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1. H l S 'l 0 R I 0 A L 



(1) 

The ultimate object1Ye or this research 1s the 

elucidation of the mechanism of the resorcinol­

formaldehyde condensation . Whilst a vast literature 

has been built up about the phenol- formaldehyde 

condensation, that of resorcinol has received but 

seant attention, prob bly because the high reactivity 

ot resorcinol rendered the following ot the condensation 

extremely d1ft1eult . 

!he earliest observation eoncorn1ng the resorcinol­

formaldehyde condensation w fl due to Baeyer (1) who, in 

1872, condensed resorcinol with various aldehydes. 

when the aldehyde was relative!¥ inactive crystalline 

compounds were obtnlned but with acetaldehyde or 

formaldehyde a resinous product re ulted. In 1g92 

Oaro ( 2) condensed. an excess ot resorcinol w1 th 

formaldehyde 1n the presence ot dilute hydrochloric 

acid ; the product obta1n~d recryetall1sea from alcohol 

as white m1crosoop1c crystals, decomposed 1thout 

melting at 250° and waa stated to be b1s (?- 4 d1hydroxy­

phenyl) methane. 

~~hlan and Koch (3) confirmed Caro •s results. 



( ?) 

In 1g94 Merlina (4) prpPared aetbylene b1s 

derivative of dihydrol"e orcinol hlch led on to the 

111n:.ortant atud7 ot th. condensation ot 5-5 d1 "'thyl­

d1hydroreBorc1nol (methone) with tormaldehyd~. (5,6). 

ethone reaot~d r•ad117 With ror ldebyde to tor. 

methylene bis-mathone ann GO •ens1t1ve vas· this 

reaction ( 7) that 1 t • a developed b7 Vorl nder ( g~·9) 

and more recently bT elnber er (10) tor the 

ctuant1tat1ve l7!11s ot ald hydes. 

Radule9cu and Georgescu (ll)dev loped a eneral 

method tor tbe sJnth s1s ot polJ-ep1r ns and a 

example the tol'trult1on ot oJclopronane b1s (dlmethtl­

dihydroreeoro1nol) d1sp1ran v1ll be eonG1dered. These 

authora con en•ed 5-5 d1 ethyl41hydroresorc1nol with 

ror.aldehyd to ~orm the meth7len b1e-a&thone wh1eh on 

be1ng tr ted 1 th sodiu. e tboXidG 1n bgolute alcohol 

Jlelded sodium ••l'.. tbis s lt w& suspended in 

baolute eth4r~ ~t•ted w1th 2 sram atoma ot 1od1ne 

an<J the renu1red d1ttp1rl'..n vae obta1rtecl, 1. e. 
0 0 
II II 

CH3 OK2 - C OR~ C - Clf~ Clf"Z 
• ....... / • ' / r:. ........... / r; ' / J ... c -; · c 

/ ;J ....... / \1 ......... 

Cfl.oz CH2 - 0 c,. - Cti"'." ' CH 
,;1 • 0 0 r. 3 



S1m1l~rly cyelopropane b1s (phenyl d1hydroreaorc1nol} 

d1ap1rAA was prep.ared from t:~~ethylene bls phen;rl 

d1hydrore~orc1nol. 

In 1925 sen nd Sa rkar (l?.) clA1aad they had 

synthesised o-p d1hydroxy ben&Jl aleohol but oehm 

and l'arlas1& (14) VeJ"e unable to repeat tbe ·work. The 

latter were able to prepare 3-~ dihrdroxyben•yl ~lcohol. 

From th1s t1•e on, no studies v er& m~de on the 

structure ot th rea1n ~om polyhydr1c ~henole unt11 

von l\ller and h1a asoe1atee included this twe ot 

condensation product in the1r work. (15,.16). No <}laim 

wa m tie an to thEJ eynth.,s1s of a resoro1nyl alcohol. 

T.he ~1net1cs or the condensation ot reao~c1nol has 

boen tollcr.,ed b.Y Engeld1ng~tr (lS), Dubr1say and 

Papault (19), and Little nd P pper (?o>. ~idenee 

vaa obtained th~t the condensDtion as eatalyaed b7 

both hydrogen ~nd hydroxyl 10n5, but no evidence as to 

the nature ot the product Y£18 &dnucftd. 

In r~eent ye~rs the eondene~tion ot r~ooro1nol 

nd form ldehyde h~s beeome ot technical 1moortance 

in the mftnufeoture of adhesives, (21, 2~. ?), 24), laminar 

ter1Bl (2?, ?J, 26) and new resins (25, ?7, 2!). 1fenee 

it would appe~r to be of some intere~t to ascribe the 

nature of the aondensat1on. 



( ,, ) 

In dac1dlng upon the most suitable 11nes ot 

attac~ it would aeem that a survey or th~ literature 

relating to the phenol-formaldehyde conrtena~t1on, which 

m1Rht be ~xpeet~ to be clo~ely ~el ted to thnt ot 

re orcinol, would be ot value. 





NATURl~~ lJ 

The eenPral ehnr~nter or phenol- aldPhyde ~0 ctlona 

w~ probnbly f1r8t rPco~1seR by Baeyor (1) i n 1S7?. 

n ey&r round th~t ~ethylen~ ~c~tate react~d 1th ph~nol 

1n the pret~nce of conaent~ated hyfiror.hlor1e ao1d to form 

o colourleea r~r.tn. Ter .er (29) uaed etnylal w1th 

cArtP1n phenols nd 11.kevls~ Qbtr.-1ned eon~l~n~e<.l t:rt) luct 

of re 1nou character wb1oh were not turth~r 1nves tig ted. 

Voll.o 1ng the eor.u ~!'cinl pJ-od uct1on ot torM l dP.hyde 1n 

1890~ ne~b~rg (30)~ t thP "'U{"f"t2 t1on of Emil Fisher 

1 nY~ t1 t~ 1 ts renct1on tt.r1 th ph nol a nd publi Fh l the 

r enulte 1n 1691. llecb rp; round thl\t :torrr,ld hyd~ ra ctrnl 

onP.r at1c ll1 wlth eyhenol, ~e orcinol nnd pyror l11c e1t 

1n tha pr~eenoe ot concentr--t(?'d hy\,:rochlor1c old. to yl~ld 

product hleh were 1naolubl e in ~lknl1~s ~nd er 90 

difficult to ~ur1fy th.,t th~ir co poa1t1on could not be 

d et ~l"' 1ned. 

Hoaaeus ( ~1) r eferred to the unpublished 1nvP.rt1· tions 

c rr'1en out by 'loll~n"', ho heated dilute tor ldehyde 

~olutions 1th phenol, rP orcinol, pyro ~llol and 

phloror-lua1nol t:-;itb the Jd1tlon or rulphur1c or hydro­

chloric a cid. In ~Jl e~eea resinouA pro lu~ta sep .r~tod 

whleh v~rt e1th r d1ff1cultly soluble or ln~oluble 1n ~11 

common ~olv( nte. 



(6) 

OoatmPre1 "ll • ppll.e ti.on of pheuol-rore,.ldehJde r'1'31ns 

er~ doVeloped 1n thft first d~e. ~e of th~ tw~nt1~th 

c entury. ln tho 1--.ttcr part ot th1a ~1oe de, U··<tkel nd 

dincove~~d a t~cl~ique for moulding tbe e rP.s1n6. Th1s 

work, topeother '"'1 th tha t of RP.d~t~ n ~.no other 1nvfl'st1p· .. ~tors, 

1 d to th~ dP.Velopmi'Jltt or- th~ pr ~~nt phenol te ~eflin 

1 nt11.1~ try. 

In g en r 1, phenols ~eaeted r eadi ly ~1th formel1ehyd~ 

in tb pr sMee ~f both r.lk.aline or ttn1fic cataly~t~ .. 

p roducing a v· 1~ty or oubst~nc~q r n~tng tro~ the c1 pl & 

methylol nd m~thy19TlC c3er1v· t1v~~ to thP complex r a1ns 

1n wh1eh a l .. rt: e nuober ot ph nolie mole~uloa wer~ l1nkcd 

tOB~thPr by ethyl~no Rroups. 

'fh~ ·rnr·et1v1ty of thf' ortho vnd '"~ J'· hyd r ogen toms 

1n th phenolto nucleu.- w e the -;>r("{ton1nnnt f ctor 1n 

phenol-form l~chJ!i., r4!> etlon • Al thou i h thf'r>t~ vAs so e 

1n.:.oic tion th. t th meta hyrlroren ntOGa a Might become 

1nvolvPd ·h~n other por.1t1ons Pr~ hloctna_ D~ yat, thi s 

ha.o not b en eone1Ut!1vely f.lew~on trate<l.. Nucl c-""r d r1v tiv ·a 

w~re the pr1nc1p l r~ ot1on Pro.:1uctr n formnl a, such dl 

·ere obtt tncil rrom lcohols. ancl torm-1<' ~yde6 wer.:- n~ver 

1sol· .ted, 

The t· ro mof't i l"port,.nt phr!nol-fo-rttt~ l.o.chyde reoet1ons 

, .. ere round to l~e: \ I ) the form·· tion or nu"lf'nr m('thylol 

ph,nol or ,.)henol s:; lcohol s, as they Prf!J ~O.Il!rOnly 

t• esi pn · ted. .-,nd ( B) the tormJ1 tion ot polynualear raethyl~ne 



d r r1 v· ti V-:ts. 

Thn vro1uct1on of a ~hftnol ~loohol •~y be 

lllu trr too b'lr thfl' for tion of o-bydroxyb n~yl 1 cohol 

(s~li~~n1n) . !he QeChani~ Of th~ ddit1on of for ldehyde 

1 not ent1r ly und r~tood. MonaesP. (1~) SU'g~rt i th t 

the to ~ ldehy<le m1f ht re ot ln ::<lkvl1 solution nn 

ethyl .,.n~ · 1 ycol 1 • in~ lo.· t~ in (} us tion {1) or 1 t mif'·ht 

undergo n ac~t l adN1t1on, with tnc eubse~u nt 

r rrr~~ment of thP, hem1formal a w&s URge te~ by 

von l'ollP.ns and lat r by Back l and · u1 Bender (32). 'tht 

mech nt m wag r~pr~ ~nted by 1U~t1on (2) 

OH 

(1) 

OH OH 

( 2) 

w lkor ( ??} fr vou:ret1 the 1d4lt~ Qf the to:r.JBtJt1on of a 

prlm ry nbenol1o hem1rott~~al and suitgentod t~t the 

formct1on of the phenol lcohola m1vht involve t a nto er1e 

r~arrn 11ent or the type 1w11Q''* tcd boloq: 





(9) 

Req1n rorru~tlon r~sult(d ~~om re~ctlons or this 

type 1n which a nUAb~r or mono- or poly-m~thylol phenol 

oleeulea con<·enoed to torm l"ell1 tols, 'Wh1oh were macro­

molecl.ll ea only pnrtly W'l1 tod by methyl (!n r roups anc:l 

ree1tP~ . hieh wc~c br noh d-chnin molocul a. 

fhe pre""''lr t· t1on ~na ieol t1on of PhP.llol t.- lcohol 

w t1rrtt a cco o1 1 rhed by t Ho 1mlep ndt;nt 1nv ~tiy~tor~ , 

ana~se (1') n~ L erer ()~), ho ~mployed nroe~~ ~e 

1nvolvinf" b 'l!l1c o t ... ly 1a . L,.d r r•~· procelur~ 

involVed the UI!O Of he t 1n thP. ,")!"~Sene Of milk Of 

11m or b ryta water~ "h~re ('! 3n _ . ae t vo1.1re•J th~ 

ployment or ~n QP?rox1. t ely ertu1mol·r emount or 
stronp- ~lkall an~ th~ re ction w " llo11ed to t k~t ~l.:1ee 

vt roo tP.~p~ruture. ~he l a ttPr ~thou has been 

gene:r·.lly ndol) t d o t he str n·: ··rrl pr-ocadur~ tor Ph~n<)l 

lcohol prop:n ..... t1on • '3r l1J7 en1n • ~s synth ~1 t:ed by 

nnaN e •B m~tho~. Phenol · s ui eaolved ln RDnewhat ore 

th n ~n ~qu1v~l nt aMount of dilute c~uat1o soda 

solution. An OffU!.Vt.?lent amount of' forrnel t:lehytlp (lh..>/1· 

~aueou solution} v a .:J ~.drif"d and the mixture D.f1 'illow~d 

to stand until the odour of torm •l dehyde d1 ~r~PP~Ell"P,<1. 



(10) 

Then the ~olution a neutr~l1af"-d 1i1th l'!"t1t" oe1d 

and oYtr <'ted --~1 th ether to remove th& phf\nol r~l oohol a 

and uncombined phenol. i'hA l tter T a~ re oved hy . 

e t d19til.l-.t1on nd tro1i til~ c?"uu product • .li{t(tnln 

w~ ea~rr te~ by xtr~ctin~ 1th h n~~n. t 50°~. 

von .lu·: ra nna n~eeke ( ;6) ohservlld "th· t p-hy~roY.y 

benzyl ~cohol hieh oP.nnot b" pur1t1 o, r~~1n1r1P.d 

on ttt nd1np-. 

Gr.·mver ( 37) e rricd. out · n Pxtens<1 v~ 1nve t-

1gr.::t1on of th 1n1tl~l r.,. o·tion pro 1uet of phl!fl.ol ~1th 

tor .. lfl~hyde 1n lk£!l1nff ed1a nd fo\tn'. th t ln -11 

e")e the first _,ro.-7ucts fortned w re th,.. pl'\"llnol pleohol . 

It . s U)l':,'l'fl~ted by Vt'n tn ors (3! ) nnd 1a nov ennr lly 

t!'Ccrpt-.<1, th. t to:rttl ld hyd·l' re. cted 1 th phenol only 1n 

po 1t1ona ortho nd r rn to th~ hy· roxy rrou~ . 

• h~rerore, t o ono ·leohols, t o l l loohola ond on~ 

tri leohol o~e:re t'1eOrP.t1e 111 po s1bl • Grrn.rtsr• s ork 

1n~ic ted th t ~11 t1ve or t~eae com ound ver for ed. 

o f ... r t he con(; ~)l'l na t1on of ~h. enol 1 th torm.,.lr1 hy'le­

hft been oonq1dcree only in ~lknl1n~ ~1a nd h n 

con~ene1t1on rns e·rr1ad out ln ?C1d1c ~edia the re~ults 

obt in d nore v ry d1ffrr~~ont. ln 1892 • o~l tlnt· T~nd 

H~r7berg (39) isola ted a cry~tnllin proluat t~m the 

r~P1nou nrodt.tets obt~'inM by r~r-et1n~ t · ... o mol e of 



(ll) 

phenol and ont't ot for~~ liieblde in the pr aence or Y ry 

d1lute h3drochlor1o c1d. They ldentittea the compound 

a a 4-l~ • d1h7droX1 diphenyl • th n • Fr&ubenberg (40) 

1~olat d n 1a~er1c d1phenyl m~than der1Y ti~e tPo a 

re ction mixture 81m11 ~ to th t studied by bolting 

d He:rzberg. 'fh1s 1sOJD~r-1t'le wa. not 1dent1t1ed b7 

Pr-. ubenberg and 1n 1930 Megson tmd o~ond ( hl) proved 

the 1 omeridtt to be 2-4l dihJdroxy diphenyl methane. !he 

?- ?' dlhydroxy dlph.enyl &thane was prep&rtid rGeently 

by the :re ot1on or phenol and torm ldohtde in the 

presence ot :1nc oxide as c t~1Jst. (58) 

Since the ror t1on or etnylol der1vnt1v~e as 

pr1 3ry products even under ac1die conditions h e been 

det1n1 ttal1 deaonrtl:"£ ter1 ( 4?), th~ "re ct1on nrobabl,y w a: 

Ot 

6 
I 

+ c 0 2 
(an) 

Ctt
2

0H 

HO-C>- CH20H 

OK 

0 



(12) 

(b) OR~:soi.a. 

The ore ol1!, like phenol. gave tho Qxpcctea 

m th7lol der1vat1v vlth torm~ldehyde. Loder r (35) 

nnd na~ e (lJ) foun4 th t by using n lksl1n~ medium 

p-o~esol formed the monoaloohol, n-homoftal1gen1n. The 

1alcohol, ~-6 d1methylol-p-~r~~ol va preparee by 

UllJRan and Ur1ttner (4;) by th r~ et1on of one molecule 

ot ~cr~rol on t o moleculo or rormaldabyde. us1ny 

40dium hydroude a the e. tal;rl\t . ef190n . na o~ond 

( 41) ynth,..slsed 2-?' d1hJdroxt-5-5'-41methy'l ~1phenyl 

meth~~ b1 re~ct1ntt p-cl"eaol u1 th !"ore hlohyJe in an 

c1dlo ed1u • 

Th~ mono ~lcohola or o-c~eaol w~re difficult to 

prepQrP.• 1nce on re ct1ng e~ulmolnr 1uant1t1 ot 

c-cre$Ol and tormrlAehyde 1n the pres~nce ot alkali. the 

d1B-lcohol w:~e obtaine~ s the r1no1nll orotluct and a 

cone1de~ble Quantity or unrencted er~gol was recovered 

( 37) . Gr ns r 1d~nt1 tied tho 0.1alcob.ol as ?-ll d1 ethylol­

o-cr'l~ol . Under "'Cld1c conditions ll-4' d1hyltroXJ-3-3'­

d1meth7l d1.?henyl m<'*han.e vas obtained. (>a) 

M-C"r-ecol l"at1cted 1'e-Ad1ly a1 th romald hyde ond the 

alcohole formed ~e~1n1f1ed rapidly ~v~n under nl~llne 

oona1t1ona. As r~ ul t. th 1nol~t1on or the pure 

phenol aleohol ~~e ~xtremely d1ft1oult. io ever, ~Fon 

~nd Drummond (til) ohtnined ~ ~rystrlllne product which 



2 

(13) 

1d~nt1f1 it 

4-1~ • dlb.ydr~xy-2-? • tU.-ethyl ''l"'>h.,;J.l¥1 

11 y1 ld. 

th. no 1n 

1\ r th ;r 1 r ort~nt r.f' .. lCt1on of p-ere. ol the 

1 ol t1on or trinuel ar th1l n1e l•rlv tl• fro 

thl1 oompound ~ a 1nu1ented by 1~~ ~ynth 1s hlch w 

c ·rr1~ ont by re etlnr ?.-6 11 c.:th:;lol- - cresol 1 th 

~ycl1c 

tour l 'hl cl ea 'r eo ound. Ho• ev P!', Finn n L ·1 r { !:J) 

t d Y ry .. tron~" ev1 lnne~ in BU!lpurt of t ltt n··rli ,.,.. 

trlnurl,~r tor ul~t1on. 

In 1907 von ,,~,'f~ re (3g) ert:l:tl .. ~ th r~r t1on 

ot mo .lcohol ur )- 5 x.rlenol hich hf~ ~rep -r •· w1I~r 

1 --11 eon '1 ttonPJ. H t:f'li vf!<J tt-:~ !ibo.tl tutlon to b~ 



~ t1 o von · er 

1sol tod f: 11 quantity ot aub t~rtc vhlch he clat ed 

to b 1 . u:re dialeohol.. lrl 19}1 ~ tin1 te d1 lcohol 

o,.n tho 1 s bJ Lf)1gh ton Ho 
-

.".""''"'"·- rob L bo:mto1"7. · .s. I.t,.$ fed41n ~n (unpubl1ahed 

·or ~> thro tn~ tnt ractit)tl or 3-5 :yl tol •1l! 

f'a 1~~de in ro i' ethonrt.. . :P~ ·11 tn 1"1 · ork bJ 

gson 1n:1.o.t 

.re ult w un 2P ct in v1 f!M ot von er'a tt\'l"'tJctur 

tor tb~ ono al coho 1 beOA.U t.~e 1 tt !" oul· b 

x;.~ eted to be 1nt ed1 ~ 1n th t~ t1on ot ~he 

'1alMhol. tn. l "1 gnon {It~) rov th.tt 

von Auw .r- • a ror. u1 ' tor th !'llOOJ ll (1) 8 

c rJ'o at It 1 leoho (11.) w c.hnr oter-

1 b vl ortho-otttho tr o ur • 

c ·r 

!i c 2 
,..~~{·'~ 

ca3 
-.!H_ 

•"H 
3 

f 1) (11) 

o!'g, n an.l ,.son (h6) h ve 1~1 t rll thr -. 

