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J\ SUWIARY OF 

An atterupt was mtidG to 'Oroduoe u p - or J - resorcinyl 

alcohol trom u1substi tuted resoro1nols . ·ro accomplish this 

3 , 5-d.lbroru.o-p-resorcylio acid \~as reacted 1 th 11 th1um 

elum1nium hydride,a 11.,lld reducing asent, in an tternpt to 

reduce the acid group to the aloohol grouT> . ·rh1s disubsti tuted 

resorcinol wus recovered unchanged . u 1 o;-d il>romo-~-resoroyl­

alclohyde we.s reduced by lithium aluminium hydr1uo, but, 

instead ot the e..l.oohol t•or.uling, res1n1ficttt1on took place. 

2-methyl• 4-ethylresorc 1nol and < • 6-d iotbylresox·o inol wore 

re~ctod '1th tormnldohydo unuer tilkaline &nd &oidic conditions . 

In each case a resin torruod. 

The above exuerlments 1nd1cutod that condensation took 

place in the meta ~osition of tho resorcinol ~locule . 

trt...c.ethylresorc1nol waa therotore reuoted \1th tor.uu.ldohyde 

under alkaline conditions. reoult1ng in a small ~uantity 

ot the alcohol der1vat1v~ . 

Ji better yield o1' the ulcohol derivutive \,us obtained 

by the hydrolysis or the ohloromathyl aerivative . In nursuing 

this line. a ser1os ol.' ne· .. ooupounda and their uor1vat1ves 

'·ero pre1>ared • 

The oondensution of the alcohol derivative ~ 1th tr1methyl-

resorcinol and also v1th resorcinol was investig ted . 
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I. HI.JTuRICAL AND INDUB'.LRIA.L 

Bn.CKGROURD 



( 1 ) 

In these days of indust~ialisation, manufacturers 

are not slow in availing themselves of any new and 

useful product of the laboratory, and, 1n this respect, 

plastics are no exception. 

In 1909, Baekeland made his two brilliant pr pesnls 

te veroome the difficulty previeusly experienced in 

meulding the pheneplasts. These were the use of a 

filler, such as w•od flour, to overcome brittleness, 

and the use of heat and pressure during the moulding 

which sh rtened the meulding time and prevented poresity (1), 

Since then the expansion of the pheneplaat industry has 

been ao great that recent surveys (2) have indicated that 

the present annual •utput· in the United States or 334,000,000 

peunds ~henol will have to be doubled to meet demands . 

Added te this, there are many other fields of human 

activity which call for the development and improvement 

of these substances, apart from the commercial aspect. 

Since the phenol compounds form the basis of an 

imp rtant section or plastics, it is l•gical for the 

chemist to centre his research w•rk n those comt-.ounds 

when endeavouring t satisry the insistent demands f r 

/better •••• 



(2) 

better and more adaptabl~ plastic materials, and for the 

elucidation of the chemical nechanism by which they are 

1'orrned. 1'he theoretical investigations of the ph~noplasts 

have not kept pace with the industri'l development. 

Th e apl:;lications of phcnol-.f.'iJrmul.ichyde resins are 

very numerous but they cc..n b e J.iviJ.ed brict 'ly into five 

main groups, nar.tely, moulcU.:r1g powders, protective coti tings, 

adhesives, cast resins and ion exchange resins (3) • 

. mereas phenol-formaldehyde resins find wide use 

in industry, resorcinol-formaldehyde resins are, in 

comparison, very seldom used. ~he r 0ason for this is 

that phenol is cheaper thnn resorcinol. However, in 

practice , resorcinol, like phenol, r P-acts with formaldehyde 

to form a resin, but the curing time is less and the curing 

tempf: rature is lo ~·;:er in the casE- of r esorc n .1. 

In heat-reactive phenol-formald~hyde r esins, the 

inclusion of' r•esorcincl in the f'cr•rr.ul r:,.i.i on can reduce 

the curing time or curing temp~rdture or bath. 

In the a<ihesive field, a pur·~ rcsorcinel-f'ormaldehyde 

adhesive will cure at r eom tem~eruturc in e to 10 hours 

wi thuut catalysts injurious t o cellulos e fibr ;;:·s . At an 
-> 

elevate d t~...mperahlr~, such c~. s 120 1· . , t lie sa.me resorcinol 

adhesive. will cure in ab out one hour. 

St r aight : henolic adhe sive s, unle ss r eL.dE:r e d str ongly 

acidic, a r e not r e active at the s e t~:nrperature s and must 

/be •... 



(3) 

0 
be heated te 200 .t' . Gr higher . ColJ. netting neutrul 

gap ~illing glues have been prepared from resorcinol­

:rormal dehyde (4, 5, 6, 7, ; , •;,) which cun be used for t!luing 

wood. The join withstands bo1l.in~ wat .. r, and, when tension 

is aprjlied, the wovd will break before the joint. Other 

industrial applications of the resorc1nol-rormaldehyde 

resina are in the improvement or the wet strength of 

pa.p .. r CL~~5) and in tho manufacture of laminar materials ( 10) 

and n w resins (11,12 ) . 

"?hen one cons j dP-rs th - number of uses to hich 

phenol-formal dehyde resins can be apr,lied in comp8.rison 

with resorcinol-form• ldehyd,.. resins, it becomes --~P~'arent 

why so much &ttention has b~en devote d to th ~ form rand 

so littl!>: to the l 1.1tt .r . A vast amount vf work has b ..... en 

done to elucidate the 1 henol-fo "tnaldeh,ydt.~ condensa.Li .. n 

a ncl o. well es "ablished theoey bas b etm constructed around 

it. 

'1'11e present resea rch 'tlork i s directe d tow ... rds the 

~lucidation of the resorcinol-formald~hyde condensation 

on the same lines as ror the _phenol-formaldebyde. 

Resorcinol, having two ortho-para directing hydroxy 

groupe, is consequently doubly activated in the positions 

o~tho and pa ra to those grouLe and ~eaets rapidly and 

/ easily .... 



(4) 

easily with formaldehyde. This accounts ~or the fact 

that resorcinol is more reactive towards formaldehyde 

than phenol. There exists, however, a fUndamental 

di~ference in behaviour between phenol and resorcinol 

in that, whilst both on treatment with formaldehyde 

resinify at room temperature under acidic conditione, 

only resorcinol does so under neutral or alkaline con­

ditions. 

Briefly the history of research work on the 

resorcinol-formaldehyde condensation is as follows: 

In 1872 Baeyer (13) condensed resorcinol with 

various aldehydes . When the aldehyde was relatively 

inactive, crystalline compounds could be obtained. 1th 

resorcinol and acetaldehyde or formaldehyde, resinous 

products resulted. Caro (14), 1n 1892, condensed an 

excess of resorcinol w1th .formaldehyde in the presence 

of dilute hydroc~loric acidj the product obtained was 

identified as tetrahydroxydiphe~lmethane 

Mohlan and Ko ch (15) confirmed caro's results . In 

1924, Zamparo (16) re r orted on the ease with which 

resorcinol and formaldehyde form condensation products 

/in ••••• 



(5) 

in the cold. 

Boehm and Parlasia (17) prepared methylol derivatives 

of resorcinol by reduction of the corresponding 

dicarbomethoxy aldehydes . The compound {a) was stable 

and not sensitive to acids, while compound (b) could 

not be prepared in a pure rorm, but alw ys occurred as 

a resin. 

(a) 
OH 

(b) 

Boehm and Parlasie also stnted thDt the product obtained 

by Sen and Sarkar (18) through condensation of resorcinol 

with ~ormaldehyde and designated~ -resorcinyl lcohol 

wns misbranded, being, in fact, a high molecular weight 

condensation product of unkno n structure. 

Raff and Silverman (19) daim that, in the condensation 

of resorcinol with for~~ldehyde, intermediate phenol 

alcohols, and reools are, if at all, stable only a t 

temperatures of 5°C. or lower. 

The formation of colloidal resin suspensions from 

formaldehyde and resorcinol and their flocculation by 

ions was described by Engeldinger { 20) in 1936. Further 

kinetic study of the resorcinol-formaldehyde r eaction 

/was •••• 



(6) 

was reported by Du.brisay and Papaul t ( 21 ) in 1942 and 

1945. These authors condensed resorcinol with formaldehyde 

in the presence of sodium hydroxide, and determined the 

viscosity and the amount of ~ree resorcinol in the 

solution. The results were considered to be in agree­

ment with a reaction mechanism involving the formation 

of o-and p- phenol alcohols, their combina.tion to sub­

stituted dibydroxydiphenylmethanes, and the condensation 

of these compounds to networks . Sprung and Gladstone (22) 

reported that the reaction or o-methylol phenol 

(saligenin) is of second order. Little and Pepper (23) 

found tha t the ge l titee o:f the resorcinol-:formaldebyde 

condensa tion varied with pH in such a way that, when one 

was plotted aga inst the other, the curve showed a maximum 

at pH 3-4 and a minimum at about pH 7 - 7. 5. Accoroing 

to Granger (24), the minimum is due to Cannizzaro's 

reaction. Little and Pepper sxpla in the maximum by 

plotting log10gel time and obta in a graph or t wo straight 

lines intersecting at pH 3-4 on extrapolation. They 

point out that the two linear portions or the curve indi­

cate t wo reaction mechanisms, one eatalysed by hydrogen 

ions and the other by hydroxyl ions. They suggest that 

the basic reaction between formaldehyde ano resorcinol 

to form rirstly a phenolic alcohol and then a disubstituted 

/methane •• •••• 



{7) 

methane may be catalysed b7 either hydrogor ions or 

hydroxyl ions. Rhodes (25) connects the technical 

development of the resorcinol adhesives to the increasing 

knowledge of the e~fect of pH on their reactivity. Raff 

and Silvermann (19) found the uncatalyeed reeorcinol­

formoldehyde reaction to be of the first order ror dif­

ferent resorcinol-formaldehyde ratios and under changing 

temperature conditions. 

In 1951 Ryding (26) attempted to prepare a ffi - or 

tr-resorcinyl alcohol . Prior to his research work, no 

s uch methylol derivatives had been f'ormed, anci, in all 

cases, a resin had been produced. To ~strict the con~ 

densation:, Ryding used resorcinol compounds in which t wo 

of the three ortho end para positions ere blocked by 

substituents, leaving one· at which, he hoped, conden­

sation would take place. 

The three main methods or preparing the resorclnyl 

a lcohol employed by him were: 

( 1) To react disubsti tu.ted resorcinol compounds with 

f'orm.aldehyde . 

(2) To hydrolyse the chloromethyl deri vative of a 

disubstituted resorcinol . 

(3) To reduce a resorcir~1 aldehyde to a resorcinyl 

alcohol. 

His results were as follows: 

I ( 1) ••••••• 



(8) 

(1) (a ) 4,6-Dibromoresorcinol was reacted with 40 ' 

formaldehyde under various conditions of temperature, 

solvent and catalyst. In each case a resin was produced. 

He found that formalin and sodium hy~1roxide removed the 

bromine atoms. 

(b) He attempted to condense 5-ni tro-(3- resorcylic aeid 

with rormalin, using both acid and alkali as catalysts 

at various t emper a tures, but failed. The presence of 

nitro and carboxyl groups d~activated the benzene nucleus, 

thus prev~nting r eaction from t aking place. 

(c ) i!ith 2,1+- diniatrcresorcinol, tl;c result was the 

s ame as for 1 (b) . 

(d) 4, 6-DiallylrefH>reinol, wh.!n rencte d with formalin,. 

yie lded a small quantity of brownitlh ~morphoua material 

which he assumed to b~ a resin. 

(e) On r encting 3,5-dibromo-A-resorcylic ocid and 
( 

ro~alin accordi ng to the Manasse Peaction, he obtained 

a compound which was Drobably 2, ~ ,4 , 5-tetrahydroxy-

benzoic acid. 

2. (a) The chloroma tnylation. f.-· roduct of 4 , 6- diallyl­

:re sorcinol could not be Tully investiga t ed b ecause or 
s hortage of' reagents, but he suspacted tha.t 2-chloro­

methyl.-L!-, &, -dia.lliresorcinol had be~n .f'or rned . His 

/attempted •••.• 



(9) 

a ttempted hydrolysis with silver oxide failed . 

(b) Chloromethylat1on of Gallic nc1d yielded 

2, ;::;; '-3, 3 '-)!,ll '-hexnhydroxy-6, 6 '-dicnrboxydiphenylmeth~e . 

(e) On chloromethylat1on, 3,5-dibromo-F-resorcylic acid 

gave a small amount of 4·, l~•-6, 6 '-tetrabromo-3, 3'-5, 5'­

tetra.oarboxydiphenylmeth;:-.ne. Condensation had taken 

place . 

3. (a) Using platinum oxide a s catalyst, 3, 5- dibromo- ~ ­

resorcylaldehyde was catalytically hydrogena ted to give 

a resin. 

(b) Shortage ot reagents hamperecl his work on 

d1allylresorc1nol but ·there was def1n1 te evidence tha t 

som~ ? ,6-dihydroxy- ) ,5-dlallylbenzaldehyde was pr epared 

by the Ga ttermann reaction on d1allylresorc1nol . The 

attempt to reduce the aldehyde 'by hydrof~enation yielded 

a new aldehyde, thought to be 2,6-dihydroxy-~,5-dipropyl­

ben?..aldehyde. 

In conclusion, Ryding st ated that, if the phenolic 

alcohol were in f act forme~ , it w~s extremely repotive 

and condensed r &p1dly wlth ny free positions 1n the 

ring of the neighbouring molecule. If the resorcinol 

molecule wns highly substituted, the deactivnt1ng 

effeets of the substituent groups would have to be 

considered , particularly in the case·or nitro groups. 

/ He ••.• 



( 10 ) 

He sugges ted that a sui table l ine or a tta ck mi ght 

b e the conversion or d1a llyl resorcinol to di propyl­

r eeorcinol, the a l dehyde of which mi ght b e reduced with 

lithium alumini um hydride to the r~qui~ed a lcohol . 



l I. S.l'RU~/i".:. ·aa OF Pffi 10L 
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(11) 

Phenol and form~ldehyoe can re~ct to form thr~~ 

d1mens1on~l maeromol~cules .hen cataly~ed eit.hP.r by 

an alkali or an acid . The chem11try of thP nlkal1 

cataly ~ed condenga t1on is markedly ~ifferent from 

t he Ac111 eat~lysed reP.ct1on . 

It i s generally accept Pd th~t the 1n\tl ol r~~ction 

or formaldehyde w1th phenol yielde a nhenol a lcohol . 

Bultzsch (?7) ond Zi~~ler (?g) su~~~ste~ th t th~ 

alcohol mi ght form throu~h an a l dol condens~tion 

as follo·:r~ : 

c-- I ~ 

0 
H 

H c-o-
~~ + ' C=O -~ H H,. 

-
H J{ 

c-oR c-oH 
Na+ H ~ ~ H 

nasically the re~ction con~ist ~ of thP. r~moval or ~ 
proton from phenol b y the a l lmli. 

Price (29) v1 ~ual1 C3ed th~t ph~"nol rl!~cte "'ith 

tormeliJP.hyd e to form a ch~lfl te rin~· . Intr~molecul ~r 

rea.rramgement gives the phenol alcoholate : 

Na+ 
> 



(12) 

The alcohol formation cAn take place at All 

three ortho and para positions and further reaction 

yields insoluble and infusible resina . To study the 

eur1ng re~ctions therefore, phenols with one or two 

ortho and para positions blocked ~ were used . Even 

though substituents 1n the phenolic nucleus affect 

the curing reaction, it wae only through setting up 

model react1ons thnt knowledg~ of the curing mecb9n1em 

could be gained. . 

The pr1ncip~l thermal reaction in th~ enrly 

stages of curing, a t t emperatures 100 - 140° 0 . , 

appears to be the forma tion of dibenzyl ether 11nkav,es 

between phenolic nuclei. The di~lcoho~ from p- ore sol 

forms long chain ethera on he~tlng : 

OH OH OH 

ca3 

CH2- •• 



(13) 

In many cases of highly substituted phenols, dibenzyl 

ethe~s form the l argest single product 1nolnted tram 

the cu~d reaction mass. 

Ethe~ rormat1on 1e retarded by the 1nc~ease in 

temperature or by the presence of a l b l1 (30), when 

d1pbenylmethane comr.ounds form. 

