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FORMATION OF SAFROEUGENOL AND iSOSAFRCEUGENOL
FROM SAFROL AND ISOSAFROL.
By KINZO KAFUKU, Rigakuhakushi,

Safrol, i. e. lallyl-3, 4-dioxybenzol methylene ether, is one of the mos important
bye-products among those from the minufacture of natural camphor, but its price is not
very high owing to the fict that it contains a very stubborn ring of methylene ether which

can only be broken open but with diffienlty to be converted into compounds of engenol t pe,

Fhe author, with a view to promote the utility value of this substance, made a series of

experiments to break down this ring and at last sneceeded in obtaining phenols of engenol
tvpe from safrol and isosafrol and named them safroengenol ” and “ jg wafroengenol
respectively. Their constitutions are not yet clear enough, but at any rate, they are new
phenols which lack deseriptions in the literature,

Safrol, the starting subglance, was prepared from camphor red oil having the following
constants:  dgy, 1,0158; n,, 1,5076; rotatory power 44,1°% acid valune 0,6; ester value
12,3; ester value afier acetvlation 934; ete. As is evident from thes: data, the o1l still
contains, beside safrol, such impurities as terpineol, camphor, terpine hydrate, engenol, and
other substances in fuirly large quantities and it had to be fractionated to get pure safrol
from it. Thus, it was fraction lly distilled and the fraction boiling between 2307 and 235°
under ordinary pressures was collected, and then it was fractionated in vacuo. Nextly, the
mass was frozen in an ice cream machine under vigorous stirring using ice and water for the
freezing agent. The use of freczing mixture is not to be recommended as in that ease the
unfrozen oil becomes too viseid to be filtered and the resulting safiol is never pure enongh,
The frozen raw safrol is filtered, washed with 5% NaOI solution to get rid of phenols and

acids still adhering to it. This washed product is rectified under atmospheric pressure and

onee more in a partial vacoum of 6 mm. The final produet had the following properties:
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Boiling point: 104-105°/ 6 mm.; 231-232° 762 mm.
Npye 1,9255

d,, 1,0960

Refractive Index:
Specific Gravity:
Rotatory Power: nil,

Preparation of Safroeugenol. Magnesium methyl iodide prepared from 10 g of freshly
polished magnesium ribbon '-2 em long and 60 g of methyl jodide in the ordinary way was
concentrated by distilling off’ greater part of ether and then a solution of 32 g of pure safrol
in about 100 ml. of benzol was added, and the mixture boiled for 5-6 hours with constant
stirring under reflux condenser. Then, the excess of benzol was distilled away and after

couling 30-50 g of shaved ice were put into the flask to decompose the organomagnesinm
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CHy—CH=CH,

(3) ?H;—UH-(H: | I;r— Cli=C] {-g
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In all of these cases the products formed have the formula 11 Hy 4 O and a molecular
weight 178, The moleenlar refraction was eal ulat d from the preceeding data, assuming
that the produet was a phenol having the constitution corvesponding to (1) or (3) hecause

it showed the reactions of a phenol and not those of methyl cugenol :

Ans-1) M ’
(112" 2}; ll L I I I

M.R. forC,, H,,0,,|3...5235
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compound formed. The whole mass is then distilled with steam when a colorless oil heavier

Estimation of Ethoxyl Gronps. The supposition th : ' ’
- s 5 - : y s . - - it the produet is a monoethe
than water accomulates at the bottom of the receiver. This oil, when distilled in vacno I I ther of a

dihvdrie bhenol was confirmed bv the estimation of ethoxvl Jiel i {
T " . vl _ ’ A ' o f _ roups after Jic1se] which eave
gives a fraction boiling at 123-126° under 7 mm, pressure, which when rectified once more grouy / e

the following results:

came out almost constantly at 119-120° under 7 mm. pressure. It had a density of 1,034 at

