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INTRODUCTION

' Tne maln purpose in this paper has been to gather pertinent
information regarding physical and chemical properties
of phenols and phenol ethers used in medicine. Much tinme
was spent to obtain the various physical aonstants not
r:adily available. In most cases the original litorature
vas consultsds |
Phenols and phenol ethers constitute a very important
) clasn of drugss They are also starting materials for many
products such as dyés, plastics, and & great numdber of phenols
have ben identified with tho sative principles of natural
products. Mono, 41 and tri phenols differ in their chenical
behaviour and their effect on the living organismse These
functions may agaln be influenced by ths introduction into
the benzene ring of one or more alkyl and aryl groups of
different structure by introduction of various numbers
of halogen atons, amido, nitro, aldehydic and carboxylim
groups and by esterification and eterification of one
or more hydroxylic groups with alkyl and aryl radlocals
of different oconflgurationy FHany of these eompounds
have heen synthesized in search of new chemicals with
definite chnaracteristiocs,
The manifestation of blological activity by a drug is

T



a process which proceeds through various stagzes from

the point of application of the drug to the final site

of the chemical event which is the immediate cause of the

cbeerved effeocts These stages may involve physiochenlcal

phenonena such as pascage through menbranes, diffusion,

transfer from aquous to 1ipid phases etc., of which some

may Do easy and rapld andothers oritical and in the physlo-

chemical somse rate-determinings Thus according to Hurst

Y¢he correlation of bBlological sotivity with simple drug

dtetritution betweon heterogenous phasos may be groatly

extended if more specific factors, whioch inrluonbo moleoulay

interaction in momolayers are taken into oomsidoration.*

Soveral blological effects are produced by conpounds j

of diverse dnnmzonlst:ruoturu'hnvins low chemical reactivity,

and these effects are produced dy a mechanism which 1s
 prémarily physicals Exanples are secn in phenols and

phenol ethers in their insectiocldal, tacteriocial, and

fungioidsl propertiess And in these instances slthough

P

the soncentrations necessary to produce the effect vary
widely, the "setivity" lies within a faldly narrow renge
whioh is & dﬁaraatariﬁtie of the organiens. This 18
11lustrated in the following tadle, which gives the
bacteriosidal coneentration and “activities® of various
phonolse ] )
BactoriciZal Conc. “Aotivity"
Substances Hol/lt .
vd) ¥henol 0027 0«11
o-cfesol 0 0#039 0.17

Thymol 0.0022 0.38
Regoroinol 3409 0e54

—



) U BETANAPHTHOL
- G100
OH

Puysical Proverties - Wnite to pale buff-colored shining
leaflets or & vhite or yellowish orystalline powders It
has & faint, phenol-like odor and is stable in air,
but darkens on exposure to sunlighte
Melting Point = 120° - 122% spﬁlimea.readily when
heated and is volatile with water 6r alcohol vapore
 Bolubility - - ' | |
£0 Gns. Betanapthol per

) AN : 100 o+ce sat, soln.
12.5° - 0s044 (1)
25,1° | 0074 (2)
l 29.5° 0+0876  (3)

1 Ome is goludle in about 80 s.c. of bolling water.

It 1s soluble in glyesrine and in olive oll and 1s

readily dissolved by solutions of alkall hydroxide.

100 c.os 90% alechol dissolves about 55 gm. of dbetanapthol

at 15,5° (5) :

1002+ 958 formic acid dimsolves 3.11 ge of betahapthol(15.5°%)(6)
" Benzene dlssolves 4,413 g« of betanapthol at 25° (7)

* ool - 04242 . o
) _ Zonization Constant - 0. x 107°  (8)
) o )

(1) A 0014 saturated solution of betanapthol when

.IllIlllllllll-llllllll---l-l---l--l------l-lIll-llIll-ll-llllIlIlI
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mixed with ammonia develops & faint, dlulsh flurorescence.

(2) ¥hen about 100 mg. of betanapthol sre added to § cec.
“of & solution of KOH (1 in 4) and then 1 c.ce Of CHOIB _
‘and the mixture warmed gently, the water layer acquires

a dlue color whiloch changee successively to grecn and .
browne '

{3) %hen FeOlB‘ solution is added to & cold saturated

solution of betanapthol & greonish color is produced

-and after soge time whitish flakes separate which turn

brown when heateds

Goe:fioient of Diat.rlbution « Coeffricient of Distribution
of betanapthol between water and chloroform at 25°

:"2"-- « 0,017 (a)
OHCly
“ Cf
H
g]s OH__KMnOs / G co°
Neu‘ha( oY C'o<

A[ko.llNE “ o cooH

o ‘ Qéu:CHCOOH
Acip Soln CooH o

%.
KMu0y4. cooH  (9)
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N . . EUGENOL

Cyofl1202
- ¢ Hs0

Ho@cua-cH=cHg.

Pavalonl froverties - Eusenol is & colorless 1iquid widely
aistributed among plants and obtainable in practical amount
from oll of eloves. '
Boiling point -

Fressure Boiling Point (1)
' (s}
mm .
%gg %EQ . % g
J 500 235430
400 - ' . 226430
300 215.60
200 201.60
100 180410
60 . 165460
40 ' 154 tgg
20 138,
10 124,00
8 119.60
6 113,15

Freezing Point - 10,3° (2)

Density - 25
d3” = 140651 (2)

af’ - 1.0666 (3)
8olubility - Soluble in 5-6 vols of 50% alcohol
. I 2-3 " 6ot " '
) : S 1«2 * 7086 * (4)
1 e.0. Eugenol dinuolven in 5.27 OeCe Of éo% aloohol at 25°
1 0400 " " 5422 0e0e . . 15°

- - ., -

%
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,ﬂg | 1 o.0cs Eugenol dissolves in 12,70 esce of 2% NaOH at 25°
€ Conce of  ¢e0. of Eugenol soludle in
" Aloochol 100 ee¢ of aloohol at 220-25° (5)
A0 . 0430
50 5480

Critical temperature of a mixture of Eugenol & Glycerol - (6)
Critical Solution Wt € Glycerol

| _ Tompa ~4n mixt.
Glyoerol & Eugemol | 166 | 14,0
Dielectric Constant « 104337 at 20.2° (7