On fUrther heating, p rt1eUlarly a t temperatur~s 

higher than are needed to form the eth0r, tho l a tter 

may split orr formaldehyde nd give a d1phenylmethane: 

11 c 
.) 

OH OH OH 

CHz --C _ ___:..· c n2 

0 
When· a phenol a lcohol i s hea t ed to 140- 155 c. , 

formnldehyde splits orf with tbe regener t1on of 

phenol, which condenses with unch nge d alcohol to form 

diphe~lmethane and \?ater. 

OH 

+ H20 

Por phenol with three reactive pos1t1ono, the 

1ntermediut es are mono-, di- and triulcohols . These 

/compounds ••••• • • 



(14) 

compounds react quickly with one another under contin­

uoun heating while wa t er aa well aa formaldehyde split 

off forming ether linkages between the benzene nuclei . 

In addition to the condensation reactions outlined 

above, there is evidence thut at least p~rt of the reein 

may be formed by polymer1aat1on. Investigato~s have 

shown t~t the caring reaction was c t alysed by the 

trea t ment of formaldehyde with ozone , whereby pei"Oxides 

might be f'ormed. The latter would evidently be catalysts 

for the polymerieation reaction and would be expected to 

have no ettect on condensation. D1mera and tr1mers of 

metbylenequinone have been identified trom the reaction 

products from the curing o~ highly substituted phenols. 

Methylenequ1none, the unstable monomer, may be formed 

a t temperatures a round 200°0. from the phenol alcohol 
. 

or the d1bydroxybenzyl ether, ~ith the splitting of~ 

o:f water. 

h J C... u, HJO II} ... uze 

CH20H 

O.Ji OH 

hfl0 H3. HyJ "'113 u,c -CH.3 
L 

+ H20 

CH2 - 0 Clt2 

/The ••••• 



(15) 

The ortho compound is also formed when the meth7lol 

group is in the ortho position. 

Uethylenequinone may d1mer1ze to give d1bydroxy­

st1lbene. 

OH OH 

2 

!t may also undergo a direct d1sproport1onation, 

while in nn unstuble state, artd y1eld radicals which 

become stabilised by the £ormation, on the one band, 

or a stilbenequ1nonc, and on the other hand to a 

diphenyleth~ne as shown in tbe follo 1ng diagram. 

Obviously. the stilbenequinone may then undergo still 

more reactions resulting in more complex substances. 



l 2 moles 

Clr 

Substituted 
Stilbenequinone. 

(16) 

+H 

CH2-----

Substituted dihydroxy 
diphenyl ethane . 

Both von Euler {31) and Hultzeeh (32) cl~:t1m that 

the forDtl tion of lt'letbylene.1U1none plays a n important 

paPt in the hardening process through the reaction of 

phenol alcohols or their eth .. ~rs ~1 th methylene quinone . 

lLO 
..) 

OH 3 

CHO 



(17) 

Zincke .. 1-fults!Jeh and von !.Ul r ()7_.-1':·) h vtt etuA1f"d 

many ~ ctlon~ oft~~ above n tu~ . Th r~ ult~ ot th~1r 

ork 1 b~ tabul t v ~ follow : 

DIHY!>HOXYDTB · yt, 
_) -en ,.,, --------~~--------~ 

to VP.-ry 11m1 t ed ext nt 1n the P. of nhenolg w1th 

thrg~ r e ctive pos1t\ona. Th~ tnr~~t1on of methylenn 

/11nkl!~~· •• • 



{18) 

linkages appears to take place almost instantly :t'rom 

the dibenzyl ethe~ linkages and so the cured resin 

has principally methylene bridges. To a certain ex­

tent it may contain some ethylene .nd stilbene link­

ages resulting :tram the reaction with metbylenequinone 

bodies. The 1 tter may al so :t'orm lar.ge molecula r 

aggregates b7 polymer1sat1on. The resulting cured 

resin is cross-linked in the three dimensions and 

hao a high molecular weight . 

COJIDENSA'l'ION I tt ACID SOLUTION 

From the work of Baekeland (37) nd Ziegler (37) 

it seems probable tha t in acid solution the phenol 

alcohol :rorms but it eondensee 1natanUy under the 

influence of acid catalyst to give a diphenylmethane 

del'iva tive. 

Hultzech (27) suggested tha t the addition of 

formaldehyde to phenol takes place as follows: 



(I) 

Cono.HCl 

etf~Cl 

(V) 

(19) 

+ 

(II) 

l 

(IV) 

OH 

20ft 

(VI} 

H.l 

- H 0 
2 

~ 
b 
I 

(ITT) 

Q_c 
H? 

+ 

(VII) 



(20) 

The formaldehyde molecule reacts w1~h a hydrogen ion 

to rorm cation 1 whieh according to Eietert (38), joins 

with phenol II to rorm an intermediate compound Ill. 

water splits off and highly reactive methylenequinone, 

derivatives IV :rorm, which react with concentrated 

hydrochloric acid to g1vo the chlorometh71 de~iv tive 

V, small quantities of the alcohol VI and, in the pre­

sence of pheuol, the dipho~lmethane derivative VII . 

Although phenol alcohol is probably fo~ed wben 

the phenol-formaldehyde re·action is either acid or 

a.lkal1 catalysed, tbe products whieh are obtained iJ1 

the t wo reactions are entirely di.tferent. 

~en leas than 0. 86 moles or formaldehyde per 

mole of phenol is reacted in acid solution, the pri­

ma~ alcohols instantly condense to give a series or 
diphenylmeth ne chAins, haYing trom two to nine pheno­

lic mtele1. 'these condensed prodUcts are called noYo­

lacs, and do not undergo further curing :t-eaction un­

less more methylol g:roups are supplied. I~ excess 

f'ormaldehycle is added insoluble maeromolecules are 

formed, whose original linear molecular structure 

obviously changes to a three dimensional one. The 

structure £or the novolac is: 



(21) 

The novolaea are perma~ently fUs ible and soluble 

but they can be further reacted (1) by conJenaa tion 

with rormaldebyde 1n a lkaline solution, wben a resole 

is formed which then goes through the curing reactions 

previously descr ibe d, (2) the novolac may be intimately 

mixed ~ith hexametbylene t~tramine, which on heating 

becomes a source of methylol g roups. 

The fUndament a l difference between noTolac and 

reaole 1s the l a tt r has one or mo~ metbylol groups 

in its structure 



III. OUTLI UF. o~o~ T~::~ PHEt>ENT ~'IORK 



(22 ) 

I NTRODUCTI ON 

I n t he elucidation of t he phenol-f ormal dehyde 

condensation, the starting point has invariably been 

the preparation of the methylol deri va t i ve of the phenol 

of t he type 

or identifiable compounds were extracted from the com-

plex condensa t e . The former preliminary was udopted 

as a consequence of Baekeland's theory, that an alcohol 

is an intermediate in the forms tion of a phenol-formal­

dehyde r esin. On the b asis of tha t theory it was be­

lieved that, simila rly, in the forma tion of resorcinol­

formaldehyde r esin, a resorcinyl alcohol, · ou1d b e formed 

as a short-lived intermediate. 

In the r eaction of phenol and formaldehyde, con­

~Pnsation took place in the ortho and par a positions, 

so it wa s accordingly assumed tha t condensation would 

be the same in the case of r esorcinol. 

On these t wo assumptions, it seemed possible tha t 

a resorcinyl &cobol might be produced b y blocking two 

/ot: ••••••• 



(23 ) 

of the three reactive positions in the resorcinol mole­

cule followed by r eaction with form l dehyde 

e.g. OH on 
X HzOH 

OH 

X X 

or by the introduction of the alcohol g roup i n some 

other way. 

To accomplish this, t wo methods were adopt ed, namely: 

( 1 ) Applying the mild reducing agent, 11 thium a luminium 

hydride on substances like 3 , 5-dibromo- ~ -resorcyl­

al dehyde and 3 1 ?-dibromo~-resoreylic acid. 

{2 ) Freparing a disubstituted r esor cinol the substituent 

groups of which would not deactiva t e the phenyl 

nucleus nor cause steric hindrance , ther eby inter­

f e ring with the r eaction that was b e ing investi­

gated. ~yding suggested the following preparation; 

OR allyl 

0 brornid~ 

OH 

OH on 
~--



(24) 

The resorcinyl alcohol might be ~repared rrom the 

dialkyl resorcinol either by forming the aldehyde via 

the Gattermann reaction~ or by chloromethylation fol­

lowed by hydrolysis of the chloromethyl group to that 

of the alcohol 

e.g. OR 

X X 

X 

Hydrolysis t'{ 
) 

on 

OH 

At the outset of this work it must b e stressed 

tha t the understanding or the chemica l structure or 

phenopl asts has been a diff icult p rocess because these 

plastics could not be examined by the usual analytical 

methods because of their susceptibility to b e ing 

ha rdened by heating or by numerous chemica l agents . 

Once hardened they become insoluble and infusible. It 

wrus only in the roundabout mannel' of studying mode l 

rea ctiono tha t the chemistry of the phenoplasts forma tion 

could be investiga t ed. A simila r approach is, therefore, 

necessary in the ca se of the r e sorc1no1-£ormaldehyde 

condensa tion. 
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A . ATTr'LtllTF.U R~::DUC'TION ~ ··; ~ L13,;TI'?UTF'D R1~UOROINOLS 

rruiNG LITHIUM ALUVI NIUU HYDRIDB 

( 1 ) .Prepa ra"tloE 

OH 

OCOOK 

OH 

OH 

Br C00H 

OH 

~ - Resorcylic rJ.c id was p repared by the a ction of potas­

sium bicarbona te and carbon dioxide on resorcinol. The 

"esulting potassium s alt wa s hydrolyse d wi t h concentrat e d 

hydrochloric ac t d to g ive ~ -resorcylic acid (39, 40) . 

The bromination was car ried out by dissolving the ac i d 

in glac ial ace tic acid and addi ng bromine in the same 

solvent (41,42,43,44). 

R~ding ( 26) condensed 3, 5-dibromo~-resorcylic acid 

with 4fr f ormal in under alkaline conditions . A brown 

sludge was obt a ined. It was clearly sho'm from testa 

that the bvomine groups ha d been remove d and he suspected 

/the •••••• 
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the rormation or 2,3,4,5-tetrahydroxy benzoic acid. 

on chloromethyla tion or the a eid Ryding suspected the 

formation of J4 , 1.~ '-6,6 '-tetrabromo-3, 3' - 5, 5' -tetrahydroxy 

-2,2'-diearboxyl diphenyl methane . 

It was accordingly deci ded to r ttempt the reduction 

of the cid with lithium aluminium hydride. 

(2) Reduction with lithium aluminium hydride 

Lithium aluminium hydride has only recently become 

available a s a mild reducing agent, though Nylstrom and 

Brown (45) indica ted its importance in organic syntheses 

in 1947. Finn and Musty (46) successi~lly reduced a 

phenolic aldehyde to phenolic a lcohol with lithium 

al~inium hydride. Organic compounds conta ining ha lides 

have been reduced without ffecting substituent ha logen 

groups (47,48,49). 

Judging from the experiments described in the 

above refe~nces, it seemed possible that 3, 6-dibromo-~. 

-resoreylic acid might be reduced to the dibromo resorcyl­

aldehyde ~ceording to the equa tion. 

2RCOOH + LiAlHl1----~ LiAlO(OCH2R)2 + H20 

l hydrolysis . 
RCH

2
0JI 

An eth~r solution of 3,5-dibromo~-resoreylic acid 

•as added slowly to lithium aluminium hydride dissolved 

1n ether. A preliminary reaction took pl a ce resulting 

/in ••.....• 
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1n the fo rmation of a curdy white preci~it te, and 

aftar the fin l addition, the solu~ion separ•ted into 

two l &¥er - one creamy and the other ethereal . 

later was added to decompose t he excess lithium 

aluminium hydride followed by the addition of dilute 

sulphuric aoid to hydrolyee the metal lcoholatc tha t 

might have ~ormed. The curdy white preci pita t e disap­

peared. The e ther l ayer was sepa~ t ed of f and t he aqueous 

l ayer extrncted with ether. On ev4lpor tion of t he ether, 

a precipit te rem ined. This wae rec~atallised from 

water. By means of a mixed melt it was 1 roved t hat t ho 

aubst nee as the origin l acid. The expe riment also 

produced brown rna t eri l insoluble in t t r but the 

~ount ·as so smell tha t anal ye!s was i mpos&ible. 

'fhe experir.'lent was rope ted using an incre aed 

amount or lithium s luminium hydride. f he result was 

the e9Me befo~. This 1 rovcd th t lithium aluminium 

hyd1"1de does n ot t'educc the acid group to the aJ.eohol 

group on 3, 5-dibromo-~-reaoreylie acld. 

ll . ,3. 15-DI~RO ~-R:... .. oRCYLALD~HYD~ 

( 1} 

- 'Reaoraylaldeeyde was propared by means ot the 

Gattormann reaction by the reethod of Vogel (SO). 

Resorcinol in ether was reacted ith zinc cyani e and 

hydrogon chlor ide. t h resulting ald1mine hydrochloride 

/was ••.•• 
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was hydrolysed with bc1l.ing water to give the required 

eldebyde. 

{2) B£9!Dination of.t!,-reeoreylalde}Urde. 

~he bromination was p!n"forr ed by the method o~ 

Ryding (26) . To a solution of P -reaorcylaldehyue in 

gl,cial acetic acid was added bromine in the same solvent. 

on stirring vigorously, a thiek precipitate of 3,5-di­

bromo-p -resorcylaldehyde was obtained. 

(3) ~eduction ith lithium al~~!nJum.hrdride 

On using the reeommendod amount of lithium aluminium 

hydride (45), the ori ,Jinal aldt"hyde wu ·" recovered. The 

experim ,nt was repeated using n increased amount of 

lithium aluminium hydride. 

It wa .. necessary to ineor_porute a Soxhlet extractor 

as the a ldebyd:e} was only sli_ htly soluble in ether. 

'mlen & ll the ldehyde had been reacted witb lithium 

.... uminium hydride, execss lithium aluminium bydrido tras 

eliminated b7 adJition of water, and the intermediate 

was hydrolysed by the addition or dilute sulphuric acid. 

On evaporation or the combined ether luyer and ether 

extracts, a reddish brown substanc~. hicb had a non 

crystalline resinous apiJearance, reuulted. 

The product w~o round to be insoluble in water or 

ehloro.ro:rm but soluble in a numbe"P or ol:-g,;nic sol vente . 

/The •••••• 
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The compound was repeatedly dissolved in a solvent or 

mixed solvents in an a ttempt to ro~ o crystalline 

compound but only transparent amber-coloured flakes of 

irregula r form appeared. Acetylation or benzoyla tion 

railed to produce derivatives. 

Ryding ( 26) ttempted to reduce 3, 5-dibro1."'1ot3-resor­

cylaldehyde uair~ a number of di~rerent reducing agents . 

He found tha t the catalytic hydrogenation using pl~tinum 

oxide a s catalyst yielded a red gum. It was analysed but 

no positive structure could be ascribed to it. He came 

to the conclusion that the red gum was a resin. 

Ca rothers (51) reduced ~ -resorcylallebyde to obtain 

a gum. 

In th~ reduction of 3,5-dibromo-p-resorcylaldehyde 

with lithium aluminium hydride, it was r;oticed during 

the course of one run a white precipitate wa~ formed 

atter hyd~olysis by the addition of dilute sulphuric acid. 

Unfortuna t ely the precipitate only l asted for a short 

period and then changed to red gum. Poss ibly the 

bromine groups ~ere removed during the course or the 

~action, and. subsequently. by the action of the sulp­

huric aeid, the alcohol condensed to form a resin. 

It was tbereuy;on decided to 4 repare di-alkyl resor­

cinols and produce the requisite resorcinyl alcohol 

therefrom. 
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B . AT'l"'s»l~~ FRF.PARATIO.N OF A 01-ALK:YL RESORCINOL ALCOHOL 

I. 2-·rr;:THYI.-4-ETHYL RE:lORCI! OL 

(1) PreparatiQ.!! 

The preparation of this compound was aecompliohed in 

a three stage synthesis. 

(a) Prepara~ uf reacetophe~ (52,53) . 

OR 

to zinc chloride dissolved in glacial acetic acid, 

resorcinol was added slowly ~hilet stirring and he ting. 

~n diluting with hydrochloPic oid anu cooli~ in ice, 

orange-yello crysta ls of resaeetophenone crystallised 

out . 