I
F
|
|
|
;,
|
:
|

- : : : Substance 0,4194 0,3371
20°C,, and a refractive index ny,,, 1,5275, This substance is a phenol resembliug esgenol
\ Agl 0,5344 0,4373
and guaiacol in smell and is named “safroeugenol” by the author. The chemical change
: , . Ethoxyl % 24 41 24 85
which takes place in the foregoing experiment might probably be one of the following
Calculated as 925 980 -
three:- C,H, (OH ) (OEL) e o)
¢) (H,-CH=CH, CH,—CH =CH, (lrllg-CH-L'.IIg Benzoyl Safroeugenol.  Safrocugenol gives ordinary rections of a phenol and is
I | \ _
/U l ¥ 5 I/ soluble in alkali to an extent, and gives a diffieultly soluble caleinm salt. It imparts to the kr
| | | Mgl . . . :
x /_0 \ /'T‘Mﬁ 54 /’_OH ferric chloride solution an intense green coloration while it forms precipitates with lead,
; | | :
O—CH, O— CH, OC,H; copper, and mercury in the neutral solution. Thus it seemed probable that it will give a
@ CH,—CH=CH; CH,—CH=CIT, CH,—CH=CH, erystalline benzoate as in the case of engenol. The benzoate was prepared according to ;
pid l I |
I /-'\1 l /\I ! /\| Schotten-Baumanu but th - resulting compound turned out to be a colorless oil instead of
: M . - Lo
“ /——0 /-{I):M;I \ /—O}Ie crystals which when reetified, distilled at about 200°C. under a pressure of 6 mm,, and |
‘ !] ‘ . 1
O—CH. CH, OMe showed the fullomng properties: -

————




Density : de s 1,0044;
Refractive Index Npoo 1,5595;
Saponification Number V. Z. 197,4;
Do (Caleulated) 198,6:
Moleenlar Refraction (n?-Formula) 83,3
Do (Caleulated) 81,5

The umll‘ sis of the same :-.nrrvﬂlmndm] f'.til'l}' well to the Bl‘lppﬂﬂfil UOHI[’K)B“-iﬂH:

0,0521 g Sudstance gave 0,1454 g CO, and 0295 g 1,0,

C % H 9
Observed Tii,l 1 6,29
Canleulated as
0. 80.0 . M 6,4

Preparation of Isosafroeugenol.  Pure isosafrol was prepared by boiling safrol with
caustic potash for a duration till the constants of the product agreed fairly well Wit]l-ﬂlﬁ
data appearing in the literature, and this isosafrol was treated in exactly the same way as in
the foregoing preparation of satroengenol. 1In this case, the produet from the steam distilla-
tion was an exceedingly beautiful ervstalline substance instead of an oil which was practi-
cally insoluble in cold water and could easily be filtered. The yield of this produet is almost
quantitative, and it carefully condueted an yield of over 90° may easily be attained. This
substance, named “isosafroengenol” by the author, is also a phenol which can be recrystal-
lized from alcohol ‘1 benzol. It gives a dark green coloration with ferrie ehloride solution
and precipitates from the latter when alkaline a dark purple-colered sediment.  After
recrystallizations from aleohol and subsequent sublimation in vacuo it melted sharply at
86°C. into a faintly yellow colored oil. 'The analyses gave the following results: -

0,1816 Substance gave 0,4906 CO, and 0,1232 H,O. ,
0,0969 o v Rasl) *, o oGy .

BREEEE S -ﬁ'l‘ﬁ%ﬁl‘—t.ﬂm.ﬁ“ -

= ——e— TS

-t

C2% H %

Observed 3,7 7,6
73,5 8,2
Caleulated as
‘ 74 2
22 H, O, ’ »

Estimation of Ethoxyl Groups. By Zeisel’s method the estimation of ethoxyl groups

was made and the figures obtained corresponded to the monoether of a dihydrie phenol as in

the ease of safrocugenol:
Substance 0,2666 0,5121 0,5146
Agl 0,3522 0,4002 04118
Ethoxyl % 25,31 24,56 25,8
Calenlated as = ,
C, H, (OH) (OEt) 29,28 X6

Determination of Molecular Weight, By observing the depression of melting point of

benzol and camphor the numlers 171,3; 169,0. 174,9; were obtained, viz. :

Solvent Quantity of Quantity of Deprssion M. W.
Solvent. Solute,

Benzol 17,607 0,16 5 (.266° 171,%

Benzol 21,971 0,1504 0,202 169,)

Camphor 2,014 0,0203 2,29° 174,9

Bromine Number. The action of hromine on isosafroengenol is not yet clearly studied,

and it seems to be rather complicated. But, as far as the experiment goes, isoasafroeugenol

absorbs bromine to a certain extent in the cold, and the bromine numbers obtained by back-
titrating the mixture of a certain quantity of isosafroeugenol and an excess of bromine
solution were: 107; 132; 97; 81; ete. The end point was very vague and the discolored
starch iodide showed a tendency to recover the coloration in course of experiment so the

numbers obtained did not coincide well.

