i c v·hich t"' i f!ht b ~ 

ic'cntifiec~ nore c.--:si.ly, th( f:UL! its e lf '"as oxif is E"C1 CIS f e>ll o' s: 

2 . 5 gr.:~ms of the !">_cic1 ic guT"' 1 'a s tc:.ken up i n 100 r,l. 

s oC'.iur.J bica rbon8tE. solution nnd f inely ground Krno4 , as 'lc:<":c-0 

with sh.A.king . lhe oxi0nt i8n procce~cd E ~sily in the c o l~ 



but " ?.. S t.vc.n tua lly c~rricc1 out -::.t 80°C on the -r·,1.terbr:th. 

1 2 grGr!s hl~O , wLre nE e~ Ed to compl ete the oxia ntion. 
'"t 

The 

Pn02 ·~c.s f i l tcrc!'l '..'.ncl. v>a shec~ ''i tth hot · rtter !"nc' the cor.'bincc?-

fD.tr-'ltc nnd 1 -.'l~;btnt: s c :mc cntr-:tc.d on the ·E.>.t r. rbe.th. On 

c o.)ling: , this ' 'n s 0xtr':'.ct e(: .,. t. i rnc s witb ether y;h en ':' sr:nl l 

~~~unt of yello~ ~un was r c . . ove~ . It wa s then ~cidifi c d ~n~ 

( Xtr~cted one £ more ~ith e ther, ·~he cxtr" c t bc jng frt ~~ o ~er 

It wa s obv~ ously i~purc, nn~ 

~ns c ons c quL ntly t~kEn up in 5 n1. h ot ~ater t o g ive n y~ llo~ 

s olution v~ich ~~s boi l (d with ~ni~~l ch~rcor l. This · ~s 

filt c- rc ~1 .":nc~ •·!lshU1 ; :ith 1 r::l. porti ons of hot '':::-, t cr t o ;:;iv-:. 

~ C·JlDur1 ess fi l tr"ti:.c . ,.hich~ on s t.'lncHnr in t h e icc chcs t f or 

2.:. hours, yicl~J.G~ 0 . 02 gr::u~ s of a co l ourles s crystr, l lj nc ::.ci( . 

'Ih .;s ·· ::ts filt ·.- r c.( , '-.E1.shcc r:ith q lit t le colr v.:<> t c r t'\ D(~ (l. ri<::'. 

thor oughly to : iv0 ~ ~c ltinr point of l 77°C . ~ ~ixtur c of 

this ~cid with ver~ tr j c ~ c j.d ~clted ~t l78°C. 

T!:£ gul'!l ther eforE=. npp( :-: rs t o b<- n vcrf'. tri c nucleus '~'i th ct 

side cha. in of 3 c ~ubon .:tt :::ws ~ 1 hich r::ty be:. o:;r i c' is er~ t .r: v ::r.:·.tr ~ c 

ac i~ f a irly e~ sily . 

Thf ~~tcr extr3cts of t h i pr ~ vi 1us rum ( fr ~ cti on I I ) jn 

02ch case were pln c ed in the ic r c h. ·st f or 10 f nys. Cr ysttlline 

f i ltered off nne: cotr: binE:.d )givinc 1 . 5 grnms of lir,ht ycl lo, · 

crys t :"!.ls. These: ' ·s r c. t nkcn up in hot '-.·1at. cr, boi l cca 1.'.:ith 
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Tt€ col ourless filtr2tE vi[ lfe~~ on co~lin~ in the iccchcs t 

for t vo ~ays, 1. 2 ~rqcs of cryst~ llinc ~ci.~ ~hich, on wnshins 

and fr ying , Melt~d at 145°C . 

It was suspcctcc~ thnt the se Y-'c r :: once P"lor e :1 Mixture of 

vcr2. tric !"'nd tritN·thylpnllic e.cir}s ~ .-:nd ::~ ccordingly ~· silver 

s~lt scp~r ~ ti0n ~1s effe0ted ex~ctly ns h~s been described 

pr€.vi ;::us ly. Fror' the insoluble silv0r sa lt frn.ction 0 .15 

~r~ms of ~n ac i~ ~as obt~jne~ . 

wate r this melt ed a t 178°C . 

r~t:· l t t :C} '"~ t 177°C . 

On twice r ecrystallisin~ f r 0n 

Mi xed ~ith ver atr ic ~ ci~ i t 

The· wat0r soluble silvn' s ···lt y:L•:· lded 0.05 ..,.r ::H:'S of q 

cDl ourless cryst;:lll:in<~ --:cif. which " '!lS recrysb~l.liscd fr:-Jr.' 