1Bo ride fro.. th r e1~1o aon~. en nt1r.n of ~5 xyl nol. 



(15) 

nd havo eynthea1se~ one 9r the& from 3-5 xylenol 

ale~hol nnd 3-5 xylenol. 

ca, 
.· 

CH • .JJtf 
~ 

0 CH3 c~ 
on ~ 

Ol lt.. 

f;l' C1l.., 
GH} "3 r ;; 

(, ~ CH? :O 
uu ~l{3 uB HO C 

(11) (111) 

L1ke,1 e 1n 1907, r1es and I, un ( 47) tormed the 

lcohol or 3-4 xtlenol and unde~ ae111c eond1t1ona 
I 

Morg n and geron (lt6} ol imed th~t ther h d 1aol ted 

3 



(16) 

3 1aOtD.e~1des, tvo or wh1~.h were synth&sised and 

aclt1ng po1nta recorded. 

OH OH OK 

CU20l! Qll --
~ 

'2 

OM~ 
.; 

OH
3 Cf'3 

cu
3 1 

CJ{; C'~3 
{n) 

OH ,.. 
(; 

(!Ji 
? Ch2 -

Cfl~ _, en j CH 

' CH; Cd ~~~-<t 3 
(b) 

./ 

(c) 

(.fl 

CH; 

vH 

CH3 

Recentl7, ~1 ler and Zigeunor ( ~) obtained t wo 

aa
3 

c poun~s who e meltlng points were identical to those 

ot two ot organ and MeFson• 1soa r1d s 1.e. melting 

po1nte ?.12-213°0. and l67°C. 7.1egler and ~1geuner 

doduc d tn t the oompound melt1n at ~l?-2lj0 h ~ a 

tr1nucleor structure (d) vh1Ie tho other co~ound had 

the etrtcture eco~ed to Worg~n nd .eg on's (a). 

OH O'ti Ct 

Oil 2 
CH

2 
cn

3 C'" .!3 

cn3 CH3 ~.~H3 

(d) 



(17) 

S1m1l-rly Usnnn1 (49) prep red two oompounJs or 
m~lt1ng po1nt 167°0. ~nd ?l~-~13°C. by the action ot 

heat on th mono lcohol ot 3-lt xylenol. 

li ~V,.r1 finn (52) obtaln~d snee1 nn ot the 
0 compoun(l mel t1ntr; !tt ?.lP-213 from J..1egltJr .,nd Zi y'-'un,r, 

or n rnd 

~ tf"r 1n ·tlone proved the eODmoun.d to be- identic 1. 

Alno mol~cul· r · e1tdlt dot~rmln· t1one s.v~ rfl ults 

correepond1nl ~losely to the theo~eticsl v~lue tor 

trlnuole r com iOW1d. lt vr>G ther~tor(.l eonf1raa tlwt 

th com~ound (m.pt. cl?- 21)°C. ) first d cr1bed by cgson 

nd T~orv. n .bed in f t.e t thA tr1nuele~r ntrueturf! 

l' ttr1buted to 1t by ·· ieP.l~r nd ;.a uner. 

(d) OL}. 

P itol, 11 of who e nct1ve nuel ~r position a~e 

bloeked, gav oryetall1n~. 11ethyl enu bi rler1 v t1 ve 

~hen r ;o ote(J w1 th for Rldrohyde Wlu ~ troru-ly ~old 

t"On11 t\ one (53}. Reo nt ork by Finn ~nd u ty ( ~'t) 

b s lucid ~t~d tbe ~ tructtlre of tb . J inh m11 r.~tb!m~ 

der1v· tive a : 

(;.tl 

~{3 c•I; 

Cl } 

OK ? 

OH 

CH 3 



( ll!) 

Att~m te to preDtre thP fT\OnO M<?thylol derivntive 

ot mco1tol by lkal1 cond~nsation failed but 1t a 

pre~ red vl~ t he ehloro ~thyl d~r1v tiv ·nich on 

hy roly 1s 1n aqu~us dlox ne aolut1on g v the ro~utred 

lcohol . ( 5't). 

0 OJ( 

Cft? CJJ:; hyd.rolys1• ca3 CH~ 

c1 2ta Cll20H 

Oti 3 OH ; 

H~ eus (~1) obtain~d ~ 1nou produot8 vh~ be 

tr t ed the hov eo ,ound~ • .,1 th to 

e1CI1e con.Jitlan . Ho~hm <:5> a 

l<l hyde und"'r 

hle to obt in 

11 \ U"~ntl ty of ay ~ et.r1c~·l h exnhy 1roxy :Uph .nyl 

m th e , ta~ethe~ ·ith ~or. eo.;llc. ted pro.uets, by 

conr.tf'nslnfl phloroglttc1nol 1 th ror l dehyde in the 

~•re~,..nce of h.Y ro,..hlor1a c1d . Th~ne pro 1uc.t ot 

further con . .,~n t1on w Y'P. pr: r~ntly nu.cl e r poly-

m thyl~e der1v tiv e, ~inc~ on r uetion of the cru· e 

ct.'~ conftena tion ·roduct w1 th ?.1ne .,u t no c ftu tic 

no~ , mono- 1 di- and tri-mP-thyl phloJ:""op·lue1nol, a :w.,ll 

~ phloror·l ucinol 1 te~l f v re obtr..1n 

Fyl"'OR llol , on eonden~ t1011 lfith ror l1F>hy{le 1n 

lUi hy rocnlor1c aci d tiOlut1on yielded th , metf'\yl ene 
! 

d r1v :-t t1v~ (~). 



(19) 

There ap~ear~ to be no references tn hich 

1lhlorovluc1nol nrt·l pyrogallol · ere condensed 1 th 

for& lCiehyde ln th pr~Hence Of a 1Ji.al1 llUt 1 t l 8 

been provotJ tht t r~sin tormt~.tion 1n olyhyuric 

b.enols W'efit f nstAr 1th th e ta- COfJI{Ounds nd 

pyro llol. (::'~) Ilene 1t woul tl ~ppe:&r th .. t these 

r ct1ve reoo~1nol 1n their 

con enso.tion 1th tor ldehyd~. 

ln the e.rse or hydroouinon~ it ~~ ho n tha t 

c l ktt l1 oouden t1on ·1 th t , o molPs ot form ·ld .hyde 

-.. ve d1"'1ooho1 ( ) , · h11 tour aolPr: of form ·ltl hyde 

v e t tra 1\leohol (b) 

CH 

CH-> !{ • 

en trea t!llent u1th nn o1d tb~ <Jialoohol ren1nlf1 C!!d 

to , n in soluble o~· bous pro1uot to h1ch von ul Jr, 

· l el'" nd Clie (1 '5) aer1bad a ethyl ene br1 ir·e otl"Ueture. 

'fhe a l. k 11 eon(J~n ~'t1on or ~ t eehol wl th 

.torMcldehyd ., gPVA only e tAchol dialcohol in wh loh thJl> 

pos1 tiona of th methylol groupe ;ar j:! nt ~bli hed by 

von . lt~r, M l Rr, g1 ape1zy nu F.:~ g,..rlund (16) t~> be 



{ ?.0) 

OK 

'l'hr- c · techol diulcohol rett1n1t1ed on hentini.~ ­

Rose-n•und an~.. Boeh!B (17) preparP.d tho ono ·lconol 

der1vct1ve b~ rc 1uot1on or the corr~ pond!~~ 

aldehyde 1 •• 

. '1' ON - . 
( ) Gr J:lf"' r (h? ), eppon nnd •orp: n (116) ntl 

lo bnP.r ( lftt) h VP ll cl""nrly ho..-n tnt phc-tnol1e 

"lono E1- lt!oho1~ ay funct'lon n 1nterm~~1atee P.V n 1n 

ae1d1e cond n ~ tlon~, " 1 thoug tb~y h.av~ be~n but 

r :arPl y 1 olsd;e<\ ·htr1np th e r>eaet\on . 

( 1) e ~on nd l or .·•n (?16) ynthtHJi~ed the 

mP.thylen de~iv t1v~ or m-5-xyl nol ~Y eondPna1ne 

~-xyl nol nleohol 1th 5 xylenol 1n ac1d1c e«1a 

0 OH 3 Hv Oll 



( 21) 

Likewise, they were able to synthesise 2-2' 

dihydroxy-4-J~.'-5-5 1 tetramethyl diphenyl methane as 

follows: -

OH OH OH 

CH 

CH3 

( ii) Koebner ( 4!~) synthesised the trinuclear 

derivative of p-cresol by the reaction of 2-6 

OH 

dimethylol p-cresol with excess p-cresol in the presence 

of hydrochloric acid. 

OH OH OH OH 

2 
-CH£ 

Koebner by condensing p-cresol with the 

appropriate methylol derivatives of dicresyl methane 

was able to isolate pure compounds with t wo, three, 

four a nd five cresyl rings. 

OH 



( 22) 

(111) In 1946 Jon~n (56) etudied the g1nnttcn 

nd 'rh15t"mochem11'ltry Of the phenol-:fOl"1811ld.ehyl'1e rflmCtion . 

'!'her. ochem1ePl studic~ shoved th t the be;:; t <'Volv~d 

ur1nr; thf iJhenol-to~.-.ltle-hyde reaction eould be 

r~~· .. ~r<OP-d s Jeriv~ tro~ the re,.,ct1on ot torm l :!<"hyde 

~1 th c phenoli.c mol~rnl e1 nd tht: aut ~onu~nt 

lltiltn..,tion of tat~r by eon<.en:a,... tion. In nqueoua 

solution fOPmt'l d"lhyde ex1Bted J»q\nly ll~ thyl~n 

t'lyeol anti Jonoe formul "t~d the "truf"turP. of a eorpl ~x 
I 

re 1u by t h1e nequ~noe. 

(1) 

(?) 

CH OH oa ott 

(J) 
' o cn?-

etc .. 



(2J) 

(b) 'i'he r.tfeot or hB t on ~ phi!nol alaohol 

ha been tud1od by Yon &ulcr, Adler, Ced\Jell nnd 

forngtten (57) . Whon phenol lcohol v r: h l- ted, s<»e 

for ald~llyde wan np-11 t ott 1th the ~e;!N1<arrt1on of 

th o.r·1 ~in 1 phenol. The ohenol then co nb1ned w1 th· the 

unoh ng~ phenol · lcohol, 1tb th splitting out ot 

w ter and a d1bydroxy <liphcnyl t n~ d r1v~t1ve w 

tor.ed. . They were lao dble to i CJOl t in the pure 

form d1h7'lroxydlberu:yl ~ther, h-\henol 1<1 e-.hyde, 

d1hydroxy t11bene, th .-. d1t Ar nd tr1a r or ethyl(.ne­

ftU1nont" nd d1hydroxyd1phenyl . .,th: ne. 

ty~1e 1 r otion or this type 1e ba-n tor 

1~h1' roxy-3,:rd1 thylb~nzyl Rloohol. 

(t) Fo tion or tne d1Jhenyl m~th~e der1v tlv 

on ~R 

lllCP 1 r.:c:0c O;t 3 - . ; / . 0 ~ 

on OK Oll Oll 

Cl~ 
.• 



2 

( 24-) 

UH 

c 3 l 3 
+ H;P 

( 111) On rurthPr hcr,ting, P .. rtleul"'rl y t 

t r,,tur~rr h1 h'!r th ,, ""er . n eded to tor· th(~ eth r, 

th P.thP.r brok~ down to yield ~ d1hydroxy di,benyl 

etb ne d r1v t1ve nd for Vfehyd~. 

0 ; 

n 
I 

OH 

CH ? 

Ct{ 

(iv) ~ 11 uant1t1es Of phenol ~ld hydoA e~P. 

tt u lly toun•,. in the eur·ed pro.::uet. ..1nke ug c-ted 

t t the e ~r~ !orm~d by the thn nl er~cktn of the 

d1bydroxyctbenzJl eth,.r. The yield of the alrl hyde 

w. all (>ti) but for 1-? ~t1,...hl oro-~-hy~i roxy b nzyl G.i<.oho 1
1 

an~ 1~ ~1erl r (!)9 ) obtn1n~1 a oon-·id~r, ble yi,:old ot 

hyde. 



(25) 

OH OH OH OH 
I 

CH3 CH3 013 
~ + 

OB2 - o - cu2 CHO CH3 

(v) Methylenequinone which wa s very reF>ctive 

might be formed directly from the phenol alcohol by 

loss or vster 

CH -3 

OH 

CH ; 

0 

or 1 t might be fo!"!ued by loss of Wrtter from the 

dihydroxydibenzyl ether. 

OH3 



OH OH 0 

CK 3 

v ry ~ ct1ve nd 

unst bl e ¢onpouno ant" 1 t mi ght ei .... ,ly r olyme1"'1 n tu 

to dihyclrOx,)' 1 ;h9n.tl eth ne or <.t1 r;.ri a to 1 ve 

d1hydroxyRt1lbone. 

0 en Ul 
I 

c < 

D1hydroXJ~t1 lbene. 

( vll) tt s l··o pa. 1ble th t •thyl ,.._n u1non 

mi~ht u.n tt'f!'O - dir et . 1s l:t'O"'.;ort:i.on .. ,t1on h11 . in an 

un t 'ble ~t~ te md y1 l\!ed r .dle:1l · ·hieh bee 

rt b1l1An" ou thP \Jne h!!nd to tllben qu1none ·nd on 

the othPr to < di pt nyl eth1ne. 



l 

c·-t
3 

CH 
I 

1 

c 3 

I 

OH 

Subs tituted 
Stilbene~uinone. 

0 

I 

<..m 3 

2 

crt3-

OH 

CH 2 

1 

OR 

~H? 

l 

OliJ 

CH 3 

O.t 

.., 2 

Subst1 tuted d1hy,l roxy 
d1phenyl othane. 



This ser1e~ of r eactions 1no1ented vh: t happf!ned 

when n 11Rple f"thylol <"erlv,...tive vus heated and hence 

the eur1nn or r~solo rc!:·resent ed A eo plicatcd aerie• 

of rf'"Ctlons. 

R nl FJ obt innd hJ ( l) condenelm,. pbanol '111 th 

t .. Orm'lldehyde 1n the pr e ~nee ot s lkwt11 and ( 11) th 

.~otion or hi~! t on t'1e pr1m.:n·•y con~1f'n 1t1on pro luct 

ero t r 1r).y stable 1 . . t' t r<><>L t r .... )~r~ture thfi'Y ould 

t~ke 11onthu b!ltore- r,..e1n1 rto tion _,oul(~ occur. h~r·e. n 

those for r., orc1nol rBa1nif1~r1 rap1uly r nd lt it '.¥ e 

~um~ tha t the resorcinol-for s l debyac oondenB t1on 

v nalagou to that of the phenol- formaldehyde 

eond~nFI tlon then 1t coul.j be postul :~ ted t.h ~t th1s 

di tferenee ln b("hnvlour :Jt' due to th inore ed 

r _ c ti vi t7 or th othylol vrou;-.~. It · th~ a i m :;)f 

thi s thes1 . to ynthe81S at bl~ etbylol derivrt1ve 

at ~ cow>oun~ or r e orcinol. 





(29) 

Resorcinol~ 11~ phenol. has three reactive 

poal tiona but the hydroxyl groups J-e meta to one 

another vh1eh causes the high react1¥1ty ot the 

re orcinol molecule ( 25). Up to the p:ttesent the 

ro t1on or a metnylol der1vat1ve b f il~d nd 

1n nll eases rea1n han been obtained (lh) . lienee 

to restr1et tb. eondens tion ce~t tn ~u~e were 

introduced into two ot the re ctive pOA1t1ons leav1ng 

one at which eonden atlon W.y)lt t ake pl ce. tlo 

rererence• could be found 1n the literature concerning 

the aucee~stul pre.paration ot a m~thylol derivative 

ot this tTpe. However, 1 t vat hoped that such a 

eethylol der1v t1ve could be obta1n~d which 1n turn 

would be condensed w1 th resorcinol a.nd tram the 

structure of the resultln~ compound the mechan1am or 
the condensation could be forau.lated. 

e.g. Hypothetical 

Olf u ( H' wH 

x· OH20U Ho X 
- Oft2 

+ n?o 
vkt~ iO !10 oa 

X X 



(JO) 

Three main methods vePe employed. 

( 1) To syntheeiae 2-4- or ll-6 d1subst1 tuted 

reoorc1nola nnd to ~xam1ne their condensation with 

formaldehyde 1n order, if pos~1ble, to isolate the 

eorrcRpond1ng alcohol. In ~i1s cnqe the position 

6 or ? was available tor eondensat1on. 

(2) To ehloromethylnte a eoapound in which the 

substitution ~nn such as to restrict the eondensntion 

to position 2 or 6. If rormed the product co~ld be 

re11dily hydrolysed to the alcohol. 

( 3) To redue.- a sui t~bly s ubeti tuted nldehyde 

to th~ corrAapondlnc nlcohol . The poP1t1on ot the 

ldehyde group had to be e1 ther 2 or t~, or 6. 

(4) In addition the condensation ot oal1~enin 

and resorcinol in the preaenee or alkaline and ~c1d1c 

catalyst was studied. 

The main lin~ or approa ch to tna many problems 

assoelrted with resin rormnt1on was an ntt~mpt to 

e~rry out a·part1oular condensation under conditions 

aa mild as possible, to el1m1nete the unchAnged reactants1 

to isolate cheatlcal compounds fr!'Om the condenae<l 

residue 8nd 1f poas1ble to 1dentlf7 them. The difficUlty 

of •ork1np ·1th theoe condenaed , roducts vac recognised 

by BaekPl nnd ( t'O) 1n 1911 who vr oto: 



(Jl) 

~It should be pointed out thRt we have to deal 

here with substances vh1ch ~re amorphous. non 

crystalline, non volatile and oannot be purified 1n 

the u&ual ways. Furtharmore, in any of these re ct1one, 

several substances ore liable to be produced at the 

same time. Thoge substances can fora solid solutions 

one vi th another or v i th any excess ot r<'act1ng material 

employedP . 

The d1tf1oulty ot ana1gn1ng structures to such 

compounds 1s obvloua. Clearly elem~n~ary analysis 

will play a lnrg~ part . 



A. CL"N.l) SN.fiOM or S4LIU 

Sal1Rtm1n ., " PJ'Iepnred by the catalytic redllction 

of g l1cyl~ld.ehyde (9J). 

Under oldie col"~i t1on 11nd •t room t~mp !" ture 

eal1 n1n oonden ed 1th re~oreinol to glv th1ck1ah 

vh1te pr c1pit te wh1eh v~s recrrst 111sed tro ether 

and peti'Oleum ether. On t nding the c r,ound d: rt.enetl 

ant\ h cl a el t1ng point ot l~0°C . Prom 1croconbu tlon 

uata th eompound ppeerec:l to be 2-?'-11.•-triby'dro:~q 

d1phenyl methane nd not th. 1 o erlde 2-2•-6• 

trlhyfiroxy dtbenzyl methane beenus~ thef' po 1t1on ot 

the resorcinol ol cule 

reference to this co .,ound cot~ld be tound in the 

11 ter tu.re. 

ttemptn to r ct s l1~en1n in the pre encG or 

1 11 st (2,) roo t e per. turP, {11} 606
0. and (111) 100°0. 

w r unsucce sful . The 1xturo ot ra~ct&nte woe 

ep t"Ptf!\1 by t:r ct1~1 oryrt l11s• t1on u.s1ng bettsene 

a the Aolvent. fh1a v s very d1tt1eult to br1ng about 

e pec1ally ln the eaa ot obt nine- pt.tre oal1 tlln. 

However, 1t ~hown th~t renorctnol 11t not condense 

1tb s 11gen1n 1n the pre ence ot lkal-1 and a lso thBt 

snl1 ~1n 41n not eond nte w1th 1t~elt to torm the 

diben~yl ether nr d1vhenyl m thane der1vet1ve. Jl~re, 



therl! W3& eome stroport tor i..1nke and Zil'!f"l t»r ( 95) 

who st~ted that 1n th~ eaae of phenolio ~eohols 

e ther ro~rtion s r~t~rded by t he pr~~eno~ 0~ nlk 11. 



( ~4) 

B. 