Refractive Index = 1530 to 1.542 at 20°
Ultra-Violet Absorption Data - Maximum absorption at 2809A
) Es= 1.41 at a concs of 0.004 g per

100 ¢.0s solution

Identification « (1) Eugenol can be cha?acterized by the
preparation of several derivatives.
a) On troatment with Benzoyl ehloride, aﬁganol fornms &
benzoate me 69.5° according to Ikeda et al. (8)
Mo Kie (9) suggested a method of estimating the composition
of mixtureces of auguﬁol and iso-sugenocl through the medting
point curves of their benszoates, esutectic 25.5% iso-eugenol
benzoate 56.5°
) Fhenyl urethane m. 97° (10)
¢) Mercury derivative from mercuric acetate m. 95°-96°,

)  hydrate me 120,5%-121.5%, By shaking with il HO1, eugenol
18 regenerated readily., (11) ,
4) Eugenol piperazine m,95°; this compound glves character-

D T HHCLISIIINNNN———————————__
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. «istic precipitate with alkaloids, thus it 1s useful in

mioro works (12)
) 2,A-Dinitro phenyl ether m. 114°-115° ; according to
Bost & Nicholsons (13)

This compound is prepared by treating Eugenol in
alkaline soltion with 2,4-dinitro chlorobenzenes
£) Dibrofide ms 80%; totrabromide ms 1182 119% as recorded
by Gildmeister & Hoffmann. (3)

* 2« Color Reactiona - In a 00ld saturated aquous solution

of FeCl,, Eugenol gives & turbid, grayish yellows in 2%
alooholie solution & blue golor, which fades to gray-ysllow
in 15 minutes. e

Bezasonoff's reagent gives & positive reaction (blue eolor)
in a very small concentration sccording to Sabetay and
Riechstoff. (14) | |
Wﬁnﬂ - fngenol and 1so-eugenol
react with sulfur anslogously to anethole ylelding tri-

" thioceugenol m. 182°-183°, which is the point of insgane

taneous fusiones The structure =
OCH3z g—— S

b

H

Fugenol and malelc ln.hyldrido cmdnnsu at 120°-140°,
giving a product m. 245°-258%, (16)

On heating with EOH, eugenol 1s converted to iso-ougenol.
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Stability and Discoloration « Eugenfl is not entirely
stable, particularly to strong alkall and acids; may cause

_ discoloration.
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3 -  PYROGALLOL

CeH.0
676"3 OH

OH

OH

¥ole wte=~ 126,11
 Melting Point - 133° « 134°
Boiling Point = 309°
Ehysical Froperties - It forms colorless leaflets or
needles of the specifio gravity 1.&53“0
Solubllity ~ 62.0 g« of pyromallol is soluble in 100 €04
of saturated solution at 20°,
') 100 ge of pyrogallol is soludble in 100 g« of ethanol at 25%

The primary and secondary dissociation constants of
pyrogallol were detepmined by potentiometric titrations,
with corrections Yeing applied for interioniec attractions

? with the help of Debye~-Hucker theory.
Ky B . Ky
9.68 x 10710 2,30 x 10012 (1)

Chemical Properties - Its alkaline solutions turn rapidly
brown when in ocontact with air, and its aquous solutions
reduce the salts of rare metals, mercurous nitrate and
HgClye With FB(OAc)p it forms s white, with Lead Sube
acetate a bromish-white precipatate..

m) it gives the following reactions as quoted from Ro%fnthgler
923

1. Diazobonzene sulfonic acid and alkall 3 intense b®rown
2. Millon's Reagent s Only after warming , yellow red.
3+ Guareschi-Lustgarten reaction s no eolor

m
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12
) A4, Berthelot-Lox reaction s in the eold, dsrk-mrpla,
o whan heatad, brown
8. Vanillin HCl reaction 3 in cold, marked red pink with

a tint of purple when heated,
a raspberry rod.

B Formaldehyda-ﬂulfurio Acid reaction s red ring and
upon shaking intense red
turbdd solution.

T« With 1odopotasaium 1odid¢ and BaCH, a temporary reod

8¢ With formaldehyde and concs HCl in the cold or with
moderate warming, & ruby red.

9+ If heated with nmmomlun oxnlnte the residue (rufigallic
ammonium) dlssolves in water with red colors (2)

9xidation of Fyragallol « Concentrated alkaline pyrogallol
solution absorbs oxygen faster than hydrosulflite sclutions,

D and much faster than ammoniacal Cu,Cl, solutionss (3)
Pyrogallol reduce HH3-55N03 vigorouslye The reducing action
is in proportion to the number of OH groups presents (&)
Oxidative products of pyrogallol is purpurog;liin. The

~ structures for purpurogallin have heen proposed §

OH cna
T
1 « methylene-quinone structure due to Dean & Niernstein. (5)
I1- a trihydroxy phenyl oyclopents dlenelone due to Willstatter
DI and Heiss. (6)
II1-J.As Barltrop & J.8. Nicholson (7)

Hemin which possesscs & strong catalase activity, does
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not promote oxidation of pyrogallol, whereas Hematin, with
its about 10 times weaker catalase sctivity, distinetly

~ promotes oxidation of pyrogallole Wnile Fe(CN)E 1is
entirely inaoctive, HAE(CH)SNO has strong promoting effeoct
on the oxidation of pyrogallols (8)
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céun .
6% OH

OH
Mole wt =« 110,11 |
Enxgiggl_ﬁzgpgngiggla'lt repreuehts colorless rhombic
eryastals, of specifia gfavity 1.272150. '
Melting FPoint = 110.7° |
Boiling Point = 27645°. - |
 Bolubility - Soludility of resorcinol in different solvents-
Determinations were made by synthetlc method. Hydrogen
:) was plac=4 in sealed tubes in order to prevent oxldation. (1)

Results are in g. moles of CgH, (OH),per 100 g+ moles sat. sol.
t9 | water CfiLOH acetone  CCly CHCLy  Yenzens

20 . 18465 | 39.3% 51l.55 - - (0e15)
30 24425 41.91  S349% 00T 0463 " 0.40
50 37.49 48,40 58,63 0427 106 0.75
T0 53445 58.34 6525 0447 1448 1.76

90 73.83 T4 68 79.60 0+69 5.64 " 6440
109.4 100400 10000 100400 10000 100,00 10000

Solubility in Aocstic Acid, in Nitrobenzene andin Urethane

t° In Acotie Acid Nitrobenzene Urethane
_ g+/100g« HoAc 5./1005.06H5302 g+/100g.Urethane
) 2 39413 6433 -
40 69445 17.02 108.6
60 11541 42,45 15940

“
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Latent Heat of H@lting.- The latent haat of melting was
determined by the cooling méthot and the value obtained
wap 28,80 calories per gram. (3)
Dissociation Constant - Determinations were made by
potentiometric titrations, with corrections being applied
for interionle attractions with the help of Debye-Huckel
Theory.