w~ter to pjvc n melting point of 164°C . On mixin~ vith 

t rimcthylgallic a cid of m~lting point 167°C, i t nelted at 

16L: 0 -165°C • 

ThG oxidation of the reduced and romethylJted Methyl 

t ann in_ yields, th2r Efor o , an a cid wh ich appc~rs to be 8 verst­

ric nucleus with an qliphat ic sidE ch:in, o. n,.1 n mixture: of 

VEr~tric and trimcthylg~llic aci~s. 
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ALKALI FUS I m:s • -·------
Having f~iltd to isolatGd thl r esorcinol nucleus fror 

oxid~tivo dEgradations of the methylated tannin, a lkali fusions, 

nhich StephEn (2) f 2un~ to be effective on tannin its~lf, were 

'1ttcr:~ptcc'. Thes e ~0re c~rri~d out in an atmosphere of nitrofcn 

t o prevent ~ny oYi~ation by the a ir taking place, enf the 

appa r atus e~ployeC is shown in the figure on p~gc 61. 

Pitrorcn fr om an nspir~tor is p~sse~ over n copp: r spir~l · 

r:l::ich h~s b -;en r c0 ucc.r1 in rn ' thnnol , qnd v·hich is cont"':incc, in 

n silicn corbustion tube A, t o rerova ·~ny tr~cc s of oxygen thrt 

ci]ht bo . prcs cnt. B is n lonp burner t o he~t thr spjral. c 

is a 100 ~1. thick pyrEx ~·listillin~ .fle skJ'''hich is fittcc1 ·w i th 

n 3' long si~c ~rm rctinP ~ s Rn ~ir c on~ ens~r . E is n collcctin~ 

V( sscl ~hich is c0n~cctce rs shorn to n bubbler F t o control 

th0 r:t~ of the pa ssngc of th: nitrofcn . Fl~sk C is hG~tcf 

uniforcly by ~cans of ~ fus i ble Gctp l b?th D) contnininp Wooc 's 

FUSIGr~ I. 

5 gr3ms mcthyl '1tcd t annin ~GS thorouphly rix£~ ,~ith 25 

gr"ms of c. r:ixturc of 60~t KOH ~me'~ 'To~· ~J:tOH 0 .. Pt . 168°C) Y,'hi ch 

ha~ been gr ound up thoroufhly in a mortrr . 

in the distilling f l ask '1nf the appar~ tus was connected ~s 

sho~n in the d iagra~ . 

a l l tho oir from the flnsk, 8nd then thc p~sSR?C of the nitror( n 

was nejustc~ to 2 bubbles per second . The fusible ~ct~l b~th 

1 •• '?. S n~Y! slO\'Jly her->ter~ , fJnd nt 170° - to 180°C th .:: mixture 

stnrt cc: dnrkcning ~ t thE. C:Cf"GS , ttclting fin::-. lly ~t 2 L'r 0°C . 

The temp·.:.retturE: \' as taken to 270° - 275°C in 1 hour 7 rtnc·1 1!·ns 



~ 61 -

• 



- 62 -

mr.~ intn inc·c: there f ·Jr the::· r c·r ·':·. inr1 c r of the fusi on . /.t this 

tc~pc rature , w3tcr cant 0 inin? ~roplets of ~n oil distille~ 

1nc'l Y:r.t s c ollcctE:C. in E, whilE. tht· melt bubblec\ :nr1 bl-:-ckE: nec1 • 

The c!istillat i Dn continucc, f :>r 1~ hours, whEn the melt c c,~. scrl 

frothing ~nd no oore distill0te ~as obtaine~ . 

About 5 nl. of liqui( C istill~~ over , ~nd the oil, which 

v·ns slightly censer thnn "vnt c.r, wa s y t. llo'" in colour h~vJnp 

the ~ istinctivc odour of resorcinol rono~othyl e ther. It was 

extracted v·i th t: ther, nnc1 the E:. thcr dricr1 ovl-r s or1 ium sulphr· t o 

t :> yie ld, ~n c vnporation, 0 .09 fr~~s of n light yellow oil 

v-i th the. strong or1 our -::>f r .·sore inol r::onor:.c·thyl ether. 

By means of two furth .:r fusj ems performed :::s abovl.. 