I. 1-6 DIIHtO OHt .vRCI NOL 

!hi g compound A •yntheG1 ~,, or • coflle tully 

by Zehen teY ' tt method (60) th u by kohn nd LOft • & ( 6?) 

and a m~11flc~t1on or tho torm r s~t~od 

'hi en gnve o yi ld ot 65,... 

s fl ev loped 

h-6 01bromoreeorc1 nol _ f; eonden111ed .:1 ttl lJ.Oi: 

tor ~lin u~iny hy'roehlor1e ae11 ~~ c t~ly t nd (1} 

b olut~ lcOhol, (11) v l e1 1 c tic ~ c1d 'lnd (111) 

40, rormr.lln 11~ aolv nt t 6o°C. for t hr ee hour B. The 

colour of the solution bao~me yello~1 h LroJn ~ lth th~ 

ton etton or : brownish r,.,.l 9r e c1p 1 t~ te wh1oh w a 

riltfired oft. 1he t11tr" te as ~~t~:1ot 1 ··ith .. ther 

n no ~ol1~ mnt~ri 1 ~ s obt lned . 

'l'f· ~ cond nse<J prt> uct :P:P~r r to :res .mbl. e one 

nothor l h~t the follo ine eh r ct~r1 et1~Js. (l) IJ'tl_,y 

·ere very 1npolt~blP., (;.' ) th~y did not m~lt, (3) tllsy ~re 

morphoua. !hey appear ed to be reB1ns. 

'lhl a c-tho4 or pr pn~tion w 8 far- too <J.r~llt16 for 

the )reour tlon of th0 reou1red nlcohol .nd tha 

proeMlure v. s re;)e'l t ed a t room t emper ture. 

Un<3 er .t. o1t 1c oondl t1onG and a t rooa t m~f'"l"!' ture 

• bro· n1oh pro .~uct """ r obt:1int"d •;h1e.J • 1n~ol11blf' 1n 

a ll common golv~nts a~cept n-butsnol fro~,, hlch it ~os 



(J?) 

recryst~ll1a~. Th~ pur~ produet wna n brown 

morphouo powd r whi ch ht:&d no ~lt1ng point. 

Vr;'ry 11 ttle intormPtion ~as obt ined tro11 the 

combustion and halc>een ~st1mr tion results and the 

anal ya1 s fltruree "rer *' thus not h<tlptltl 1n aecr1b1 ng 

n pc~~1ble structure tor this p:roduot. It had sll 

the pNpert1es ot a resin rx-om which a cert•1n amount 

ot brom1ne had been ~emoved. 

on be1ng oondeneed under alkaline eond1t1ona at 

roo. temperature, a brown coloured product WAS 

obta1ned . fhe purified eo11pound. 11ae o. brOlfn, amoJilpnou• 

solid which d1d not melt . 

From the onalyai a reeul tB all the br-omine had 

been di~laced. !he product vas vary 1naoluble and 

was thoup,ht to be a Novolae type ot re 1n hav1ng the 

un1t: 
UH 

no 

OH 

where the b .. omlnea vere 

di~placed by hydrox3l 

n gf'Oupa. 

In order to 1nveat1Kate the reDoval o~ bromine 

f.r-om lt-6 d1bl"'morenorc1nol, samplaa vere trettte<l w1 th 

od1 Wit hydrox1.de and '•o~ tor 9,lin roapecti vely an~ the 

~1xturea w~re all~1ed to st~nd for a veek. ln both 

eases hslide 1on \as detected but to a y,rettter extent 



in the former. Both the sOdium hydroxide nnd 40t 
formalin were responsible tor the removal ot bromine. 

From the J"c etion or sodium hydro~1d on ~-6 

dibr'Oii10ttet'orc1nol one- could expect the torm tion ot 

1:2:4:5 tetrahydroxy ben•en~ and as a atter o~ interest 

th1 9 course va11 1nYeBt1gated. 

··utterj1 ( 6g) synthesised 1:2: l~: 5 tstrahydrOlrlT• 

benzene by a v ry labor1ous prooes~ which. he awnmo.rieed 

as follows:- reaorc1nol-d1n1troreaore1nol-d1am1no-

~esorc1nol-d1hfdroxy-p-bensoqu1none-tetrnbydro:x:ybenzene. 

fhe y1eld,reokone6 on the ve1~ht ot resore1nol taken, 

allOWlted to only l-1. 5,:6. If all the brol!line atoma 

could be replaced by hydroxyl groupe o. nev rmd oaaler 

method ot synthesis tor the sa1d compound would have 

been aocompl1&hed. It wu& indeed very d1tt1oul t to 

reoo-ve all the b~m1ne and by eong1der1ng the work ot 

J ekeon and Beggs (69), 1et%k1 and Schmidt (70), there 

wac ev1denoe tor the presence ot a very 

ot l; 2: b: 5 t trabydroxybenzene. 

ll ouant1 ty 

From this result 1 t appeAred th t 1 t wa the 

eod1wn tqrt~orlde ~d formAlin 1n conJunction which 

removed the brotlllne. 



(37) 

II. 2-ltl'lRo-;&-n~;SO!~CYLIC £\Cl,q. 

This eospound w~A nrepared by the nitra tion o~ 

! -re orcylic ~ c1d. 
~ - Resorcylic acid "'olJilS preoare(j by th a ction of 

pOtll1oe1u.a bl.ottrbo~atc and carbon d1ox1do on resorcinol 

ln aqueou solution and the pot Rsium a lt ot the nc1d 

1as hydroly ed with ooncentr t rd hynroohlor1e c1d to 

g1ve ~ -resoreylio Acid. ( 7l, 7:>). 

V r1ou" method!!! of nitrAtion wer~ etll,1)loyed and the 

be t mPthod as foun to be th~t ot ~ !xed ,e1 1~~ i.e. 

eoneP.ntr~t~ n1tr1c and rulphur1e e1d~ in thP- r tio or 
~:1, 1n vhleh yield or 6u -~~ obt ined. ~he oth~r 

etbods mploy~l vere (1) n norlifiod P. r kh nd Sh~·h, (7'~) 

(11) eod1um nltr tP. and concentrnt n ulphur1c acid nd 

(111) exeee oone~ntr teo nitric c1d. 

On condena1n ith 40 for lin u~1ng both nc1li and 

a l1C 11 &~ cat~l.;yst. n t ~ooat tenp rPtur rn~ a t 60°C. for 

tour hour , the r~ ct1on f9il ~ to t 1<: • pl ""e~ ne va 

nroved by ro1x~l melts. 

It was concluded thrt the presence of ~ nitro and 

e.-.rbo)cy'l p:roup de~et1Ynted th~ ha-nzene nueleue to r;uch 

n e·xtent e to : reven t th~Ct re ·etion tro t~lttnv p11"ce. 



III. 2-4 Ditrlf~-tOn~r. t'lRCIJ-{01 • 

.,_ b P1 ni troreaorc1nol was prcpal'"ed by me!lllo ot a 

t vo at g nynthes1e. (1) the ~ynthe~ls or ?.-4 d1n1t~o o­

rcaore1nol and ( 2) the ox1cit~.t1on or ?-1t d1ni troso-

rc orcinol to ?-4 d1nitrore orainol. 

2-4 D1n1trosore orcinol w~e ynthes1sed bt either 

the F 1 tz • or ~chul t3 1 s aethoct ( 7~) • Th tor- r ~tn 

tound to g1ve the bent results. Thf! 2-4 d1nitroso-

re orcinol ne ox1d1Re~ by using concentrated n1trlo ae1d, 

in cccordPnce w1th est neok1 and Feinstein (79). 

· o reaction tooK plnce vhen ?-4 d1nltro~~sorc1nol 

va condensed w1th 40t to?malin under oldie tnd 

lkaline conditions, 

for 4 boura. lnia v 

t room temperature and at 6o0c. 
proved by mixed melt deter 1nnt1on3. 

He~e was more evid nee for the deaet1TP.t1~ effect 

ot n1 t:ro group or groups. 

l'IT. 4-6 DIALLXLR~ORCl OL. 

The synthesis of th1a compound wn a olaes1e l 

ex~mple of the Ole1sen aearrangement. 1~atl7 the 

d1 llyl ether of re orcinol WPS eynthee1sed vh1ah on 

pyrolyG1s rearranged to 4-6 d1allyl renoreinol. fhe 

d18llyl etber ot resoreinol vas prepared by us1ng the 

method ttr11Juted to fturd~ Greengard n~ P1lgr1m ( ~U) 

1n which ~ mixture ot rnsora1no1 and potnssium cnrbonate 

v s r~Rcted with sllyl bromide 1n acetone. Owing to the 



ehortPse of ~lly1 bromlae the compound wa~ eynth~a1sed 

bJthe ~et1on of hyt'lrobro~~tie an.td on "llyl alcohol (61) . 

The converR1on of the d1. llyl ether w s e ~r1t!d out 

by a modltte• t!on or the method of Rur<! and on-~torkers 

( .ttl). 

On eondeneat1on 1 th lJ(J).. torPlalin 1n t he ,?renence 

ot tm alkalln0 ¢(, t alyst. the product obtR1ned wne n 

alxture nd wae ae))ar.,ted into its two components by 

bo111ng 1 t up 1n benzene and til ter1ncr 1 t hot. The solid 

corponent waB 1nuoluble while the 11Gu1d r ead1ly d1 solved. 

The ben~ene til tr~te va. allowed tc 9"tand until illl the 

benzene had ev porated ott nnd a br-ovn1sh l1qu1d resulted 

wh!~h w~~ ident1f1ed all! the or1g1nql eompound. 

4-6 diallylr~~orcinol. The olid ao ponent vas 

recryetalli "d. h-om f'eetone nd petttoleum ether a.s a 

brown morphouo solid wh1 ch d1o not a.el t but ehf·!'"red t 

?40°. 

Pr1.nn (101, 102) mado the f'il,4at compreben·$1Ve etud7 

Of the :t-enct1on of formald~hyde w1 th ethylin1c hydro­

carbona P-nd he cl-g1 ed to h"lve isol ted a four memb~red 

eyc11o ether ring from tort'"r.::lrl.ehJd nr..cl E.tyrene vnich 

1n·!l1ont.ed thut one po ssible etructu-r f"cr tre p:ro1uct 



1 ht be 

Under tH:d.d1e cond1 tiona the eon<lf>n'l~t1an or 

t•-6 ~loll1lr~.ore1nol 1th 40;. torm .. 11n 71 lded aatnl1 

thft or1po1o 1 product b\lt also n very s ~ll. nwmt1t7 ot 

n brovn1nh amor hous m te)rlal. 

roa the co bu tlon r~nult obt tn r 1 t w " 

1mpo s1bl to ct-lbe otruot\lre t"or thfl!! 1?r<>t1uct which 

e r: uaer to b r . 1n. 

. ~-5 DlB~OMO;-,l-R. · ~ 

~-1 o:rcyl1c c1d · "'S or are s b tor (71, 7?} 

nil w then brominat , by tt1rsolv1nt tho e1d 1n glao1a1 

oetie ·c1d •n,. 1 d1ng to it thr-(\ GH>l ee or bromine 1n 

the oall iJOlvent (S?., g3, Sh, 85). 

On oondeneif\P. '1 th 4ot tor lin under lkalino 

eond1tion brown aludgll e obt~ined h1eh vas 

A h lof'"nn t1 tion (loe. o1t.) r~Yealed the 
I 

bt~n¢. of halo~en. 



Once &~~in th~ remov~l or bromine was clearly 

hown and trom ecmbv.~t1on results 1t vould a~pear 

thmt the bromine vas r.,pl~ced by hydrOXy groups. The 

possible struetur~ tor th1e eomvound v" 2-3-~-5 

tctrabyaro%ybcn~o1c c1d. It had no mel ting point b~t 

charre-d at ?60°. In tm. queous ~na uleohol1c aolu1r1on 

1t re etea with fe~r1c chloride to givs ~ 11sht bro n 

nd black colourat1on ~ospe~tively. lt ~ppeared th t 

th1a was th0 fir~Jt ti e thr t thli; compound h~d betln 

1eol ted. 



( lt?) 

C. CHl...OROM ~THYL.\TI ON . 

!hen it b~cnme apparent that the pra,par~tion of 

the pr1m ry oondena t1on product by direct condensation 

ot toreal1n under oldie and alkali conditions wss •err 

d1 tf1oul t to aoh1eYe and nf"W 9\ethod ot npprunch vas 

adopted 1.e. ohloromethylat1on. fhe value or chloro­

meth.ylnt1on 1n th pl"-.•ent work was in th t the -CH?Ol 

group w convertable to the -Clt?Cti group. 

80lut1on ot 

ItO~ tol"mn.lin with hydropen chloride gas. to t h1 vne 

dded tb~ oompound and the re ul tlnf.' solution was vell 

et1rrf'"d nntl the hrorosen ohlorld was continually p ssod 

The r nctlon w lla»ed to run tor two hours 

the r~not1on a1x~are was pou~ed into ice nd 

the eol1d t:R.ntPr1al adhering to the ppartttus w~ shed 

1nto be~er with cold wate~. The 1apure compound v s 

t11~ ~ed of~, nehed thoro~hly with cold water, dried 

~nd thert pur1t1ed. 

l. iJ.-6 OtJ\Ll..ll.RlbSOllOINOL. 

!he product vas a brovn1~h green solid vh1oh wns 

purified by bo111ng up 1n benaene, then fllt~red to 

re~ve a small qu~nt1ty or t•r ~nd on tddition o~ 

petroleum thE:"sr to the benzene fll trnt~ n J)Ble bro n 

amorphous aubstanee as obtn1ned ffhich dld not 'elt but 
0 

charred ~t ?50 • 



(4;) 

rrom analytical results lt would appenr th~t the 

co pound had b~en chlorometh7lated and th po~P1ble 

s truotttre would be OH 

Cij2~ CU· OH2 CH2Cl 

lt wn thou ht to b 

CH ' 2 c ca (? 

OH 

m1xture due to tho low eblor1ne 

r e ults but thero ~• no posa1ble means of sopar~ting 

1 t. 

The att ted hydrolysis or thls compound w1th 

1lve~ oxide, ho ever, failea . 

o turtber work VD pott 1bl & on thi1t topic bee uae 

of supply ditf1oult1e • 

II. uALLIC ACID. 

Gallic ao1d chloromcthylated by the etho4 

previously de?cr1bea. !he nroduct obtained va plnk 

nd ~ s ~eery tall1aed ae long needles trom ~lcohol or 

by d1esolv1ng in aodtu hydroxide, neat~al1&1n with 

acetic ~tc1d . rolloued by orte ulr bur1c a o1d. !he 

purified product did not melt but ch~r~ed at 270° and 

r ve a red colour 1tb lk.Rl1. 



(Jt4) 

From eombue~1on reeulte th1a compound aa provAd 

to be 2-?'-3-3'-1~-11' hex ~droX7-6-6• dioarbo:xyl 

d1pbenylmethane and was 1<.lent1cnl to th~ compound 

obtained by }!6hlan tmd Xahl (86). 

Oondens t1on had taken pla ce and 1n compar1aon 

v1 tb 5-ni tro-/~-rP.aOr4111o ac1d 1 t ll!lPePl"ed that the 

n1 tro group nd not tb O?rboxyl v ~ restponAlbl e tor the 

aeaet1v~t1on ot the b~znne nucleu. 

III.. 3-5 DIIJ.RJ~M0-~ '7!!· .SOHCYLIC ACID. 

The ohlorometbylnted prod~ct obta1n d here w~• a 

mixture or a vhito an~ brown mate~1 1. 1he m1%ture v~s 

aepar~ted by treating th product ~1 th bo111ng y ater 

and t1lter1ng the hot aol~t1on. On cooling the tilt~~te, 

vhi te ne.,ales aepnrAted vbich ver 1dent1t1ed a a ;-!) 

d1b~omo-ft-resol"eyl1/e ac1t3 by mixed melt d ter•inf't1on • 

'th.el'e vas only a very s11all qU&nt1 ty of brown matertal 

(~ 1~) and the reP-ults ere 1n ~upport ot Fugon ond 

cKeover (g7) ho st£-ted thnt the presence or hnlOften 

tome on the r1n~ o u ~d tho r nct1on to be more 61tf1oult 

to etroct. 

Tb~ b~own compound wa pur1t1ed by cont1nuoa 

bo111nf !th v t r. fhe product had no m~lt1ng po1nt 

but ohar:red at 2110°. 

On an lya1a the ~eBult• obtained vere cons1etent 

with those of the corapound ~-4'-6-6' tetf't'bromo-3-1'-5-5' 



tett-nhydroXJ-i.-2 • d1ca~.-boxtl d1 hen7l ethane. This 

compound h~s n~t be~n de crib~d betor~. On tr~at1ng 

an p.queous and a lcoholic solution v1 th :terr1c ehlor1cle,. 

no oolour w~s obtain d 1n the tormer e •e but a eroen1•h 

ting 1n the l~tter. 

o.ondens;:~tion h" t! taken pl ee n<t 1 t would appeaJ­

th'- t the nitro and not the carboxyl groou.: wae 

rogoona1ble to~ the d~~ct1vftlng etfaet of th~ nucleus. 



I. 1:'5 Jti~ tOMO-;;~-N ri!~Ot1CYLI¥.~YD~ . 

3-5 D1brom~-re oroyl t ldehydc as syntheaised by 

the bro• 1n.at1on ot ~ -re oreylnl.dehyde nd the m-ethod ot 

bromin ~ion employed cons tituted a nc method ot 

prcpar t1on of ~-5 dlbromo-~-re orcyl. ..,ldehyde. 

!he yntnetr1s of ~-res-:>reylald~.hytle was pertormoo 

by m ana or the G tte~mann re etion on rosoreinol. (61, 

gf ). The broUtlnat1t>n or f -r~~oreyl 'lldehyde wars 

performed by tre t1ng l ..,ol ot aldchyd v11;h 3 llOlSJ of 

b~ inc. The brc~1nat1ng aolvent wa~ glqe1~1 acet1e 

a~1d. 'l'ht" stJ\llOtUl"e Of th bt"OAlin .~ t d p r-oduct W~a 

eonfil"IJciJ,l bi M ly $1 a 'n'l h~<i r- !Del tin~ po1nt of 200-201°. 

Var1ou.e rn.~ t ho·1a ~f r eduction 1" re employed nnd the 

toll01vlntt . ~thod.l , ere to.mtl to be or no u ( 1) Aluminium 

thylr~te, (11} tl· gnea1um chl~:r~ethylate and (111) gltlaial 

cetic c1d and iron. ~he mc·thod ~h1oh as ouec~sptul 

vns th c · t lytic h7dro~anntion or Al~ehydo~ us1ng 

pl t1num ox1d as cr t lyst (51). 

'l'be c a t alytic hydronmtt tion or 3-5 ,11bro~c~­

resorcyla liehyde yielded a red gum ~ideh vas found to be 

mixture. It \# eepar t~rJ into 1 ta Ci)taponent"· by 

di soolvin~ in ether and an insolubl e red t ar vn9 tilte~d 

ott. On treRtin•r. t he ether~al aolution 1 th petroleum 

ether an or9nt amorpboue compound wes preelpitat~ . 



( 1t7) 

r ro the an lys1 1t oB imoo~slble to ascribe an1 

possible ~troett.tr.e and 1 t as tltought to b resin . 

'l'he red. t tt woe pur1f1 If by trentinfr vl th tlCeton~ and 

petroleu~ ethnr nd 1te co~bu~tlon r esults ere almost 

1dent1eel to those ot the oro.nge r-morphou@ proouc.t. 

H nee 1 t ppenred thnt th,. orange a orpbous aubst nee 

va 1dent1onl to the red t~r. Hovevor, the orvngo 

product waa recryotall1serl again an~ more red t r was 

obt~tinEkd . On be1n~ combu(.tted ag 1n the results obtl!ined 

ore almost th~ m 8 before. 

Henoe 1 t apo,.,nred th"'t the substr-nce obt'lin ~ on 

the reduction ot 3-5 dibromo-1-r~~oreyl l~ehyoa Yn9 a 

re in . 0. rothern ( 93) reduced ~-re orcyla.ldehyli~ to 

o'bt in a gum. 

It w n a ~nown t~ct thnt ph~nol1o aloohols ~re 

very sensitive to the aot1on of minute tr c e of e1d 

~nd tdnoe traces or aeld vere 1ntrodueoo w1 th th terroua 

chloride, the addition or J\lkn11 m1pht be dea!r~ble 

an aid in th~ 1Aol vt1on ot the r ~u1rod alcohol . {1~, 

35, 93) . ~e r~uetion wRc r~peated and before t1lter1ng 

ott the pl tinw.u some !Odiu hydraxide ~ as dd~d (93). 