Ky s Te11 x 10720

Ko = 478 x 1012 (4)

The Structure of Crystalline Modifsocations of resorcinol
have been fully worked out and are shown in Elgures I & II.

R F

_ . ? v ‘\Q . --"

Ay ! S @ Epe
| 1 R P e S e N

A - Reoore 1oL _ /3 R ESOR CINOL.

¥

Th& low toﬁparstur;, or £ - form, ohoﬁs a utﬁucture véry
similar to that of pentaerythritol, except that the conver-
ging -OH groups now form & spiral extending throuchout tthe
erystal, insiead of the square which appears in ihe projed—

-/ tion of the strﬁoturo that has hoen'drgwn in PFig I.f
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The ordinary orXe form (Fige. I) like lce is a phoudigrly
open structure of low density (1.28) which is obviously
maintained by the action of hydrogen bonds. On heating
to sbout 74°, the structure begins to changes The molecules
rearrange themselves to produce th& more compact pattern |
shown in Fig. XI which has & considerable higher density
(1433)s The change 1s a slow cne, but evidently st this
temperatures & aufrieient number of bonds become unstable
to allow the cfystals to achieve a lower van der vaal's
potentiale The rearranged poledules are pakked more
closely and the reformed hydrogen bonds are of elightly |
greater length and oihibit consideradble distortion of

angle. - (5).

HReats of lonization - Heats of ionization was measured
ealorimetrically at 10°, 20°, 30° in approxisately 0.05 M
solutionse. (6)

A op° A ®e A 8° at 298.1° x
-38 159 ~18.1 |
Chsmieal Propaerticsa - Roeenthaler (1923) gives the

following reactions for Resoroinol s ‘
1. Resorcinol does not reduce alkaline solution of CuSOa,
but 1t reduces AgNOy solution at elevated temperature.

2. 1t forms no precipitate with bromine water, nor with
' Lead Acetate, but with basio Lead Acetate §nd with
3. Although its alkaline solutions are more stable when




_

17

) 3, (contd) in contact with air than those of catechol,
thoy will gradually turn green in standing. -

Oxidation of Rescreinol by means of H 0, in the presence
of tungstic acid sol 3
Resorcinol is oxidized to 002, and maleic acid s~

. CgH,y(OH), 4 Hy0, — —>CaHia0p+ 2005 + B0
_The velooity of the reaction fits the equation 3-
' ) TP
ke > _ Log_ % 4!
ol Fra

ta-ty
Where P 18 the pressure of 0O, at time t. (7

) Hydrogenation - Catalytic hydrogenation of resoreinol in
NaOH and Hao over Raney Ni hydrogenation catalyst at
59°/1000—1500 1bs for 10-12 hours gives 85-95¢ dlhydfo-
resoroinol. | (8) : | .

Catalytic reduction of resoreinol in Sodium scetate, Na-
acetate-Acetic Acid, and water, the products are dl-hydro-

‘resoreinol, resorcitol, and eyclo-hexanol. (9)

&

"Auto Oxldation- The formation of 3,3'; 4,4'; 5,5'- hexa-
hydroxy biphenyl from pyrogallol in Ba(aﬂ)2 solution
( Harris - Bers = 35, 2554 - 9 (1902) is explalned by
assuming that in an alkaline solution the pyrogallol ion
losses its free gegative charge by autooxidation, forming
D a radical (II), two of which combine at the free bond to
give a compound from which I is formed by loss of ﬁ atoms

'_
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from the 1-1' poiitionag By & simlilar process, resoroinol
in alkaline solution should give 2-2'-dihydroxy diphenyl-
4,4 .guinone (III). '

Repeated reoorystallizations of the nixture of products
obtained from alkaline treatment of resorcinol gives s
substance which cbrreaponda fairly well to formula (III)
except that the H 1s always too lows (10)

_color Reagents for tha paper chromatography of Sugnrl s

The use of resoreinol and naptharesorcinol in addition
to the uuual'nmmoniacai AgROsas & ¢olor reagent 1n the
nhramatosraphio determination of sugars permits poaaibto

identification of reducing as well as nan-ruducing sugars.
(11)
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D S THYMOL

%10%a% | |
OH CH3

T

Koles wt - 150.21 . _ .
fhyslcal) Pronerties - Thymod forms transparant eolorless
monoclinie or hexagonal erystals. Its odor is reminiscent
of thymes _Thymol orystals sink in water and therefore have
ahlﬁaairio gravity above 1,0. Thymol oan be undersocolsd
considerably below its melting point without solidifyinge (1)

~ Congealing Point - 49°-50°  (2)
J

Molting Foint - 50°-51.5° (2)

51° (3)

Boiling Polnt = 233.5° (Gorrested) (&)
' o o
B(rag-rse) = B3-2AT (2)

Density - -
| a';""‘“ - 0.9689 (5)
20
620 - 0.9757 (undercooled) (4)
45
15 « 049790 (unerccoled) ()
Retractive = A2'*Y « 1,580  (5)
Index _ D
20
o n o« 1.52269 (2)
| | D

“



S8olubility -~ Solubility in water (7)

Tomps Gms Thymol/100ge
. . sate 80lne
10 o 04067
15 . 0.077
20 04088
25 © . 00995
30 - 0.112
35 04126
37 04132
0 0,141

100 g+ para-oyme (bep. 176°-17645°) dissolves 115.65 Be
thymol at 25°. _ ‘
Thymol is only sparangly soluble in water (1:1200) and in
glycerol (151000), better in paraffin oil (1:20) and
readily soluble in alcohol, ether, chloroform, bansaha or
glacial acetls scids It is soluble in volatile and fatty
 oils and volatlle with steame