cnou eh oil Y<"l S obtr::.im c' for t"l.t. thoxyl .~nd C'lrbon nnc1 hycl r or:c:n 

analyses. The oil ~as first : ric~ thor oughly ove r P2o
5 

for 

Oo0939 gr~~s g-ve 0.1769 gr~Gs Agi whE.nce ;!OcH
3 

= 24 . 89 

0 . 1106 gr pms gnvc 0 . 0651 ~r~r s H
2
o e nd 

whenc e ~ H = 6 . 5~ f C = 

0 0 27-~2 

67.60 

co 
2 

On the basis of tho follo~·"ing c onpnr ison, t :1is oil is 

shown to be r Esorcinol ~on~mEthyl ether. 

--------r-------·---·-·---· ·-·-----· ! Oil _j Resorcin@th~fl'!omethy_:_ ~ 

Col our. Yellow I Yell01 'J 1 

Density.-

% c 

% B. 

I 

I 

I 

Slif.:htly denser 
tht.n ~:.1.:1 tEr . 

2'-f- .89 

67.60 

I 6. 5 .... 
I , 
I I 

1.070 

25 .o 

67 .75 

6 . 40 

I 

- · - ---·---· _____ J ... __ -- ~-·--- -·- -~- ... .. - . ... - _.. ..,.,_ - ·- - ---- .. -· · - - ·-

The o~our of thE t~o is i~ entic~l. 

1 
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Examination of the ~elts. 

The r:!clt s of the :::bove fusi ons v:E-re r issolvec. in rater , 

~nc the e~rk br~wn s ol ution extracts~ ~ith ether. 

removec . The; s olut j on V' 3. S now n.cic ifi ed with cone. HCl .~ nc1 

ether cxtr3cted aga i n t o give ~ ~ark br own etherea l solution . 

This \'JaS E:xtrnct ed v:: ith s oC' iur..: bic r rbom:1. t e solution to s ep:n a tc 

the phenolic ~ nd ~ cid ic fr actions, when co2 was liber nt ed nnd 

most of the c ol ouring Q~tter ~as extracte~ by t he bicarbonate . 

The phenol ic fr~ction ~as e vapora t cd t o yiel d 3 . 6 gra~s 

of ~ ~ 9rk brown syrup. The bicarbonate s olution W3 S ~ ci~if:i cO 

an( extr~cte~ \;ith ether t o yiel~ ,on f V3por~tion,3.5 gra ms of 

a da rk bro~n a l most bl J ck ~ cid ic syrup. Nothing cryst~llised 

fror. either of t hf ,...: bove fr .: ctions. 

To obtnin 2 better s cp~r~tion, toth of the , bovc fr~ctions 

\'lor e take n up in '! 5% NaOH solut i on nnr, the n s ::: tura t ,-:.d \ 'ith 

A slu~g c sepnr 2t cd fr or the phenolic frnction }but 

nothing a ppcarE c to scp~r e. t e f r om t he ~cid solution. 

The phEmolic f r ::tction wa s axtra ct 0d v•ith ether, nri!. the 

ether dr:i.n'' over anhydr ous sod i um s ulph?t E:. yi ;J l d ing 1. 5 fT 2r· s 

of a d2r k brown gun on evapora tjon (Frqction I). 

of the solut i on was 3Cidifiet' nnd extracted with et her '"hich 

was dried and e~apcrated a s befor e to yicl~ 1.5 gr~ms of ~ 

similar gum (Fraction II). 

co2 saturat i on f r.tiled to c; ive c: s epi-lra tion of t he ncicl ~ .c 

fr ::-.c t i on, s o it was r c"' ci':'l i fi ed and extr~ct l.d wi t h cth:: r v·hich 
) 

~as cried a s a bove " nd evapor2ted to yiel d 2 . 5 ~r~ms of a 

brown acid ic gum ( Fr:~ ct i on III). None of t hA t hr Ee frqc t ~on s 

c oulc be induced to cryst~llis e . 



- 64 -

The phenolic fr~ctions were insoluble in benzene, which 

cxtracte~ only a tr~ c e of ~ gu~ . Whi l e soluble in :1 l cohol
1 

the fr~ctions cnuld not bE cryst~lliscf fro~ it . 

fr'l.ction v:os c!"lsily soluble in benzene l'.nd '··a tcr, but ''oulc1 not 

cryst2llise from either. 