Qn filt~r1n~ o~f t he pl~t1num a elerr solution va 

obtr lned but in m~ttar or seeonds th. 6Qlut1on cPrkened 

to a brownish o~~FO colour. It nppenred thAt ~ v~ry 

unstable product w~s pref\ent which rea(i111 reaote~ to 



(48) 

g1~e a coloured prOduct. 1:he oolvent was removed by 

v cuu d1 tillation ~nd a red ~um wns obtained. ! he 

product dissolved in ~thor but no red t~r wno obt~ined 

aa ln the l~ot c ~Po. The eth.-.rettl. solutiof\ R~ tr4tat ed 

w1 th petroleum ethBr t nd an ornngc amorphous ubut nee 

wa obta ined. ro analyses d ta
1
tbe product ppe~red 

to J-eAemble that obt&1ne<1 in tha l •ct r et1uct1on . 

~oth orttnp;e amorphous oompounde ehorred at 25()°C ... 

the 09tyl ;t_erlv,.. t!ve ot eacl't ehArt.-ed nt between 

o.nd on t'C'e tment · or on rtqueoutt and r-leohol1o 

olution w1 th f E':r-ric oh.lor:\de no aolourr-t1on wae 

obtained by tha ror~e~ but 1n t he ~P~€ o~ th~ l~tte~ the 

aolttticm d'lrk~cd. 

The r¢duet.ton ?roduet.t; re~~"''ble~ 0!\1? anothe~ ana no 

po~~1bl~ structu.~ 1 for~ula coul~ be rorm~l~t~1. ~~nee 

th~ produet was ~ ~~e1noas mPte~1~. 

Il. ?-6 DI!n1>HC'XY-3=2 Dl, \Ll;)'L ~El!,:ZAL;n lfYD~ . 

«t'~e a ttempted s;Jlltbesis ot ?-6 d1hyd roxy 3-5 c11al1yl 

ben~aldehyd.e by mP~ma or the Oattet'1n8M t'enct1on on l~-6 

~1allyl resorcinol ns a new synther1 ~ ~nd 11k~w1se the 

comroun~ hne ~ct be~n deeer1b~d before. 

Th" i."~roduet w~ IJ P: 'bll"lck v1 ~eoue l1Ctu.1d "hich '"Hl . . ' 

gepar~ted into ~ ~olid a nd 11qutd oom?Onent by treoting 

· 1 th ether, t h fo~ er being 1n&'oluble ln ether. 

The solid coaponrnt ~~P. r ecrys t pllis d trom 



( lf-9) 

ehlorofot'"m and petroleum ether as a purple colou.retl 

m:lter1al wh1ah eubl1med ~t 1~5°0 . The eompound cont 1ned 

no n1 trogen and di d not g1 ve a pr6oipi t a t e v i th 2-J~ 

d1n1 trophenylhydrnz1n•.. Hence 1 t van ne1 thtu~ an 

ttldebydem r a oyan1de. t o an olcohol1c nolut1on or the 

pu.l'!)le product some h;rdroclllor1c 3Cld and sod1wn hy<"troncte 

were ai\<.1.® r o:opaet1vnly . !he fornh.U" solution remuined 

purpl(! but the l atter oh~ngQ<l to- nn oran~i ah eolour. 

t1n deli tion of hyfi.!"oehlor1 G tle1d, t o th.e ~lks.11ne solution , 

ths- purpt e colour w ~ :regener~tf.'d. H~ee th'!re as some 

J.t. It Wf.Je thought 

tha t hy~rogen cyanid~ hn~ added aero R tho double bond 

nnd th~ - Ot rrou-v wae hyd~lysed to a e rboxyl group. A 

possible l'tru.cture toT- the aei.d ".l'.s round to 'be 

OH ; - y'l· CH2 
COUJ 

l3rtd h ne not been 

d~aertbed before. 

Thta eth~r Poluole eompon~t. wns obt ... 1ned. by 

o1at1llj.~ ..... off th.e e t her. '.rh1e p rocluct save a ?.-Jt 

d1n1trophenylhydr~~onc wh1oh melted ?.t 14g0 • The ald~hyde 

was prP.sent in thi~ masS. . Actual pu~1tic~t1on could not 



(50) 

be broupbt nbout sine vacuum d1ntill~t1on ta1led , the 

compound d1d not torm the uodlum b1 sulphite a deli t1on 

complex anc on Jtttomptecl bydrol,rs1s or the ?.-l~ dln:l tro­

phenflhydrazone 1th ooncentrnted hydrochloric eia~ no 

reaction took pl ce even utta~ bo111n( un~er reflux tor 

12 hours. ~1nce th~ l dehyde could not be i~ol toi rrom 

tb1 A v1 seous mas& 1 t was d c1detl to "'>reparc the ?-4 

d1n1trophenyl hydrQzon~ hich v ~purified by d1 eolving 

in cetone and pr~1p1tated on an~it1on or v~ter ~nu to 

combust 1 t. l41orocombus-tion resul t,r ortered s.tro.ng 

~v1dt"nce 'for the p-reseneo or 11 mono fl l<lehyde group , nd 

the product qe thu thourht to b ~-6 dihydroxy-J-5-

viallylben~~ld~hydn. 

So!e of this :tldehyde m1xture was subJ~cted to 

cat lytic t-eductlon. fhc pre~1.lure 1m:ned11'J.t~ly dropped 

two .. ;>ounds tnd loJ)t!ng th~t a re ct1on was talt1nt plaoe. 

Th~ r~~ultinF. P.Olut1on was port w1ne colour nd on 

r~mov~l of ~thanol under reduced p~e sure black v1soous 

liQUid refllttlnfJd. i\ portiOn Of 1ih1S liouid V 0 tAkt!l\ IUld 

trent~ vith ~-~ d1nitrophenyJhyrlrnz1ne. A d1~tln~t 

~rqc1~1tntc Ynr- obt~ined 1nd1eat1ng thAt t be aldehyde 

had not h"nn r~J.tefltd.. ! he mel t1ng po1nt of' thn din1 tro­

'Phenylhydr zone w 112°. Htmee a reaction hsJl 

definitely t aken place ns 1nd1ented by the drop in 

p~eeoure and the melting point ot the dinitrophenyl­

hydrazone. 



Ohi hkov (?5) proved thut 1n all ca~PB the pres~nee 

or ~nother group between the hydroxy group 1nereasea 

th0 chemic 1 otabll1 ty. 2.1noe the nl<'-ehycle WlUl not 

reduced then the only possible re~ctlon which could 

trt e pl&CG aG thf'! 11ddl tton of hyaro en ecroas the 

double 'bonda.. 'l'hu there W&HJ eome ?-6 dicydroxy-3-5 

d1provylbenz~ldehyde 1n t hP v1~oou ~ aa and could not 

be isol t d .. 

Jienco lt lla; poss ible to oo~e to the conclusion 

that aome ~-6 dihyaroxy-j-5 diallylbenzsldehydo ·a~ 

nrepa.r.ed by the G ttQrmann reaction on lt-6 dlallyl 

r esorc1nol. 

In April 1951 Finn tmd 'uaty {94) u ae<l 11 thium 

aluminum bydr1de tor the reduction or phenolic nldehydes 

to phenolic a lcohols but th1 ethod or reduction oould 

not be mploted bet> US$ ot the time it .oul d t f4ke in 

obta1n1n the reag nt. 

'!'he unrortunn.t Sbo~ e11 or nll1l co lfJOund& 

prcvf!tlt ed the tull xplor~tlon ot lilallyl r,-norcinol. It 

woul-d appe r ttv•t a. new lintt of a tta ek ould be the 

r eduction of di:Jll7l rer-oro1nol to <lipropyl re""'Ot;e1nol 

which would "'limlnato s 1de ~r·recta due to the allyl · 

oouble bond. Fu:rthP.rmore, d1propJl.r,.. ore1nol 1s a solid 

nnd hence ould be much ensler to ·ork v1th. 



ft. 0 0 J C L U s I 0 H S . 



The present work has been performed 1n order to 

aurver so•e posa1ble lines or attack or the problem 

of tbe resorc1nol-tormaldahyde condensntion. The direct 

conden a t1on ot blookeu resorc1nols ~lth formaldehyde 

hati f ailed. ~.vidently the phenolic Aloohol if formed~ 

was extremely reactive and eondanned ~apidly with any 

fr~e po~1tions in thn r1ns ot the neir.hbouring moleeule. 

rurthermor~, if R hiphly blocked molecule vaa UR~l e.g. 

tl1bromo-J -l"er.ox·e:rl1e acid , dinitl"'resorolnol, 5 nltro-/ ­

resorcylie eid the deactivating eff&ete of the groups 

hs.d to be oonaid.erea a nd. 1 t was found that the nitro 

e~oup WfP th~ mn1n dea~tivRting gro~p nn~ al so sterle 

effect Rppoured to arise. 

The po~s1b111 ty o:r chloromethylat1on VMJ demonstrated 

·1n the enee of 4-6 diallyl r~sore1nol but ~upply 

d1ff1eult1~s prevt-nted a thorouj?'h 1nv~stigat1on . · hil~ 

the oth(tr eo poun<ls yielded methylene b1e-der1vnt1ves. 

A more re11abl~ ~ethod would ~ppea~ to b the 

raduet1on of nn nld~hyde to the aleohol. £v1rlently the 

reducing agents used were not gat1ata etory. Po G1bl y 

11 thlum aluminum hydride wh1eh hos very rec ently become 

F;enernlly ?Va1lnble mi ght btl more aueoesef'ul as the 

~enction conditions were very milde ~ster reduetlon 

~1ght also be used w1th advantaF.e. 



Th experiments with snl1yen1n h~vo demon~tr~ted 

thr t the eon~Pnsrt1on <mpPe1 t1 of rl'Ynorc1nol de?.-nded 

on 1nteroction or r eeoro1nol with a r~sorc1nyl aleohol 

and 1t was the r ot1Y1ty or the latter ~~ther than the 

f'or:n~r that was expedlpnt. 

; 





3 11gen1n W:l ur P-psra by thP. e.~tz lyt1 c 

r~duetion of rnl1 oyl~ldeh7~&. (9J). 
2. CONP :. 3Atl0K OF' 5 

(a) 

ftC 

1. ~1• gm of sal 1K~n1n lllld 1.1 g r 01 r e or~1nol 

.·ere eond na~d in 20 al. 6 eulphur1c aeld d 1n ·bout 

t 1ve 1nutes n thiek1 h white prec1~1t t e w out in~d. 

The mtxture w ~ lnrt to ~tnnd tor n hour nd the 

pr ee1p1t t f1ltere~ o!r. 

Th~ ~o poand wn roun~ to b oluble 1n th nol, 

meth"nol, acetone, ether .nd isopropanol and 1n hot gl c1 1 

cet1c a e1cl and vnter hich on coolin~ y1eldet1 a rall ky 

u pen•don. lnaolttble 1n benzene , ohloY"'torm nd p troleuM 

ether. The best •~th~1 of r~cry t llis tion s from ether 

n<l pt!trol!ltUJ PthP.r .. dnrkened. on ~t nd1ng 

r-nrJ h d "l 

UHS'riON OF ~0 OUND 

(l) 6.70S ~- ot eo~ound g ve 3. 465 mg. or H20 

nd 17.661 me. or co? 

lie ~:a 71 .gor, r~ = 5. 1~ 



( :>) 6. 9311 fft(S • cf compound g&.Ve 3. 657 mg. f!?.O 

and 1!.4~7 mg. of co2 
/ C • 7? .. 7) ~ )m a 5.900/ 

(3) 5.937 mg. of compounft P-c<V~ ).C57 mg • • 120 

and 15.606 mg. ot co2 

J.. :?14-

.... c =x 71.69 , 

·e n ~c = 7?.o7r , 

l' '!::: 5-761 

U = 5 . 2U 

013 tl 2 03 r~rtuired 72.?1 c, 5.55 ;.H 

(b) 1\.Llt .LI Ctt'lA!.!: St:O OCtfl)~·s ~'r.tOUtt. 

(1) A'i ROC. f~LtV~. t"Jli~ . 

gtta of tutl1ren1n ;~nd 1.1 grr.s o t r ... sorc1nol 11ere 

eondenP 4!!i in 1u0 ml. ot 1h~ FJOd1.urn hydroxide t~ncl the 

m1 xtu:re W:l':I.S l~tt to s trm1 tor a v eRk. 'i'hP a! xtuxse vae 

neutr·:tl1se<1 with ~laolal a tJe t1c ac1d and extracted w1 th 

eth r. ! he ~th~r was r emoved by d1Gt1llat1on ~nd a 

r ddlnh coloured 11qu1d wa8 obtained which erJstall1aed 

on coollnt(. The product W:le recl"ysta ll·toed trom benzen 

and on examination of th.e oryst alf\ needles and pl ates , 
were observ~d. ~e former w v eharaoter1at1o ot 

~e orcinol and the l~tter or aal1een1n. On treating the 

product with bentene 1t all dispolved 1n~1e t1ng the 

abeenee or ?-2'-4' t~ihydroxy d1phenylmethQne. 

The separf!t1on or the sal1~en1n-res-orc1nol 1xture 

~~a v ry diftieult but fr ctton~l cryatall1 e tlon w1th 

benzene WPJS omoloyod. . rowever, 1 t E(aV P. ~ood results ror 

resorcinol but to remove t h las t tr cee of resorc1nol 
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s extreu•~ly difficult. 'l'he f'lrrt 

rr· etion obt-int:d oon '!1 t ed ot r,..e~ore1nv1, , el t1nv, pol nt 

J 10° n ·• tbe yield wee .rbout :1 g r :lm. but th,. other 

fr ett ons h!'!d di ffuae 11el ting points V7:l"yin" fi·om 70--PJ;0 

0 
h1<!b were lo, for the melt1nf{ point or s ~11r~~n1n, 87 ~ 

nd 1 t seemf!d ~lmo.-:-t 1 ,"~O~rriblA to ~amove th-· l a et tr et s 

of rP-sorc1no1. In o~,~~ to p~ov1nP. v1~ uee tor th~ 

bov~ ~ .txture of rP~o~clnol nd ! llr n1n s tr C'tion-

r-ll.Y c:ry t·ll1a d. fhe fir.t fr ct1on t'!Onrt=teil ot 

ret:Jorc1nol •hlle the oth*'r rr-ct.ione h d the g we 

v rir tton 1n el t1n no\nte s w a obt! 1n d before. ·ven 

t~.:ft"r the fifth tr·1nt1on P :')0 1 tive r<"!sore1nol te t "' a 

ob l"'Vec, 1Jy t:rFntln.g 1 n l'lf.1Ueou.s solution !·•ith "'Ot"1Uiil 

hydrox1>1 e sn d oru:- drop or !!hl or•otorr.o, on 

eo lour w c obt in (I'd . 

rtinrr n red 

'R<"~A-etion t;,et non r e":lorclnol ml oal1~rrtn1n had not 

t ken pl.rce. 

l. ?!~ gma aal l P'en1n ~nd l.l gms of l"ecorclnol U!lre 

conl nacd in 20 ml. of 6h sodium hydroy1de ~t 6o0 c tor 

ll r1ours. On coGlinr, the aolut1on solL.1!'1ed n:l the 

s filtered oft. the tiltrnt~ W3 

nrutr·l1sed .lth dilute ~cet1e ne1d and cxtrret d with 

etn~r. On ~1~till1n oft thr ether ~Ol.i<l e. obtt'1noo 

whlch P.eP.~•r ted D:: ne,.<\1 ~'6 fro brmr.ene. Th1e product 

v s 1d~nt1f1~d s. rcuorc1nol by ix G f;1elte . The yl ld 
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, r {:bout ~" f'r'lm and one!" .Ag: 1n 1t Pp"'>enred tht11t s:~ l1; ~nin 

h~d not eonrlPnqoo 1 th re,.,ore1nol. The ~ol1t.l . t r1~1 

a.~PcrrP.d tor s~mbl.e f!t'11r"en1n. aom~ v~tcr ~nd or~ lknll 

er~ .~ tied to 1t. 'fill! ~ol1d cl1eN~lvee and the rettult1n£" 

~elution w s neutrttll P.d w1 th l1lute aeet1e tl.01d. Then the 

neutr.,l solution w extr~. cted 1.11 th ~thor. the ether 

dif'tillPd oft nf1 th~ 'roouot w- a recryst·ll1 ~d from 

b~nzene. fh~ pr~Juct rnelte~ at ~~0 ~nd vv.s 1denttt1ed s 

ar.l1 en1n. 00nd~nft~t1on b~tween s 11gen1n nil rerorc1nol 

h d t 1le·j . 

(iii) 1 l00°C. 

The eon ... enltl't1on v s _"'Pin repe ted nt lOJ°C tor onfl 

hour with 0. 4/ t~odlu bv lrox1<1e olut1on. ~'h~ ..-·olutlon · a 

neutr· l1sed rith dilute cetic ~o1., t-nd xtrt~eted w1th 

~th r. On removal or thflt" rcdli1 h llo\t1d vat; obt 1n~d 

wh1eh cryat"1l11~M on et· mUng. lht~ ··ro!luot a-,.per.red to 

res.-mb1 ~ th.l\'t obt 1ned whon eonclm; t1on o onrr1 .- d out 

t roont tcrnp~rtt t\lre llnd vne !HHnectP.d to be "liv~nln -nd 

rerzoreinol. 

Ti' m re?ul tn \-t~l"P. obt 1n.;d a · tor ( 1) 1n th~ 

f'rt•etional er:y1;toll1 r tion or th~ >l"'o(tuct 2nu no insoluble 

pl'Oi1uat v s obaenod. Re~ctlon hart f ailed . 

. o. e ,,..t1tr-,n1n wa ho t8d t l00°C tor r-n *'lour in 

POlutlon Of 0.1!/ f"OrliutD hyJroxide. The Ol Uti on 1fn 

neutr llse<J 1th e11uto t·c~t1c · ci1, eJ'tr..,cte.-1 •ith eth,.r , 



P.thnr removed. '1nd th"' ·JrO<luct w s ~ecryst:-111 sed rrora 

benz n~: The t)!'Oduct ael ted .at 6 ,oc nt.t wa 1t~~nt1 fled 

ee s~li enin. 

S. lip-:~n1n ~111 not condt'nse with 1ts lt a t .100°0. 
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B . f.l C'1'10K5 

I. 1._6 PI HROltOH ~ORCl ZOL 

Thi~ eo~1ounrt vn aynth~ ieed more succes tully 

by Zeh~nter's method (6o) thFn 'by Kohn nnd L6ff1a (6~). 

( 1) .liON OF 4-6 nit flO OR~!:uaf!lNOL . 

7.ohentcr' r. ethod con~1rteu in dl1ng t·o mole or 

cool ed bromin e 1n c~rbon d1~ul~h1dc to r eooled susp nsion 

ot 1 mol rP.Po r-c1nol 1n the an o eolvf'lnt. Prrct1onlly ll 

th~ r~soro1nol ~le~olven And th~ liau1d v & QUickly 

filt~rP.d beco$1ng a solid cry t alline mae on nt~ndln~ ror 

a short t1ma . The ,4-6 \11bromort'laorclnol wae p ur1t1!"'d by 

recryst8ll1ae t1on from water. 

MvDIFI~ ·· ION. 

It wna found tbtJ t the a me y1r.ld ooul~ be 

obt inPd by not til ter1ng and nllo •1n th eubet P-.nce to 

orya t.-•111f'!c out 1n th r a ction fl i'P:.k. This mod1finat1on 

was oaapl0 7 d. 

l ohn ~nd t~ff 1 s ethod used e rbon tetrn~hlorld 

~ th brom1n~t1ng s olvent. 

(?) •. OR.;I lUL , I1'ii 

( 1) • bout l ft o f h-6 d1 bromor .,orolnol w ~ t~k n 

nt1 r.l'l saol ver.l in th~ m1n1mll'tll qu nt1 ty ot nb olute 1leohol. 
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To th1s solution waa added l ml or 6 N hy-:l:rochlorlc cid 

toll owed by nn exeess ot 40;£ fQrmal1n. The reaul t1ng 

solution was heatod on a wate~b-th tor about throe hours 

a t 60°0. and then evaporsted to half volume • 

.At tht' commencement ot th'3 OXPeriment the solution as 

coloarle~o but on hPnt1ng tha colour chanr-ed to yellow •nd 

d~rkened w1 th th~ tornsatlon or a brownish re,d prec1p1 tf'lte. 

fh pree1p1 t r te wan til tered ott nd the til tr2t~ v s 

extracted w1tb ~th4r from which no solid m tar1al wae 

obtained. 