Jdentification «° . -

(1) Derivatives -

Fhenyl urethane m. 106°-107° (8

- napthyl urethane m. 160° 9
p~bromobenzene sulfonate m.183¢5° (10)
3,5-dinitrobenzoate me 103. 11
p-iodorhenyl urethane m.175°-176° (12)

Py eoupling with diazotized p-nitro aniline and
subsequent chromatographic separation of the derivéd
dyes it is possible to identify thymol in a nixture
of several hydroxy benzenes. (13)

(2) Oxidation s Using K, 0r20q and H,804, Bargellini
oxidized thymol or its nitroso and amino compounds to

o Lo oe

thymoquinone me 44°-26°, (14)
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Cohn and Richter (15) mentioned also the use of ¥nO, for
the preparation of thymoquinone from thymole
3+ Color Raantioﬁa $ . |

a8) when fused with phthalic anhydride, thymol develops
a8 strongly violet-red to red color, and in dilute alkaline
solution an intense blue solor (thymolphthalein).

b) when treated with FeCly, an alcoholic solution of
thymol, contrary to carvacol dcee not show anf color
reaction, but when dissolved in Hy80,, thynol forme thymol
sulfonic acid Oﬁnalwsﬂ).(cﬂj).(%ﬁ.?).(om the latter, acc-
ording to 8lldemeister and Hoffmann, (16) producing a
vialotlcolor with Pac'l.:. By |

¢) a very emall orystal of thymol is dissolvod in
1 c«c. glacial acatlc.mid, 6 drops of H,80, and 1 drop
of HNOy added, the liqitm shows a deop dluish-green eolor
when viewdd by reflected lighte

4) 1 g thynol ‘heated in a test~-tube in s water bath
with 8 c.0. of & 10% NaOH eoclution 3 & clear colorless,
or pale Ired solygtion is formed, which ¥scomes darker on
standing, without separation of olly dropss Upon the
addition of a few drops of 03013 to thie solution and
agitatinzg the mixture, a violotloolor is produced.
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) | | PICRIC ACID

080
IGHB 7' on

o1 Ny Noz

_ NO;\

Hole wt ~ 229.11 | , ;
ghxgiggl_ﬁzg;ggglgg,; It'com@a as yellow, rhomblo eorystals.
Bpecific Gravity « 1.763 200 L

Melting Point = 121.8

Solubllity - in water

t° - Ome/100 g¢ wator
"} 9 f 0.979 . 1)
50 2.328
20 040515 (2)
20 0.0568 | (3)
25 040487 (4)
25 0:0533  (5)
in GHBOH (absolute) (6)
0 13.8
13 1643
25 AL
in CH R (6)
133'g.c§§?oﬁo§§§5t Oms. °6“a°ﬁ(ﬁ°a%3 per 100gs solvent
_ o° 25° 800
? *)- 90 B4l 12,3 2.1
| 100 4,5 B.0 14.8
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D ﬂolubilitiaa (Gontd) -
In aquous -olutlon of Organic Compounds. (7)

Solvent aquous Gms, C.H, OH (WO ]3/100 040

1,0 g« mole solution of aquous solvent

olyoersl 1419
Vamnitol 1,063
ChAloral Hydrate . 1597
Glucose _ e o 1035
'Shdroie o RIS .-1'161

lﬁsorptian Adaorptian of picrie acid by 'Gnrbo-aodloinnlis
'narok from 0.01 M solution in binary mixturs of water, othyl
_tlcdhol. acotono, di-athyl ether, nitro benzene, toluene,
benzene and oarbon tetrachloride was determined at 25°,
Solubility and adsorption curves are antibatic except in
acétone solttions In acetone,.thn adsorption maxima is at
.4500 A, behaviour in this molvent being snomaluuss (8)
The adsorption of p&oriu.aoid'crom gquous solution by

810, gol st 25° 1s & sontinuous proccss, and the data
satisfy the Langmuir Equatione (9) |

Heat of Combustion = The isothermal heat of combustion in
calories at 17° at constant volume is 2695.6 ealoriess (10)

Dissociation Constant - The dissociation constant in n-
butyl aloohol at 25° 1s 6423 x 1070 (11)

Crystal Structure = Picric Acid is orthorhomble, space
group cgo. The unit cell somtains 8 formula nets and has

a



the dimensions :i &% 9,25 ;: b3 19,08 3 @ = 9.68 Au,

The structure is built up of unsymmetrical pairs of
CgHON(HO)y Eroups with 4 of these pairs in the unlt, eslls
. Absorption Curve « Absorption ocurve of Fierie acid in
alcohol solution (13)

1 -

. {oaf5 )

Absorption ocurve of Fiorie acid in dloxan soln. (14)

40
.51

D10XANE,

3.0

450 250 mpr-
Variation of Physice-chemical properties of plerie acid -

In addition to the yellow, eolorless (in very acid
media) and red ( as piorate in very alkaline media) form
of pieric scid, a greenish yellow form 1s obtained at very
_high pHe From considerations of the U-V apectfa of the

. various forms at various concentrations and pH values, the
ratio of absorption (x 2400/ x 2600 & pH 1-13) soludbility
at varying pH, and eleotric transport it l1s concluded that




| .  there are 7 forms of the acld s
CoMa (Nog) 3 OH el
o | +
<t [C(,Hg_ CNOQ)‘B‘ 0].}2] COLORLE SS

& CHa (Nog); 0H

.NO:)_.Q,-———-——-C-_—_:'-— C.Noﬂ‘ Noa'&_..--%—_—'—(ll.hf@
“ < l & IL_____,(%,-"- eH
NNOQ_ -
Yelow
N@a.c ____.C: = C.N@a_

./ o He — C = cH

MCLNO&

Yellow- GREEN.

Kinotliocs of the oxidaiion of Piorie acld by KMnO, - Plerie
acid is completely oxidized to Hnojnand coa, permanganate
ions being reduced to MnO,. The reaction is bimolecular
over fairly wide range of conditions, the clnstant being
independent of the concentration of H and only very

- 8slightly affected by the addition of electrolytes.