After c.rying for 2 =~~ ys in a v:::cuu~ over P2o5 the follo'."ing 

analyticAl r esults ~~rc obt~incd: 

F:r,ction I. ---... ·----

0.1043 f r !"J"is go. VE.. 0.0962 gr~ ms Agi \"hence / OCH3 12.2 = 

0.1065 gr :-> ms g...,_V C 0.0684 f- r ::-.ns H20 3.DC 0.2658 gr~DS C02 

~hence ~ C = 68 .0 

\Jith ferric chlori0e it gave r d:uk brm·m colour i m1uli:-t-·.1y . 

ThE~e was no nbscrvablc r e3ction ~ith bromine w~ter . 

F:r_ "· c t ~9]2_ I I.!. 

0.0996 gr aDs g ·vc 0 . 05..;.2 §'T S rr:s Agi v;hE:nce ( OCH3 = 7.19 I 

Ooll62 f.r:H!!S gr.:ve 0.061'-r €!T 2£"l.S H 0 2 ;:; n<.'l. 0.2704 p:r.:uo.s C02 

~; H = 5. 87 

\lith f erric chloride it g-:. ve a d.:>.rk br-:n·.rn col our ir;r~'e(< i ·• tc 1y, 

There was no nppqr ent rt: <:l. Ction l" i th bror.1inc vn t Gr . 

Fr:'.ction III. 

0.1039 gr"ms ~~ vc 0 .0589 ~r~~ s Agi WhEnce f., OCH3 = 7. : 9 

0~1020 gr1~s ?1V6 0.0518 ?r~~s H20 1nd 0 . 20CO ~rr~s C02 

whence ~ C = 55.61 ~ H = 5.(+ 

0.0512 grqr.os ncutr !?. lisec" 9.5 ml. 0.02566 N P8.0H 

r1hc·nce E::qui v.-:1 lent weight = 210 

frnC'I the l o'." r. cthoxyl \rr>lucs obt;inc~ it sccru1 c .art"lin 

thPt CCOOthyl3tion h~d t rkcn pl~ C C. Ench of the a bov: fr ~ctions 
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was thor ~ f~r e rcr0thyl9tt~ in ~cth~nol with three portions 

of 3 ~1. d i~ethyl sulpha t € Rnd KOH. The procucts in c~ch 

cns e , after e vc;. pornting the me·thflnQffi, t• cirl ificntion ::m d 

extrr ction with ether , wer e very s ini1lar to the ori?,inal 

s emples; r e: fusing to cryst1llis e . They were thoroughly 

crie0 . ~no. r ef eter r. inntions wer e l:l'ld e . 

Frnction I. 

0 .1034 gr ams ge> ve 0 . 2451 gr ..... ~ s .t"..gi whence (l OCH3 = 31 . 32 I ' 

0.1029 gr:J IDS g~ve 0.0720 gr~rr s H20 ..... nc~ 0.2648 gr qr:s C02 
whence d1 

I ·' c = 70 .2 r:f 7: H = 7.77 

Frr- ction II. 

0.0957 grf-l r:ls g,"1Ve 0.1477 f.!ra rs Agi whence ~ I OCH3 = 20.39 

0 .1009 f? r nms 

wh (. nce < c 
I 

0.0667 rr~ms H2o ~nd 0.2431 pr~ms co 2 
= 65.7 ~ H = 7.34 

Fr:: ction III. 

0.1033 gr~rns ~n ve 0.197~ gr rrs Agi whence ~ OCH3 = 25.2 5 

0.1023 gr nr.s gn ve 0 . 0637 fr2~S H
2

0 and 0 . 2160 gr~ r.s C02 

whence ~ C = 57.59 ~: H = 6 . 92 

0.0532 gra ms neutra lise:~ 8. 40 m1. 0 . 02566 N Na. OH 

whence equiv~lent weight = 246.6 

0.0541 gr~~s neutr~lise0 8 . 50 ml. 0 . 02566 N NROH 

whence equiv~lE nt we ight = 248.3 

No possiLl€ str uctures cou1f. t.e f ounf t o fit :::tny of 

the:·s e figur es. The incrEasE' in methoxy1 contents shmr;s, 

howe ver, tha t ~cr ethyl3ti ~n hns occurred . 
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ALKALI FUSION II. 