!he experiment v « repeated U91ng (11) acetic ae1d 

89 solYent~ (111) by d1~solv1n~ the d1bromoresoro1nol 

rl1reetly 1n formalin 8nd unln . h1drochlor1o acld as the 

e t~lyfllt. 

~ obvtou~ difference 1n the prOduct tor theAe th~p,e 

exper1m nt was deteeted. 

The eondena~ product vae inaoluble in methanol, acetic 

snbfdride, glaelnl aoet1o ae1d, ether, acetone, ehlo~otorm~ 

bcm~ene, c :rbon d1.aulph1oe, abeoluto ethAnol, oyclo­

hexanone, Y4te~ but sp r1ngly AOluble in ben%,aldobyde to 

g1ve ~ deep red olut1on. The product wsA v~r.y insoluble 

and on elO$~r exam1n t1on 1.t wae found to be- 9 orphous. 

An ttempt to detPrm1n ita .olP.nul r weirht by the 

fl. st ~·mphor etho1 (61) ~lao f'*lled beeeue~ of the 

in ~lub111ty ot the oondeneed ~Poduet. 
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The oond~nsea produet had th foll~ing eh~r eter-

1 r! t1ee . (I) It ac very 1n~oluble,. ( ~~ > I t ~~ lrl not malt. 

( 3) lt 'W a amorphou~. lt epp : :r~d to bn a r es1n which 'I a 

defined ( 63) as a ~olid or semi solid , complex, amorphotu; 

m1xtur or o~~an1e substances having no detln1te m lting 

point ttnt" aho•·1nrr no tendency to er)'stell1se. 

(b) C\JtfO (FEHI\.Ttnte. 

(J! RtPHvCHLCtUt~ ACio C ~ ·J YS1 q. 
\bout 1 ~r or ~-6 nib~mor ~orcinol ae tre~ted w1th 

n exef>.:re or rormr 11n (ItO~) nnd 1 ml of 6 hyt'll!"och1or1c 

aci~ . 1htt solution wa~ left to ~t nd tor week. At f1r~t 

t he •elution 'P eolourl nss but ncqu1r~d a tq1nt yellow 

colour. A f1ne i)rea1p i t t e 1n exc ed1ngly nll uant1 ti Pn 

separPted fter the thlr~l day but t ne yield vtts so maall 

tha t the praclpit te w un orknblc. The exeesa for 1.1lln 

waR r e ovrd by very C"rBful ev~pOl' t1on to ~bout hal r the 

voluae Pnd th pr~cip1 tAte obt 1n d was t1lt r el orr. 1he 

t1ltr~t~ • s extr eted · ith ether trom wh1eh no olid 

a~ter1 1 w 'iJ obt 1n'ld . The pree1p1 t te when u.:ry vaa a 

b ro .m waorpbous p oy'lder. 

The product "a~ insoluble in llf' th11.nol, petroleum "ther, 

11gro1n, ~l ac1al 1e~t1c acid, ~thor, chloroform, ater, 

benz~ne, xyl ~ne, Ap1r1ngly soluble i n hot ~ cetone and 

aoluble in hot n-butiUlol troU! hieh 1 t t.l r eeryst, ... lll o~d . 

'l'he :pur e eor.rpoun(l was browniBh in colour, l!lorphous 

and had no melting point. 
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M'lCJfQ'jO llfS'flON Of' fnC.:UOT 

(l) ~-579 mg or compound gaYe 1.760 ~'or H2o 
ntl 5.955 or co2 

1-0 = 35. t~6i', 

(:-:) 9.9JC uw of ooiT!pound f! ve J.81U · " H20 

En~ 1?.92 mg o~ co? 
%C = 35)t0 , ~H :: h. ?9;b 

~an )G = 35~k3~, ~a= 4.10·. 

Tb~ Fr1ngehe1m Sotliu Perox1Je it1Bion etho 'J {i)}t~ 6~ , 

66, 67) 'tP.S f'mvloyed.. 

( j.) .1276 ftlD!l Of product r~ve .1159 CtD oRr 

"' e:r = 3g . 66 

(?.) .ll~ 76 r,m ot t)roduet f(ave- .1339 gma Br 
nr ~ 3lL 6l..l 

f n % Or = 3«~64~. 

to a s~: 1· n a tructur'" l toroul h vlnp· the!JP. "1 ven 

pcre~nt ~es · s v ery d1ff1cul t ind~~t d . 

'fh1P. c~.:ndM ed 1r0o.au:t hf'~ 11 th ch rnctt"trt .. ticA ot 

r~~ln 1. ~ . v~ry insolubl~, no m~lt1ng point ~na morphous. 

( ? ) ~tJ(ALI CA1ALI~BO. 

1. 3 ron1 of lt-G d 1hNti.Ol"e'JOreinol were rH NJOl ved 1n 

100 Ill or lJ"' ~.<odium byr1rox1de .a.rHl O.lt @IUS of J~o;.; :torawl1n 

a 1 (.~ed. fhe r f'·Ult1n., solut1on wa~ l ,..tt to fl t :-- n tl for a 

ve~k. or bettP-r until t he odour of ro-rmaltlP.ltJ<le tlt ;.:mrrp~_<)r~d. 



fhe solution d• rkened on stan.(l1ng to a reddish brown 

colour by the end or the fil"t~t dt~Y. but by the end of the 

·eok,. it was b l ack. The s olution Y'.ls ae1d1 fi"d vi th 

~1.11olal a eette aeld.. Th1B ··us a1v1dod lnto t .10 main 

porrt1ons. One of th., norttona wan all o ed to Atnntl tor 

tl fM~~ r ~ya and a n~m -;lu.flge "ntfl obt~ined vhile the other 

on tl!'*tu• tmcnt with ether 1m.mutl1nt~ly yi,...lded a bro"'n eludg~ .. 

I n beth ca&ee the supernr~ten.t l1nu1d wnf; l"F)lfiOV~d by 

eentr1tug1ng. 

The product wn~ inaoluble ln ater, bon~ene, ab&olute 

gt.ht'nol,. mettmnol, eotono, vl ac1.nl u.o(lt1e ae1 d, n-butn~ol, 

petroleum ether, xylPrie, Pther an1 chloroform. The pro~Qct 

w e very tn olublflt tvl was pur1f1Pd b7 di saolvinr in 

sod1um ttyCJrox1d~ :-tc1t1lty1nf" with ~ .. l~e1tll cet1c acto and 

then add\n1 ether. 

!he pur~ compound vns brown 1n colour, amorphouo nnd 

h~d no melting point. 

MlOiU)COMBUSflON 

(l} 5.611 mg or eompound ,rave 1 .. 2141 mg ~o 

nd 10 .. 01. mg or 002 

].{; ~ ~~g. 64,1' j~ % 6. l.t7J 

(P) 5.15? ~7 of ~ompound p~ve ?.956 mg H20 

~nd 9 .CJ9l mg of 00? 
to !!'; t~tL 11,.,. /ti e 6. lt?~ 

Menn i C = ltgp ;g , /H = 6.114;· 
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Only~ a1nutc t~aoc or h.l1~e ~n tound to b~ 

(o) 

'l\lo peel. 

• 1 th ~ t'Od!WG hydl'"Oxi'l~ tmd 4C, t"o~lin r eptJoti v 11. 

lett to st nd tor w k .. 

(1) ~·~Ci'lO. 
f • I fl 

The olution oolourl~ a &nd • pr c1p1t te w a 

obtain d 011 dd1 t1on of 6 ~ n1 trl~" L cld. The p~~c1p1tate 

wu.a 11 t r d off an ·n pont t1v ~ h log .n t at w ~ obtalr& 

on treat1n th t1lt~~\e ~1th dllv ~ ~t~at~. 

~b to~ lin w r•~n 1ble ro~ tb~ re~oval ur 0$8 

ot the bromine. 

'l'he olut1on vas yel.low in eolour an..] on . elu1b1ng 

\11tb 6 n1 tric no1d s b:ro nlsh prec1p1 tGte - G obt ined 

wh1nh v tilter&d ott. fbe tiltr te y1alded pos1ttve 

'oet with e1lv~~ nltr te. 

?he aodiuta hydrox14 w rc .. ponalbl ror r ov!\1 o'f 

ao e or the br~1ne nd w a r~ etf1o1~nt than the 

to 1n. 

~) ~4.11 
Ab~ut 2 grn. a of l~o-6 dl bro:aorr-ilOrcinol were t~ tod 
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w1 th 100 ml or 6 N tJOdlum hydroxide nna the aolution ves 

he~ted tor tb~e~ hour~ on ~ vnterbath. At the stort tne 

eolut1on wn~ ~olo~le~& but darkened on heating to brown. 

Dilute ulphur1e acid va& added and colourless needlP.S 

eep~~t~. fhi compound WA~ reeryatallised by d1seolv1ng 

1n 6 W eod1um hydrox.1de and the eoltation vae Junt 

ae1d1t1~~ w1th concentr ted hydrochloric ~cld. ~h 

prec1p1t~te VA t1ltered ott and w~shed thoroughly with 

w ter. ~ h lo~t>n e!lt1D\ t1Gn lf!la portormed on the compound 

to find out if the broru1n RF. b&d b~ n r~~vea. 

U AI.OO ill T~ 1 I. .\ '1'1 ON 
_.. .. , 1 n·u• :••• ••· 

(l) .0691 ~ms or eo~ovnd g ve .oggg gm ~Br 

~Br = ?lL 76'!-

(?) • 06?5 gao ot COP.!pound ~Al'V~ .. Ctl65 g:n .t\qHr 

#~::r = 5g .. g9~· 

ean ~Bl" = !)6. g3, 

!his R011d YRs the origiMl oompoun(l ~nd trora the 

11 t~l"tl.tur~ 1 t would aPPear thn t tl'-14!1 oompound 1f3 'l very , -
slurtr1a'"' ir: btt.tng 5)r~e1-p1tnted tJ .. I)m actd solution. Thus 

the derivn:iiiv _ m1gh.t be 1n solution. 

some mor~ l.l-6 dil:;romox-~aor:!1.:to1 v~a bo1led with 70i 

alkali tor ab~ut an hour and the olution wns ~c1d1f1ad 

~lth eoneentrr.t~d hyQrochlorio acid but th1~ ti2e there 

w ,.•llllll y1elG of a bl -,c.ldsh subst!mce. 'lhe solution 

was lott exposed to the Air tor a re days. The crystals 
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wer9 ax rained under . r.tieroscope ttnd ifere found to be 

s all blaelt,. ~l~d~r plat~e te~m1ns.ted by a stnP,le pla.ne 

t "ln obl1que an(tl~S and ahow1ng a J'elloY re:f'le1t and 

appear.e~ to bP 1~Anti~al to tho~obt 1nn1 by Jneknon and 

Be5£!~ . ( 69) rfl~ pretJence of ~tome tetr. h;droxyb.,nzene 

w s 1nd1e ted. Some or tho Rl~lt solution W&B kept, 

neutr~lis d and tr~ated ~ith re~r1c ehlo~1de. A blgok 

prcec1p1 t !\te w 1 obta1naa :.md thi result waa 1n ~.t-ee en't 

1ti.th. tU."t~k.1 n1 f ohm11t (70) . Tlsun the~ l1a1l JJore 

vtd~noP o t o th'! pre"anca of .llOl:l., l : ~: 1t: 5 t~tr 1byi roxy­

ben~ene . 
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5-llTno-/-a~~ORC!LlC ACI D. 
' thia oocnpouna vas e;rnthea1sed by the n1 tr t1on 

or f -resorcyl1e ao1d. 

(1) sr THESIS o F• ~ -RF .• SOROYLIC ACID. 
I 

The reqtl11'ed ae1d vas prep red by the a ct1on of 

potaeslum bicarbonate and carbon d1ox1de on resorcinol 

1n aflueou.e solution and the potl'ss1urn salt ot the aeld 

wa hydrolyAed with concentra,ed bydroehlorio acid to 

give ~-resorcyllc acid (71, 7?) . 

< 2) RI,TRATIO .or A -R~SOROYLlC A.Cll.l. 

V r1ous methods ot n1tr~t1on e~e employed nd the 

best ethod we found to ·be thnt ot "•1xed aa1d~· in 

whicb a yield ot 6o~ was obtained. 

F!TROD (1) P rekh and Shah (7J) obt 1ned a yield 

ot 55~ by tre t1ng dry ~ -re oreyl1c ae1d vi th 

concentrated n1 trle ao1d and special precaution · w r" 

t ken against tht) wntor or the ntmoapher~ . On repeftting 

th1s work A yield of lt5;,.; 11UlS obtained and 1 t as obs'JrVed 

th ton addition ot concentra ted nltrle ac14 a very 

vigorous reaction occurred. lt v a al eo foiJnd tha t the 

nitrated product could not be r ecr1st allised t~m 

m thanol a« vas stated by Parekh and Shah but could trom 

water and wnter-methanol mixture. The rormer gav~ long 

vhite needlem, while the l a tter small needles. 

HeamelJnaJl" ( 74) prepared styphtlic c1d and 5 n1 tro­

~ -resoro7llc ae1d by nitrating resorcJllc acid and in 
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order to 1ncreaae the y1eld ot 5-nltro,£-resorcylie aci d 

tbe t-eaet1on tlaek vas placed in a t:ree£1ng a1xture ( 75. 

76). !he trpbn1o aold was removed by diasolv1ng 1n 

water (76). 

MODirlCA1.'lON . The Parekh and Shah method v s 

repeated but the re~ctlon flask waa placed 1n a treez1ng 

alxture nd the nitric acid vas cooled before addition. 

gxe~es v ter va added to remove any styphnlc acid end 

the yleld of the 5-nltro-/-resorcyl~c aeld was 1noreaaed 

to SO%. 

Jm!HOD ( 11) "Sod1uo nl trate and coneentr ted sulphuric 

ae1d". 

5 grams ot J -~~ororllc acid we~o ixed wl th 5 al 

oonoen~ ted eulphuric acid and the re ult1ng mixture 

e placed 1n a treez.1ng mixture. Then ; . 2 gms of sodium 

n1tr~te we~e •lowly added nd tb mixture v1goro~sly 

at1rred. fhe nitrating l!dxtu"e was lott to stand ror 

12 hours; diluted 1th a laree exoe ~ or water and the 

nitrated 3C1d til~ red orr. The yield or pure 5-n1tro-

~-renoreyl1c ac1d vas bout 40 • 

METHOD (iii ) ~xcess concentrated n1tr1e ac1d. 

The mod1f1ed Parekh and Shah method w e Pepeated 

but 36 ml ot concentrated n1tr1e ac1d were added to 5 gms 

ot ;.-resorcyl1c ao1d. The yield was bout 50%. 
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MltfHOl) (1Y) Mixed aclda - eoneentrated n1tr1e and 

sulphuric acids wePe employed. 

)0 ml ot a mixtttr• ot 2:1 60!C nttrle aeid and 99$ 

eulphurle acid were thoroughlf eooled and were added 

slovl,- and w1 th constant st1rr1n{! to 5 gt-ama of J -reflO~cylic 
ac1d. contained in round bot~omed tlask vhlch wae 

placed 1n a tree&lnr mixture. The tlaGk w 9 lett in the 

mel tlng ice solution and then in the reau.l t1ng 1ce water 

'for 11 :tKuu•s. •Jben the 1ce water ha-d atta1n$:d the 

teaperature ot the room 1t va r oved and the altratlng 

rd.xture vas left to stand tor 2"· boura. fhen a l arge 

nuan'ti t1 ot water vas added. the mixture well shaken and 

then t1ltered. The product wa9 recrystall1sed tram vntor 

and the 11eld was about 60%. 

For the nitration ot ~-reooreyl1c c1d to form 

5-rti tro~-reeoJ'eyl1c acid tb" m1xed a.oids mathod vas 

employed. 

5-n1 tro~-rcsoreyli c ac1d oryatall1 sed as yellow­

straw coloured needles trom e1 ther water o~ from a water­

methanol m1xture and had a m~lt1ng po1nt of 215°0. 

(J) ~O~DEN!A~~9H ,01 2:WITR~-R~~OR~IC.AC1D 
•• I'ffl llQ!, PpRMALI!. 

( a ) ALtALlRl?. CONiil TI ONS. 

(1) One gl"am of sample was dissolved. 1n about 

2 ml ot 6 N $Od1um hydroxide and (a) large exeess ot 

formalin (4Q%), (b) ellght excess formalin, the solution 
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being Just c1d, vas added. After t::ttand1ng a t room 

tempera ture tor a week Gnlf the unchanged ae1d could 

be 1eolated. Thus no obvious reect1on had ()Courred .. 

(11) One g~am ot ea~~ple vas d1eaolved in 

methanol, 1 al or 6 N sodium badroxJ.de was added followed 

b7 (a) n l •rge exees ot formalin (40$ ) and (b) a sl1gbt 

oxcees. !be eolutlona were left to •tand roxa a week at 

room temperature and were both yellow 1n colour. Orirthe 

the unchanged acid could be 1eolnted. 

In both the above cases the products obtained were 

reorystall1sed f~om water and from mixed melting point 

data 1 t wa8 deduced that no rea et1.on had occurred. 
I 

!'he eX}ler1sente e:re r epeated b;y he ting on a 

waterbath tor 5 hours o.nd once aeatn reaction railed to 

t ake pl aoe. 

(b) AC1DIO COHDENSATIOHS .. 

The ethod employed hare v s that used by Fishmann 

( 77) to obtain methylol derl vat1Y s of o-n1 tl"o-phenol. 

1 Kr am ot sample vae condensed v1th (n) o.; g~a 
and (b) ~.5 gma of 40J formalin 1n the pr esonce or 
J grame con~entrated hydrochlo~1e ae1d. the m1xtu~e 

was allowed to st nd at roo• te~~erature tor a veek and 

the materi al t1ltered off. 'l'h1s m ter1ttl ·vas 1dent1t1ed 

a 5-n1tro~-reeoroyllc by perfore1ng m1xed melts . 
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!be expor-tmente 14ttre repeated b7 d1geat1~ on 

eand ba\h a t 60°C. tor 4 haure and once gain onlf 

the unchanged c1d v a taolnted. 'i'hla v t9 provod by 

tak.lng a1xe<t Ot;tlta .. 



III. ~-lt DlNITROll.f.suRCf:NOlt. 

2-4 D1n1 troreBO:reinol wa prepa~ed b1 meana or a 

two stage syntheais; (1) the erntheel.a of 2-4 dltU.tl"Geo-

. resorcinol and (2) the ox1de:t1ca of 2-4 dini t~oeore~rclnol 

to the a1n:1 tro derivative. 

( 1) S:nlfHli!SIS OJ' 2-ll- DlNITROSORUORCIIOI.,. 

fh1s compound 11a1 be s,nthea1sed bJ e1 ther the 

r1 tz • s or Schul ta 1 s m~tbod ( 78). The to:rmer was found to 

g1ve the better y1eld (!SO'). 

Br1etly r ttz•s method was to treat a cooled (0°0.) 

aa-ueou.-s s-olution ot resoro1nol vi th glac1al acetic ac14; 

then an aqueoua solution ot 2 mole potassium n1tr1te w~e 

aMea. Aftel' a qua~ter or an hour 2 mole a of eool ed 
.I 

dilute sttl.pb.ur1c acid were added. 'the m1xture was thP.D 

,.omoved tt-om the free:a1ng mxt•~e ond allmred to &tand 

tor 1 hour. !he crude proc1p1 t~te of 2-Jl d1n1 troso­

reso~clnol vas filtered or-r a nd could be pur1f'1~ f'rom 

50% sloohol. 

( 2) OXIDA1'IOH OF 2-lt- DlNifROSORESOftCIHOL. 

!Coetancck1 at'td Fe1n&te1n { 79) o:x1d1s~ 2-h d1n1troao­

re~oro1nol to the re~u1red de~1v.at1Ye by us1ng 

conc~ntr~ted n1tr1c acid in the rat1o of 1: 4. !he reactlon 

vas e~1r1ed ant in rree,lng roixture in order to pr4vent 

the form.ntton ot styphnie ac1d which v,~ts removed by 

sbak.1a~ up w1 th 4 l arge quanti ty or water. ~e product 

vae: recr,Yetallised trom wnt~r Md tbe y1eld wa.s about !0$. 