36 Hy (NOQ),OH + 28 MuD, +(TH '—

_



A

‘a Eigh beps and the resulting reaction medium 1s drought

28

Pﬁotouhemioal decomposition ¢ An alkaline solution of
pioric acid (pH greater than 13) exposed to light develops
& red-brown tint, Blowly in 4iffused light rapidly in sun-
light and still m-re rapidly closed to a Hg-lamp, followed
in the last case by a violet tint and then decoloration.
Chemical analfiia nhoﬁn the (ormatlon of ploramic and isc~

purpﬁria aclds, HRNO,, NHB'

. The activation energy for the oxidation of picrie acid is
- 1242 Kg-calories per gram, |

Ammonium salt of pidria acid s For aakins 8 phlegmatizod
and substantially shock-proof nﬂh-aalt of plerie acid, a
faantion mediunm is formd by dissolving ammonis gas in &
viscous petroleum jelly or viscous lubrioation oll having
no substantial solvent arréot upén the Ni,-salt and having

into ocontact with the acld in the solid state, and the

reaction medium is then incompletely removode (19) .

Electrolytic Reduction s A Bncla earrier catalyst was
emplysd in the electrolytic redustion of pleric acid to
tri-amino phenole (20) | |

Conductometric Titration s Conductomatric titrations or.
pior'e acid was made at 25° in acetone-water mixture with
Osl N alcdholie NaOHe BEright Pt-electrodes and & bridge |
input of 3000cycles were useds, Tha acetone~water mixture
was variad from 30% to 90% acetone. (21)

—
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- Gualcol
073302 \ .
OH
OCHA
Mol. wt - 124,13
. Fhysienl iropertics « It forms prisims of the spscifiec gravity

1.1450 .).‘.'::‘.: e« Tho oritical solution temperature of mixtures
of &migol and citronellal is about 18". (1)

Melting Pbint « 327 .
o B3 (@) | ‘
Boiling Point - 205°

Solubility -~ Cuaicol is soluble in water to the extent of
1.7%. It 1e very soluble in aloohol and ether. (2)
Cheaioal Fropertlos - According to Rosenthaler (1923)
gualacol can be identifisd by its plorate vhich forms
orange-yellow needles me 8601.

Identification =

a) alecholio solution of Gualacolt ro(.‘»l}.__-; a blue solor

b) Guaiaeol + bromine water — ———> brown proolipltate

e) * 4 diazobenzene sulfonie acid + alkall ——
- 11ght brown color + HCl—>red brown
a) - " - 4 formaldehyde + H,80, —> vlolet ring
) ° + Vanillin, HOL —> pink red eolor heat
. intofide violet tint
?) " + Ouareschi-Lustgarten reagent—> ruby-red solor
e) . + Berthlot-Lex reasent——>green golor
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B According to Bertrand (3) Gualacol 1s oxidized in presence
of lacase to a red compound tetragualiscomulinobe according
to the following equation s- o

oH 7 | | (Obpal_,,CocHa)-o-Q €M, (00ks)
OCH 3 | |
4 + 2@0‘?\""—_‘”—} 4H50 +

G Hs (oCLJED-o-o- ¢, f«lb(ocub)

TerrA quAIcOoQUINONE

N BIBLIOGRAPHY

le Rec. trave ohime - A7, 13 (1928)
2. Hand Book of Chemistry by Lange, 1949
3+ Compts rend - 137, 1269 (1903)




) ' FHENOL

Celg0 OH

Mol, wt = 94,11

Physical Properties ~ It represents oolorleai necdles which
have & sweotish pungent taste. “

Specific Oravity - 1.07125o

Melting Point - Ao.85° 21;
1000

42.6° (3)
8olubility = There exists a mutual solubility of phenol and
water.
L) Mutual Soludbility of Phenol & Water. (4)
Ho. Temp. FPhenol FPhase Water Phase
co wt. € of Density Wt % of Density
Fhenol _ Phenol
) | 20 72.16 1.0541 B8.36 1.0018
2 25 71.28 1.0469 8 .66 1,0045
3 30 63.90 1.0429 9e22 1.0039
4 36 67.63 1.0408 9.91 09974
5 54 '83 59l22 - - -
6 5T7+30 - - 14.87 -
T 59.20 5576 - - -
8 62.55 851.87 - - -
9 62.74 - - 19.35 -
10 65 L] 24 '“'4 .09 - - -
11 65.79 - - 2777 -
12 66.01 - - 25.13 -
1 65.79 - - 30.21 -
1 65.90 - - 31.35 -
15 €5.54 - - 32423 -
16 65.86 - - 3279 -
117 GSQBA 3“02} - - -
The consulate temperature has been found to be 55.85° 0.15°,
, / other values reported in the literaturs - 65.8° (5)3 66.06° (6);
66.09° (7)

B A,
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Distribution of Phenol between Water & Benzene at 25° (8) -
Gm. Mols. Fhenol per 1t

vwater (layer) Benzene (layer) c
A - B A
. %
0.00202 0.00466 0.433
0.005685 0.01324 0.427
0.00797 0.01859 . 0.429
- 0.01094 0.02528 0.433

0.01440 0.03428 0.420

Density - Density at 40° sccurately determined :- 1.0586 (9)
Densities, Relative Densitles, and Surface Tension of phenol-
henzene miatures have heen determined for various concentrations
of phenol at 25° ¢ . (10)

Phenol-Benzene Mixtures

Mol. Fractlion Density Rel. Abs. Surface
Phenol 250 Viscosity Viscosigy Tension
' x 10 (Dynes)
0.083 . 0.80112  1.145 6.592 27.375
0.522 0.9794 3,212 18.494 30.302
0.658 1.0065 4.833 27.828 32.220
0,762 _ 1.0271 6.923 39.36 33,866
) c,. x C ' '
Hydrotysis Constant = . k= acid _Pa“°
- ’ : cnalt
= 4.5 x 104 (15°) (11)
Ionization Constant = 1.3 x 10’126 (12)
: - 1.27 x 10 (13)
Oxidation-Reduction Potential - at 25° '
. Eglv) = 1.089 - (14)

Free Energy F « The free energy ¥ of phenbl vapor is glven
by =  -15,130 24.95 T Log T - 0.0194 T° - 106.62 T (15)
Vapor Pressure - The vapor pressure rises from 0.053 mm of

Hg at 0° to 0.63 at 30;5° (16)

Different forms of Phenol - Examination of the spectrum hetween

e ———— e —
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wave~lengths 2370 and 2760 A of solutions of phsnol at ph