6 r r ncs rcthylrt : d t~n~in ras ~ixt~ \ ith 30 gr~~ s of ~ 

t:1ixturc of 50,' KOII, ~ o ;( r.r,<:OH, :::.nc~ 101: soc~~r.1 ic. c , ::tnd r fusion 

~es c nrr icf out ox~ ctly ~s i n t he pr : vi0us c~ s c , except th~ t 

a Cryin:: tu: c o f c ~.c12 "'"' s ins crt cd in thE: ni t r ogc n tr." in t o 

a voil1 tho possi l~ i lity <Jf <: n l. Xpl osi-::m of the s oc1 -r·· i c:c . The 

fusi on e> purr:.r c-1 tc.: proc t?-:t~ in ,: xt:lctly the s ::~ f'1 c ':'o. y Ps rcport~..d 

prc vi0usly , ;~ut on fr othin p: up 1t h c r clt l l ocke- the n ::c h:: of 

th .: fl~sk :' n -:", r.~hilc the r esorcinol [·o n-:;cethyl c t hE: r oc1 our i-·~ s 

ve r y str ~nr , nothi ng Gi 8tillcf . 

~ftcr ~ ::t int~ining ~he tc~pcr~ture ~t 270°C f or 1 h our 

I t ':.'l. s then (iss olvc 1 t ~ nc t h r s olut ~on , .. ::t s 

tr c:1t ·.d exa ctly " S l'" f or E to· yi : l d , once .'l~fl in, j frncti ons 

on s cp::>.r ::.ti on o f t h ,: phEn<Jlic fr...,ction !. y t h e co2 s...:tur '1 ti -:m 

of ~n F~OH s ol ut i on. 

'I'···o phe nolic fr r ct ions (Fr~ction IV c.nc! Fr ' Ct i on V) l ver y 

si~il~ r to the phe nolic fr ~ cti ans I ~ n~ II, r cs~cctivL ly, or 

the pre vious fus ion,1cr c isol 1tc0 . The 2 ci~ic fr~ ction 

(Fr~ction VI) fn ile~ t ~ ~ivc a sep~r<: ti ,n on co2 s ~ turnti on 

of 2n NnOE s oluti 'Jn . The yicl~ s -r·t.rc :t s f :::>llo " S. 

Fr::ction IV 

rr ~ c t i on v 
Fr r ction VI 

0.09 ~!.r'l.!:1S 

1.0 " 

2 .1 II 

with d i m· thyl sulph-=-t E .:1 nd r OH, ~_ n<2 on is o l 2tion t h<.y pr ov c(1 

t o ~c: gur's of th: s 2.r,,c n::t t ur c r_ s ren~thyl~ tcd frnctions I 5 II, 

nn( III, f ~ ilin~ to cryst?llisc fr om ~ny s olvents. 
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Aft e r dry i np these fr~ctions thor ,uphly o ve r P2o
5

, 

."'n!" lyscs '.:e:r c c:1r.f' uct r r' . 

0 . 1012 pr n("l s ~:, vc; 0.1 . 28 r·r " rs "·_gi ' ·hence ~· OCH
3 

= 18.63 

0.1020 ~r ~~s ~~ vc 0 . 0751 rr~ms H20 ~ nd 0 . 25C~ pr~ ~ s C02 

. r. 
I W = 69 . 08 I H = 8 .19 

Fr r cti:m V. 
-·-~- .. ··---

Ool009 {!.r:"ms r ·: ve 0 . 119:'. r- r;::rr:s ,~:' I ·::hence '; OCH3 = 1 5 . 6 

Ool03l rr~~s ~~ vG 0 . 0711 7r ~ ~s H?O nn~ 0.2435 ~r -rns C02 

c = 6-'' 0 '.-0 = 7 . 70 

0 .1059 F.':r ·rrs f/ " . V C 0.1973 ;-r.:i"'s n r' I \"hE. nce ~:· OCH3 = 2'~ .62 

0.1027 ~r n~ s ~ g vc 0 . 0621 r1mS H20 ~n~ 0.219 ~ Pr~~s c~2 

' ·h E-nc e ~ C = 58 . 22 ' F = 6 71 I • -~ 0 

0 . 0531 ~r" t s n~ utr~lis ce 9.00 ml. 0 . 02566 P N30H 

n[~in nn structpr r c ~ul~ ~ r f ocn~ to fit the s e fi~urcs . 