2-4 Dln1troresorc1nol orystsllised aa tlake• trom 

water nd had a msl t1ng point or 14o0 • The ooapound va.• 

sp.qringly soluble 1n ethanol nd acetone and soluble 1n 

chloroform. 

( J) OONP!!NSAfiOH OF ?.•4 DINI1'UOR~OOClJJOl. 

,li!ff 40! fORH.Al:I,f .. ,. 

( a ) AUA.LINE COWUENSA'rlON 

One ~rae ot substance w a o1Beolved in ae~tone; 

a nall (fUant1 ty ot Odlwa hydroxide vas added tolloved 

b7 ( a ) a l arge exce a ot 4~ formalin nnd (b) a eli~h~ 

exeess of 40$ torrnal1n. 'the solutions were left to tand 

tor a week a t room temperature. Vrom th product only 

?-4 41n1troresorc1nol could be 1sol~ted and th1~ v~• 

proYed by mixed melts. 

the procedure was cam e4 out at 6o0c. but again 

no reaetlon took p!nee. 

(b) ACIDIC CONOiNSATION. 

One graa ot d1n1tro derivative vas tlonaense<l 1tb 

(a ) 0.5 gms or ~ tormnl1n and (b) 2.5 Fme ot ~0% 

tormal1n# ua1ng J.O gms or conoentrnt od hyorochlo~1c ac1d 

aa ~tal1st . The m1xture wae allowed to ~and ~or week 

at roo0 teaperat~re. Aftrr th g1ven \ime the aolid 

material was filtered off. It nss 1dentlf1ed a 

d1nit~oresore1nol, mixed w1th a sm~ll quant1t1 ot 

paratormaldehyde. 
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the oonden-.tlona were repeated at 60°C. tor 4 hours. 

ln both CllSes lfb.1 te and yellow eol1d were obtn1ned. 

Tbe tor er wa• proYed to be.paratormaldehfde. The yellow 

aol~d vas r.oer7stallised from water and vas 1d~nt1f1ed 

as un~eaoted d1n1troreaorc1nol bJ m1xed melting pGlnt 

determ1nat1ons. 
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IV. 1t-6 DIALLYLR!J!lOROifiOL. 

q- 6 Dlallylresorcinol v s prapared by t1rst 

preparing the dl~llyl ether ot resorcinol subJecting 

1 t to pyrolysis, when the required comp-ound vaa obtained. 

(1) SYB'mtr..SIS OF DlALLYL ETHSR OF Ri<~~ORCU OL. 

!he method employed s tb t due to ffurd, Greengard 

rftd Pilgrim {gl) bo tr~ ted re~orc1nol 1n an acetone 

solution v1 th anhydrous po't3.s.s1um ea~bcnate and allyl 

bromide. Owing to th~ hort~e ot allyl bromtde 1t vaa 

p~eoare~ by the action ot hydrobromic a~1d on allyl 

loohol ( 61). !he y1eld of the dlallyl ether w a 60;£ in 

eo.!Q}J !l'1 son 1 th g)J o tated by Hur'd and eo-worker • 

D1nl.lyl etbe~ h'u.1 the tollov1ng eharacter1 tics. bo111ng 

polnt 135-1tto0 c. *t 3 mm, l60-16g0 o. a t 2? mm, l50°C. t 

4 mm and 8av~ no colou~ change with ferric chloride. 

( 2) SYN £i-'l1S OP' lt-6 DIALLYL l&SOHCINOL. 

Hurd and co-workers (81) tound th. t, 1n general , 

1t vas only neceaeary to heat the allyl $the~ to 175° -
210°0. tor rearrangement to occur. The reaction co plete4 

1teelf ln a v~ry short time and wns decidedly ~xotherm1c . 

Furthermore, the original •harp allyl ether odour 

was replaced b:r a l)henol like odour and pur1t1c t1on as 

by v cuu~ dist1llatlon. Pyrol7sls vas found to be 

d1ff1cul t due to the forrtt~Jtion ot a red. tnr and a number 

o~ mod1tled methods tor pyrolysis were employe~ • 
• 
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(1} !ff.ted to ~10° - Hutd and.co-~orkers 
m&thod • 

. 1t ... 

20 grams or the pur1t1·ed d1ol.l11 ether were pl aced 

1n a flask wh1oh vas heated on a sand bath to ?.10°0. 

When the d1a11yl ether wa~ at n temper~ture 1n the reg1on 

or ?10°C. very rtgorous reaction oeeurr~ and ~e 

tespernture ro e to oYer )00°. A red tar w s obtained 

vbich was soluble 1n acetone and formed a Ped solution 

1n slk 11 aolut1en. The ~ef%Ctlon wns h1f'hlY exothermic 

and another method wae usen to prevent the tormat1on 

or the r~ tnr. 

(11} 3ftlux under Re~uced P~e ettr§. 

5 grasa ot the e~b.er were taken and retlux.cl under 

reduced preaaut-e tor 2t hours nd the product vns 

distilled over at a given pressure. A very small quantity 

of tar w s ob~1ned nd Waf!' observed on the bottom ot 

the d1at1lling tla k. 

( 111) !'!eat1ns and thp Reduclqe; l>reiuulrf. 

5 gramn ot etner were heated to about 195° and Just 

as tumes appeu-ed the pressure vae reduced. th1t~ 

procedure as repented toP about 30 minutes. A very 

saall quantity of tar wa~ obtained atter a1at11la t1on. 

M~thod (111) was ueed because ot the short t1me 

taken for the ~angement ~a be completed and the 11eld 

was 1n \he region ot 55~. It was also :f'oWld that 

qunnt1 t1es or lese than 15 gms ehould be u•ed 1n order 



en> 

to p~eveD' the tormat1on or a. th1ok. :red tar wh1oh was 

1n agreement w1th Hurd and co-workers. 

Cbaraoter15t1es of ~6 diall7lreeore1nol were 

boiling points 180-lg5°0. at 14 mm ftnd 15s-16Z0a. at 

4u. The treehly distilled solution vao pale Jellov 

1n r:olottt- n4 i!al'kened. on tanding. !he colour changes 

glven w1th rente chloride in aqueou and alcoholic 

•olut1one were blue and d~k gr.een respectively. 

(J) 

( a) J\LI'ALIN • OONI>"SNSA.TIOJI&. 

The tollov1ng colutlons were prep red:-

(1) One Fram cf substance wan dissolved in 100 ml 

or 1 sodium hydrox1do ancl a l arge exceae or 40~ torra.al1n 

.vae lidded. 1'ht! aolttt.1on va lett to ~tand tor 3 daff. 

(11) One gram or eubstanoe vas d1eaolved in 100 ml 

l~ sodiwa hydroxide and 1. o ga ot 40~ fo:rmal1n v~e 

added. fh solution vas lett to stand tor 3 cl ys. This 

lfQe the Mana.sae method vhteb pl'O•ed to be ver-y euece&stul 

1n the preparatiOn$ ot m.ethylol deri V'a.tl v s ot phenol 

and its homologues. 

8oth solutions da~kened on standing to a dark brown 

col our. At tht~t end or the given t1me the solutions were 

tPeated wlth dllute a~et1c aeid until Just acidic and a 

light brown gwu vas obtained which \las f11 tered ott. 

The gum was pur1t1ed next. It was soluble 1n 
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abaolut~ nleohol, ~eetone, ethyl acetate, insolubl e 

ln petroleu. ~ther, etheP and wate~ ~nd 1t appeared to 

be epar1nyly soluble 1n hot ben~ene but on el03er 

e~a»1nat1on the insoluble product v e a eol1d. The gua 

wae a mixture nna vas aepP-rated as rollovs: The impure 

compound vae heated in benaene and the hot BOlut1on was 

filtered. The benzene tiltrnte va r llowed to etond 

unt11 all the ben&ene b d evapor~ted orr nnd the product 

va8 th n nnalyaed.. The benzene xtraot wa$ a th1ok. 

brown vi ncoua 11qu14 and the insoluble atlbstanoe vas a 

l1gbt brown aol1d h1eh w"s al so analysed • 

.Mioaocqpwe:ri as vF Ll'WlD 

(l) 12.50g m • or oompount' eave ! . 26g mg. H2o 
and Jh .43 mg. ot co2 

~ = ]5.0~~, %H ~ 7.39 
( 2) g. g71 mg. or compound gave 5.974 mg. H20 

and 24.49 mg. of oo2 

"" = 75. ?~. 1H = 7. 53~ 
(J) 7.!2g mg. of compound gave 5. 303 mg. H2o 

and 21.70 mg. ot co2 
10 = 75.60%, ~ - 7.5~ 

Mean tc = 15.31~, ~H ~ 7.50~ 

1'he 11qu1d was the or1g1ns l compound lt-6 d1a llyl 

resorci nol (calcul~~ed %0 = 75.7$%, ~H a 7.36%). 
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I'f30LUBL~ P.RODtJC'l'. 

Thir! c011pound w:1s 910luble 1n #lbtJolute alcohol , acetone., 

etbflaeetste and insolubl-. 1n ethe~, petroleum ~theP, 

ben~ene and vate~. It wa reorystall1eed trom acetone 

and petroleum. ether, and the pure cOtJll)OW\d V«i~ ., brow 

aaorpboue solid hioh did not melt but ehar~Gd at 240°. 

MICHOCO *U:J'i'lONB 
-

(1) 6.945 mv. ot c~oun1 gnve ~.36~ ag. H2o 
and 15.gg? mg. ot co? 

I 

~c g 62.36;, ~ • 7.o~· 

(2) g.Jl6 mg. or compound eave 5.212 mg. H2o 
Pnd 19.135 ~. or co2 

$C = 62.76,, fq = 7.01~ 

(3) 7.312 mg. of compound gaYe ~.6?g Qg. H2o 
nd 16.666 mg. or co2 

jtJ = 62. 22i. 1..H = 7. Qg). 

Mean >'C u 62. 45i', %n • 7 .01+.1' 

o16 .• 22o5 reuulred 62 .. 22~'• t..l!),lH 

(b) J. OlDIO Ou~ Or.:flSATIOii. 

l ~. ot 4-6 d1all1lreeo~c1nol W3~ eondensed with 

l .ml. 40,t torrnul1n in the pl'esenc~ or 5 ml. (a) 

ooncentrDted hydroehlol"ie ao1d GJ\0. (b} ltl ~lllphur1o 

ao1d. .Doth mixtur s 'Were left to stand ror a week nt 

room tempe:rature and (b) was boiled tor five minutes 



after atandl~ for th• given t1me at ~ota temper atw-e. 

In both eases a th1ok brown 11qu1d was obta1ned vhieh 

vaa sep rated from reaction mixture by dec nt~t1on and 

va~ washed thoroughly v1\b distilled v ter. Doth products 

were dlasolved 1n ether ruld 1t w s observed* th~t 1n ( a) 

there v s a small ouant1ty ot insoluble material vbicb 

vas brownish in col our and this aolid va filtered ott. 

rne 7ield v s &O· scaell th 't 1 'l w a pur1t1ed by waahing 

vl th hot water. !b1a compound gove a negative pa:ra­

rormaldebyde test v1th re~orc1nol and concentrated 

aulpburie QC1d and vas then subJected to combustion. 

MICROOOMBUSTIOK OF SOLID. 

2 . 7g~ mg. ot compouna gave 1. 640 mg. 2o 
and 6 .. 0?6 m1!. or co

2 
~ = 59 .03~- %H = 6.59~ 

Oompound appeared to be n resin. 

!UCRC,CONBtSTlOt' OJ.<' LIQUID OB'tAnt~ FROM {al . 

(l) 5.764 mg. ot eo pound g ve 3. 771 mg. h20 

and 15. go mg. co2 
10 lit 74. 76Sv, }ai = 7. 3~ 

(~) 5. 977 mp;. of oompound gave h . O:?O mg. H
2
o 

and 16. 41 rog. C02 
~c = 7~ . 87%, ~K = 7 . 52~ 

Moan ;...c = 74. t,2$, H # 7. 1~?~ 



(81) 

MI<f;(tOOOtn\UpTlOtl OF LIQ.Ulq ,OBT~lN1ID ~UOM (~).. 

(1) 7.644 mg. or compound gave 5.151 mg. H20 

and 20.96 mg. cc2 
~0 !:It 7lJ._7S%, ;fil = 7. 54$ 

( ?.) 6. 716 mg .. of compound gaYe 4. 537 mg .. ii2U 

and 18.45 mg .. eo2 'c = 74.91•~ ~H = 7 .. 5~ 
l!eAn ;iC = 74. 85~), ~ = 7. 55$ 

Ft-attt the pereent~eo obtft1ned th~ brownish liquid 

vppeared to be th~ or1glnal ~6 <li'lllylr~~torc1nol .. 



V. J:S DlrutO!'Pf-Rl''!-.:OftCYLlC AGIO. 

( 1) S'P!1'Hts1S or J-S DIBROMO-,b:R'!:SOROILIC ClD. 

;4-nenorcrlle ac1d was preparod n before (71, 72) 

and vas then brom1nated b7 d1aaolv1ng the ae1d in glaelal 

aeet1c aa1d and to 1t was added three moles ot bro~lne 

in the sRl'fte solvent (82'. 83, 84, 85). 

{ Ct) 

The lianaase methoa w ~ Mployed. mixture ot 

2.6 gas ot dibromo der!v t1ve, C.75 gm~ ot formalin and 

lvO al. l eod1um hydroxide w~e left to r.tnnd tor week 

during whio.h ti e the golut1on dM.rken t1 frort~ brovnlab 

yellow to blf~k. It w ~ then treatpd with dilute 

hydrochloric ao1d until slightly ac1d1c. A b~ovn alu:dge 

~a• obt 1ned. ~o the cld1o aolut1on 1n a epar tor.y 

funrtel soUlc ubsolute alcohol . .,aco oihled in ord~n· to 

di solve the •ludge followed by ome ether. The ether-

loohol extraet v~e kept and dist!lled under reduaed 

preetture to bout an eighth or the vol·ume. on add! t1on 

ot ·~te~ b~own precipitate w obt 1n which appeared 

to be m1oroso0}.>1e e'!"yst 1 ~ . 

rhe ubeten.ee ao obtBlne£'1 was fouro to be soluble 

1n ~baolute · leohol, ae·thunol, aeetone, ¢ tie ac1d and 

ethyl l'Cet. te,. insoluble 1n lfl~ter , bert2.ene, petroleum 

ether and ehlorofol"m, ano aolnbla in hot ether. The 



compound was pUl"1:t'1ed b;y dissolving 1n alcohol and 
' repreclpitRted by adu1t1on of Qter. 

(1) Ju\LOG~N ESTI~ArlON ind1eated thnt the 

eompound was halogen free • 

. (11) MICR{.,O\,IDlUOtiOtJ$ 

· (l) 7.09g JDlit. ot compound gave 2.3g2 sg. H?O 

and ll.lS mg. co2 
;c = 42.94;.., ~ = :;. 7~. 

(2) 7.352 mg. ot eompound gnve 2. 1152 :ng. H2o 
anu 11.60 mg. co2 

~c :: 4-J. v;~, 1411 = ;. 73). 

Mean >~C = J.f-2. 99;.., ~~ • 3. 75f 

Cfl606 i H20 required rC = 4-j . ~J,.;, 

1t H = 3.59% 

It was later 8hown that d.1bromo-resorcyl1c acid 

lost bromine when treated with Blkal1 . 

• 



C. C:HLOROM€THYLATION 

I. ;-6 , DIALLYL R£SORC,IHOI.. 

A eolut1on ot 6. ~ . 4Q% rormal1n in 8 al. 

coftcentr.ated hfdrochlor1e ae1d waa s turated with 

gaseoue hydrogen ehlor1ae. !he tempe~ ture vaa ra1aed 

to 309 and then 1 . 9 gram.s of" 4-6 <11allylr~~orc1nol 

were added. The m1xturB w.us at1rred vigorously ror tvo 

hours wbtle a brls~ at~e~m ot hydrogen chloride vas 

paeeed through 1t. The hydrogen o:hlo~1de gener t or 

conn1sted ot concentrated eulphut"1c ae1d 1n a large 

flat bottomed flask to tth1ch was ntta1ched a dellve.rJ 

tube and a aepnrP.tory runnel wlth a long stem which 

enabled coneent~ated bytJrochlor1 c ao1d to tlov into the 

concentrtl.ted eulphur1c old (61) . 

The allyl der1vat1v~ did not dissolve and aftor 

abOut n hour a brovn1&h green aol1d vae depos1 ted. 'ftte 

temperat\U'e vas aa1nta1ned at ;o0 tor the requ1red two 

houra. The reaetlon 1ll1x'tU~e vas poured 1ntc 1o nd the 

aolid material adhering to th npparatua was waghed 1nto 

the beaker w1th ool d water. The solid mass WQa tllt~red 

ott and washed w1th cold W9~er. 

'l'he product was 1neoluble in petroleum ether, 

absol ute alcohol , methanol, cetone nne v~te~, soluble 

in hot m-xylene# ethyl acetate ~ther, dioxane and 

trichloroethane ( qa) bu~ on treatment w1 th hot ben~ene 



the llulk or the product YllS soluble except for t arn­

res1due. The 1mpure prodttct va• pur~tied by boillng 

v1 th ben zen$ ana the resul Ung sol ut1on t1l tered 1n orde~ 

to r .emove tbe tar. On a6<t1 t1on of petroleum ether a 

pal e bJ'()Vntsh pPec1p1 t a te w obtained.. Qtber !xed 

solvents sueh as ether and petJ>Olewa ether. dioxane and 

petroleum ether, and trtchloroethan and pet~oleua ether 

1teld a et1~ gw • 

(1) tCROOOlCBUS'l'lON OF COMPOUND. 

(1) 6.?07 ag. of compound gave 3.3g6 mg. H2Q 

and 14.914 -s. ~~~ 
~ e 65.511'~ ~ ~ 6.10J 

( P) 7. 759 11 • ot compound gaYe ~. 267 ~~g. H2f.l 

and 18.6?. •«· co2 

'-0 == 65 . lt5"· ~ - 6. 15).t 

Mean ~ = 65.49 ~ H ~ 6.1;~ 

( 11) HAWn TiltATION 

( l} .1692 p . ot cuapounJ g ve • 05856 gm. qCl 

Cl = ! . 561" 

(?) • 2211 SCI· of compound g.aYe • ~9$ ga. \tfOl 

)Cl = 9. 729~ 

Mean ~Cl = 9.14~ 

7he tu lone neYer worked prOperlr &Yen when a lot 

ot sugar vaa added beo?.tttae speoks ot unchanged material 

were ob•erved 1n solution. 
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Cl"3 H15 0 2 Cl re.qulred ~ = &; . .l~-0~# H ~ 6. 290~ 

JOt = 14.~ 
(2) TRI!ATM 2U' or CitLOROMCTH!L l)~1RIYA.fl 

OF 4-6 OIALLYUl~ ORCINOL rim SILY·m 
OXIDE. 

1 gr ot the product w a added to ?0 ml. absolute 

alcohol ana 3 grams or a1lver ox1de and lett on a ~ke~ 

!'ora tvel•e houn. 'fhe reatll t1ng aolution • t!l tere4 

and t1ltrate was distilled under reduced pressure to eee 

it an7 soluble prOduct had been formed but that v -·e net 

ao. 'fhe eil ve.r ox1de vas r tnOVed f!'Ol'D the aol1d by meana 

or MOn1 a and tbe preo1p1 tate vat5 wa.tted w1 tb water. It 

vas pur1t1ec! from ben~ene an4 petroleum e~er. tmd no 

melttng polnt ana ga11e a greenish colour vlth tenlc 

ehlor14e. lienee h7<lrolys1e had ~a1le<l 11!1nce the produc't 

poasesaed all tho ehnraoter1gt1ca or the o~glnal 

ootapound. 



li GAU.IC ACID. 