(b) Frepar tion of ~.4-dihzdroxy-2-rormrl •cetophenone (54) 

OH OH 

0-
Zn(C:U) 2 , l:ICl 
ALClj ) CH=Nlf,HCl 

on H 

OR 

OOCR_; 

To a solution of rea cetophcnone in dry ether was 

~dded sine cyanide and pot assium chloride followed by 

/~luminium •..••..• 
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ttluminium chloride dissolved in dry ethGr . The ald.imine 

hydrochloride was :f"ormed by 1 assing dry bydl'ogcn chloride 

through the mixture . After 20 hours in the ice-chest, 

the yellow pasty aldimine hydrochloride was washed with 

ether Qtter which water was added. The ~ldimine hydro­

chloride was hydrolysed to the aldehyde hich separ s t ed 

out in the :f"vr~ ~f oraF~e crystals. 

ou 

CliO 

OH 

zn amalgam ) 
HOl CH.:;OOOH 

CH_s 

OH 

~,4-Dihydroxy-3-formyl cetophenonc was reduced 

by Oletmnensen's reduction. It was u.dded to zinc amalg m, 

di~ute hydrochloric acid a d acetic acid. The mixture 

wna heated and stirred. The product was extracted with 

ether and purified by vaeuum distillation and recryot 1-

lisc, tion f'ror.l high boiling point petrol ether. 

( 2) CONDENSA'l'IOl~ OF 2-uETHYL-3-ETHYL RF.:10RCINOL WITH 

FORMALDEHYD'R 

2-Yethyl-4-ethyl resorcinol has two of the three 

~rtho-p r positions blocked leaving one ortho-para position 

/and ••• 
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and one meta position unsubstituted. It was expected 

that on reaction with formaldehyde an alcohol group 

would be substituted in tho remaining ortbo-para 

position ae follows: 

OH OH 

or aJ.tornatively that the diphenylmetha.pc derivo.tive 

wouJ.d form thus: 

on OH OH 

2Q:; OH2 CH3 + Cll20 
H 

02H5 C;2H5 

2- ethyl-1-t-ethylresorcinol was reacted with .formal­

dehyde according to the Manasse reaction (5~) . The 

dialkyl resorcinol was dissolved in dilute sodium 

hydroxide and formaldehyde added. On standing for three 

days the solution turned deep red and was neutralised 

with dilute acetic acid. A yellowish gel tinoua pre­

cipitate f ormed. Examination under the microscope proved 

the precipitate to be non-crystalline. On filtr tion 

yellowish clay-like aubs~nce was obt ined which dissolved 

in ethanol. On evaporation this solution yielded a 

/clear ••••• 
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clea r reddish compound, amorphous ~nd without melting 

point. Instead, it cha rred and ignited a t a high 

temperature. 

1he clay-like substance ha rdened eithe r on drying 

a t room temperature or when heated. This hardened 

substance was insoluble in concentrated hydrochloric 

a cid and only slightly soluble in ethyl alcohol . 

According to Granger (56), this formation of a 

gela tinous precipitate (which, on filtration and drying 

out, hardens to a dark brittle substance, decreasing in 

volume is practically insoluble in concentra ted sodium 

hydroxide) is a very strong indica tion of res in :t"ormo.tion. 

The condensation was also ca rried out in an a cid 

medium. The dialkyl resorcinol was added to dilute 

hydrochloric acid, hea ted and forma ldehyde a dded. A 

red oiL resulted which hardened on cooling. Again 

the product was only slightly soluble in ethanol und 

sodium hydroxide a nd had no melting point. Resin 

forma tion was a ssumed to have t aken pl ace. 

{ 2) Oln.ORQMETHYLATION. 

A new approa ch for preparing the alcohol of 2- methyl-

4-ethylresorcinol was then dopted. An a ttempt was 

made to prepare the chloromethyl derivative which could 

subsequently be hydrolysed to the a lcohol. 

A solution or formalin and concentrated hydrochloric 

/acid •• • •• 
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acid was sa tura ted with hydrogen chlox-ide ga s and the 

dialkyl resorcinol added. Reaction took place yielding 

black resinous mass . The black substance dissolved 

in alcohol which, on evapora tion yielded an amorphous 

resin. 

II . 4,6-DI-ETHYLRF~ORCINOL 

The prepa r ation of di-etbylrenorcinol was ca r r ied 

out s tmultaneously with tha t or 2-me thyl-4-ethylresorcinol 

a s the l atter was found to be Q ver.y prolonged synthesis . 

It is i nteresting to compar e the result of the reaction 

between di-ethylrcsorcinol and r ormslin with tha t or 

2-methyl-4-ethylres orcinol nd formalin. 

Preparation of di-ethrlresorcinol 

This subs t ance wa s prep red in a 4-stage synthesis . 

fo ) Prepar a tion of 4- ethylresorcinol. 

OH 

OH 

COOH3 

Zn amalgam ) 
1IC1 

OR 

The synthesis of resa cetophenone has already been 

described. ~en t .is substance is refluxed with dilute 

hydrochloric acid and zinc amal gam, i t i s reduced to 

4-ethyl reaor cinol . 

I (b ) •.••.• 
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(b) Prepar a tion of 4-~~hylresorcin~ldiacetate (57} 

OH 

4-ethylresorcinol was boiled with excess acetic 

a nhydride. The resulting mixture s shaken with water 

extracted with ether which, on evapo~tion, yielded a 

liquid, hich wae dried and vacuum distilled. A 

colourless liquid, 4-ethylresorcinoldincetote, resulted. 

(c) Prep ration of 4- ethyl-2,6-diaoetnteresorcinol {58) 

OCOCH3 

O-OOOCH3 
C2Hj 

~thylresorcinoldiaeet£ te was dissolved in nitro­

benzene, cooled in ice and a luminium chloride added. 

It was heated and dilute hydrochloric acid a dded. The 

nitrobenzene was remov . d by ateQm distillation ~nd the 

product extracted with ether nd purified by vacuum 

diatilla tion. 
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{d) Preparation of ~.6-di~lhz~r£sorcinol (58) 

OH 

Zn amal gam ) 
HOl 

OR 

This substance was p repared by reducing 4-ethyl-

2,6-deacetylresorcinol, using the Olemmensen reduction~ 

~be acetyl group in the 2- poaition split orr, and the 

a ce tyl group in the 4-poaition was reduced to the ethyl 

group . 

(2} CONDENSATI ON OF ~~6-DI-!THYL~lURC!HOL ~ITH 

!:..Q.~liJU..DEHYlJ"': 

\ ccording to the anasse (55) reaction 4,6-diethyl­

res orcinol was dissolved in dilute sodium hydroxide, 

fo~~ldehyde a dded • nd the solution a llowed to stand. 

on neutralisa tion with acetic a cid, n gela tinous pre­

c1p i u t e :rorrned which dissolved in a lcohol and resu~ted 

in a brittle red, amophoua subs t nee on evaporation of the 

a lcohol. It had no melting point but charred on heat1z~ . 

The resul t was the s me as in the reaction between 

2-methyl-4-ethylresorcinol and ro~ldebyde . 

Di-ethylresorcinol WILS. trea ted with formalin using 

hydrochlor ic acid as ca t a lys t. A red oil resulted which, 
/on •• • • 
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on kee111ng, transf'ormed into a hal"Cl insoluble resin. 

Chloromethylation was pet-formed in the same manner 

as ~ the c~ae of' the l ast dialkylresorcinol. The re-

sult was the s ume and a similar resin was rormed. 

C. REACTION OF FORff.J LDTOjHYDF . I TH DI-ISO!O!:..<YL~ORCIBOL 

The arrival of this red viscous oil, obta ined 

through Poly Resin Ltd. , from the U.S. 4., prompted 

fUrther research using di-alkylresorcinol before tri­

alkyl resorcinol wa s investigated. 

(a) Mannsse reaction 

It was necessary to use a solution or sodium 

hydroxide stronger than the usual 1, to disuolve the 

compound. Even thon solution d i d not take place com­

pletely. Formulin was ad,led and the solution lef't for 

a t ew ~ays . The undissolved oil gradua~ly turned dark 

red in colour and the solution reddish white, indicat­

ing t he presence of e precipita te . \ t tbe end of the 

sta ted period, there rema ined a brown prec1p1tttt e , a 

c ertnin amount of' red oil and a red sur•e rnntant 

liquid. On neutraliention ~~Vi th dilut~ hy...,.·'Ochlorte 

acid, th~ li~uid lost ita red colour. 

The precipita te was non-crystnlline and had a melt­

i ng oint of 165-175°0 . The molecular weight a s de ter­

mined by th~ eleva tion of the boiling ~oint or e thyl 

a lcohol and round to bn 517. The calcula ted molecular 
/ weight •• ••• • 
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weight of the diphenylmetbane deriVEltive of 1aohexyl-

resorcinol 

OH 

was 5613. ConsiJ.ering tbut the methud used :for deter­

mining the molecul&r weight was not ve'!'y accura te, hen 

high molecular weigilts were determined, the result w a an 

indication that the suggested compound baa f~nned. 

Tbnt resin wae not formed in the ease of this dialkyl­

reGorcinol coUld be nscribed to the f~ct tha t the alkyl 

groups : re extremely l rge ond thus ster1c hindrt nee 

coUld prev~nt condensation t the ~~tc ros1tion. 

(b) CIILOROJ.ffiTHYLATION 

1 . The method of chloromethylation used by Finn d 

MUsty (59) was adopt ed. 

Di-isohexylresorcinol was dissolved in e thyl acetate, 

fo~dehyde added and hydrogen chloride passed through 

the solution. The subst nee formed was ~ brownish green 

jelly, whieh dried out to a h t rd blucK resinous compound. 

The aubat onee was ins oluble in organie aolvcnt and sodium 

hydroxide . It did not melt but charred at 400°0. An 

·lter.native method of ehloromethylt tion waa tried. 

/ ") 
~ - ....... . 
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2 . This was a new techni~ue in ehloromethylation which 

proved very successful in later experiments. 

The d1-1sohexylresoreinol as disaolved in ethyl 

acetate and added to a solution or concentrated hydro­

chloric acid, concentrated sulphuric acid and formalde­

hyde. A brown solid formed. It wae soluble in ethyl 

alcohol from which it reprecipit· ted on the addition 

o~ ater. It softened a t 180°0 but the molecular weight 
proved to be close on 5,000 indicating that resin 

ro~tion b d tnken place. 

OONCLU'~ If?!! 

When blocking resorcinol in t o of the threo ortho 

and para t;ositions, it GS eXt>ectcd that, in the reaction 

with formuldehyde, oithar or the follo ing com1 ounds 

would be formed; 

or 

where X i s the aubstitu ,nt group. 

Using four different di-substituted resorcinols 

viz. 3,5-d.ibromo~-resorcylie acid, 3,5-dibror.o..,S­

resorcylald.ehyde, 2-meth71-4-ethylresorc1nol :. nd 4, 6-

diethy-lresorcinol attempts v .. ere m&de to produce ei the:r 
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the resorc1nyl alcohol or the diphenylmetbane compound. 

Ryding (26) tnQde severol a1m1la r a ttempt s to prepare a 

resorc1nyl alcohol from d1-subst1tuted resorcinol . 

In ever.y case, either no rer etion occurred, or resin 

formation took pl a ce. 

l1hen dichloro resorcinols were used, it would be 

understandable ror the resin formation to result, be­

cause of the splitting ott of the chlor ine groui)B, but 

the bre king a way of a lkyl groups would be less likely. 

In the t wo ca.ses where alkyl groui,S e re used to block 

t wo of the three ortho and. Pfil"a .t·OS1tione, resin could 

only rorm if condensation were t aking pl ace either 

through the hydroxyl groups or a t the meta position. 

The former is unlikely - the latter quite ~onsible . In 

the investigation~ ce.rried out on the phenol-f'ormaJ.debyde 

condens~ttion, reaction through the hydroxyl group was 

never f'ound to t ake pla ce . Although it was suspected 

thnt condensa tion could result in the meta pos itions of 

phenol to some small degree, resin formation did not 

't ke pl•c~ when 2 of the 3 ortho and pa:ru f10S1tions were 

blocked. Apparently in the ease of res orcinol, the 

meta pos ition is mor e r eacti ve , s condensation definite­

ly takes place there. This may a ccout for the f act tha t 

resorcinol condenses with formaldehyde under les s drastic 

conditions of tempera ture and eat~lyst than in the case 

o£ phenol. 
/The • • • •• 
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The next stage in this investigation was an attempt 

to prepare the resorcinyl alcohol of 2,4,6-tri methyl­

resoreinol (meso~e1nol) using formalin. In other words 

an attempt was made to prove that formaldehyde does 

condense in the meta position or resorcinol . 
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'lRIUETHYL RF.SO~Oil!OL 

When ony two positions, including the meta 

~osition, are unsubstituted in the benzene ring of 

resorcinol, it reacts with formaldehyde under acid 

or alkaline conditions to form a resin, when the sub­

stituted groups are either ethyl or methyl. This bas 

been est blinhed by experiments lrenQy described. 

To prove that formaldehyde condenses with re­

sorcinol in tbe meta poe1tion, it lias necessary to 

prepare 2,4,6-trimethylresorcinol. 

2,4,6-trimetbylresorcinol, or meeorcinol, bad 

been prepared by Cornforth and Robinson ( 60) . Their 

method was to heat a solution of reaoreinol in sodium 

methoxide a t 220°0 tor t n hours in an autoclave. They 

c1d1f1ed the resulting solution and after ste m d1a­

t1llat1on, reduced the volume under vacuum. Light 

yellow cr.ystals or meaorcinol deposited. 

As no uutoclave was available, an hydrogenator 

was substituted. This l atter apparntua, however, 

was extremely cumbersome and t ook 6 houra to bea t to 

the requitted t ern; erature of 220°c. The f'ull reaction took 

some 16 hours to complete . The firot t o runs yielded 

a red tar. A glMea conta iner s made to fit the hydro-

genator so na to prevent the solution coming into eon­

~act with the copper lining or the hydrogenator. The 

/resulting •••• 
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resulting solution was acidified with dilute hydro­

chloric acid, steam distilled to ~move methanol and 

unreacted resorcinol and clariried with animal char­

coal. On reducing the volume under vacuum, a solid 

precipitated. This was pu~ified by subltmation end 

produced flat pointed needles with a melting point or 
150°C, and it reduced silver nitrate. These properties 

were t.he same as f'ound by Knecht ( 61 ) and later by 

Cornforth and Robinson (60), in their exp~~ iments with 

mesoz-cinol . 

The combustion resUl te and the molecular weight 

determination performed on the product obtained indi­

cated that the compound was mesoreinol . 

The above oethod of preparation was unsatisfactory 

as it took too long and the 71eld w~s very small. 

A bomb Yae made out of mild steel to withstand a 

pressure greater than 850 lbs per s 1U9.re inch - the 

o~ssure developed during the reaction. 

The reaction solution was poured. into a lal'ge glass 

test tube which was placed in the bomb.. The bomb was 

heated in an oven 'Wh:tch maintained. a ccnsta.nt tem_t;erature. 

Dnder the correct conditionn the yield of mesorcinol 

was found to be 31 • 

on receystallising the crude maaorc1nol from benzene, 

a subatance was found to be present which was insoluble 
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in benzene. This was probably tbe resorcylie aeid 

which Cornforth and Robinson suspected was formed { 60) • 

A ce~ta1n amount of red tar was usually present after 

the reaction. ~his coUld have x-esul ted :from conden­

sation or reaorcinol and formaldehyde formed rrom 

methanol during the course of the reaction. ?he forma­

tion of u certain amount of fo~'ldehyde was suspeeted 

sinee on oeeaaions, when the bomb leake.d, its lJresE:nee 

could be detected by smell. 

The crude meso.reinol was also purified by sub­

limation but a considerable loss or co~ound was_!n­

QUrred in the operation. 

I I . THR RWi.CTION uP MEaOROlltOL . ITH PORMALDEHYDE 

(a) The rollowing experiment yielded tl~ first positive 

result in the investigation o£ the resorcinol-£ormalde­

hyde reaction. A new compound was .formed which was not 

a resin. 

