SYNTHETICAL EXPERIMENTS IN THE
CAMPHANE SERIES

Parr VI
SYNTHESIS OF HOMOCAMPHORONIC ACID
By P C Guha, K 8 Subramaman and V' B Srimvasan

Homocamphoronve aced (VII) was obtamed by Forster (J C 8 ,
1896, 69, 49) by the action of {fuming mtric acid on dibromocamphot
(A), via  (dibromocampholide (B) (S C S, 1896, 69, 41) and broma-
camphorenic acid (C)

Ciﬂr————-—CMc (}:0 (}31»1x CMe €O CH,————~CMe COOH
. CMe, CMe, l Chle,
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Kachler and Spitzer (Monatsh , 1883, 4, 554) obtamed by oxidation
of dibromocamphor with dilute mtiic acid what they supposed to be
camphoronic acid and 1socamphoronic acid  Lapwoith and Chapman
(JO 8, 1899, 75, 986) indicated that 1socamphoronic acid was not
present, bul that an acid was formed which might be easily confused
with 1t on supeifictal examination The study of its properties
showed that 1t was probably 1dentical with the homocamphoronic acid
as obtained by Forster (loc ¢if) Lapworth and Chapman (JC S,
1899, 75, 995) oblained homocamphoronic acid directly m one step
by the oxidation of dibromocamphor by strong nttric acid m the
presence of silver niiale In the work of the above two aulhors,
(Forster and Lapworth, loc eit), 1t 15 only m the first one that some
products (A, B, C, ctc ) formed m the mtermediate stages mn the final
conversion of dibromocamphot nto homocamphoromc acid are
described  Conversion of homocamphoronic acid mto camphononic
acid, and the formation of the latter from camphanamide (J 0 §, 1901,
79, 1286), and fiom dehydrohomocamphoiic acid (J ¢S, 1900, 77,
1070), leaves no doubt as to the correctness of the structure accorded
to camphononic acid, Although, the formation of homocamphoronic
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actd from bromocamphotemc acid, dibromocampholide, «monobromo-
campholide, {ollows quite 1eadily, the mechanisin of formalion of the
above three acids from dibromocamphot 15 nol casy to understand,
as 1t nvolves the mugration of the methylene cathon i position 3 to a
position between 4 and 5 lcading to the formation of an enluged 1ng
of six carbon atoms n B and C  Besides, none of these actds have
yet been synthesised

From what has been said above, il will be clear that a duect
synihesis of homocamphotonic acid ts necessary o place the structme
ascribed 1o 1t beyond all doubt and conlioversy  The synthesis of
homocamphotonic acid has now been achieved according to the
scheme outlined below

(')11
CH, COCH, Cllp—— CMe T | (o— C Cll
CH, + Br CMe, CH, O CMey Clly (Me,
CO,Et CO,Et co CO It Cort CO,BL
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TI,, CMe, CH, CMe, (i, CMe,
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V) V] (VI

Ethyl u«-bromossobutyrate reacts with ethyl levulinale w the
piesence of zinc (Blaise, Compt 1end, 1900, 130, 1033, Harding,
JO 8, 1912, 101, 15690) to give 11se to & mixtuie of cthyl B-hydioxy-
waf-trimethyladipate (II) and the ethyl ester of the lactone of
p-hydroxy-uaf-trimethyl adipic acid (IV)  The csler mixture was
converled into the lactomc cster (IV) wvia hydioxy-diacid (I) and
hydroxy-diester (II) The findings of Bluse and Haudmg (lve cit)
on this particular reaction beimg rathes contioveisial, the 1caction has
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toughly stucied By alkaline hydrolysis of the esters
onshiluent acids viz, 1sobutyiic and levalic acids are
'd The resulls (vide expernmental) are contrary to the
Tardwg (loc ¢t ) and m agreement with that of Blase
he quanlily of the ester thus decomposed, however,
mg on the duiation of heating, the stiength and quantity
scd  The hydioxy aud 1s formed only under certamn

stonic ester (IV) 1eacts with potassium cyamde to yield
which gets hydiolysed and estertfied by the aclion of
Uphuiic acid to give 1se to ethyl homocamphoronate
wmocamphoronate (VI) was hydrolysed to homocamp-
VII) on trieatment with hydrochloric acid It 18 worth-
ung here that the hydroxy-diester in a pure form has
[ from the lactonic ester (IV) by reacting ifs silver salt
ide

nthests of homocamphoronic acid constitutes a new total
samphor, because of the f{act that the conversion of
onic acd to camphononic acid and that of camphononic
hot have alieady been achieved by previous woikers