Gallic acid vas chlorome~l ted ua1ng tbe method 

previously described. !he qu.ant1 t1ea ot aubatance used 

vere 17 ur ot gQlllc e1d, 60 ml. ot ~ formalin 

ana go ml. eonoentr ted hydrochlo~lc ae1d. The mnteri l 

tum~ pink in ~lour at' tbe re'lct1on proceeded . 

the .->roduct vas epartnyJ,y •oluble 1n absolute 

~loohol, eetone, isopropanol and water and insoluble 1n 

etheP, ben&ene and -petroleua ether. The compound wne 

reeryetalliaed by d1•aolv1ng ln aod1ua h7drox1de and a 

bright red colour va obtained; then 6 N aeet1~ ae1d 

w s adde4 until the red colc>ur dtaappeared tollO" ed by 

1 ml. 6 N aulphur1e o1d. On standing needle bapt!d 

eryotala ere obta1ne4. Some needles war trea ted v1th 

pot ns1WJ c;ran1de ~f a magenta colou~ n not obtained 

hleb 1nd1cated that the needloa vere not gall1o acid. 

According to tho liOrlt ot hlau and lahl ( ~6) 

2-:>•-r;•-4-4' heX4hyd:t-oXJ-6-6• d1carboxy d1pheeyl methane 

could be p:ttepared b7 the action or hot e<>ncen trated 

h7~rochlo~1o acid and tor ldehrde on a hot solution ot 

gallic c1d. !he p rod'lot vna tai:rly noluble 1n w ter 

b•t d1esolved more re&d1ly 1n dilute alcohol fro wh1cb 

1 t recrJ&tnll1sed 1n long vh1 te needles. The pure p:rod\lct 

die not aelt but oha~red and turned red 1n alkali 

eolutiott. 



A poPt1on or the pure aterlal ae boiled up 1n 

a l rge quantity of aloohol, r1ltered and the filtrate 

rlolded wh1 te needle• on cooling. The vroduot did not 
0 el t but ebane.a. at 270 and as haB al.rendy been 

m~nt1oned g ve e red colour w1 th alkali. Yhe compound 

ppeared to be 1~ tloal with that obtained b7 hlau 

and Xahl. 

NIOROOOMBUS!IONS 

( 1) 7. ~6 •g. ot compound gave ? • 374 ag. H2o 
nd 1).78 mg. oo2 

c '= 51.51$, ;m = J. 64" 

(2) 7.074 ag. ot compound gaY& 2.320 mg. H2o 
and 13.35 mg. co2 

f.C = 51.47%, ;(H = 3. 67]. 

Me .n peraentage 51. 49%C, 3.651U1. 

c15 H12 06 required 51.1~, J.41 ~H. 



III. J:5 DIBROM0,4-H€.'SOUCl'L~e ACI,2. 

!hie compound waa aubjeet~ to obloromethylati on 

by the method lrendy described Bnd th~ ouant1t1es of 

ubst nee taken were 5.6 gms ot the bromo der1v~t1ve, 

15 gms or 40% formalin nnd 20 ml . ot eoneentr ted 

hydroohlor1e acid. 

The product pp~ red to be a mlxture ot a vh1t1sh 

nd brown1 sh compound. !he wh1 t1 sh compound vas tound 

to be eoluble !n hot W$'ter vh1le the brown one vas not. 

The mixture vae separated by tre t1ng the product with 

bo111n water and filtering the hot ROlution. On 

cooling the tilt~ate white nGedlea ~epnrated . 

he soluble portion wu 1dent1t1ed as unchanged 

3-5 dibromo~-~eorcyl1e ae1d. 

The brown tol1d wae round to be lnaoluble 1n ~ ter, 

absolute alcohol, methanol benzen•, chlorotorm and 

sp r1ngly eoluble 1n acetone and hot other nna was 

pur1t1P.d by prGlon~ed bo111ng with water. The yiel d 

was :1$. 

MICROCOMBU~TION OF OO~URD 

(l) 6. 6~1 mg. or compound gave o .. e95 mg. H20 

and 6. 90·~ q. Co2 

!'a = 2g. 44!', ;QJ = l . 51~ 
(2) 6. 60? m • or compoUnd gava 0. 914 mg. K2o 

and 6. g07 mg. oc2 



%0 * 2g.l2%. ~ • 1.55~ 

M~an $d • 28.?~J. ~H = 1.53 

015 Hg Og B~ :l"equired 2!. 3~ a. 1. 25! ~ll. 
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D. RJiiDUCTI OM OF AN ALDtmroE. 

I. 3-5 OIDRO' o-,4 -Uto.O'f\Cn.ALPJ!3!YD;1. 

fh.1 a compound vas prepaPed by a wo stnge 

eynthes1s. 

(1) Synthe 1 a ot ~-negorcJlal ehyde. 

( 2) Bro in tion ot f - Resor cyl ldehyde. 

( 1) SYMfHESIS 0? A -RE.::if:VlCYLALOP'JM)'§. 

The Gatt~rmann reaction v e emplOJed for the 

prepitration of the e.l dehyd&. The al deeyde w a 

prepared ( 61, gg) b9 a1x1ng resorcinol in sodium dried 

oth r v1 th anhydro\la r.1nc OJanlde, the latt.,r being 

prepnred by the action ot Od1um eyan1de on zinc 

chlo~1de 1n a lcoholic olut1on ( 61). A etrea.m of 

dry hydrogen ehlor1de was passed thro~gh the ml.xturo 

l1ber t1ng hydrogen cyanide (which react ed in ei tu) 

w1 th th form tion ot the ald1m1n group. !be ethel~' 

wa d1 st1ll.ed: ott and the a ld11D1ne .., hydrolyaed 

wl th bo111Dg water. The hot aolut1on vas til tered 

ott nu the ~ -resorcrlllldehyde erystl!lllieed out. 

( 2 ) BRO~tlA!ION OF ~ - R ')ORCILALUI!::HYDif. 

Th1s wn a neN method tor the prepar-at1 on ot 

3-5 dibr01J10-~-resoreylaldehyde. 

'l'o 1 mol or f-re oreyl ldehyd~ 1n gl acial acetic 

ae1d w e added 3 mol$& ot bromine a l ao in gl c1al 

cetle acid and the aolut1on was stirred vigorously. 



(92) 

r. thick p-rec1p1 ~tc was obtnined and til tared ott. 

Very llt~o has been published about this 

compound and some re•eareh was done on 1 t. 

'lhe compound was soluble 1n acetone, n-butanol, 

ether and ho~ absolute alcohol, methanol. ohlorotorm, 

ben~ene and gl ao1al acetic ae1d, 1nsolubl~ ln 

petroleWil ether and apar1nglJ soluble in hot vnter 

which on oooling 11el.ded a orop ot needle shaped 

c:ryiJtala. Since a very larse quant1 ty of water- was 

required tor recryatall18ation G mixture or 2 par~• 

alcohol to 1 par-t V6.ter vas preferred. The product, 

how~vP-r1 a lightly pink in colour~ 

(1) 

(1) HALOO!!M ESTIMflON 

0 . 2652 gma. co pound gave 0.3~15 gms. 

ot Aq Br 

0. 2tt.09 gms. <!Ompound gnY-e 0. 3085 gms. 

of Aq BP 
% Br = 54.51$ 

Xean ~ Br ~ 5J.S6~ 

(11) MICf\OOOUSUS,lONS 

(l) 9.115 mg. coMpound gave 1.623 mg. R2o 

and 9.665 mg. co2 



(2) 6 .. 9j3 mg. compound g4Ye 1.197 cg. H2o 
and 7. ~19 mg. 002 

~0 = 2S . 7~, $H # 1.9) 

nean ~ • 2a. 74,C~ ~H = 1.96$ 

From thf'l results thero v s no doubt th:"tt the 

cospound was 3-5 d1bromo-fi-reaorcrlaldehyd~~ 

(CtH4o
3
sr2. r~qu1red ?.~.3~ fC, 1. 352 IR, 5~.05 %B~). 

Henr7 and S~ (90) found that the correct d 

aelting point to~ 3-5 d1br~o-~-~~eo~oyl ldehyde was 

204° and 1n tbia caa-e tbe uncorrected value vas 

20Q-201°. 

A number- ot d~r1 v t1 vea ot )-5 dlbromo,.ft-

~e oreylaldohyde were prepared snd th~1r melting 

po1nta ~eoorded. D1acetate 11~0 , 2-4 d1n1trophen,l­

byar~one 2$8° and then 1mmea1 tel7 decomposed. 

Having obtained the d1b~o der1v tive 1n such 

an exoel.lent y1eld 1 t WAs next subJected to· reduction 
J 

ln orde~ to obtaln the alcohol. Various Methods et 

reduc.tion ve!'e e ploy ad and results will be reeoJ"ded. 

(3) A!T£MP~~.Q!RUCTION .. OF J-5 piBR0~-
1:\T-.:SORCXLAlJl~D~ . 

( a) BY ALUkiMUK ls.~HYL \fit .. 

AlW\t1nUlll ethylate wvs prep red by tho action or 

aluminum powder on abaolute a lcohol 1n ;xylene (~9). 

The reaet1on vao eatalysed by me~eur1c chloride and 
1od1ne. 



(1) Reduetlon,1n t~s.culd {§2~. 

1 .. 5 gram8 ot 3-5 d!bromo-~-resoroylaldehyde 
was dl ·solved 1n 10 ml. or absolute aleobol. ~o 

th1e solution was added l gram ot aluminum etbylate 

and tbe a1xture was allo\fed to etan-<1 tor . week. No 

odout- of' ethJ'l acetate vae obae:rved during the 

atand1ng per1od and 1 t appeared that no reaction vas 

t king place. After th~ llotted ttme most or the 

alcohol vas removed by d1 et1ll~tion ~d to the 
' 

r~ 1n1ng aolutlon some dilute sulphuric ac1d vae 

added, until ac1dlo . A preci pitate vas obtained 

but neTertheloss the ac1d1tled solution was extracted 
/1 

v1 th ether. the ether was evaporated otf and the 

product va reery$t lliaed tro water. 

Kelting point at compound = 199°0. 

~ 1xed mp.l ~ with J-5 dibroJRo-~-resoreylaldehyde ~ 200° 

~h~ r eduction had tailed to t ah place. 

(11) Under retlux co~ditlons. 

A mixture ot 1.5 gme. dibro•o der1v~t1ve, 10 al . 

~baol~te alcohol and l ga. aluminum e thylate was 

retlu:xed for nine b.oure 1n a hyd:r-ogen a oephere 1. e . 

b7d.rogen was bt.tbbled through the solution. he 

elution was filtered while hot, the bulk or the 

alcohol was evaporated oft and the re~ain1ng sol~tlon 

was ac1~1f1ed w1th dilute eulphttrlo c1d. The 
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resulting acidic solution was extracted with ether. 

The product which was obtained atter the distillation 

ot ether was reerystalliaed from a. water-a..lcohol 

mixture and melted at 200°. Mixed melt with 3-5 

dibromo-}-resorcylaldehyde was 201°0. Reduction had 

again r·ailed to take place. 

(b) MAGNESIUM CHLOROETHYLATE ( g21. 
The magnesium chloroethylate was not isolated 

in the pure state but was prepared in the reaction 

solution. A solution o~ 0.75 gms of dry hydrogen 

chloride in 19 ml. absolute ethanol was treated with 

0.5 gme of magnesium filings. After the initial 

vigor of the reaction had subsided somewhat, the 

mixture was heated under reflux on a steam bath until 

all the magnesium had dissolved. To the resulting 

solution 1.5 gms of dibromo derivative, dissolved in 

10 ml. absolute ethanol was added. The mixture was 

boiled under reflux conditions in an hydrogen 

atmosphere for about 11 hours. - The bulk of the 

alcohol was removed by distilla tion e~d the resulting 

solution was acidified with dilute sulphuric acid. 

~precipitate was obtained and filtered off. On 

extracting the filtrate with ether, no solid material 

was obtained. The preo1p1 tate ~1as recrystalli sed 

from water or ethano~-water mixture. 



Mel t1ng po1nt ooapound • 201° 

xed melt v1tb 3-5 d1brom~-r~Porcylaldebyde = 201° 

Reduet1on ot 3-5 dibroeo-f-resQrcJlaldebyde bad 

t 1led to take plaee. 

(e) GLACIAL AC 4 tq ACID A!ll) IHONJ9l}.. 

1.5 grams ot d1bromo derivative was retluxed w1th 

10 gra.ane of 1ron t111nh nd 100 ml. o-r glac1 1 acetic 

ao1d tor g houre. t the end or t:h1 A t1me the 1ron 

wss til t~ra<l ott and th.e bul t. ot tbe a.eet1c ac1d 

r ved by d1st11lat1on. The olut1on v • made 

lkal.1ne and a gelat1no.ur. p-r-eo1p1 t te v a obtained 

h1 eh n preeuma.bly 1ron hyarox1de and til tered ott. 

'l'he t11'trt!te was ac1d1 t1ed with RUlphurlc acid an4 a 

white prec1n1t te-va obta1ned vhioh va recr1atall1•ed 

from W'l.ter. 

eltinK point ot eo pound e ?00° 

M1x d $0lt v1th d1bro o d~r1v~t1•e = 201° 

!hererore no reaction had taken pl ace. 

(d) 
A~D~YPV.S USING PLA~lHUM OXIDi 
AS CAT LYST. 

:f'reparat~on, of Plf:)lJ!qm.,CP.de. 

The tirs.t atep w&a to prep re 41!lmon1wn chloro­

platinate (91) by tre ting platinum or platinum 

residues v1th aqua reg1a and then to evaporate the 

eolut1on to dryneee a number of times lth hydro-



To HydM8el1 
Cylinder. 

(a) 

CA!AL'f!IC RYDROGDA!IO! DPARA!U8, 

T Ctt 

(a) Tbiok Walled Bottle Coata1D1DI Chal"ooal and Soda-Liae, (b) Conaeoted 

to Vacuua Pu.p, (o) &Jdl"'gen !ant, (d) Preaaure Gause, (e) Thlot Walled 

Reac t1on Flaalt, 

(e) 
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cblortc acid until tree r~a nitrates. fhen more 

bydroehlor1e c1d vas added, followed bf an exoeae 

ot aamol\1um eblor1de. ~he a on1um ohlc>roplat1n•te 

w e obtained and filtered ott. mixture ot 3 grama 

of 8JDJQOn1 um chloropl t1na•e and ;o gaa ot sodiua 

nitrate, ln a oasserole (91, 92) w a he. ted gentl7 

at first until the evolut1~n of gas ~laekened, and 

then 110r• stronglr until a tellpel'"!\ture ot 500° wa• 

reached. This temper ture vt. a ma1nta1nea tor halt 

an hour, cooled and the solid mass vas dissolved 1n 

50 ml. or water. ~he brown preelp1tate eettled at 

the bottom, vaa aahad well by decantation and 

t11tered ott ua1nr. h rdened filter paper. fhen 1t 

vas washed on the tilte~ unt11 reet1cally tree from 

n1 'tr ... te. fhufl th platinum orlit.e w s p~pared ond 

ae dried 1n =t dess1er-tor. 'l'he J1eld was 1.5 g:raas 

an4 was ln aer~ement w1 th Bruoe' result (92). op 

co pl1eat1ona 1ue to 1 prop r ru ion aee Blatt and 

~elaan {91). 

?.,~1 fie.: ~ion ot Hl(lr2£en. 

Before ()3.l'rJ1n« out the reduet1ona 1 t w B 

neeesaa~y to f1nd OQt the 1~r1t1es 1n the hydrogen 

ln order to nrevent the po1acn1ng or the pla t1nWI 

oxide. A camnlete an lysis wnn obta ined troaa At:Plean 

OxYgen nd hcetylene {PtT)., Ltd., and the 1mpur1t1es 



preeent verP- v~tor d carbon dioxide to the extent 

of . C006 g1ll . per 11\l'e. ihe hydrogen vas purified 

b7 paa•1n 11 tnrougb eontain r containing ch rcoal 

and aoda 11ae berore 1 t wa allowed to enter the 

h)cSrog n tank. 

Appgatua. 

'!he app.nr ~ rl u.aed tor the reduction of the 

allltthydo w e s t up a Ghovn ln diagn • 

!7.9Ptdtiri,. 

~o pr-ocedure was tha• due to Carothers ( 9J). 

7. 4 gm • ot dibl-otaO-f-reeo:roylnl.debyde waa 

dissolved 1n 150 ml. ot 9~ aloohol anfl to ib1e 

olut1on vas an.de<l 0.06 tnl. ot U.?Mtet'"l'oua chloride 

wh1oh aoted a1 a promot~r tor tb~ c tAlJst ~nd 0. 03 

gme. or e«t~lyet. !he bottle conta1n1ng the 8dxture 

v e pleoetJ on the ehnk~l", eonneotad to the hydrogen 

tank 11!ld. evaouate'l untll th:11 solv~t bo1led.. Hydrogen 

vns th"n d111 tt~ to n r>resftlt1'8 or ~hree a'tmo•pberee 

and 1-.ecl.iatttlY dr01me<t pounf!. ;f.rtua 1 t ppear-ed 

that the reduction was ~ontane~n but nevertheless 

~he E,ihaker ila ~~' 1n k ot10tl ~tn~J left to run tor 

5t bours to ~noure that the reaction had taken pl ce. 

During tb1a time there wag n~ ~eorea$e 1n pre s~e. 

The hake~ wan atoJ>1HJd., the htdt»ofl en pumped out and 

a1r let 1n. 'the plat1nwa oxlde vas rtltered ott wlth 
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suet1on u~\ng ~er~ ~rd f1lt¢r paper and an orange 

ooloure~ solution ~a Gbtatned. The solvent waa 

removea by d1at111at1on under r•duced preas~e and 

a !"~ e•m wae obtained~ 

fhe J~~ gw.a wn~soluble 1n absolute alcohol, 

&ethtmol. ~eetone, n-butanol~ ether ~ glaeisl 

acetic P-01<1. insolt.tble tn petroleU!I et11er and water, 

apttr1nl?lY soluble in bonzrJno and chlol-O!Ol"'R.. !he 

p1."0dUOt WaG t'inallJ t•&Qcyatallieed trOll ether llDd 

pet~le~m ether. Ou ~i~solvtng the coapound ln e'her 

n insoluble l'ed ~· ra was obta1n8(]. no f11 tered ott1 

then the petrol.eUil ether ·as ad(f ed to the ethe~eal 

solution and P..ft or:'\llf;1e tdoorphoue compound Yas 

obtQinftd vhiah dl.ct not Cil(tl t. 

( 1) , ,J:~!!,(..'CO!f~'.ttqi.S Of' .~~G~ 
COLOUfU;;D ConFOt.ni:r>. 

( 1 ) 7 • ?.lt 7 mg. compound gav 1. 690 mg. H
2
o 

.and. 9. 678 llg. ot· o.c.2 
, .. "; ~ :;6. ll~, ~ = ? • 611 

(~) 7 .. l.J.9; .g. eompoun" ga•e 1.760 mg. H20 

and 9.893 mg. or co2 

l t'J = ~5. ~ ... ,. f.ft '!!!: ?. .. 6~ 

~~n 1~ ~ ;~.21%. ~R : ?.62~ 
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{ 11 ) HAl.OOtM ESfiHAfllO.N OF ... " .. .... 
O~UfG~ CONFOUND. 

(l) .1g67 gms. of cQmpound gave .. 1911 ga. AqBr 

' Bl' • lt3~ 56~ 
( ?) .14~8 gme. ot compound gave .1559 .gm. AaBr 

~ r till 4; .. 81~ 

Mean 1- Dr • 44. 61:);' 

fheee figures ~ave no 1nd1cat1on as to a 

po s1ble et~uctur~. 

~he red tar w~P re~r.1Vt~l11sed from ae tone 

and petJ"Ol eum ether. 

{111) 

(1) 6.993 me. ~o~ound ~av~ 2.C55 ~- n2o 

~nti 9. 31·3 mg. or C02 

;Jc ~ 36.J~2;r, ~ = 3.29% 

( 2) 6.2¢v .mg. COUpOund ga•e 1.62~ mg. H20 

and ~.J42 mg. cc2 

:tc = :;6.69~. 1:i :# ?~9~ 

~ean to = 36.56~.. 1H • 3.11" 

'l'he combustion r-eet1lts 1nC:1ol'ted that the 

prod~ct. 

'lhe or=nge &lltOrphou o product vas roory13't 111 sed 

ag~o an~ on d1saolv1nG 1n ethe~ more red t nr was 

obtained. 
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(iv) •IcaOCOMBUatlON or RECRIS~~ISED 
ORAHGE PRODUCf. 