2 « 12 indicates 3 forms of phenol 3 A { pi 1-7) a hemiquinone,

B (pH 7-9) slifiable phenol and C (pH above 9) 3311{13% pheniole
1

Lowering of Visoosity - Like &:_nphor. and menthol’ phenol

lower the vﬁeosity of oile in 'fmieh it ia dipsolved to an

cxteht that fnries directly with the ooncentrationh of phenol, (18)
Reduction and Hydrogenation - Fd and 8rC0y (22) 10 an excellent
catalyst for pressurs hydrogenation in dioxane at elevated
tenpeorature. |

O H

oH
(§O- 130° ‘ .
PHENO L . CNcLb- NEXANOL

F‘hent;l hydrogenates Tum;"cox- 200 ;msphem ]?I-‘QIWPO of hydroaen
mripure pelleted !.losa as a&ta'ulynt- Yield 62% Cyclohexanol
at 300°, 1005 at 400% | '

A British Fatent (20) describes reaction botween phenol vapor
and & reduoing gas aa ﬁa at high tempersture (750°) for
producing PBenzenee. '

Oxidation of Phenol =

A |
Phomoy AS2tic Acld  ieonio Aeta p-quinone (21)
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Phonalpthalain.

C20™140 W OH

BN
>
Mol. wt = 318,10
Helting Folnt = 235° - 23?° Q)
_ 9 (Randbook of Qhemiatry & ?hyuion)
Analysis of 104 lots of domestic U.SaF. phsaolpzhalein sold
by the two prinoipal manufacturers of thils drug olnce’193?
showed an average m. 261,2° = 261.,9%  (6)
fhyeical Propertiss « |
Solubility = 100 g« of vater dissclves 0.0LTS 8e at 20° (2)
1008 * " 0,04 go 8t 20%.25° (3)
100 g  Pyfdine & 796 .  at 20™-25° (4)
100 g Ethyl alechol * 20,91 gs at 15°-20° (5)
100 g¢ Mathyl.aloaholi 14,18 5.‘ at ': - .

100 go Acetone * _' 26439 ge » . .
100 @e Pets Ethor * 0.017 ge ;i 2c° ®
' Careful solubility detorainations wero made at 25° 0.3° (6)
L Solvent . Grade Soludility/100g. solvent
7 ¥ator aiste 040002
{ Olycerine UsSeFe XII 0.053
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L) ; Sinont B - Grade © 8olubility/100 ge Eolvent
| Ethanol UeSeP XII{(92.4%) 10437
Ether Pure, dlstilled . 0.48
seforal times over Ka. -
Hethanol _'. Anhydrous - | 9.17
Acetons Baps 55.5°-55.8° 26,01

Pyridine ~ Anhydrous o 152429

Ultra-VIQiot Absorption = Absorption surves are given for

pH 10+2. Haximua sbsorption is at about wave-longth 450ms (7)
Dissociation Constant - 2x 10710 P PEy = 9T (1) -
Folarographie EBehaviour of Fhenolpthalein - Phenolpthalein

in solution can exist in different forms, which are in

sguilidbrium. Reprosenting the various forns by the slassical

N

formulas we have =~ |
O e
H OH 0

H
o T = J

| coo”

=0 | CooH

I. Lacrone o CoLorlLESs L. COLORLESS
' o

TV. RED V. CARBINOL . ~ COLORLESS.




At & pH 8 and emaller than 8 practlocally all of the
phoenolpthalelin 1s ﬁrc-ent in the lactone form I, It is
estizmatsd that tho sonce of 1I 1 less than 0.01% of thant
of 1. Fopr roasons mentionod below that form 1I is roducible
at the dropping eleotrode, but form I 1s not, at least at
potontials more positive than that at whioh the weve of the
supporting electrolyte used appears. Doth forme Il & IIX glve
s single reduction waves The rod form IV glves & two step
roduotion, both waves of aqnai heighte The colorloss eardinol
form V forwed in strongly alkaline medium doos not glve &
reduction wave, at lesst not at potentials more positive than
that at whioch the Na-wave appearss Whon a strongly alkaline
solutisn of phenolpthalein 1a permitted to stand the eolor
fades and & gorresponding redustion of the diffusion current
is obesurvades

In ths region of pH betweon O and about 10 the half
wave potontial varies according to '

- Ty = -0.54 — o.04 G pH.
The reduction which is irreversible can be roprossnted by the
equation '

OH

Qryon o
' Q<§H} +a2unt 4+ 2e——> ¢<H@
- QCOOH C HQOOH

ll"‘Illlllllllllllllllllllllllllllllll-l-lllllIIIl-lIlllllll-nlnnuui-----ll



) The féaﬁeiion of fora 111 oan bs preprssontad by & similap
equation as that of form Il.

The reduction of the red fora IV, howover, cocurs in twe
stepss The shm of the two diffusion ocurrents 1s equal to that
of the sihgle wave obascrvad at lower pHe. The polarographlic
rsduction of phenolpthalsin to phenolpthglin i1s aceompanied

- by s transfer of 2e.
~ In the presence of & phosphate Buffer of a pH of 7 the
diffusion current deoreases abtnormally when the ethanol sonos
{8 inecroassdes In 607 ethanol the "apparent™ 4iffusion current
beconen extromely small at 359. It is eonciuded that the
lactons fora of phenolpthalein is not reduced, but its hydrated
form 18 « At aloohol conos of 25¢ or less the rate of hydration
_) at the surface of the olectrode is so large that a norsal
4iffusion current is observaeds At high aloohol ¢-'no. the
*apparent diffusion current” becomes entirely rate and not
diffusion controlleds Experiments carried out at various
temperatures substantiate this interpretation.

In 25% ethancl in the prosence of & buffer of pH 7.0 the
diffusion current remains constant in & potential range
botwasn «1.) And «l.2 volt it decreasos slightly botween
«1.2 and =1,4 volt and then &rops tﬁddenly to attain a small
minlizum value at a potential of about «1l.6 wolt., CLxperinental
evidence has been given sudatantlally the interpretation that

. the ococurance of the minimum is to be attributod to a deorese
rate f transfo>rmation of the lactone form into the roducidle
J hydrated form at the surface of the dropping mcroury electrode.
€)
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Activated Fhoanolpthalein « Fhenolpthaloin 1s dissolved In

heniyl aloohol and thon the greator part of the solvent is
romoved. . .