· esoreinol waa dissolved in dilut~ sodium hydro­

xide solution, a small quantity of formalin a dded and 

the solution le£t to stand ror t en days. It wns then 

acidified. No precipitate formed immediately, so it 

was left for a f'urther- t vo days. The result , .. ne a 

slight precipitate or tiny spheres eomposcd of' needles 

converging to the centre. ~e substnnee bad a melting 

/point •••••.• 
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0 
point which varied from 160-180 c. The mixed melt 

with mesoreinol gave a depression of m(::l ting voint, 

1ndic:mt1ng t bat a new subatunce had formed. This pro­

duct was soluble in most organic solvents. 'llbereaa 

it was insoluble in cold water, it dissolved in boiling 

water, but took a few days to eeystallise from the . 

cooled water. and much was lost . These diff'ieulties 

ere increased by the f'aet that, at this stage, the 

yield of mesorcinol was very low. 

The combustion results for tho crude corrrpound were 

not conclusive. Under those conditions of poor yield, 

lengthy preparation, and pu r ifica tion dif'ficu1t10s, it 

was eseentinl to find a more satisfactor.y method of 

preparing the resorc~vl alcoho~. 

In 1950 Pinn and Musty (59) found that tbe alcohol 

5-hydroxymetbyl-2,4,6-trimetbylph~nol, could not be 

prepazted by direct combination of' mesitol and formalde­

hyde in alkaline solution or 1n alcoholic aodium 

ethoxide solution; in each case mositol was recovered 

quanti tativcly unehanged. In the ease or mesoreinol, 

however, a new but impure comt)ound was £ormed when 

either method was used. 

(b) Ohlorometeyla. tion 

An attempt waa made to prepare tho reaorcylic 

alcohol via the cbloromethyl derivative by the hydrolysis 

/of •••..•• 
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of the l a tter. 

The cblorometbyl deriva tive o:f 2,4,6-trimethyl­

phenol had been prepared by Finn and Musty (59). Their 

method or preparation was thereuyon ado~ted using mesor-

cinol. 

( 1) Oft OH 

IlC CH3 HO cH3 3 
CHfO ~ 

3 
HO HC CH2Cl 

CH3 CH3 

esoreinol was dissolved in ~thyl acetate, and, 

after the addition of-formalin, hyarogen ehlor1de was 

passed through the solution. on evaporation of the 

ethyl acetat e a bro~nlsb solid was obt 1ned. On puri­

fication a white solid was extr~aeted. The mvlting point 

waa 196°c. i'he presence or chlorine was established 

and then determined quanti tat1ve]¥ ( 62). The l'~et-cent­

age of carbon was est~blished by combustion and the 

molecular weight determined by the elevation of boiling 

poLnt of benzene. This analytical data indicated that 

the compound waa 5-chloromethyl-2,4,6-tri ·:te thylresorcinol. 

This was a new compound as 1 t was not described in the 

litera ture. 

I (2} ••• •••• 
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{2) A NE\t TECHlU iUE OF_Q_~~Th.4.'riOlf O~PIIENOLIC 

COMFOUNOS. 

The problem or voor yield of 5-chloromethyl-2,4, 6-

trimeth7lreeorc1nol was overcome by performing the 

reaction between mesoroinol, formal dc hy·de and hydro­

chloric acid under conditions as nnhy~us as poss ible. 

Concentr~ted hTdrochloric ncid was added very 

carefully to concentrated sulphuric acid until HOl ga s 

just ceased to be generated. Fo~lin wa ~ added, fol­

l owed by a saturated solution of mesorcinol in either 

ethyl ccta te or ethyl alcohol. On stirring, a pre­

cipitate of fine needles for.ned lmoat i tru.edia tely. 

'lhe substance was filtered and washed with wa ter. 

-,hen pure mesorcinol was used, a pure product waa ob­

t a ined. 
0 The melting ~ oint was 197-8 c. , the mixed melt 

with chloromethylmesorcinol guve no depreeeion. From 

the analytical resulta there was no doubt that this 

sUbstance was 5-ehloromethyl-2,4,6-trimethylresoreinol. 

'l'he striking point about this prepar~~t1on was 

tha t the yield was 95, • 
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III. ~PARf\TION Q~ _ !._,~qF~g-2::Q..I.Y!Of?Q.f!l'~'rifP.!-

21~,6-TRIUETHYLRESORCI~. 

OH OCOCH3 

The method of acetylation used by Finn and 

Uusty {59} was adopted. The ehloromethyl derivative 

was suspended in &.cetic anhy-dride and solution took 

place on the addition of a few drops concentrated 

sulphuric acid. After standing overnight water was 

added hen an oil ~ormed which crystallised on standi ng. 

F~om mierocombustion, chlorine deterrrt1nat1on and 

molecular weight data, it was es~~bliehed that the 

acetate of the ehloromethyl derivative bad been 

prepa~d. 

0 
The yield was 60;,. a.ud the melting r-oint 135-7 c. 

The crys t a ls obta ined :.fro.n une Frepar ation were colour­

less, elongated, prismatic, hexagonal, uni-axial 

posi tive and the refractive index was g rea t er tham l . 
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IV. PR~PARAIJ;IO.N OF 2,q, ),6-T!T~ UETliYLRESt~~CINOL 

The object or preparing tetramethylresorcinol 

from the chloromethyl derivative was to substantiate 

the structure of the latter. 

(ll) Attegmted preparntio!l 

Finn and Musty (59} prepared tetmmetbylphenol 

i n a certain way, so it was considered that tetra­

methyl resorc1nol might be prepared in a similar way . 

1,3-acetoxy-j-chloromethyl-2,4.6-trimethylreso~ 

einol was dissolved in acetone and refluxed with z~ne 

and concentrated hydrochloric acid. The ether extract 

was refiuxed with e.lcoholie sodium hydrox1~o e, and the 

resulting solution was ac1d1f1ed and steam distilled. 

The product which precipitated neither possessed the 

properties of tetramethylresorcinol des cribed by 

Bauer-Benedkt (63), nor did the combustion results 

indicate tha t the product was tetramethylresorcinol. 

Accordingly a more direct method of preparation was 

attempted. 



(b) E~aration. 

{50) 

Zn &mal gam > 
HCl 

5-chloromethyl-~,4.6-trimethylresorcinol was 

dissolved in ethanol and added to freshly. prepared 

zinc amalgam. Uydroebloric acid vas added and the 

solution retluxed on a water-bath. On cooling or 

reducing the volume, thick irregUlar colourless needles 

f'or 1ed. The compound could be purified by vacuum sub~ 

limation or reerystollisation. Its properties agreed 

accurately with t : ose described ror tetramothylresorcinol 

by Bauer-Benedikt and Punzengrubcr (63) alld the miero­

eombustiun and molecular weight results confirmed the 

structure of this compound. 

The above method of preparation of t&\~methyl­

resoreinol ia simpler and. the yield better than that 

described by Bauer-Benedikt and Punzengruber, as will 

be seen from the following tables : 

/Tlft~IR •••••. 



THEIR PROCBDtmF! 

Compoun9: Yield 

O~cin 

Oreylaldehyde 40. 

4,5-Dimethyl 
resorcinol 54% 

2,3-Dimathyl-4,6-
dioxy benzaldehyde 85~., 

4,5,6-Trir.tethyl 
resorcinol 80',, 

3,4,5-Trimethyl-2;6-
dioxy benzaldehyde 80. 

Totramethyl 
resorcinol 

OH 

66, , 

(51) 

OO!Jmgtlncl 

Resorcinol 

1leaorc1nol 

5-chloromethyl 
resorcinol 

Tetrnmethyl 
resorcinol 

OH 

a 5o CH3 
zn amalgam ;.. 

CH3 

HO ~OH BOl 11 CH3 

0113 CH
3 

Yield 

31 

95: 

85 ; 

Tetrametbylresorcinol ~as s.l~~o prepared from 

5-hydroxymethyl-~,4.6-trimethylresorcinol 'a ne com­

pound to be described late~) . 

The method of preparation was the same as that 

described above in section (b) except that 5-bydroxy­

methylmeeorcinol wae used instead of 5-chloromethyl-

mesoreinol . 
/Again ••••• 
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Again the 1moortanee ot this renet1on l~y 1n the 

t .ct thnt it eonf1rmed the Rtructure ot th~ ~tarting 

mnter1:ll. 

Bauer-BPn~d1kt and Pun~en~rvb~r (~9) fir t nr~ 

pared tetramethylr~sorc1n~l, but in their ~ape~ t~ay 

do not describe nny derivative , eo two der1v~t1vee 

have been prep~red. 

(a) 

OH o"omr; 
CH3 

~~ H~ 
+ ( CR;CO ) 2o ---? 

H3C OR OH; 0000'3 

CH3 OH1 

Tetramethylre~~rc1nol vn ~~etylated by ~1~~olving 

1t in aeetie ~nhfd~id~, ad~1~ a t~v drone ot oonoAn­

tra t W-1 ulnhur1c ee1d and llo rln~t to t~nd overn1r?ht. 

en add1n~ thi~ solution to e~cee Y ter an oil formeA 

which crystallise~ on stnnd1n~. The pro~uet was re­

crystall1ned from eeton~w~ter solution And col~urlPss 

needles ot melting uoint 9g.5 - 99. 5°0 . . P.re obtained . 

A m1crocombust1on substantiated the structure ot the 

compound . 

/(b) .••• 
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(b) Preparation ot_t~e ~he&luretbane o~ tetrametbYl:­
resorc1nol 

OH 

u3c-

2 c6H5-N=C=O> HJO 

000 NHPh 

CH;.s 

ooo.nliPb 

A mixture of tetramethylresorcinol and phenyliso­

eyanate was heated on a water bath. After solution 

had taken place the heating was continued when reaction 

took place and the mixture set to a solid mass~ After 
0 purification the melting point was found to be 235-7 c. 

and microcombustion and nitrogen esttmntion data esta­

blished the structure of the compound. 
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-
V. 5-llYDROXYVL~t'~-2, !±a 6-TRI~THYLRESCRCINQL 

It was thus established that 5-ehloromethy1-2,4,6-

tr1methylresore1nol had been prepared. From this com­

pound it vm.s hoped to prepa re 5-hyd:roxymethyl-2.4, 6-

tr~ethylresoreinol . Wi th this alcohol it would be 

possible to inv~stigate the condensation reaction be­

tween resorcinol and formaldehyde s1nee according t o 

theor~ when unsubstituted resorcinol condenses with 

rcrmal debyde it combines with the l atte r to fom a 

sbort-livod intermedia te. a reeorei~l alcohol which 

immediately condenses to :rorm macromolecules - tb.e 

reso!'Ci nol-fo:rmal deh3de condenaa te . 

The chloromethyl derivative was shaken with 

f'rashly prepared e1l ver oxide 1n ethyl alcohol. It 

was expected t hat the required a lcohol and silver 

chloride would form. Atter filtering only a small 

amount of brO\Yn gum was obtained on evaporating the 

ethyl alcohol . This method of preparation was . 

abandoned. 

/(b) ••••• 
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(b) ~parDtion 

OR 

H3c OH3 
HO C&2Cl 

CH3 

hydrolyaie > 

OH 

n3c ou3 
110 OH20H 

OI!3 

Hinn and Musty (59) prepared a phenol alcohol 

by hydrolysis of the cbl.orometh7l derivative of 

substituted pheno~. Their method waa adopted. 

The ehlororjlethylreeorcinol was disso~ved in 

water-dioxan miXture and a few marble chips were 

added and the solution refluxed on a water ba th. 

Some dit".ficUl ty was ex1•er1enced 1n the precipitation 

ot the a lcohol derivative a nd attempts to recrystal­

lioe the compound f a iled. It was, however, rossible 

to prepare a. pure product which did not require re­

crystallisation. 

The combustion results were not entirely satis­

~actor,v but a molocUlar weight determination indi­

ca ted that the compound was 5-hydroxymetbyl-2,4,6-

trime thylrcsorcinol . This was eonf•irmed by the pre­

paration and analYsis of derivatives. 

From a mixed me1t with the compound dcsc~1bed 

in section II {a). it was established tbnt they were 

/the • • •••• 
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the same substance.. In other wor ds when resorcinol 

a nd formaldehyde react in alkaline medium a resoreinyl 

a lcohol is formed. This resul t was p~edicted by the 

phenol~ormaldehyde theory. 

(c) Reconversion to chlo~e~h~l deriy,ative 

The resorcinyl alcohol was dissolved in ethyl 

aceto.te then added to a mixture of concentr.lted hydro­

chloz•ic and sulphuric a cids., I mr.ediataly fine needles 

of ~-cbloromethylmesoreinol formed. This was establish­

ed by means ot a mixed melt with the authentic substance. 

(d) ( i) l··ret' rs tion of tho ace.t~~ t£-

CR 

CH 3 

CCOCH3 

cH3 
~ll2000CH3 

OH3 

The resorcinyl a lcohol waa reacted with acetic 

anhydride. Allhydrous potassium carbonate was added 

to absorb nny water tha t was .r. .. resent. \then reaction 

was complete, wate~ was added dissolving all but the 

required acetate. After recryatallisa tion colourless 

needles, with melting point 118-119°0, were formed. 

/ Mieroeombustion ••••• 
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Kicrocombust1on and molecUlar weight determinations 

established the structure of the acotHte and, tberef"ore, 

of the reeorcinyl alcohol . 

(d) (ii) AttemPted "2reparation of_~he acetete 

An attempt was tnade to prepare the acetate by the 

reaction or 5-ehloromethyl-2,4,6-trimetbylresorcinol 

with silver neetnte in wat~:lr and acetic ~c1d. The 

t o mixtures ere shaken together. ~~e excess silver 

was eliminated by the addition af hydrochloric acid. 

After filtering and vacuum distilling the filtr te, 

a brown gum was obtained and reoryst~llised from 

water-acetone solution to give a VP-ry small quantity 

of" colourless needles with a mAlting point or 106° -

108°C. 'l'his preparation was, however, abandoned 

since the re ction required the extrnvngan+ use of 

silver acetate an~ 1t took too much time. 

(e) Preparatio~ ot the triphegylurethane derivative 

HC 3 
HO 

OH 

CH3 

CU20f! 

CH3 

OCODHfh 

The reaorein~rl alcohol nnd th(~ phcmy1-iso-cyanate 

/ 'fl.ere •••••• 
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were heated on a ~1ame until reaction took place by 

the solidification of the liquid. The miXture was 

left overnight then purified. The white compound had 

a me1ting I Oint of 224-5°C. The miel'Oeombustion and 

nitrogen esttmation results con£1rmed the structure 

of the compound. 

VI. ~.3'-TETRAJ~qROXY-2,2':4,~!-61 6'-HEXAKETHYL­

D!PHEBYL;AE'l'HAliE f, olj ....... -~-~_....... 

It is a well known fnct tha t hen phenol con­

denses with rormaldehyde in ~cid medium the diphenyl­

methane de~1ntive forms in preference to the phenyl 

alcohol. Accordingly an attem~t wao made to abow tha t 

:-esol'Cinol condensed with :forma ldehyde in an acid 

medium to form the diphen7lmethane compound. 

(a) rrepardtio~ 

DifficUlty waa expo~ienccd in the preparation of 

the d1phenylmethane eonqlound e1nce invariably a brown 

oil was obtn i ned nhich would not crystallise. It was 

eventu.~lly found that the am'lunt oi"' ' cid 1)resent bad 

to be carefully controlled and the a~~unt of wate~ 

present limited . 

Ueaorcinol was dissolved in ethyl alcohol and 

formaldehyde a dded and the solu·tion heated. Concen­

trated hydrochloric acid w~s added d~p b~ drop until 

/ an ••••••• 
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an oil :formed. On cooling a brown :pree1·pi tate was 

obtained. Even then the compound had to be reerysta.l-

11sed several times before a shar•ply melting eom~ound 

was obtained. 0 
The melting l:)Oint was 229-231 C. The 

percentage ca rbon obtained by microcombustion did not 

coincide with the calculated percentage ca rbon ror 

the diphenylmethane compound but tho mol ecular weight 

determination and the preparation of the acetate de­

rivative estublished the formula of this compound. 

DERIV.MTIVEO CJ.<" TJr Dillff.NYL~Tli·.t.r•: COJ!, OU.ND 

( a) r reJ2ai-!.ll2!! of the a ceta te 

The diphenylmethane was dissolved in acetic on­

hydride and anhydrous potassium carbonate a dded to pro­

duce the anhydrous condition necessary for comple tion 

of t he reaction. On adui tion oi' wat~~r everything dis­

solved exce11t the aeetnte.. This derivative was recrystal­

l1sed :trom dilute ethyl alcohol and had a melting point 

of 185-187°0 . The m1croeombust1on proved compound to 

be 1,1'-3,3'-tetrametboxy-2,2'~•4'-6'6'-hexamethyl­

diphenylmeth.o.ne . 
I (c) •••••• • • • 
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Preparation of the tetraphe~yl urethane deriYative 

The diphenylmethane compound was reacted with 

phenyl-iso-cyanate by heating. The resUl. t1ng solid 

dissolved in dioxan. It was intended to reprecip1t9.te 

the derivative by addition of wate~, but when this 

was done an oil resulted which would not crystallise. 