( 1) 7. 961 mg. compound gavo 2. 417 mg. H20 

and 10.784 mg. ot co2 
%0 ~ J6.93%$ th = J.J9~ 

(2) 6.525 mg. eoDJpound gave l.6n mg. H2o 
and s.g92 mg. 002 

~a u 37 .11:t. %H = 2. gg,c 

Mean %C • 37.05~. ta = J.l4~ 
The ~eduction prod~et was an amorphous ~eslnous 

ter1al. 

It vas a known teet tha t phenol1o alcohols were 

Vt~r'f aena1 ttve to the aot1on ot mlnute tl'i oes ot ae1d 

and s1not\ traces of acid w~e intl"'Oduced w1 tb the 

terroQs chloride# the ad~1t1on ot alkal1 atght be 

des1:raabl$ as a.n e1d. 1a the !solation ot the required 

lcohol {lJ. 35, 93). The reduction vas ~$Peated 

with 0 .2 el. or N sodium bydrox1de. (93) 

On r1ltar1ng ott the plrt1num cat alyst a crystal 

clear eolutlon wae obtained but 1n a m tte~ ot 

1natea tha solution darkened to a brownish orange 

colour. Henoc the presence or a YePY unstable eo pound 

t.raa expected whtoh would be very d1tt1cult to isolate 

due to 1te reactiv-ity. Th$ solvent w removed by 

vacuum d1st1llat1~n and a red rum vas obtained. It 

·~ 
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:reaemble4 that obta1ned 1n the laat reduet1on and 

va recr.y~tall1 ed t.rom ether and pe~roleum eth~~. 

!ne purl fled pl"Oduct w s an orange amol"pboua 

sttbstnnce and did not •lt. 

( v) MICRCCO 'iBtJSTION OP OH£HGE CO~OUHD. 

(1) 7.291 mg. compound gave 1.653 mg. H20 

and 9.669 mg. oo2 

,C = 36.16~~ H c 2.5)% 

(2) 7. 751 lllg. compound gave 1.1!16 mg. H2o 

and 10.372 mg .. co2 
~0 = )6.J~~, %H = ? .. 6~ 

Mean o = ;o. 32%, 'if = 2. 56~ 

!hie product waa 1dent1cal to that obt 1ne4 

in the last reduction. 



II.. ?.- 6 »IHYDFOXY- 3-5 DtALLYI;;f!m.},ALDEHYD~. 

( 1) SYN!UESlS OF ?-6 Dl,¥!"Dtt<(X!-J:tj OlAU.YL 
B~ZAL'OF.HYD§ ~y ffl!; CIAft!RMA.NJ~ Et~\OfiON. 

The aldehyde w~s prepar d by mixing 10 gma ot 4-6 

d1allyl reeorelncl 1n 175 • l. ot odium dried ether, with 

20 gme or anhydroue zlne cyanide 1n a thre& neoked tlaak 

f1tted with a mercury sealed stlrrer, 1blet tube tor 

h;rdtoOgen ehlor1de gas and outlet tube att.1ebed to an 

absOrption srstem (61). A rapld stream ot hydrogen 

chloride was p ased through the mixture l1berat1ng hydrogen 

CJ&nide. !he solution tu~ed purple as the sine cyan1de 

d1•aolved and the product changed to black and 

•epo.! ted aa a tbiot oil. 'rhe exPeriment was run tor 

2t hours and thP. ether distilled off. The product was 

retluxed tort hour v1tb dilute hydrochloric acid. A~ter 

cooling the supe~natent l1aU1d vaa poured into a be ker 

ot ice containing some b;droehlor1e ao1d and a thlok 

bl ck1sh purple l1ou1d remained 1n the tlaek. The 

sUpematent 11qu1d w a lett to stand 1n lee tor 24 bours 

and a purpl1ah 11qu1d vaa obtained. noth purpl1ah black 

11qu1d were d1eeo1Ye4 in alcohol ana tranaterred to th 

~aae container. The aleobol wa~ distilled off under 

reduced pres cure nnd a blu,ck1 sh purplo 11qu1d wae 

obtained wh1 eh had the 8mell of benzaldehyde. Pur1t1c­

at1on Of the blackish product by Yaeuum d1stllla t1on 
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proved to be unaueo~astul. 

The proauct vas soluble 1n absolute alcohol, 

methanol, acetone, ben~ene, chloroform, gl c1al acetic 

Bc1d, insoluble 1n v~te~ and petroleum ether. On being 

dissolved 1n ether a solid product wa& observed. lienee 
I 

the product wa a mixture and va.s separ ted into a 

l1qu1d and ao11d component by treating ~1tb ether. 

SOLID <:0 POJh~'t. 

This ooaponont ~as eoluble 1n absolute alcohol, 

aethanol, acetone, benzene, chlorotora and glacial 

aeet1e acid, 1nsoluble 1n water, petroleum ether and 

ether. It was recrystall1aed tr~ chloroform and 

petroleum ether. Other mixed solvent auoh as acetone 

and petroleum ether and ben&ene ana p troleum etb r yield 
• 

a eludge. 

th~ pure aubstanee vas purple 1n colour nnd 

sublimed :tt 18~0. The aompolltla contained no nitrogen 

and did not g1ve a pr o1p1 t te w1 th 2-11- din1 trophenyl­

hyar z1ne. Hence 1t wa ne1ther an aldehyde nor a 

oyan1de. 

To an aleoholie aolut1on of the purpl~ product 

some 6 N hydroehlorlc acid nnd 6 N sod1um hy~rox1de were 

added respectively. the former solution r~mn1ned purple 

but th~ latter solution obnnged to nn orang1ah eolour. 

Ir eome hyoroeblor1e ac1d was added to the alkaline 



aolut1on the purple colour was regenerated. Here 

there va~ some evidence for the tor~t1on of a aalt . 

14IOROCOMU8S'l'ION 

( 1) 7. 901 mg. co~Rpound gave Jl.l87 ag. H2o 

ana 17.60 mg. co2 
~a 60.7~$, ?Ji = 5. 93~. 

(2) 7. 265 mg. ooapound gave 4.002 mg. H2o 
and 15.99g mg. co2 

fG = 60.06%, ~ = 6 .. 16 

Mean ;tc ~ 60. 40~, ~ !!!t: 6. 04~ 

c14a1go6 required 59.6~, ~. 6.38~~ %1. 
miER SOLUBL}; COMPOO~ 

On evaporation or the ether a black viscous produet 

v a obte1ned. fh1e product gave a 2-4 d1n1 trophtt..nYl­

hydrazone which el ted at 1~0• fhe Aldehyde was present 

in this mas•. Actually pur1t1cat1on eoul4 not be brought 

about slnee v ouUM dist1llat1on tailed, th~ compoun4 

did not form the 80d1wa b1sttlph1t addition eOfDplex and 

on hydroly,.1s ot the 2-4 dln1tPophenylhydrazone 'With 

coneentr ted hydl"'chlor1o acid no ~eaet1on took place 

even after boiling under retlux ror 12 hours. Since the 

aldehyde could not be 1sola.ted tr-om th1a viscous maae 

1t ae deel~ed to prepare the 2-4 d1n1trophenrlhfd~a&one 

wh1ch vas pur1t1ed trom acetone and vater and to combu t 

1t. 
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( 1) MlCROCCmru~l'IOU 0 rH~llJJY;)RAZOO:£. 

{l) 7.039 mg. or compound gav 3.273 mg. H20 

n.a. 14. 014 mg. 0~ 

. {,1 : 54. 2~, i''R = 5. 200~ 

(2) 6.190 11g. of compound gave 2 . 864 mg. H2o 

and l:E • .,64 mg. C02 
,., %C c 51t.. 1t5%, 1H • 5.1g,: 

{3) 6 . 25~ mg. of oo~ound gave 2.865 mg. H20 

and lZ.f+M 11g. co? 
1-0 - 54. 37;c:, ~ = 5.13 

Me8n 10 ~ 5~. 36~, 1H ~ 5.17% 
c19K1g06N~ • R20 ?~quired 54.8 ~C, 4.S06 ~. 

There w~us very atrong e-~1dttnce in f, vour ot the 

presence of the aldehJ«e. 

( 2 ) C~'tA.LlTI,q ll~C~ION •• 9Jt ~Lng.HYDfi: . 

2. 6 gms ot al d h7d-e mixture, • 015 gm~ of ea:.tnlyat, 

100 el . 95~ ethunol, .v3 ml. 0.2M terroue sulphate and 

. 1 ml . R so41um hydroxide were pl~eed in th• reaot1on flask 

&nd the proee~u.re wn.- o&rriM cut i dentieallJ as 1n the 

case or 3-5 d1bromo-/-reE~oreJ1aldehyde. Th.e pr etJu•ure 

i ~a .ed1a t ely "repped 2 lb • t the start but rellln1ned the 

same th.rourhout the ahek1ng p rio~. The resu.l tlng 

solution v~a a port w1ne colour and on removal or the 

ethanol ~der redueed p~seu~e a. black v1acous 11qu1d 

remained. A portion ~r th1 11qtt1d vas treated with 
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2-4 dint tt•aphenylbydra~in& nnd a proe1p1 tate was 

ob,a1nea hich 1nd1eote~ that the ~ldehJde group 

had not been reduced. fh~ m~lting point of the 

2-4 dinltrophenylhydra~one was 11?.0 but d~kened at 

!5°. From this 1t wos concluded that the nllyl g~oupa 

had been hydroFenated tG prop7l group•. 



6. A.1PEN.OlX 
• • lilt !lilt r• I LT I d .... 
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One or the noteworthy ~dvaneea 1n Chemlat~y has 

been the introduction or m~thods and techn1Quee 

perml ttinR the- analy P.i s ot smaller o .. ount ot substnnoe 

tbnn ~ommonly used. a f • ot well reeognieed !n ehemleal 

r esearch, both orgPn1e end inorganic. In tho fi elds 

ot hormone nnd vitamin ehemiatry the ppl1e~ t1on ot 

m1e.rometnods hrs become a neceasity. 

It • e 1n 1911 thnt 'r~l r~volut1on1zed most ot 

the existing mccroehe• 1cal ethoda 1A quantitative 

organic analysis ot pure organic coll})ounda by the 

1ntrod~etlon or equivalent aicromethods. these 

preeedurea permitted determ1n'lt1ons with samples aDtounting 

to a tew •1111grams and involved not only the handling 

but also the design ot the appAratus. ln the aubsequent 

videap~ead u e ot Pr~l's Cicroanalyt!cal ethod tor . 
pure orgsn1c compounds. the saving 1n material and tlme 

were the dec1s1ve eontr1but1ng factors. The practical 

appl1oat1ons were an additional advantage vbieh gradually 

led to tbe complete replacement or the corresponding 

aac:roae thod s. 

foday Pregl's m1ll1gram processes have been 

introduced into both industrial organic ren~ch 

l borator1as and the teaching curr1oula or 1nst1tut1ons 

otter1ng l)d.vAnced chem1oal ins truction. 
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AJlPAAA?lUS 

In conJunction wlth Mr. J . R. Pa~1eh, a.sc. , lone., 

this appal'atu.e wae set up . 

l'n rue opparntus an OXJgen (a) and alr (b) suppl1 

were used and were connected tc> a p~e eure regulato!' tc) 

e designed b7 hegl (96) . !raeea of organi-c matter and 

h)'drogen round in n)' sources ot oxrgen and alJ> vere 

el1m1nat.ed bJ pa•s1ng the s•a through a .P~eheat- (d) 

dev1sed b7 MaeN~Yen and Ola.l"k (97) . It consisted ot a 

e1mple copper ~1ral vlth water contalnere at each end 

so as to protect the rubber •~aohmenta troa heat. fhe 

p:rehenter w.ae heated w1 th a bunsen burner plue tlah tall 

nnd by cooling the ox,gen nd atr the poes1ble 

decoapoal t1on ot the rubber' connections v tZ volded. 1'1\e 

prehenter a~ oonn~cted to ~ anhydrone baorpt1on tube 

(e) which remoTed t.be water, pre•ent1ng d1lut1on or the 

concentrated eulphur1e acid 1n the bubble counter. 

'l'htt bubble counter ( t') and ebgorpt1on tube (g) 

eontatning ~b7drone ~nd a1car1te to r v~ last tra~e• 

ot watar and e~bon d1ox1de reP?eetively, vere larg~r 

than those ttsed bJ hegl (96) and was attached to the 

e1de arm or the ecmbu tion tube. 

'the eo.bust1on tube (h) w12s of ou rtz, 64-65 ems. 

long, w1 th a a1de ara {9g) of the same dime-ns1ona as the 
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a~ of the bubbl e counter. The tube was t1lled w1th 

the "Combination Filling~ dev1aed by ~Jiederl and 

N1edePl (99) and closed by a tight fitting cork~ 

removable ~or the introduction o~ the sample v1thout 

d1sconneet1ng the a1r o~ OxYgen. stream. 

A small constant temperatur-e ru:s-naco ( 1) vas uaed 

tor he 'ttng the lead perox1de and the thet'1ttOmeter (n} 

recorded a ~emperature- ot ll!C°C. 

Pregl absorption tubes vltb a hollow g~ound glass 

atoppAr ve~e used. The V8ter absorption tube ( J) vas 

tilled wl th anhfdr-Gne vith. thick glas.e wool pluga • t 

oaeh end and the gro ... nd glaes gtoppel' sealed in w1th 

Kr&nigs glass cement. The carbon d1ox1de absorption 

tub~ (k) contained 25 Ill!!. l ayer of anhydrOne followed 

by ascar1te. Glsss ~ool plug~ we~e u•ed at the en4s ana 

also between the- anhydrone and the f'ecar1 te l yer~J. They 

were o~nnected head to ho~d, the uater absorption tube 

next to the combustion tube, vith specially impregnated 

aeamleee rubbe~ tubing. 

A drier (1), t1ll9<1 v1 th anh1drone, was attached 

to the ab•orpt1on tubes rrom one end while the other vas 

oonnected to a. Mar1otte flask (m) as designed by Pregl 

(%). 

The meaeur1ne cylinder (o) was to regulate the tlov 

of air and o~ygen through the apparatus and the r ate ot 
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tlow vas trom 4-5 ml. pGr m1nute. 

'l'he rubber tubing vas treated a!¥ recommended by 

Pregl (96) by .1mmera1ng the tubing 1n 50~ pot ss1um 
0 . 

b)'clrox1de at 60 C. for 4- hours and then. steaming out 

ror anotbe:r 2 hours. The pieces <lf 'tubbe-r tubing which 

wel"e 1tllPregnated w1 th paratt1n wu have spec1t1c 

d1a•na1one (96) and the impregnation wo~ ea~r1ed out by 

plae1ng them 1n mol ten pararnn liU 1n a small tleGk 

which was evaeuated on the suoti~n pump vhlle at111 varm. 

As aoon as the contents ceaaed to roam the vacuum vas 

broken to admit the a1r which forced the paratt1n 1nto 

th& par~• o:r the rubber tubing. !b1 procedure ot 

bo111ng and eveeuat1ng vae -r~pc;tated several times unt1l 

no fur~her rising of bubbles was observed. the p rattin 

wax was perm1tted to dra1n off while st1ll ~arm and the 

p1ecea of rubber tubing were wiped olean on the 0\1ts1de 

with a clean ' cloth and the bore vlth tutts of cotton 

.moistened vtth a little benr.ene ttnd finally w1th d~ 

cotton. The e iapregnoted rubbel"' conneet1ons were 

clearl1 marked to ind1oate thetP re pect1ve positions 

and were always used 1n that p&s1 t1on. 'fflen the 

absorption tubes were not in use the end& were stoppered 

v1th a small p1eee ot impregnate!! rubber tubing 

containing a glass rod at one end ln order- tG prevent the 

absorption of onrbon dioxide and lH!ter trom the a1r. 
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Whenever the absorption tubes vttre filled w1 th 

fresh rengents fJ combustion w~t& performed w1 th oxalic 

ae1d in order to $tandard1$& the conditions in the 

tubea. 

:PROOSDURS 

(l) !he mn1n ru.rnacf) and the constant teape:ratutte 

furnace were t!totl tehocl on and the p:re.beateP heated. The 

temperature of the WJ.ln turnace was aet at about 800° 

by means or py~meter . 

( 2) The oa.p1ll~ry ends of the a aea r1 te tube ve:re 

eleaned v1th a pipe eleanor and the tube wae w1pea 

aoeord1ng to Pragl's d1~ect1ono v1th a moist eloth, 

tben a mn1~t Chamois tQllowed by a dry ebamo1s. It was 

then plaeed an the raek tor 5 mlnutP.e, transter~ed to 

the 'balance b7 me$1\s ot a epecia l :ro:z-k {96) nnd ve1ghed 

five minutee l ater. 'the anbydrone tube vae wiped nnd 

we1ghed in the aame •aT. 

(J) fhe abao:ropt1on tubes were connected head to 

bead by an 1mp:regnat ed rubbel' tube 3 ems . long • . anoth$r 

2 C.s& long being att aebed to tb.e .anhJdrone tube . fbe 

absorption tube8 were then a ttaebeo to the combust! on 

traln~ the anhydrone tube adJoining the latte~ and the 

osear1te tube next to th~ drier or the P~Piotte tlask~ 

the s1de ~rm of wbieh was vertleal. 



(4) The rubbe~ stopper of the ~ombuat1on tube 

was removed~ ~he weighed eubstance, 1n a plat1nua boat, 

waa qu1ekly 1n.t:roouced to v1th1n about 5 oms. ot the 

combintttion filling .and the tlabe 1med1~tely closed .. 

(5) The small furnace and alr v~r~ ev1tched on 

and Mar1otte flask'• side arm pushed ho~lzontal and the 

tlow ot wateP rrom 1 t was regulated to 4-5 ml. per­

minute. The ~all fum oe, after it had acquired 

t~erature of 300° vas Bradually moved townrd the 

sample. ~hen the aaaple vas renehed the a1r wua swlt¢hed 

ott and the oxygen sent through. 'the furnace wna still 

moYed 11p until 1 t touched the maln furnace .;md the 

combustion proceed d with the furnaces 1n this pos1t1on. 

The combustion W&la cat"r1ed out w1 th 40 ml . of 1r and 

ao ml. ot oqgen nd took about 30 mlnute• .. 

(6) ~he absorption tubes ve~e removed and wei ghed 

as before. The amall furnaoe and oxygon ewitehed ott. 

( 7) !he end ot the combustion tube wae stoppered 

with some impregnated rubber tubing. with a glass rod 

1n the other end. 
!he procedure g1ven was standardised by combuet1ng 

dried A.R. benzoic acid. It was round that the earbon 

results were good but those tor hydr~en ~ere hlgb. All 
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possible precaution• were taken to try and preYent 

th1a (96, 99) nnd blanks were performed. Only the 

co~reoted results vere recorded in tho thesis. 

Froa the eorrect~d ~esUlta obtn1ned tor banzolc 

e-e1d tllo •:>robable er~or ot a s1ngle reading and or 
the mean h s been ealculated. 
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69.20 .193 

68.59 ·-.417 

6!.90 -.107 
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69.40 • 1~93 
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. 2430 
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.0g237 

Probable error ot 
eingle reading = 

JI"d12 
.6145 

l n-1 

where n = number ot 
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dl • the 
deviation 

but - . Rfl4-5 =.1742 

J n-1 .. 

Prob ble error ot 
eingl& reading • 

1.507 X .1742 
= . 2625 

Probable error ot 
mean ~~~: 

,!.L d1
2 

... x ,17~2. 
Jn 

= .06562 
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5. 2)0 .102 

5.196 .068 

4. g9~t - .2;'+ 
5.168 . OltC 

5.015 -.013 

4.913 -.?.15 

5. 015 -.llJ 

5. 257 .129 

5. 24-1 .113 

5. 143 . 015 

5. 268 . 1~ 

;.196 I .. 066 

4. 915 -.213 

5.244 -.116 

5.103 -.025 

5. 242 . 114 

Meen 5.128 
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.OlOilO 

.004624 

.051J.76 

.00160 

.000169 

.04623 

.o12n 

.01664 

. 01.277 

.000225 

• 01960 

.OOlJ.J56 

.04537 

.01346 

.000625 

.0130 

\ 
L a1

2 
= . 25361 

J I: <11
2 

s . 5036 

Probable rror ot 
singl e J"eati1ng 

- • 5036 lt . 1 7~2 

= .og772 

Probable error ot 
n.n 

* ,, 08712 • 
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