Kinetlos and Equilidbris of the eardbinol formation of Fhanole.
pthalein « The kinetles of the reaction of phenolpthalelin

with O to profuce & colorless garbinol have besn investigated
eprotrophotonstrically at 25° for NaOH sclttion (2.006 to 0.02 M)
with and without the addlition of Haﬂl;

Prmais§ values of the tfanamlttancaa of phenolpthalein
solutién at 550 mu bave been obtained by extrapolating to zoro
timee The extinection éoerfloient is indepondent of the oonc,
of alkall showing that no pereiptidle scoondary salt effeot
at these conce | :

The limiting slppe of the log K, (forward rate constant) ve.
the aguare root of &onlo strenrth, u esstablishes that ecardbinol
rormatlon invaolves tha reaction of s daubly chargod gepative
pbanalpthaleln ion with a of .

R°+06H- ——> RoH* |

The limiting slope of log K (:quilidrium Constant) ve. u is

one-hAlf that predicted for the simple foraulation

R+ OH ——> ROH"
An intorprstation conslstent with eatatlishod eleotrostatie
principrles is obdtalned on the assunption that the cardbinol is
partially hydrolysed, wvisz,

ROH® + H,0 — > RHOH™ + oH”
Z ) 0
lio

=

0Ly 6 > OO




L)

| | 5
o - O . .

go : <O

o Oy Y et

(9)

The part of the compound containing the two phenolle grours
1e now symwetrical snd resonance is possidle. The resonance

forms are given below 1§

o . ..
d:00 ciQ- _
5Ot ===~

Permanent £ading of alkaline Phenolpthalein solution = Fermansnt
or irreversible fading of alkeline phenolpthalein solutlione
was found to be caused by air oxidation. The products of thie
oxidation ars 2-(4'~ hydroxy benzoyl) benzoloc acid and phthalle
acide. '
1t was found that phenolpthalein on oxidation by Hﬁoa

produaed, besides phtahalic acid, hydrogquinene. (11)
Colloidal Phenolpthalein - Colloidal phenclpthalein in eolid
form 1s prepared by adding 2.15 g phenolpthalein diseolvod
in N NaOH to 5.0 g. gelatin dissolved in 50 c.0. distilled

) waters A stream of coa gas is passed over tha surface of the
mixture until ths color is ecmpletely discharged. Cltric
Koid is then adced until the pH of 5.5 is attaineds The

‘..'.IlIlIlIIIllllllIlIllllIlIIllllIlIllllllIllIIllIIIlllllllllllllllllllllll
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resulting mixture is spread thin on glass platcs and dried
at room temperaturos Colloidal phemclpthalein glves & pink
eolor with RalCO

3
erystalline phenolpthalein at the H-lon eoncentration

solution (pH 8), is more soludle than

provailing in the human body, has & bittor taste, zay pass
through the stemach, nhd is souncwhat more active in producing
boiut evacuation than istthe orystalline forme (12)
Colltidal phenolpthalein is consideradtle more soludle and
at & lower pi, being ocapadle of producing the pink Ra-phenole
pthuloln.with uaHCOB solution of pH 840 « 842, The solubllity
of alcohol increases with increase in strength of aleoholie
utter~a1xtura¢ up to that of U.8.F. officlal alechols It 1s
slightly Bess soludble in adeolute alcchole The liquids of
the aliphatic series are in general better solvents for phenol=
pthalein than those of the aromatic serles, the exceptions
being CCl, and the petrolous products which are vsry poor
golvents. Fhenolpthalein is poorly diseolved by oll with the
exocsption of caster oil which ean dlesolve &as much as Ce5%
of phenolpthalein. {13)

Chemical Proportles «

Action of Bromine on phenolothalein « The action of tromine
upon Phenolpthalein varies greasly with eonditlons. In the
atasnce of a spsclal solvent, such ss EtOH, 03013, ete, the
tetra bromo derivative is not formade The reaction 1s accon-
panied by the loss of 5 mols of Er, A mols reacting by
substitution and 1 by addition. The reaction product 1e
Yrownish ysllow, on heating there redults 8 drown residue

- o oo-
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D and as & sudlimate BryCgHo0H; for every mole of phenolpthalein
brominated 1 mole of BryCgh 0 splits off. (14)
Amsonium salt of Fhenolpthalein « fhenolpthalein dlssolves in
1iquid nﬂsgivlng ln_intanaoly purple solution, the color of
which shows no tendency to fade, Yhen 333 is removed & red
redidue is obtainsde. As pumping is sontinued, the color fades to
& bright potnk which seems permanents Prolonged evacuation
finally brings the oomﬁound vory cldio to adsord moisture from
tﬁa alr, a property which dry phendlpthalein does not haves
Analysis for N ghowed that none was present. Hoating 4ischarged
tha color and the o mpound melts at the m. 0of phenolpthalein.
(15)
&nhydroﬁu amionia sas pasned into & mixturas of methyl sthyl
J ketons and phen&lpthaloin until thoe latter dissonlvede OCn
svaporating spontansouly 1& s disicoator over Hasca. white
orystals were obtalned. |
Formule given « d20a14ﬁbuaﬁ40ﬂ (16)
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%10M2°

ch@ICH =cH—CH3

p-propsnylaniscle or p-msthoxy propenyl btenzena
Holes wt = 148.20
Fhysioal Froperties - Ansthole 1e 8 whlte erystalline mpass of
intensely sweet odor and taste, sharacterietle of anlsl eeed,
It moelts to a colorless, highly refractive liquid.
o) Congsaling Point - 21°-22° (1), (2)
. a3’ (3), (W)

Melting Foint e 22.5%-23° (1)
‘ 22.32°  (5)
Boiling Point - 232°.234°% (4)
Boiling Folntqe; 23 233°-234° (1)
Density, o = De966 (6) § 0+9B4-04966 (1)

11,50 = 0999 (1 _
Refraotive Index nz?o - 1.550+1.561 (1)

0
n:B - 1.56149 (6)

n:‘-"*"ol . 1.5628 (7)

| Solubility = Soluble in 2-3 volumes of $0f aloohol (1)

333.3 ge of Anothole will dqggs1ved in 1 Bt of 90% alcohnl at

_



r7—
A6

' room temperature. (8)
Anethole is slmost insoludle in water, But mlecidble in all
proportions with organic solvents.