In an ~t ternpt t o isol a tE n crysta lline ~cid fro~ · c i~ j_ c 

fr ~:ction VI, U7 gr J.PtS \"::?.S taken up in 20 ml. s o(:.J um 1 i c"rl·on·.~ ~.: 

The ·fl~ sk contninin- the 

S:)luti on ·wa s cl'1t7!p cr:: f'l j_pp::i nr. into"' toiling ~- ~ tcr l.'l.th, " n( 

:fu."nOt_. vas us u, in 3 h ::mrs :1ft c r r>hic!J. the ~<n02 was fj_l tcrcd 

"Pf" Y!::l s hcc , i th h8t V1a.ter. T';E' f ilt r "'tc ~nf. ,_ .. rt s h j_n.Ps '- ' f T C 

E xtr -_ct cc~ , i th ether to r < r-ove: 1ny cthE.r solu1:·l c non - ."' cic' i c 

It ~~s thFn ~ c i~ ifi cd nne' recxtr1ctc~ rith ether 

t :.:; qi vc 0 . 015 f r1.r.s of:-- crystalline. p~1c ycl lo··· r ci c' . 
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This '1-:e. s '!:'oi led 'Nith ch~ rc c<' l in· ~t:-r , ~n~ on filt c: rin• ".n~: 

c oolinp a c ol~urless ~ c i~ cry~tAllis cf . This ,.1ns col lectcr1 

~nt:~ r ::cryst[-'. llis' r:~ fr:) r. ···:1ter t o r,i vc Jon c1 ryinf , '1 m.c lt :i nf 

L> a-. ixEd l'lE 1 t ···~ th vE:rr> t r:i. c u.c i d o f 11'81 t :i. nr-

This \'.'r.ts t~tke~ c..s sufficient e vi0.cnc .... o f ver 2tr:Lc ·~ cicl . 
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§.UJ··J_iiR): AND Die.9US~J.0r~ . 

Tht i denti ty of vcr atric ~ c i~ ~nd tr i~ethylgn llic ~ ci~ 

i n thE: oxiflc: ti ::m pr orlucts of r.ct ·tyl.:: ter. t a nn1.n 1fror~ c omrcrc1.a l 

c·xtr., c t 2nd fr an fr ·:.sh 1.::- r :r E:·xtr :--.c t J \~''lS cst:1l.: lished, ,,,bilE· 

yi ~les of thE mixed acids ~rr e incr c~sE~ to 30~ . This v oulr: 

sE:..e~ to sup~ort StEphen 's (2) sug~estj nn that this tennin is 

a r ixture of tro ~olccules . 

Methylat~f tPnnin was a l so successfully nitrate~ , ~n~ i t 

~ns shov•n th~t· t wo nitro gr oups ~ere intro~uced , ol t houRh the 

p~sitiJn of t h(.se in thE mol ecule could not te est~tlished o 

The is ol a tion of vEratric .'='J cid only fr om t ht.: oxiclation of this 

pro~ uct woul d Sf ~~ to indicate that thb nitr~ ti on hq~ ~ccurrcd 

in thr r Esorcinol nucleus, t ut th~ isol at i on of · n aci~ which, 

f r :Jm ;;. na lys cs, t!ppC!=trs to confor m to r c.imcthoxy ni t r oh-nzoic 

~ ci~: , c.?.. sts dout-t ~n this . 

~ttempts at oprn inp thr pyran rins were ty no ME ~ns c on-

elus ive , although~ re( uc c~ nr nfuct ~as ottainc~ . Evi( ently 

Je t.1ethyl ation on q r cl:~ti vely l Arge s c::1. l o oc currer; 1 ,~,ith the 

compl ete elimination ~f so~~ mcthoxyl f r oups fr o~ the nucleus , 

~nc only . pa rtial cemethylrt i on of others . ri gener nl r educti :··n 

in thE.. rn.ethoxyl content '·i•n s ol'::s .rvec, , Yli th r:o. ris e in t he car l· on 

and hy(l rQgE n va lues. It is prol::abl e that "' cert::::in ar1ount of 

hydrogenati on occur red . Oxioation of t his pro~uc t yir l oe0 ~ 

mi xture of trimcthylga l lic ac i d anC ver a tric ·cid , ~nd r n 

acid which would s eer t o tc a ver ntric nucleus with c 3 car~ on 

aliph'lt ic sicte ch? in . 
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The alk~li fusiJn of o€thyl~t0d tannin yi el~e~ 

r es orcinol rnon omcthyl ether . 

I .~ 
CH30,_ ) __.OH 

~ -

This f <> ct, c ouplC'" -.. i th th<2 isol:~ tion of ~n ~c i d -·i th ~n 

ali~h~tic si( c ch~in fr om ~oth the a lka li fusion ~n( the 

oxifAt i ~n of rFJucc~ ~cthyl~ted t~nnin, is stron~ cvi~cncc 

of the pr esencE· of 1 pyr~n r i np in t he t"'nn:! n L'Ol E:'culc . 
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