This as thought to be due to the impure diphenyl­

metbane compound used. Shortage of time and material 

did not permit complete investigation. 

VII. REACTIONS OP .2-HYDR0~7HY.L-2,4,6-~RIUETicrL­

RESO:RCIJroL 

This neat stage 1n the investigation or the resor­

cinol formaldehyde condensation •~s important but time 

did not allow t•or thorough experimenta tion.. The re­

aorcinyl alcohol had been pre~ared and since it was 

thought that the resorci~l alcohol is an Lntermediate 

in the resorcinol formaldehyde condensution, the next 

logical step was to attempt to condense the alcohol 

with resorcinOl or substituted r eaorc1nols . This con­

densation, according to Little a nd Pep ~~r (23) who 

suggested that the resorcinol formaldehyde condensation 

might be catalysed by either hydrogen or hydroX,J'l ions, 

should take place in e1 ther an acid or alka.line medium. 

I ( 1) •••••...••• 
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(1) Qondensat~on with 214,6-trimethylresorcinol 

{a) Under alkaline conditions. 

The alcohol and excess mesoreinol were dissolved 

in dilute sodium hydroxide and heated. on neutrali­

sation a gum wao formed. This was d1saolTed 1n ethyl 

alcohol and water was added. A brown precipita te 

settled out on stunding. It had a melting point of 
0 

130 c. 
Untort~nately only small quantities of reacts~ 

were in hand so on.ly a ll amount of the product 

could be made which was 1nsufricient for purification 

a nd analysis . 

(b) Under acidic conditions. 

OH OU on oH 

n3c-(1-cH3 + H3(..0CH_J_~l:l3 
lfOv-CH20H OH 

cn3 u3vcu3 
~- cH2- 01· 

OH3 CH3 cn3 CH3 

The alcohol and excess meoorcinol were dissolved 

in ethyl alcohol and dilute hydrochloric acid added. 

Arter heating for t wo hours on a w~ter bath a precipi­

t a te of brown needles formed. It had a melting point 

of 227-229°0. A mixed melt with the genuine 1,1'-3,3'­

tetrahydroxy-2,2•-4,4'-6,6'-hexamethy1diphenylmetbane 

/gave. • ••••...• 
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gave a melting point of ~26-228°c . This reoult proved 

that the resorcinyl alcohol had condensed with me­

sorcinol to form ~1e dipbenylmetbane co~;ound. 

(2) 

(a) 

Condensation with renoreinol - .... .. ...... -. . 

... u.n.d._e~r....;:;:;a=l•k-a_l;.;i_n...,c,_;;;c..;:;o=n-d-i;..;;..t~i.ons 

Equal weights of the resorcinyl ulcobol and re­

sorcinol were dissolved in sodium hydroxide and left 

to stand. On ae1di:t'ying no 1 ... reeip1 tate .f'Ort"Jed, no the 

solution yaa ether extracted. This yielded n red oil 

which took three days to start crystallising. 

(b) Under acid conditions 

'fhu two reactants were dissolved in ethanol, acid 

was added. The solnt1on was extracted >tith ether and 

a red oil wa~ obtained which also etart~d to crystal­

lise on standing. 

These red oils were not subjected to inv<:stigotion. 

It was, howevor, eus~eeted tha t condensation had taken 

!Jlt.~ce b et .men resorcinol and the resoreinyl alcohol 

to produce a red oil . Since resorcinol has 4 . os1t1ons 

on the benzene ring at which condenaHtion could teke 

place. the red o11 would be a miXturu or a num~er of 

condensation products. 

- - -
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The experiments by Ryding (26) and those carried 

out in the present work, with the intention of forming 

a ~ - or~ -resorcinyl alcohol from n disubstituted M­

sorcinol, resulted in reain formation. A numbe~ or 
both 2:4- and 2:6-disubstituted resoPcinols were 

rea cted w1 th f'ormaldchydf~ . There are t "JO possible 

explanations fo~ the unexpeoted resin formation: 

(1) Reaction took place at the 5- (or meta) position. 

(2) There as interaction between resorelnyl molecule, 

through their substituents. 

By the study or the reactions of 2:4:6-trimethyl­

resorcinol, it became obvious that the £irst explana­

tion, at le et, was true. 2:4:6-trimethylresorcinol, 

with one free position on the benzene ring, reacted 

with mesorcinol to form the diphenylmethane derivative, 

whilst under alkaline conditions, there was no positive 

evidence o£ renct1on. It was, therefore, apparent 

that, 1n this ease, the a lkyl groupe did not enter into 

the condensation. 

5-hydroxymethyl-2:4:6-tr~etbylresoreinol reacted 

with resorcinol under both acid and alkaline conditions. 

From these reaulta, it was possible to envisage 

res in ~ormation, 1n the reaction of a 4:6-dialkylresor­

cinol and f ormaldehyde, es taking place in the 

/following ••••• 
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rollowing manner: 

(a) Under a cid eondit~ 

Diphenyl methane formation can take place a t both 

the 2- and 5-poaitions. 4:6-dialkylresol"einol, there­

~ore, is birunetional and a novolac-type resin can 

result. 

(1) ) Under alltal ine cond1 t~ons 

Methylol formation ean occur at the 2- and 5-

pos1t1ons. The methylol group will presumably form 

preferentially at the 2-position since it is ortho to 

the hydroxy groups. Condensation can then take place 

involving the 5- and 2-positions. The metbylol groupe 

which form at the 5-position can condense at the 2-

position only, but in any eos c the phenol is cr.tectively 

birunctional and resin rormation will occur. 

A similar argument holds in th<~ c - se oi' a 2:4 

dialkylresorcinol . 

These hypotheses could be tested in th~ following 

manner. In the rirst place 5-hydro~ethyl-2:lp6-

tr1m~thyl-resorcinol could be reacted with dialkyl­

reaorcinol. Under ncid conditionst three compounds 

could :f'orm 
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OH OR ou R 

H3C H3 
.., 

cn3 ;0 ~· 

HO 0 1!2 B CI~2: . R 

cu3 R CH} OH 

OH OH 

H3 CH2 OB 

c~ L :P 
, 

lor 3 

CH3 R Ofi 

whereas under al kaline conditions, only one could 

f'orm, eince the 5-hy<lroxymc thylol grout- in the 5-

position would only re! ct with the tree ortbo position 

of the disubs tituted resorcinol: 

The thorough study or the reaction bet~een 5-

hydroxymethyl-2:4:6-trimetbylresorcinol and resorcinol. 

with four free positions on the pbenyl nucleus, ould 

be more complica t ed, s ince the re o.re a grea t number or 

combinations tha t couJ.d res ult. 

/ The • • •••••• 
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The next step would be to rorm 4:5:6- or 2:5:6-

trisubat ituted resorcinol, ~~d to prepare the res­

pectivep- orJ - hydroxymethyl de riva tives and to 

study the re~:~e~tivity or these a lcohols . 

From these trisubstitutad resorc1nols, a series 

of new compounds could be ~ormed in exactly the same 

way as .1as done t:or mesorcinol. 

The resor-cinyl a lcohol wac prept.red by reaction 

of mesorctnol ~ith ~ormaldebyde undeP nl koline co~ 

ditionn. I t is inter esting to n~tc t hnt Finn and 

iutrty (59) were un.~ble t o :t,.r epa 1-.e the t bcnyl alcohol 

from 2:4:6-trir.ethyl phenol i n this way i.e . unde r 

alknline con u.itions . 'thic ino.icu.t eo t hJ t resoreinol 

is mor-e reactive t han phenol \th e n conden.qed i th :f'o rm­

aldehyde under alk~linc conuit1ons. The grea t e r re­

activity or resorcinol in this condensation is fUrther 

eupvorted by tbc t act th~t d1alkylresoroinol reacts 

with tormuldehyde t o r orm a res in whereas d1substituted 

phenols have been re~cted gith to~vldehyde to ~orm 

phenyl alcohols and no res in f ormation too~ plncc . 
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A. .ATT8M}T •'D REDUOTION 0~ SUB:sTITtr·r f) H:~SOf·H~Ir.10L':> 
,__,_... - .... --...,....._.,..............,.....__........,. .. 

USING LI'l'HIUl·1 ALmtl.NlUM UYDHin · 

(l) Preparation 

By the action of potassium bicarbon8te and carbon 

dioxide on resorcinol in aqueou~ solution, a potassium 

salt waa produced. This salt when hydrolysed with 

concentrated hydrochloric a c1d y1 t>lded p -resorcylic 

ecid (39, 4o) . 

'l'he brom1ne.t1on of ~ - resoreylic acid was ce~rried 

out by dissolving the acid in glacial acetic acid, 

and to the solution \'.'as added three moles bromine dissolved 

in the same solvent (41, 42, 43, 44) . 

( 2) H'€DT1CTION liTH LITHIH~ ALU 1If\1IUM HYDHIOE. (page 26) 

Apparatus 

The method was a mod1t1c~t1on at that used by 

Nylstrom and Brown (45). A clenn dry 100 ml . round 

bottom double necked flask was fitted with a dropping 

funnel and a reflux condenser. Calcium chloride tubes 

were attached to exelude moistare . 

J:~ ethod 

To 0 . 1 gm. lithium aluminium hydride 1n the flask 

were added 2 ml . dry ether v1a the dronping funnel. A 

solution ot 1.3 gms. 3-5 dibromo-J-resorcylic aci d in 

/10 ml . . . .. . 



(68) 

10 ml . ether was added nlowl7 whilot shAking. A 

curdy white precipitate formed immedi ... ,tcly, accom­

panied by vigorous evolution of" ~aa . By the time 

the final addition wa s !rlude, • certain quunt1ty of 

brownish substance had £ormed. 

A small amount of wat~r was added to decompose 

excess lithium aluminium hydride, rollowed by 15 ml. 

10, sulphuric acid to hydrolyse the metal alcoholate (45). 

The rrecipite.te dissolved in the solution and the 

ether was separated from the aqueous l ayer, hich was 

extracted twice with ether. The ethvr was dried, 

f'ilte>red and evnpor£tted. '!here rsmnined brownish 

crystals which were recryetullieed from wat~r. The 

melting point of' the puri.f'icd product and its mixed 

melt ith the ori;innl acid proved that it was 3-5 

dibromo-~-resorcylic acid. 

A very small amount or brown mrteria l was separ­

nted :from the proJ.uct during recryatt:..ll1s9.tion. This 

coulu h~vc been the desired alcohol, oo tho experiment 

\as reveated usu1g 1 gm. instead o~ 0 . 01 gm. lithium 

aluminium hydride . The result wns the same as in the 

previous experiment. 

I II •.•••..• 
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II. (puge 27) 

~he Gatte rmann. reaction was empl oyed ~or the pre­

paration of tbe aldehyde according to the method of 

Vogel (50) . 

( page ~8) 

This prepar a tion was ca r r ied out ~ccording to tho 

method of Ryding ( 26) . 

To 1 mole o~ ~ -reeoreylaldellyde in gl acia l acetic 

a cid were added 3 moles or b r omine , al so u, gl acia l 

acetic acid, s.nd the solution was stil"re d vi&orous ly . 

A thick pr ecipita t e wns obt~ ined and £iltered off. 

(3) REnUv~IOU OF 3·:;2 .. )~IB~O!'O::J. -RESOnCYtALU~HY'll<! .r.ru 

L!THIT! ' ~.LUMIN1UJ4 HYORID~ .. ( page 28) 

AI>Faratus; 

-tr i r lc-necked r-ound bo ttorn :fl · ak was t'itted 

with a ~rcury sea led btirrer, a Soxhl~t extract or 

and a. dro w. lt-16 1'unne 1 . 

Jlethc d: 

4 ~ns . 3-5 dibro~o-~-resorcylal~ehyde were pl aced 

in t he cup o~ a Soxble t extractor. This w&s done be­

caus e the ~ l dehyde was found t o be only parti· lly 

soluble in ether . 3 gms . lithium a~uminium hydride 

were placed in the fla.sk. 15 ml . dry e ther were 

/ added ••• •••• 
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added and the solution nllo ed to reflux o~ a wate~ 

b ath until the aldehyde dissolved. 

With the first ov~rflow of the aldehydn in ether, 

ther e was vigorous reaction uccomf anied by the £orm­

a tion of' a cres.my pr~eipitf\te. 