Acetyl Isosafroeugenol. The acetate was prepared in the ordinary way, viz.: by

heating a mixture of the phenol, acetic anhydride, and anhydrous sodium scetate for two
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hours at 180°C,, the product was washed with hot water, then with cold water containing a
little sodivm ecarbonate, then ethered ont, dried over anhydrous sodinm sulphate, ether
distilled off, and then it was recrystallized from 80% alecohol. The purified produet, after
sublimation, melted at 67-68, 5°C., The saponifieation value of this ester was 262 while that
calenlated from the assumed formula is 255, The analvsis gave the following result :

0,1732 g Sulstance gave 0,1908 g CO, and 0,488 g H,0.

C % H 9,
Obzerved 71,1 7,4
Caleulated - 5
jl_'I,‘J ;,’:

as C, H,,0,

[sosafroeugenyl Benzoate, The benzoate can also be prepared very easily by Schotten-
aumann’s method,  After recrystallization from 8097 aleohol the product melted at 58,5-
59°C.. The analysis showed the following result:-

0,0538 g Substance gave 0,1517 g CO, and 0,"30) g H,0.

C% H %
Obeerved 76,9 6,2
Calenlated Tﬁ,ﬁ G’_;

as C, . H,, Oy
Saponification Number: Observed 198,72; Calculated 198,6;

Isosafroengenol Methvl Ether. The methyl ether was prepared by boiling a mixture
of 2 ¢ of isosafroeugencl, 4 g of methyl iodide, together with the sodium methylate solution
prepared by dissolving 1,5 ¢ of metallie sodinm in 10 ml. of methyl aleohol. This produet

i« also erystalline, and after reerystallization from aleohol and sublimation in vacuo showed

a melting point of 62-63, 5°C.,, The analysis gave th: following result:

0,0570 ¢ Substance gave 0,1559 g CO, and 0,0426 ¢ H,O.

C% H %
Observed 74,6 8,4
thﬂ ll:llhit-l.’d 73,0 8’3

as C,, H,, O,

If the constitution of isosafroeugenol is represented by

1) ?H‘ﬂﬂ-’ﬁ (II) CH=CH-Me
|
/N A
| |
’ —OFt g l\\ Y —0OH respectively
OH Y ‘li)Et

the ether must have the constitution :

TII) (|}H=CH—M{& (IV) (IFII=CII—M¢|
N\ 8 1
| —OFt = ' ’
\/ T
(k}{e (!)Et

On closely examining the constitution, (IV) is the ethyl ether of isoengenol while (I11)
is that of isobetelphenol.  Thus by preparing these ethers and by eomparing these with the
methyl ether of isosafroeugenol, the constitution of isosafroeugeon] may well be determined
if the methyl ether be identical with one of the ethyl ethers,

Isoeugenol Ethyl Ether. Fugenol was extracted by means of canstie soda solution %)
from oil of cloves and then it was isomerized by heating it for a long time with eanstic
potash. The resulting isoeugenol was fractionated in vacno and the portion having the proper
constants was treated just as in the preparation of isosafrosugenol methyl ether, only using
ethyl jodide in place of methyl iodide. The product obtained was a crystalline substance
melting at 5”—60?(1‘. after purifications. The mixture of this with methyl ether of isosafro-
eugenol melted at about 60°C., but the melting point of this ethyl ether could not be raised
but for a few tenths of a degree after repeated sublimations, So the identity of this ether
with the methyl ether of isosafroengenol ‘is rather doubtful.