EXPERIMENTAL

f Bthyl Levulinate and EBithyl u-Bromoisobutyrale
of the Hithyl Ester of the Lactone of B-Hydioxy-
-Trvmethyladipic Aed (VI), and Diethyl-(-

Hyds oxy-auB-Trumethyl-Adipate (1)

gh the rcaction between the above mentioned
en tiied by Blase (Compt 1end , 1900, 130, 1033) and
'8, 1912, 101, 1593), after a number of tuals, the
been found to be the most convement To a muxiure
hnate (30 g) n benzene (75 cc¢) and znc (14 g) was
mo-ester (10 g) After addition of a crystal of 1odmne, the
eated on boiling water-bath till the reaction conunenc-
stion being extremely vigorous at the begmnnng, the
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bromo-ester had to be added gradually with occasional cooling  After
all the bromo-estet had been added the musture was heated on waler-
bath for 2 houts when all the zme went mto solulion  The gelatinous
product thus oblamed was pouted mto i, decomposed by dilute
hydrochlotic actd and extiacted 1épeatedly with henzene

The residue {rom the benzene extiact was distilled under
reduced pressuwie (using a column for the catlict {ractions), and the
following fractions collected

Fraction Weight B P ndy dge
1 80giams 70-72°/15 mm 14262 08780 (d39)
u 50 89-90°/10 mm 14210 101l  (d29)
wm 10 135-145°/8 mm 14510 1078  (d39)
w 340 145-160°/8 mm 14530 1080  (A39)

Residue 40

Fraction (1) appears to consist mamly of elhyl #sobulytate since
it gives a saponification equuvalent of 115 Isobutyiic esier requuces
equivalent, 116 0

Fraction (u) (B P. 96°/15 mm , »}% 142315 ¢34 1 0156, Kennet
and Tollen) appears to constst of unieacted cthyl Levulinate (Ifound
Equv 147 4, Eihyl levulmate 1equues 1410)  Free levulnge
acid prepared from the ester boiled at 135-1407/10 mn
bazone, m p 187°

, Seuicdr-

Fraction (m) and (1v) consisting of the maun bulk of the
distillate, 15 the requued condensation product It was a nustwe of
the hydioxy adipic ester (IT) and the mono csier of the corresponding
v-lactone (IV), yield 70-80%  Thice samples ol the [1achion (1v),
from three different prepaiations gave the followmg constants

Sample niP dge Sapn  Equiv
A 145350 1.0800 114 8
B 14542 10804 1117

C 14522 1.0796 116 3
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The hydroxy ester (C,H,0;) requres Equv 1300, the lactome
ester (C,HO)) 1equues Equv 1070, the unsaturated ester
(C,,H,0)) requues Equv 1210  Fraction (1) gave the following
values for caibon and hydrogen C, 603, H, 85 per cent
(Harding, Found C, 603, 606, H, 85 85 Blaise, Found
C, 5996, H, 817 per cent) The hydroxy ester (CyH,04)
requues G, 600, H, 92 per cent The lactomc ester (C,H,0,)
requires C, 617, H, 8 5 per cent

Hydrolysis of the Fraction (I'V) by Aleoholic Potash

There seems to be some controversy about the behaviour of this
ester muxture on hydrolysis with potash ~ According to Blase (loc ct)
the ecslers are decomposed to their original constituents Harding
(loc cat) suggests that this resull is erroneous, the hydroxy acid
bemg formed mstead  He, however, obtained the o11ginal constituents
as mentioned by Blaise only by distillation with 20% sulphuric acid
m a cutrent of steamy  Ths reaction has now been studied i this
laborato1y with the following results.

A (1) The ester (5 g) was boiled for 2 hours with alcoholic
potash (40 cc , 10 %) The golden yellow solution was poured nto
cold water (100 cc), the alcohol 1emoved, the aqueous solution
cooled m 1ce and made just acid to methyl red with dilute hydro-
chlotic acid and immediately extiacted with ether  The residtie from
the cther eatract was distled and collected m two fractions

Fi1 (1) 40g, BP upto80°/30 mm , n%® 13938, di3 02546
Fr (u) 20g, BP 170-180°/2-3 mm , »% 14432
Fiaclion (1) from its odout, solubtlity in water and boiling pomt
(150-152°), seems to consist mamly of esobutyric acid It had
cquivalent 92 5, wsobutyiic acid 1equres 88 0. The mp 129° of the
amide and mp 105° of the anilide are i agrecment with the melting
points of the amide and the anilide of :sobutyric acid
Fraction (1) was a yellow wviscous ol with no tendency to

crystalise  I1f corresponded to the B-hydroxy-ueB-tumethyladipic
acid ([) ol Harding. On titration agamnst sodwm hydroxide with
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phenolphthalem as mdicator, 1t gave an equvalent 125 7 Hydroxy-
dibasic actd C,H,,0, 1equites 102 0, mono-hasi lactonie acud G,I1,,0,
requires 1860 On hydiolysts for 2 houts with excess of botling
alcoholic potash and tilration of the excess, the cquivalent was found
to be 982 Hydroxy acid requues 1020, laclonte acud requires
930 Hence fraction (1) 15 mamly the hydroxy acid contaminated
with small quantities of the lactone