The u.nclumged 11 thium aluminium hyllr i cle we.s eli mi­

nated by the addition of a little wat er f ollo ed by 

50 nl . 10 . . aul~·huric acid in order t o hydrolyse the 

met al a lcohola t e tha t might heve formed . The vrec1~1-

~~~e hich settled soon turned br own . Ext raction with 

eth~~r yielded a dark-red resinous eubs t ance hich waa 

soluble in methyl a nct e thyl alcohol, e thyl acetat e and 

acetone and inaolub j.c in nnt er an~"' Clllorot·o.rm. 

•.rue' red ao..1.ia. would no t r ecrysta llise .rrom any 

solvents or sol vent mixtures tha t were t r ied. It could 

be reprocipita ted :from n solution by adding water and 

also b y acidifying an alkaline solution of the substance 

with acetic aeid. The substance eppenred to be 

amorphous. 

Attempts to benzoyla te and aeetyla t e the hydro~ 

groups of the substance fa iled. 

B. hT.TBftFT~ P~PAtU\TIOU 0~ A DI-~~ RESO~CINOL 

J.COHOL 

I. 2-~B~HYL=Y~BTHYL RF~O~GINOL 

The prepa~tion or this compound was accompl ished 

/in •••• ••• •• • • • • 
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1n a three stage synthesis. 

(1) (a) PREl:*ARA'J!lON Clt., IlBSACBTOPBENOt&~ .. (page 30) 

10 gms. or powdered zinc chlo~1de were dissolved 
~ 

in 110 gms. glacial acetic acid by heating (52) . The 

solution was placed on a sandbath and the temperature 

regulated to 142°0. , hen 75 gms. resorcinol were 

added. 'J.'bc temperature was increased to 152°C. 

(bdaing point} . Heating was thereupon discontinued 

and the solution left on the sandbath ro~ 20 minutes . 

The reaction mixture was diluted with 330 ml. 

(1:1) hydrochloric aeid and cooled to 5°C. , when 

orangc-yello crystals of resacetophenone formed. 

The yield was 70 gma. ond melting r·oint 142°0. 

The reacetophenone was puri~ied by vacuum dis­

tillation at 180/10 mm. or by recrystalli~ation from 

900 ml . (1:1) hydrochloric acid. 

(b) H(~llARATI ()l!_QE 2::l:L!!.IHYJ)RCJAY-;Zlt~RI&YL.\Cl!!T01 BE.NO.Nl~ 

(page 30) 

AP.IJa ra t.us 

The apparatus sugg : sted by Vogel (50) was used 

'£or the generation of' dry HCl gas. A 1000 ml. round 

bottom flask with a large neck was used for the 

reaction. The rlask as ritted with an inlet tube 

having a lipr ed end to prevent clogging and a 

/mercury ••••• • • 
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mercury sea...led stirrer. An outlet tube was attached 

to a funnel inverted into ~n alkaline solution to 

absorb HCN gas evolved during tbe reaction. 

Jethod: 

The method devised by Shah and Shah (54) was 

adopted. 30 gms . resacetophenone were dissolved 

in 500 ml. sodium dried ethor nnd the solution cooled 

in a freezing mixtur~. To this was aaded 46 gnm. 

zinc cyanide, ~repared according to the method of 

Vogel (50). 50 gms. dry potassium chloride were 

added to increase the yield or the final product ~rom 

ethe~. 50 gms. aluminiu~ chloride were dissolved 

c~re!'Ully in 200 ml . dry ~~ther and ndd.ed to tne solu­

tion. Dry HCl gas wno passed through the otirred 

solution ror 7 hours. 

A~ter 24 hours in th~ rerr1gerator, the etheP 

~as deo~nted and the orangc-yello- paste, namely the 

ald~ine hydrochloride. was wash~d ell with ether. 

200 na . water were added and tbe solution heated on 

n wo.ter buth for 30 minutes. This brought about the 

hydrolysis of the aldimlne hydrochloride to the re­

quired uldehyde. A yield of 20 s~a. was obtained 

llnd tile produet as receystallised !'rom water- alcohol 

solution. 

I (c) ...... . 
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The method of Shsh and ghah (5>1) was followPd . 

~::1no am~lgam •raa prepared by adding 5 gm~ . mP.reury 

chloride and dilute hynroehlor1o ac1d to 10 ~me . ~1nc 

dust . After thorough wash1n~ with d1st1ll~d water, 

50 ml . (l:l) hydroehlor1e ao1d and 10 ml . glnei~l 

o.cctic ac1d were added and th~ Rolution heated on 

a water bath. 

5 fZIT'A. ~, lJ.- dihvdroxy-~-formylacetonh!ClnonP. were 

dissolved 1n alcohol and introd.uner1 slowly . f!:vPry 

hour o.n extra~ m1 . hydrochloric Acid ~erP. ad~P.~. 

The solution was left to reflux until the ~th~real 

extract ot a sample of the li,.,uld producer~ no colora.­

tion ~ith nleoholie .ferr1c chloride. Th1~ oceu~1~d 

7 hours . 

The hot solution '~PS f11ter.Pd, cool~d and eY.tracted 

with ethPr. On evnnor~tion of th~ eth~r, a bro!n1~h 

oil remalnet'!. . ThP. oil 'ffRS then vqeuum 11 still ~o 

and a cleAr o11y 11,uid, wh1eh slowly cryP.t~lli c;Pd. 

to a peArly lustrous solid,resulted. It w~s recr.ys­

tellised from high bo111n~ ~oint petrol ether and 

hpd a meltinr, point of ~6°0 . 

I {:?) ••• • • 
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( 2) COBDENSATIOB OF 2-M~tiiYL-!i-E'l'IjYLRT·.-~ORCiltOL 

-:-'!TH ~"OHli.ALD HYDE. (page 31 ) 

(a) Alkoline condensation: 

~he !anasse reaction was emplo7ed. 

1 sm. of 2-oethyl~~-ethylre~oreinol was dissolved 

in 100 ml. 1,. sodium cydroxide and on excess ('6 ml. ) 

of formalin added. The solution was left to stand 

for three ~va. On neutralisation with dilute acetic 

acid• a gelatinous precipitate formed. On ~1lter1ng, 

a cloy-like amorphous substance waa obtained which 

hardened an .... reduced in volume on drying. This sub­

stance frothed up and charred on hea ting to a high 

tet:lperature. It wae pt t'ti lly soluble in organic 

solventP and so~ium hydroxide • 

• Jhen the experiment was repeated, using only 1 m1 . 

formaldehyde, the result was the same. 

(b ) Aci d eondens~tion 

1 gm. or the dialkylreooreinol waa added to 50 ml. 

dilute hydrochloric acid and heated. on the addition 

of' 1 gm. formalin, & red oil resu.l. t ed, whiel, hardened 

on cooling. The ~roduct was a ha?d red substnnce 

with no det"inite molting r-oint, amorphoua and only 

partially soluble in organic solvents Gnd sodiuo 

hydroxide. 

I (3) ......... . 
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( 3) Ohloromethylation 

30 ml. concentratec hydrochloric aci d and 1 ml . 

formalin were saturated with dry HCl gas~ prepared 

nceordlng to the method of Vog~l (50). l gm. of the 

d1alkylreeorc1nol wn~ added and i mmed18tely there resulted 

a dark, hard, brittle and granul11r m~aB . It .wae in­

soluble 1n solvents and sodium hyCirox1Ae , and so w~s 

taken to be ~ r esin . 

II . 

The various st age s 1n the prep~r~tion of this 

compound were aa follows : 

~he preparation of resacetophenone 

The prepPrrtion ot resvcetophenone hne already 

been described on page 71. 
StaKa (b) The preparation of 4-etpylresorcinol 

10 gms . resacetophenone were tiissolved in 50 ml. 

dilute hydrochloric ac1d 8nd 5 gma. z1ne amal gam 

(prepared by treet1ng zinc duRt with mercuric chloride 

and dilute hydrochloric Acid ) added. rho solution 

was refluxed for about ~ hours, eool~J, filtered and 

extraeted with ether. 'l'he refluxlng time vas eatnbl1shed 

in a ccordance with the method of ¥1eser 9nd Adams (66) 

namely that a colour test w~s performed . 

/A . .. .. 
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A few drops of alcoholic ferric chloride were added 

to the ether extract of a s ample of the solution. The 

completion or the reduction was established when this 

co~our test waa no longer green but yGllow. 

The ether extract of the solution was dried over 

aot11um bica rbonate. The crude 4-ethylresorcinol waa 

purified by vacuum distilla tion a t 180/12 mm. 

It wan re-established (as othe~ investigators 

had found) ~bat 4-etnrlresorcinol had no d~finite 

melting point. 

~tag~ (c) The prcparation_of AA~~~~re1nol diaceta te 

~ho l!'ethod c,f Lothian and Baker (57) as f'o~lowed. 

4-Lthylresorcinol was boiled wit h an exeess of 

acetic anhydride ror• 2 hours . ~"he mixture was shaken 

with a t er and extructed wi th ethe~. The extracts 

were then shaken with aqueous sodium sulpha te. On 

vacuum distillation o£ the oil obta1ne4 on the 

evaporation o~ the e ther, 4-ethylreooreinol diacetata 

aeti~led ove~ at 162°0/4 mm. as a colourless liquid. 

Stase (d) £repa rati_qn of 4-~t~1-2~~diacetylresorcinol 

7he method or Rosenmund, Buehwa1d and Deligia nus ( 5d) 

was .followed. 

10 gms . 4-ethylresorcinol dis cetate were dissolved 

1n 25 ml . notroben.zene . The solution was cooled in 

ice b efore addi ng 2. 1 moles a luminium chloride. It 
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0 
was tben heated for 3-4 boure to 60 - 70 c. Crushed 

ice and dilute nydrocblor1e acid were added carefUlly 

to eliminate the uncbanged aluminium chloride, and 

tbe solution w s steam distilled to remove the nitro-

benzene. The etber extract was filtered, dl•ied a nd 

eTaporated. The product was fUr1£ied by vacuum dis­

tillation. Brigbt yellow eeystals of 4-etbyl-2,6-
o 

diacetylresorainol ~1th a melting , oint of 74 ~ . 

resUl.ted. 

The Clemmensen reduction w~s eM. loyed. 5 gms . 

4-ethyl-2,6-diacetylresorcinol were d!seolved in 20 w~ . 

dilute b1drochlo·L"ic ~eid and 15 gma. zinc amalgam 

(prepa~d according to the metho4 described in stage 

(b)) added. The solution was ret"luxed f'or 5 hours and 

was 'tht.m. fil tcred and extracted with ether. After 

evaporation of the ether, the product was TUr!fied 
0 

by vacuum distillation at 150 C/10 nm. 4 , 6- diethyl-

resorcinol \vas obtained. 

( 2) CO:rtD ;., f.\.TIOll OF ~~ 6-].I'f.THYLF' ~O'RCI!iOL •. ITH 

FOlt: 1. TAD;'J!YD'E (page 36) 

The conrlense.t1on cf diethylresorcinol \-11th form­

aldehyde wus c1~ried out in precisely the same way as 

in the esse of' 2-mcth:yl-4-etbylr~sorcinol (see section 

B I (2) ond (3) of the Experirnent~:l) n . .,mely under 

/alkaline • •••••• • 
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alkaline cond1tiona and aoidie conditions, and ehloro­

methylation was attempted. 

l!:aeh of the three experiments resulted in tbe 

vroduct~on o~ a rea1n. 

The resins l•rodueed from the dia.lky~z-esorcinole 

ha~ th~ £ollowing propoertiea . They were only slightly 

soluble in oreanie solvents . In ethanol a red solution 

was obtained but portions of the resin remained un­

disso~ved. A rr.oleeular weight detArm1nnt1on by the 

elevation of the boiling point of ethanol {65) failed, 

since, ev~n with o large excess of ethanol, some sol­

vent rern~ined undissolved and the eleva t ion produced 

was nogligible. Tbe resin did, howeve~, dissolve in 

ph~nol sf'ter rrolonged boiling. A molecular wei ght 

detomin~.tion wac thereur.on attempted using phenol 

as the s olvent . The necessity for boiling the phenol, 

rendered accu~te results 1mposa1ble, since it was 

essenti~l, in an expe~iment or this naturet to keep 

tbe solution out of' contact witll tb., air. The results 

..tere so di·v~rgent th t no positive conclusions could 

be drtr.wn. 

Th':! reRino <:;er~] found to amorphous and did not 
0 

melt but charred on heatir~ to ~bout 400 c. 

/C. • • • • • • • 
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C. R~JI.C't!ON o~· FO'qt.IALDEHYn~ l i TH DI-ISOW.XYLRFJ.>ORCINOL 

(~nge 37) 

(a) Alkaline condensntion 

i gm. of the red viscous oil, di-isohe~lresorcinol 

was shaken with 20 ml . sodium hydroxide . Only a por­

tion of the oil went into solution. 1 ml . fo~alin 

was added a nd the solution was left to atcw..d ~or three 

dnys . 

The undissolved oil turned dark red and the solu-

tion showed s i gns o:f :~rec1pitation. 

The solution was tb~reupon neutr, lised with uilute 

hy(iroeblor 1e a cid and the prcc1p itnt o f11 tered oft. 

Re-preci pita tion was fJerforn:ed aever:• l times by add­

ing wat er ·to a solution or the COM);•ound in e thyl. 

a lcohol. It WEB a reddish-brown non-cryst· lline com­

~~und. The me~ting ~oint s 165 - 175°C. 

J!2!~lat- we~. 

The rnolecu.Lar weight or the vroduct was determined 

cryosco})1ca l.l7 using the lten~ies- #ri~ht apvamtus . 

'lhe method of Rae and Reilly (65) was used wi th the 

r ollowing mod1£1cations: 

Instead or dete~1ining the elevation produced by 

dissolving weighed pellets of the aubetance in a 

wei~h<,d amount of the solvent , ~an undetermined amount 

of solvent was used end a compnrieon was made of the 

/elcv~Ltions ......... . 
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elevations produced by adding to 1t \teighed pellets of 

•wnzil and the above protluct alternately. Since the 

molecular ~eight of bcnzil ia accurat el y known, the 

molecular weight of the unknown substance wac calcu­

l a t ed by simpl e proportion, assuming there waa no inter­

action bet ween the t o solutes . The actual eleva tions 

o~ t emperatur e recorded on the difrer entia l thermomete r 

w~re rea d b y mea ns of a sliuing microscope . 

Et hyl alcohol was used as solvent and to chock the 

accuracy of t he method, the molecular wei ght or benzil 

wao determined . 

Results: Benz11 Benzil 

'"!ei ght of' substance 0 . 1210 gm. 0 . 1399 g . 

~2evation in boiling point 0 . 480 0 . 562 

Molecular we ieht round 207. 4 

New 
Conmound 

0 . 1072 grn. 

0 . 175 

516. 6 

Benzil has a molecular wei~ht of 21 ~ so thnt the 

method gave a good indication vf the true molecular 

wei gbt . The d1pbenylmetht.1ne der ivative of di-i&ohexyl 

res oreinolt c57a600~has a theoretical molecular we ight 

of 568 , so 't!1a t it appea rs tha t. this compound might 

h ave :rormed. 

. I (b) ••••••••• 
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(b) . Chlor~t!)Ylatto~ 

The method of ehloromethylation used by Finn and 

usty (67) was adopted. 5 gms. di-1sohexylresorcinol 

~ 11soolved in l~O ml. ethyl acetate and 3 ml . forma­

lin were added and HCl gas rassed through the solution 

tbr 2 hours. The container was corked and the solution 

allo~cd to stand overnight. 

The product was a brownish green jelly and was 

washed severa l times by decantation ~irat with boil­

ing water and then with boiling petrol ether. On dry­

ing tho purified product in air the~e remaineu lumps 

or black substtmce which were insoluble in solvents 

and sodium cydrox1de, were amorphous and charred at 
0 

a t emftel>o Lm-e of 400 c. An a.ltc,..nat1ve techni(!Ue of 

chloromethylatiun wua attc pted. 

2 . 2 L~S. di-iaohexylresorcinol ere dissolved in 

10 ~. othylacetnte and this solution added to a miX­

t~re o£ lO ml . concent~ ted sulvhur1c acid, 10 ml. con­

centrated hydrochloric acid and 3 .. ll . forr.wlin. A brown 

solid rormed ~lmoat immediately. The acid solution 

was diluted with rater Rnd the precipitate filtered orr. 
The prec1p1totc wns purtly soluble in ethyl alcohol . 

This alcoholic solution was filt~red and water added 

to the filtrate . A ~ine reddish-brown precipitate 

for;ned which softened at 180°0. 
/~ OLPCULAR •••••• 
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The rnol~cula~ weight was dete~ined as described 

in section 0 {a ). 

New 
Benzll Benzil ooumound 

'ei ght or substance 0 . 1515gm. 0 . 1532ga. 0 . 1003gm. 

o: l.evation in boiling point 0. 623 0 . 638 0 . 020 

oleoUlar weight round 207. 5 4.383 

This high molecular weight indicated thut a resin 

had .formed. 

(a) Us ins o.n h,Ydrogena tor 