Isobetelphenol Ethyl Ether. Betelphenol was obtained from the fresh leaves of
Fiper Betle, L., by steam distillation. The crude oil was fractionated in vacuo and the

main portion was extracted by 5% caustie soda solution. The insoluble 0il was ethered out,

S —..
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and then the alkaline extract was decomposed by the addition of dilute sulphuric acid. The
phenol was then collected in ether, ether driven out, and the residual oil was rectified.

The purified phenol had the following properties:

Joiling point 127°C, / 5 mm.
Melting point m. p. 8°_ge(
Density d, 5 1,0652

Refractive Index n,,.: 1,5414

This substance was then isomerized by heating over solid KOH for long hours at ~90
200°C.. When this mass was fractionated under reduced pressures, the higher fraction
coslesced to a white erystalline mass, These erystals after reerystallizations and sublimation
m vacuo melted sharply at 90-91, 5°.  This substance was taken for granted as the isomer-
ized product required as the remainder showed no change whatever in its physical properties
compared with the original substance, The ethyl ether was prepared in the ordinary way
and the resulting product was exceedingly alike in its smell and appearance and reminded of
isosafroeugenol methyl ether, but after recrystaliizations and sublimations it melted at 50°C.,
and the identity with the methyl ether of is safroeugenol hecame far from probable. The
analysis gave the following result:

0, 0415 g Substance gave 0,1145 g CO, and 0,010 ¢ H, O

C % H %
Observed 5,2 8,3
Caleulated 75,0 3’3

s H,, 0,
[somerization of Safroeugenol. It is to be expected that the difference of safrocugenol

from isosafroengenol lies in the position of ethylene linkage in the side chain, viz. safroen-
genol containing an allyl group while the isosafro compound haviqg propenyl group in that
place. If this is the case, the allyl group in the safro-compound will be converted into
propenyl group by boiling it with KOH giving rise to the isosafro-compound. With this

view, safroengenol was boiled over KOH for long hours and the resulting mass properly
fractionated. The erystalline compound separating out of the higher fractions melted at
35°C. instead of 86°C, after repeated purifications. This result was quite out of expectation,
The explanation of the fact is very difficult unless it s assumed that isosafroeugenol exists

in two stereoisomeric forms as follows: -

H H H Me
o= \c—o
C.H,0, Me C,H,0,” \H
cis-Isosafroengenol, trans-Isosafroeugenol,
m. p. 86°C, m. p. 35°C,

Such difference of melting points in the stereoisomerides of the tvpe of maléic and

fumarie acids are frequently met with, as, for example, in the cases of oleic and elaidic acids,
and of elncaic and brassidie acids: -

C.H H

C.H '
B 11’\0-:(1/ R 17\C=C/(CH2)7(‘()()H

H”  \(CH,),C00H B \H
Oleic acid. Elaidie acid.
m. p. 14°C, m. p. 51°C,
CaH”\C:-_—..C/H CHH"\C: ‘/CHHMCOOI-{
H”  \¢,,H,,CO0H H” \m
Erucaie acid, Brassidic acid.
m. p. 34°C., m. p. 66°C,

Im these cases always the cis-compounds have higher melting points compared with the
trans-componds.  This supposition, if it is true, will be cofirmed by reducing these two
products to propyl derivatives when it will give one and the same substance. The ex peri-

ment is just going on and in the next report the constitutions of these compound will be

investigated in detail.
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SUMMARY.

1. By the action of magnesinm methyl iodide on safrol and isosafro at about 8L°C,,
for 5-6 hours, and successive steam distillation, monoethers of a dihydric phenol-probably
catechol, result. These compounds are named by the author as safroengenol” and “iso-
safroeugenol ™,

2. Isosafroeugenol is a erystalline substance melting at 86°C. and it can be utilized
tor the detection and identification of safrol and isosafrol.

3. Isosafroeugenol forms many erystalline derivatives such as the acetate, melting at
67°C.,, the benzoate, melting at 5.°C., and the methyl ether melting at 65°C..

4. Betelphenol, when isomerised by caustic potash in the hot, gives rise to a ery-
stalline iso-compound melting at 91°C., and the ethyl ether of this iso-compound melts at
S0°C..  These compounds may be utilized for the detection and identification of betelphenol
and isobetelphenol.
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