Absorption Spectrs -
Haxima . max Hinima sin Inflection inf
258 20350 228 2520 290 2289
(Bolvent = Aloohol 95%)
Double bond in conjugation with the benzene ring produces &
very ehirtctariatic spectrum, by which this type of oonpuuﬁd
may De differentiated from saturated derivatives, and from
unsaturated eompounds without double bond in sonjugation. (9)
Absorption Maxima of the polymer - Folyanethole

] )I ' mu Eﬂ: Bax
Ist 2nd Ist 2né ist 2nd
278 284 10,11 8465 1500 1280 (10)
ghoploal Fropertles -
OCH3 OCH3
n
50 bo )
CH=CHCH CH=CH-CHO
. OCH3
OCH3 Q12)
0
OOH

| ocH3 H3
) CH=CH- C;:;:HQKQEEQB" Ei;;g Eiifj (2
CHoO




Studyins the oxidation of Ansthole with molecular oxygen at
150°, Schuls and Treids (28) obtained acotaldehyde, oardton

dioxide, anislc acid, and acetio acld, free and esterified.

Hydropenation =«

ocH 3 ‘ B OcH3
&

‘Paun*'hl:,(:R.Ti)
H:cH—CH3 («;‘1 kj H&.@N&,Cua

Effect of Heat and Light « Under the influence of light and

alr, er heat, anethole loses its adility to orystallize,

assuming simultanecusly & viecld, consietenoy, & yellow oolor,
and & somewhat bitter, dissgreeadls taste. This is accompaniaed
by an increase in the specific gravity above 1 and a better

., solubility in aloohol.

1t is doudtful whether this change is ocsused, sccording




48

to.do Varda (16), by polymerization of anithole or, according
to Hoering nndGrﬁlert (17) by oxidation to anisaldehyde,
anisic acid, and other products of oxidstion among .them

A, 4'-dimethoxy stilbene, the so called "protoanethole®

(Beilstein, (18)
cH3o—®". =cH "QOCHE'

A,A'-dimethoxy stilbene (Protoanethole)
It 1s quite possible that Protoanethole does not form directly
from anethole but from anisaldehyde as an intermediary product
of the reaction. .
| Campbell (19) found thst on heating in the tbnence

B'l) of air, anethole undergoes fission and dimerization redulting

in the formation of 1,3 - di-p-methoxy phgnyl 1-2f methyl
propanes o

C,l-‘g,
N ST ol o S
1,3-4i-p-methoxy phenyl-2- methyl propane

The following data are from New York Laboratories
of Fritzche Brothers Inc., and illustrates the effect of
1ight and air upon physical properties of Anethole.

Original Exposed to Exposed to

Anethole light & air air in dark

8p. Oravity 0.986 1.114 1.080
, 25 .
Z ;) Bolubllity 1.5 to 2 vol. Miscidble with 0.5 vol. 80%

: and more of 90% 80% alcohol alcohol & more
alcohol
Acid No. 0 1.4 1.4
Aldehyde Content 0.7% 25.0% 17.6%

as Anisaldehyde

I".ul.................................-i--l-llllll-lllllllllllllllllllllllllllll
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Under the 1nt1u§nec of acld reagzent anethole forms
various polymers. Orndorff, Terrasse and Morton (20) treated
anethole with ZnCl,, while Puxeddu (21) used FeCly in ether
and obtailned & dimeric 'metanethole' or ‘dlanethole’ m.pe 132°-
133°, the structure of which was studied by Baker and Enderdy
l22)s They believe that "metanethole” must be one of the four
poesible racemic forms or.th- follovlﬁg structuras which eontains

”3 dissimilar asymmetrie oarbon atons, and 1s G-mothoxy=l=p~

methoxy phenyl - 2-methyl 3-ethyl hydrindene <
CQ_ HJ;'

' \
@fﬁc%
CH30 ‘q

Oé.us

Stauftinger and Brunner (23) prepared a hemieollold
polyanethole "anisoin” by shaking anethole with emall amounts
of oonc. sto; or ﬂ3P6‘ or with SnCl, in benzene aolutione

) \—\d L] -
A Isoancthole (24)
cH2P . . _

| W cil,oH
e T L
HOH (26)

o
Rot26)
Anethole dibdromide

"..-...lllIlllllllllllllIllIlIllllllll-lIlllllllIIIllllllllIIlIIllllIlllllllllll
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| O | ACETOFHERETIDIN
(FPhenacetin)

%éﬂisc’z’ |
O- cz. H &5

. _c~-CH
H N Qi -3
- o
¥ols wt » 17%.20 _
Inysigal frovertics < Acstophenetidin osccurs as white, glletening
orystals, usually in scslea, or as & fine, white, orystalline
poudér. It is odorless, and is stable in alr.

Melting Point - 134°%-136°

| Solubility = |
Bolvent Temperature S8oludblility
Vater : 14° 0084 (1)
~ Aloohol (ave),  20-25° 18.80  (2)
Quinoline - B T.83 (2)

Solubllity in squous saleohol at 25°  (3)
Wt $ C 5 Ome. Phanaoetin/lOOg.” we.% C éﬂﬂ Gmes Fhenacetin
nt t

saturated soln. in solve /100 ge B8at.801.
0 (water) 0.0766 - 60 4,55
20 028 go 7463

Ao ‘ 1450 100 | 6.64
Solubilities in misccellaneous solvents =«

(Bigures in parenthesid are sp. gravity of sate solution)

"N - Solvent . Tenperature Gmee+ Phenacetin per
- 100 gmse sats solne
~ Agetone 30-31° ° 10.68
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f’j Soludilities in miecellansous solvents - (Contds)
(Flgurees in parenthesis are spe gravity of sats solution)
~ Bolvent , _ Tesperature =  Oms, Fhenacetin per
100 gms, sats soln.
Anyl Acetate 30-31° 2442 (0.819)
Acetic Acid(99.5%) @.5° | 13.65 (1.064)
Aniline 30-31° 946 (1.025)'_
Benzaldehyde 30-31° 8444 (1.,063)
Benzene | 30—310 0465 (0.873)
Chloroform 28° | B A.76
Ether e 850 1.56 |
Toluene 25° 030 (0.863)
Xylene - 32.5° 1.25 (0.847)
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