The method waa based upon that of Cornfort.h and 

Rvbinaon ( 60), but in the absenee of~ an autoclave , en 

bydrobenator with the hydrog ~n Lnlet closed, was 

adopted. 

12 gme . 1mre •30dium metttl were re;;;~Cted undar re-

f'lux, •i th 150 ml. methanol, the reaction .. lank 'being 

cooled 'lith water. 10 gma . reaorcinol were dissolved 

in the sodium nethoxide nolution and this solution 

was poured into a glass cylinder ~hich was pl ced in 

the hydrogenutor. The temperature was raised to 220°0. 

and r .. aini.ained for 10 hours . 

/The • • •••••• 
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The vnria tions of t emper ature with pressure during 

the experi ment were as 1'ollo1YS: 

HEATIIiG TIME TEJIP'tl"RA'J:Ulffi PlmSSURE 
hours oo llbe/1n. 2 

1 163 240 

2 177 280 

3 191 380 

4 200 470 

5 214 600 

6 218 ·650 

9 219 790 

10i 220 850 

2 
The pressure remained fairly const ant at 850 lbs/ins 

with the t emperature a t 220° 0 . 

Arter allowing the bydrogena tor to cool, the 

ret,etion solution was removed, neut:flalised with hydro­

chloric acid and steam distilled to remove unreaeted 

methanol and resor cinol. A l aJ-ge amount or st1ck7 

redflish gum was :formed. Afte r purification of the 

solution with animal charcoal ana reducing the volume 

of the solution by vacuum distillation, a ver.y poor 

yield of mesorcinol was obta ined. 

The eXperiment was tried six times but a n bydrogen­

a tor was round to be unsatisfa ctor.y. 

I (b) •••••• 
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(b) UaiAg a steel bomb 

The pressure developed during the reaction was 

f'ound to be 850 lbs/square inch, eo a bomb, strong 

enough to withst and a greater pressure, was constructed. 

Its inner cavity 13~4 ems. was turned out of a cylinder 

or mild steel 17 oms. long and 8 ems. in diamete r . ~he 

lid was fastened by means of 6 bolts and a copper wushe~ 

interposed. It w~1s round necessary to anneal the cop­

per washer nrter each run. 

The purification of the methanol by fractional dis­

tillation was essential, as any trace of ater inter­

fered with the pre~aration. The resorcinol was dried 

bef'ore usc. 

9 gms. sodium metal were reacted with 100 ml . 

methar~l under reflux to give sodium methcxide. 8 ~s 

resorcinol were added, the solution stirred and poured 

into a glass tube which ritted loosely in the bomb . 

The lid waa bolted securely and every precaution taken 

to prevent. lc9age. :I.'he bomb was I laced in an oven 

set at 218°0 a.nu left for 8 hours . After removal, the 

apparatus as allowed to cool before opening. The 

resu~ting solution was washed out or the tube and the 

bomb, nd neutralised with dilute hydrochloric acid. 

Unless the .foregoing procedure was care.t'ully fol­

lowed the yield of rnesorcinol was neg~igible, 1r any 

/at ••• ••• 
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at all. 

The solution was ete1m distilled, clariried with 

charcoa l 3nd the volume reduced by boiling under vacuum. 

On cooling and standing mesorcinol cr,ystallised out. 

The beat yield obtained waa 40::"' but the success­

f'uJ. preparations ave~.r1ged only lO,t; yield. 

The mesorcinol w~s purir1ed by recr.yetulliaation 

from benzene or water or by vacuum sublimation. On 

employing the latter method, flst pointed needles of 

~hitiah colour we~ obt~ined. fhe other t o methods 

produced a fai rly pure yellow product. The melting 

poi nt was 151°0. The substance reduced s i lver nitrate. 

(1) 0 . 1219 grs. o f compound gavo 0 • .3045 gms . 002 

and 0 . 0879 grns. H20 

~~0 = 68. 13$". 5ll = 8 .01~ 

(2) 0 . 1004 gms. eotltl ound gave 0 . 26o3 gr.1s 002 

nnd 0 . 0784 gms. H2o 

Mean ~-a = 69.43~ , ,·a = 8. 34f-

Por c9 &120z, ~.0 = 71 . 0 , :""H = 7. 9?',. 
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IGh'1' 

rhe ool~cul · r .eight .a rouna or,raocopically 

by tl· deJ,-re o ion of the treesing point o:t t:h !llOl 

a ecord1n6 to t.he r;:::t~a or Finn (67) • 

. eight e!" benol 

ight. or cOOtpound 

Depression in treesing ,oint 

. olecul tt weigl1t 

II. 

(a) 

= o. 1.506 giJID 

• o. 39d0c 

• ao~cinol purified by euum ~ubltoaticn 

as d.1eaolved in so n:l . 1 o~i!u..: h1drox1d•-· ~nd 1 tlf' . 

during ~hicb ~ prec1p1tt t ~· to d. tt r f il tc~ing 

1 tb ~11a t1lJ.e:1 t.er. i'b"" •lt';il oint at the com-

! ound wae 180-1 J 1 °c nd the 1XOd . lt ith le80l"Cinol. 

0 
88 138 - 168 c., indic tin& th r·· atlcn or new ..,, 

COM&;lOUDd. 

r" eo: .buat.ion w s tt pted b!lt tfl aubats.nco 

did not burn c ~ily. 
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COJIBUSTION REdULl'S 

0 . 0903 gms substance gave 0 . 2095 gms co2 and 

0 . 0586 gms . H2o . 
$!0 = 6.3. 27 . • 

%H = 7 . 21 ) 

The yie ld or the product as very low _ 1 
~ gm. 

from 4 gma. meso~cinol. Attempts to recryst9lliae 

the subst~nce failed. It was soluble in ethanol. 

metbanol and acetone. It was insoluble in col d water 

but dissolved in boiling water, but did not reerystal­

lise on cooling. 

(page 45) 

(1) The method or chlorometbylation used by Finn 

and rust.r (59) to ehloromethyla te mesitol was apr}11ed. 

one gm. mesorcinol wae dissolved in 8 ml . ethyl 

acetate. To this •as added 0. 5 rnl . 4~~ forma1deh1de. 

ncl gas was passed through the solution for t wo hours 

nrter which the ~lask was corked and left overnight. 

A bro\;n precipit ate resulted which was purified bJ" 

reorystnllioat1on from petrol ether. 

The proauet w s an amorphous white substrince and 

/had •••• •• • • • 
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had a melting point of 190 - 200°c. It was recrystal­

lised from ethyl acetate and then gave a melting point 

of 196°0. 

The yield of the pure derivative was very low. 

(2) The following is a new technique in o~loromethylation 

which proved to be extremely simple and successful . 

About 50 ol . concentrated sulphuric acid were 

placed in an 800 ml. beaker in a fume cupboard. Con .. 

eentruted hydrochloric acid was added carefully until 

no further effervescence ot H01 gas occurred. 4 ml . 40;~ 

formaldehyde were added, followed by a concentrated 

s olution or 3 gms. mesorcinol in 5 ml. ethy-l acetate. 

On stirring, the solution quickl• became cloudy- and 

.1.'ine needles f"omed. The solution was left to stand 

for five minutes, then 500 ml . water were added and 

the solution filtered and washed ten times with dis-

tilled water under vacuum. 

It was found that if pure mesorcinol was used 

in the preparation and the product washed thoroughly-, 

a pure derivative was obtained. The yield was 95% 
0 and the meltir~ point 197 - 8 c. A mixed melt with the 

substance prepared by the above method gave no 

depression. 

/FERCB~~AGE ••...•• 
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PERCEliTAGB CHLORI NE ---- -
0 . 2046 gms. subst· nee gave 0 . 1411 gms. silve~ 

chlor ide. 

;-xa = 17 . o6 : 

For 5-chloromethyl-2,1~,6-trimcthy·lreoo:reinol, o10R13o2cl, 
;:'01 = 17.70, 

OOLBtJo TIY..lL!E..:W..kL.t _ 

0 . 1620 gms. substance gave 0 . 3620 gma . co2 and. 

o . 0989 g, a . n,,o • 
c;.;. 

~·c = 6o. 94.~, H = 6. 8<>' 

Jro:r o10n13o2c1 
~·'() = 60. 07 

MICROOQMBU3~ION.~~ULf 

The following result was obtai ned by Weiler 

and Strauss (64); 

4 . 454 mg . substance gave 9 . 785 mg 002 and 2. 500 mg 

H~ 

~ = 59. 89;;~, 

For c10u13o2c1, 

/UOL~CITLAR •••••.. 
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MOLECULAR \7EIGJn 
Sub-

Bsnzil Denzil stance 

\lPight of' substance = 0. 1230gm 0. 1699gm 0 . 0950gm 

Boiling point elevation = 1. 052 1.456 0. 836 

Ioleeular • eight found c - 209. 6 204. 5 

The molecular weight was det(~rmined cryoscop1cally 

using Ueuziee-Wright apparc:..tus and benzene as solvent 

(sea page 70). Benzil ~s used aa the standavd of 

compa rison. Fo:r o10B13o2Cl1 the molecular weight is 

200. 5. 

(page 48) 

0 . 5 gme 5-cblorometbyl-2,4,6-tr1methylresorc1nol 

was s1.1spended in 25 ml acetic anhydride . on adding 

t wo dro_ps o 1' concentrated aulphurie acid solution 

took pl•tee. The solution was left to st nd ov~:rnight 

end then poured into 200 ml.. water. An oil formed 

which crysta l lised on standing. The acetate was re­

erystallised fTo ~ water-acetone solution forming colour­

lese needles. The yield waa 6~ and the melting point 
0 

135-7 c. 

/ PF'Rc t.;! ~.AGE ••••••• 
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PERCF.JrrAGE CHLORINE 

0 . 2380 gms. oubstance produced 0. 1197 gms . silver 

cblo~ide. 

;~~ = 12.471 

For 1 1 3-acetoxy-5-chlorometnyl-2~4-6trimethyl~aorcinol, 

c14H17o4c1, ;:c1 = 12.471 . 

MOLT<:.CUl.J,.R "T.IGllT 

The molecular weight was determined in the sa~ 

way as ~or the pr evious compound except ethyl alcohol 

was used 3S the solvent. 

~eight of subetance ~ 

Eleva.t.ion of boiling point;: 

Holecula~ weight = 
For C14H17040l molecUler 

MIQROOOMBUSTION RESU~~~ 

Sub-
Bsnzil stance 

0 . 1906gm 0 .1085gm 

1. 574 0 . 682 

2.,'6 

eight = 284.5 

Sub-
stance 

0. 0676 

0 . 406 

288.7 

'!he analysis wao pet'forred by ... eil er and Strauss (64) . 

3 . 954 liS• substance produced 8.4.75 Mg. Co
2 

and 1. 960 mg. 

H2o. 

·. ·c = 58. 46 ·, 

~'or c
14

n
17

o
4 

Cl, 

~·:c = 58. 96:~. 

, H ::: 6 . 9 ; 

r.~ :: 6 0"" ,>t). e I 

Prom t hese resultL it wa0 epparent tha t the new 

compound, 1,3-aeetoxy-5-ehloromethyl-2,4,6-trimethyl­

:roesoreinol, had been prepared. 

I IV ........ . 
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IV. PREPr~\TlO~MOF 2,4,2,6-TET~\UETHYLRESORCINOL 

(page 49} 

(a) Attmngted I!reJ!aratio~ 

Finn and Musty (59) prepared tetramethylphenol 

in the .rollo\ling manner so it wan considered that 

tetrametbylresorcinol might possibly be made in the 

same way. 

2 gme. 1~3-acetoxy-5-chloromethyl-2,4,6-trimethyl-

resorcinol ere dissolved in acetone in a ~mall round-

bottom rlask fitted with a reflux condenser. Granu­

lalled zinc was dded :rollowed b7 5 tnl.. concentrated 

hydrochloric acid. Tho~t! reduction was r. llowed to pro­

ceed for ~ix llcurs in the cold. AdditionG of 1 ml . 

of the acid ~re made when evolution of hyd~gen ceased. 

The solution waP r~iaed to the boil, ~iltered ond ex­

trtlctnd , ith ether, most o:r wh ich we.o evapora'ted otf'. 

The r-s luue wan ~~fluxed ith olcoholic sodium hydr­

oxide (1 ~1. in 10 g~s . e thyl alcohol ' nd ot er added 

until col,,tion to">lt pla.ee) ror s1x hcm.l'a . The solution 

was vuu:red into 20 ml. \\<at~r, aelrlit'1o\i and steam 

dist~lled. i gm. product settled out. It wa~ c~~ 

posed or co~ourless cubic cr,ystals bav1r~ u melting 

point uf 205°0. It cont~ined no chlorine. 

/COMBtraTION •••••• 
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{1) 0. 1578 gms substance produced 0. 3797 gms C02 and 

0 . 1150 gms H2o. 
%0 " .. ··u 81 f = • ~. 

(2) 0. 1550 gcs substance produced 0. 3689 gms co2 and 

0 . 1066 gma H20. 

cro = 64.~. %ti ::: 7. 6'1 

Mean :!0 ::: 65. 26~, $:H = 7. 9%> 

It appe ~s ~rom these results that the aubstence 

was not tetramethylresorcinol. The latter has been 

prepared by ;,;'Unzengrube!' and Bauer-BBnedikt ( 63} 

who found tl1at it baa. a melting :oint 1)"£ 161 .5- 2°0· 

Obviously the requit'ed eubstanc~ had nLlt been produced. 

{b) .f~ ;-~~ tion o-r T~!~~~'Lbzl~fiQE..£!.!12! 

A new method was devised tor preparing tetra­

ttlE~th7lrcsorcinol. 

1 gm. 5-chlorometbyl-2,4,6-trimetbylr~eorcinol 

.. .-as d.isc.; olv<>..i in 10 r 1 . ethyl alcohol and added to 

5 e ~s zine amelgQm ( f•l'epared by adding 0. 3 gm. cereuric 

ehlorjde to 5 gme. zinc dust in the preaenc~ o£ dilute 

hydrochloric a.cid.) After shaking thoroughly the ac id 

was decanted and the amalgam washed sever~ l times with 

/ l'later .... .. . 
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water. 20 ml. dilute hydrochloric ~cid were added 

and the miXture heated on a water b~th under r eflux 

~or 2! hours. 2 ml . dilute hydrochloric acid were 

added every half hour. On cooling or redueing the 

volume ot the solution by heating under vacuum. thick 

irregular colourless needles formed. The 71eld wac 

85;,· . The product was receystall1sed from dilute -'lcohol 

o~ purified by vacuum sublination. T.he melting point 

as 161-2°0. ~heoe properties agreed accurately with 

t ose obtL..ined by Bnuer-B~nedikt end r un.zeng:ruber {63) 

for tetramothy'lreaoreinol. 

UICP.OC.Q~~p .. n T(t: ' Ul.T. 

The i~roanalysia as p rro~~~d by Weiler and 

Strauss (64). 

3 . 510 mg. subatnnce p ro1.1uced 9. 280 mg . co2 and 2. 605 mg • 

. '.0 :: 72.09" ., 

For 2.4,5,6-tetramethylresoretnol• c10H14o2 
]iC = 72 •. "3': ., ~1!1 = 6. 41 · 

The rnoleeul3r weight was perto~d using the 

llenzien-·.~z·ight appr1mtus, eth7l alcohol as solvent 

and benzil as the standard of comparison. (see pnge 79). 

/3enzil •..• 
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B(!nzil 

~ eight of substance = 0 . 1036 gm 

Elevation of boiling point 0.796 

Kolecul r weight 

For 2 1 1+,51 6-tetramethy~recorcinol, c.10n14 02 
Molecular weight = 166 

Substance 

0 . 0783 gm 

0. 744 

169. 7 

Tetrameth~lresorcinol wao p~~pared in a second qay 

using 5-hydro~cth.yl-2,4,6-t~1methylrceo~c1nol as the 

star tint: mat r ial. Th6 method used was ex.actl7 the 

some aa described above. 

Mter l,reparing the above . entionetl alcohol it 

was nvt nece s sary t o extra ct it from the water-dioxan 

mixture (ace r r ep'iration cf 5-hydroxymethyl-2,4,6-tri­

metllJlrcs orcinol) . To the i'iltcred solution ot~ the 

resor cinyl a1cohol, zinc amalgtun and dilute hydr ochloric 

acid ere added. The solution was rerluxed fo~ 2j hours. 

The tetramethylresorcinol was extracted in the same 

way as bei"orc. 

B. DE:uv~ .. :::'I~JLm~_.JB!!l_l.:~T~l ~__QRQ,llQL (page 52). 

(a) ~PAP.,'.Tiill!_f!.~:~ _·t_1_.)..=A9 --:tq~-2,_4, ;,l 1.~::Tt<I ':E't;·yt,­

R'EU'OR0INOL .,... ___ __..,.. 

~ gtrJ. tetrnmcthylroesorcinDl wa'> d.if>solved in 15 ml. 

acetin anhyQ~ide &nd one dror 0~ concentrated sulphuric 

/acid •••••••• 
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acid wua added. The so.Lu·tion :ras lef't to stand over-

night . It was poured into 200 ml . water when an oil 

separated out and crystallised on standing. The pre­

cipitate was recryetallised £ron eetone-weter or 

alcohol-water solutions. 

Colourleso needl.ea of nelting I,oint 98. 5-99. 5°0. 

JUC:aOc;O :3f.NTI1 il Rz. ..... :ur.T 

Tho analysis was p ·ri'ormed by 'leiler and Strauss 

(64} . 4 . 010 mg. subst ~nee J'roduc~d 9. 895 rng . <..'02 

and 2 . 600 mg . n2o 
X1 = 67. }-,' t ~I = 

Po~ 1,3-~cetoxy-2,4,5,6-tet~'methy1reaorc1nol, o14u18o4 
fn = 67. 2~, = 7. 2 • 

(b) l',he Eh~lurethane or ~~tBY:lresorcinol 
To 0 . 4 . gn. tetramethy1resorcinol as added o. 6 gm 

pbt.nyl-ieo-eyanate. 1'he mi xture was teateU. in a fume 

cupbo<'•rd over a water bath f'or t enty- minutes. Solu­

tion took ylnce and on further heating the solution 

turned solid. 1-l-Jle reacti:)n as lei"t overnight to com­

plete in the eold. 

Tho phenylurethane was ver.y insoluble in water, 

so the preci p1t8te was boiled a fe tioes 1n water 

to remove excess tetrametbylresorcinol and phenyl-iso-

The melting point or the white compound 

1\'lt:J.a •••• • •• • 
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MICROCOMBU~TIOR RF.SULT 

(97) 

!he m1erocombuet1on was car~ied out by eile~ 

and s trauss ( 64). 

4 . 144 mg. substance produced 10. 755 wag . co2 and 

2 . 210 mg. H2o. 
;.o = 70. 78%, 

Por the diphe~lurethane derivative ot tetrameth;rl­

resoreinol, ~u24o4JJ2, 

~c = 71 . 3,;, 7-.U = 5. 9: 

MITROGEB E~~IUATIOB 

0. 02165 gm. substance produced 1. 41 ccs. nitrogen 
0 at 71.32 ems. ~:ereuey pressure and 15. 5 o. 

'rheoretieal ,'-If = 6 . %, 

V. !)-HYDRO;DF .i'HYl.-21g, p-~RILreTH~~EHOROINOL (page 54) 

(a) Attegtpted preparation 

1 gm. 5-chloromethyl-2,4,6-trimethylreaorcinol 

was ohaken up ith 40 ml. absolute alcohol. The sub­

stance was slightly soluble . 3 gm. silver oxide, 

fresh~ prepared by adding silver nitrate to sodium 

nydroxide, were added. The solution wae then placed 

on a shaker for ten hours . After beating to boiling 

point, the solution was ~iltered and the ethyl alcohol 

/evaporated. 
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evapomted. A red gummy material was obtained r~h1ch 

would not recrystalliee. This method of preparation 

was unsueeesatul so 1t was abandoned. 

(b) ~paration 

The method used by Finn and usty (59) to b7drolyse 

chloromethyl meaitol was followed. 

2 gms. 5-chloromethyl-2,4,6-trimethylresorcinol 

were dissolved in 22 ml. dioxan, 10 ml. water were 

adde4 and a Tew marble chips and the solution retluxed 

on a water bath £or 6 hours and then filtered. 

lfuen the marble chips were added to the hot solu­

tion an tmmediate vigorous evolution of gas occurred on 

the chips. 

When the solution was not either colourless or 

faintly yellow,1t was steam distilled to remove dioxan, 

then clarified with animal charcoal followed by the 

reduction 1n volume by- heating under vacuum. When the 

colour o~ the solution was either colourless or faintly 

yellow, 1t was not nece$enr,r to cla~ity with animal 

charcoal. 

·i/hen precipitation did not result during vacuu 

distillation, it was necessary to leave it to stand 

for a few days . The addition of a little ether induced 

precipitation. 

/Attempts • • • ••• 



(99) 

Attempts to reerJstall1se the compound railed. 

It was soluble in moat organic sol vents and insoluble · 

in cold water, but, on dissolving in hot water, it 

did not recr.ystall1se on cooling. 

It wes found that, when carefully prepared, the 

compound was pure white and amorphous. The melting 
0 

point was 180--10. A mixed ~lt with the compound 

described in page 86 T~z. the compound prepared b7 

the condensation of meaoreinol with ~orrnaldehyde in 

al.kaline medium, produced a depression of 2°C. indi-

eating thnt these t wo compounds were the same. 

A yield of 50:~ was obta ined. 

MICROCOfiBUS~IOH ~ULT 

The micFOcombuotion was carried out b7 e iler 

and 3 t rauss ( 64) . 

4 . 376 mgs. substance produced 9. 900 mgs. oo2 and 

2 . 900 mga. H20• 

= 61 . 69, ~ = 7.4 .• 

= 65. 93~-;, 

It will be observed t hs t the pereentage carbon 

obta ined 1n the microcombustion result io low. However 

the aicrocoobustion results obtained for derivatives 

or t . is eompvund establish that the compound just 

I descl'ibed • ••• • 
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dese~ib&d is 5-b7droxymethyl-2, 4,6-tr1metnylresore1nol. 

The molecular weigh~ dete~ination also contirms the 

structure of' ti. is compound. 

The molecular weight of the substance was deter­

mined aa be:tore by the elevation of the boiling point 

of ethanol ue1ng the Menzies- right apparatus and 

benzil as the standard o:f comparison. (see page 79) 

.Denzil; 
Sub­

stance 

Weight or substance 0. 1353 g . 0 . 1367g. 0 . 1089 

Elevation of boiling point o. 554 0 . 562 0 . 518 

Uoleeular weight 181 . 5 

For 5-hydrox,methyl-2,4,6-trimethylresorcinol, C1oH14o3 

molecular weight 182. 

(c) BSCO~RJ IOlf TO 2-0JILOROMETHYL-~.§..::.TRIMB!m­

RRSORCINOL 

0 . 2 gms. 5-hydro.qmet.hyl-214, 6-trimethylresoreinol 

was dissol.ved. in ethyl acetate and added to a mixture 

or sulphuric and hydrochloric acids (2:1) . An 1m­

mediate precipitate of fine needles 1~ormed. A mixed 

melt with 5-oblorometnyl-2,li,6-tr1methylresore1nol. 

gave no depression indic8ting that 5-hydroxymetllyl-2, 

4,6-tr-imethylreeorcinol had been reconverted to the 

chloromethyl derivative. 

/PRF.·PARATION ••••• 
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PREPARATION OF DERIVATlVF~ OF 2~flYDROXYh~THYL-214,~ 

TRiliEJ:HYLRESOROilfOL ( page 56) 

(d) (1) Preparatio.l,l o,f, .. the. aeett1t~ 

i gm of the alcohol was added to 25 ml acetic 

anhydride. On beating gently, solution took place. 

i gm anhydrous potassium carbonate waa added slowly, 

as fairly violent bubbling took place. The mixture 

was left to stand overnight and then dissolved tn 

150 ml. water. The derivative wh1eh remained undis­

solved was filtered off and reeryRtall1sed from 1:2 

acetone-water solution. Colourless clusters of needles 

were formed in a yield o~ 7<Y;' . ~he melting point was 
0 

118-119 c. 
UICROCO BUS7ION RESULT .........,.........,.........,,.. - · 

The microcombustion was pe~rormed by ~e1ler 

and Strauss (64). 

3 . 841 mg substanc e produced 8 . no mg C02 and 

2 .190 mg H2o. 

For 1,3-aeetoxy-5-aeetoxymethyl-2,4,6-trimethylresorcinol, 

c 16H2o0 6' 
62.3~, <'ill 

~ = 

UOLECU~~ ~IGHT 

The molecular weight was dete:rm1ned from the 

/ elevation ••••••• 
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elevation of the bo~ling point o~ ethyl alcohol using 

the UeBZies-Wright apparatus and benzil as the standard 

of comparison (see page 79) 

eight of substance -

Elevation of boiling point 

Molecular weight = 

Benzil 

0.1289 SlR· 

0. 546 

Substance 

0 . 0886 gm. 

0 . 252 

311 

For 1-3-aeetoxy- S-acetoxymethyl-2,4,6-trimethylresorcinol, 

0 16H2o06• 
Molecular weight = 308 

(d) (ii) Attempted preparation of the acetate 

An attempt was made to prepare the acetate from 

1,3-acetoxy-5-chloromethyl-2,4,6-trtmethylresorc1nol 

by reaction with silver acetate. 

1 gm. of the chlorometh7l compound dissolved in 

40 ml. absolute alcohol on hea ting. 1 gm. silver acetate 

was added to 25 ml . water and 10 ml . g~acial acetic acid. 

The s ilver ~1 t was not eLtirely soluble. The l a tter 

was added to the alcohol sol-ut1.on and hea"ted. 'l'he 

flask was corked and put en a shaker 1'or three sunoessive 

days. 

Excess hydrochloric acid was added to form silver 

chloride wi th the excess silver acetate. The solution 

was boiled and filtered, and the filtrate vacuum distilled. 

I A •••••••••• 
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A precipitate consisting mainly or a brown gum was 

obtained. On recrystallising from water-acetone solu­

tion, a very small quantity of colourless needles with 

a melting point of 106-8°0. was obta ined. The Beilstein 

test for halogens was negative thereby indica ting that 

the compound had lost its chlorine. Because of the 

very poor yield and the extravagant use of silvei- ace­

tate, t~ i s experiment was not fUlly investigated. 

(e) ~reiaration of the triphenl~urephane derivative 

0 . 4 gms . of t uc alcohol was added to 0. 9 gma. phenyl­

isocyanate . Solution was brought about by heating over 

a flame f'or t en minutes . On cooling the resulting 

liquid set to a solid mass . This was left to stand 

over night. 

The derivat ~ve was insoluble in wnt er or ethanol. 

It was wash ed sever•.:,l times with hot ethanol . A fine 

white powder was obt a ined with a melting point of 224-5°0 

MIC~OCOPBUS'l'ION R""SULT 

The mi c rocombustion wa~ carrie~ out b~ Ues~rs 

Weiler and Strauss (64). 

3. 399 mg. substance produced 8.565 mg. co2 and 1.62 mg 

!!20. 

/ ; -0 •••••••••• 
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For the tr1phenyl urethane derivative of 5- hyoroxy­

methyl- 2.4, 6-trimethylresorcinol , o3lH2906N3, 

~ = 69.0%, %K =5. 4% 

AT!Ot.! 

0 .02091 gms. aub~tanee gave 1.45 ccs. nitrogen at 

17. 2°0. and 71.95 oms mercury pressure. 

~~ =7.6 % 

Theoretical fN = 7 . g~ 

VI . 1 : 1 1- } : 3 '-:.T:.,~RAHYUROXY-? : ?. •-1~: 4 1- 6: 6'-Htr:X~METHYL-

D!f H .2YLlti<1FHANE (page 5g) 

(a) Prepar~tion 

Difficulty was experieneeo 1n prep~r1ng a pure 

samole of this compound, but. finally, the following 
·. 

method proved to be tbe best ; 

1 gm. mesorcinol vas dissolved in 2 ml . e thyl 

alcohol and 0.7 ~1 . formalin added. The solution 

was heated to boiling oo1nt and coneentrated hydro­

chloric aeid added drop by drop wh1l.t heating was 

maintained . A brown o11 gradually formed1 and 1 ~hen 

0.1 ml . concentrated hydrochloric a~id hod been added, 

th~ aolut1on was boiled for five minutes and then 

allo11 ed to cool . The o11 solidi f'i ed to a bro n 

pree1v1tate nd was filtered orr. The p~ee1~1tate 

v~a bo1led in about 10 ml . water so as to remove any 

/unreacted ••• 
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unreacted mesorcinol, and the solution fi~tered hot . 

The remaining brown compound was recrystallieed three 

times rrom dilute ethanol, when brown rod-like needles 
0 

crystallised out. The melting point was 229- 231 c. 
MICROCOMBUSTION RESULT 

The microeombustion waD perroroed by Weiler and 

Strauss (64) . 

4.163 mg substance produced 10.530 mg . co
2 

and 2. 900 mg . 

H2o. 

7 • 7 }'o 

For 1:1'-3:3'-tetrahydroxy-2:2'-4:4'-6:6'-hexamethyl­

dipbenylmethane, c1~2404, 

It will be observed that the percentage carbon 

found by exper~~nt is lower th n the theoretical 

amount . From the microcombustion result of the acetate 

and the molecU1...1r weight determination,. however, it 

is obvious that the uiphenylme thane compound had been 

prepared. 

MOL CULAR './BIGHT 

The molecular weight was detcnnined by the boiling 

point elevation using the Meazies-Wright apparatus 

with ethanol as the solvent and benzil as the standard 

o:r compar ison. (see page 79) 

/Benz1l •• • 
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We i ght of substance 

Elevation of boiling point 

B~nzil 

o. 2197 gr'l 

o . ~·o2 

Substance 

0. 1297 gm 

Molecular weight 310. 7 

For the di phenylmethane compound, c1g112404, 

molecular weight = 316 

DERIVATIVES OF 1_tt~~-'-..t.:l~=~!d::riWr.ctrRQ~Y.::g.:._2' -4:~ ' -6:6 '­

HEXAMr.THYLDI~MENYLfiTHAlW. (pr.~ge 59) 

(b) Preparation of the acetate 

~ gm of the diphenylmethane compound was dissolved 

in 15 ml . acetic anhydride and anhydrous potassium car­

bonate added s l o ly. Vigorous bubbling to~k place and 

the mixture was leTt overnight. It set hard. Excess 

water was added which dissolved all but a white pre­

cipitate. The precipitate was filtered and recrystal­

lised twice from dilute alcohol . The melting point 

was 185-7°0. 

MICROCOMB~~TION REBULT 

The microcombuetion was carried out by Weiler and 

Strauss . (69) 

4 . 050 mg. substance produced 9. 850 ~~ . co2and 2. 390 mg. 

H2o. 

1(;11"1 ):4.1 • •••••• 
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%C = 
For 1:1'-3:3'-tetracetoxy-2:2'-4:4'-6:6'-hexametbyl­

diphenylmethane. C27H3208, 

%C = 66.9,1., 

{c) Preparation of ~he te!~~heDl~.urethane derivstive 

0.3 gm or the diphenylmethane compound was added 

to 0.5 gm phenyl-isocyanate and the mixture was heated 

on a water bath for 15 minutes when solution took place. 

On further heating, a preci pitate formed and, on cooling• 

the whole mass solidified and waa le~t overnight. It 

dissolved in dioxan and an oil was expelled on adding 

~ater. Even after drying, this oil did not crystellise. 

The original sample of the diphenylmethane used was not 

pure enough. Shortage of time and material did not 

permit fUrther investigation. 

VII . .li~ACTION OF' 21 f1:,6-~RIJleTHYLRESORCINOL \•·tTH 

2=;HYDRO..cttw.THYL-21 4, 6-TRIM~J. .r:'YLRESORCINOL (page 61) 

(a) Unde r alkaline condition~ 

0.5 gms 5-hydroxy-2,4,6-trimethylvesorcinol and 

0.4 gm mesor•cinol were dissolved in 20 ml 1 ~~ sodium 

hydroxide f:lnd the solution heated :ror two hours on a 

water bath. ~ n~utralisation with dilute a cetic acid, 

a very fine precipitate formed which coagulated to a 

gum. It dissolved in alcohol. On adding water, the 

/soluti~n •••••• 
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s olution bt'came cloudy, a111..t a b rown precipita te s e ttled 

out on standing. The solution was f iltered and the 

preci pita t e washed thoroughly with water. The melting 
0 

point was 130 o. 1hen the preci t itate waa boiled in 

water• a small quantity of' a brown mat erial remained, 
0 

which also had a melting ~'oint ot: 130 c. It was there-

fore, apparant that the di phenyl metbane derivative, which 

is i nsoluble in water and has a. fil(.!l ting point of 2,30°0, 

had no t i ormed. 

It ap· e ars tha t no reaction takes :olace between 

these t o eonpoundz under e:-.lkaline conditions. 

(b) Under .:,cid conditio~ 

0. 5 gms . 5-hydroxym~thyl-2,4,6-trioethylresorcinol 

and 0.4 gr. mesorcinol were dissolved in 5 ml . ethanol 

r:\nd 2 ml . dill.1tc hydrochlor ic acid <-J.dded. On heuting, 

the soluth.n tux·ncd re 1. The solution wa{~ r e:f'luxed :ror 

t 10 h~.•ur:.; on a wat e r bath. On cooling , a pree1p1 t a te 

s~t'tled. This ttE.l;.:.< f'i.L t -· r-ed in ordet~ to ge t rid of' un­

reacted materiel, boiled. in watf"r . 'lhc hot solution 

waJ ~iltered leaving a brown pr cipitate whieb was re-

crystallised f'T>om dilute ethanol. The resu..&. ting brown 

needles had a melting point of 227-9°0. A miXed melt 

with 1:1'-3:3'-tetrahydr oxy- 2;2'-4:4'-6:6•.hexamethyl­

diphel-cylmethane gave a m3l ting roi nt of' 226-8°C., 

/inuica ting • ••••• 
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indicating that the 5-hydroxymetbyl-2,4~6-trimetbyl-

resorcinol bad condensed with mesorcinol . 

VIII. REACTION OF 5-HYOROXYMETHYL-2,4,6- TRIMETHYL­

RESORCINOL WITH RESORCINOL. (page 62 ) 

(a) In alkal i ne medi um 

Equal weights of the two compounds were dissolved 

in sodium hydroxide. The solution tur.ned dark green. 

It wao left overnight and then acidified with dilute 

acetic acid. The solution turned red. No precipitate 

formed, even on standing ror 8 hours. The solution 

was extracted with ether. The ethe~ layer was separated 

and the ether evaporated ofr. There reMained a red 

oil which partially crystallised after standing ror 

three days . 

(b) J!B..d;;.;e;.;;r;.._,;;a.;;..;:;c;..;:i;;..;;d;;._,.;;c..:;;o_,n;..;;d;,:;;i .... t_i.._o_n,_e 

Equal weightc cf the t wo conlpounds flere d1asol ved 

in ethanol and concentrt:.'.ted hydrochloric acid added. 

The solution turned red, but no 1:~l?ec1p1tate formed. 

'rJ.e s olution was extracte-d -aith ether. Whc>n the ethexa 

was eyapol .. ated of'!', there r~ained a red oil, which 

pa.rtie.lly crystallised after ste.ndin& .fo1'\ three days. 
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