The aqueous solution after ether extraction, was evaporated
on the water-bath and the residue agamn extiacted with cther  The
acid (3 g) obtamed after removal of cther had bp 135 -140°/10 mm

It gave a semicarbazone, m p. 187° showing that il was pure leevulne
acd

B If, however, the ester mixiuie (10 g) 1s boded fo1 30
minutes with just the necessary quantily of aleohohe potash (75 cc ,

8 0%) and the muxime woirked up, aboul 50% of the product s
obtained as hydroxy acid

Following the method of Harding, ethyl B-hydioxy-ueB-i1im-
ethyl adipate (II) was prepared from the ester muxtuie by hydiolysis
with alcoholic potassum hydioxide and subsequent esterification of

the hydroxy acid formed, BP 165-66°/2 mm , »%0 14530, d83,
1080

Actwon of Hydrobromic Aevd on Ethyl B-Hydrory-waB-Trimethyl
Aduvpate (IT) Formatwon of the Laclone of B-Ifyd)ory-
aaB-Tromethyl Advprc Aerd (ITT)

The lactomc acid (III) was prepared accordmg 1o the
method of Harding with the following modification The hydioxy
ester (II) was warmed on the water-bath for 4-6 hours with
hydrobromic acid obtained by salurating water at 0°C with hiydiogen
bromide , 1t was then poured mto water, extracled wilh ether and
the residue fiom the ether extract alter bewng dired on porous plate,
was recrystallised from ether m colorless pusms, mp 108-109°

(Fo:u;d C, 576,H, 75 CH,O, requues C, 58 0, II, 75 per
cent,
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The lead salt—The acid was neutralised wath N/2 sodwum
hydioxide agamst phenolphthalern  To tlus solution was added a
solution of neutial lecad acetate (20 cc , 10%) After a few mimutes
the lead sall crystallises out, mp 165-176° (decomp) (Found Pb,
34 2, (CH,0),Pb 1equires Pb, 25.9)

The copper salt —To a solution of the mono-sodium salt of the
acid in waler, excess of copper sulphate solution was added when the
coppel salt separated as a blush-gieen crystallme powder  Hence
the mono-copper salt 15 almost msoluble 1n water (Found Cu, 134
(C,H;;0,),Curequues Cu, 147 per cenl) The salt does not melt
but decomposes slowly above 200°

The sodvum salt —The mono-sodrum salt of the acid was
preparced by tilraling the free acid with sodium hydroxide lo neutrality
using phenolphthalein as indicator, then concentraling the aqueous
solution and final evaporalion to dryness over sulphuric actd The
sall thus prepared was a white crystalline powder, hygroscopic in the
air, mp 185° (decomp ).

The sulver salt separales in crystals after a time by the action
of silver mtrate on an aqueous solution of the sodum salt

Decarborylation of the Lactonic Acrd (IIT)

The pure lactonic acid (20 g ) was heated on a wire-gauze over
a free flame 1in a flask filted with an air condenser Within a few
minutes there commenced the evolution of carbon dioxide which came
to an end 1n about an hour After {iwo more hours’ heating, the reaction
mixtute was poured mto ice-water, treated with excess of sodium car-
bonate solution and the (neutial) msoluble o1l was extracted with ether
(A) The solulion was then acidified and the oily acid extracted with
ether (B).

9 3-Dimethyl hexanolide (3 6) prepated from the neutral
oil (A) according to Blaise had equivalent 142 C.H,,0, requires 142

Acid (B) was pure dimethyl hexenonic acid (Blase) It boiled
at 229-230°/684 mm and had equwvalent 140  CH,O, requires

142
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Ethyl Esler of the Lactone of B-ITydrory-aaf3=-"T'rimeethiyl
Adwpee Aeul (TV)

This ester was prepared accordmg to the  mcthod  of
Haiding, by gently heating on the waler-bath cqu-molecular amounts
of mmpure dielhyl-g-hydioxy-cuf-tiacthyl adipale and phosphorus
pentabromide  The resulting product was cooled, poured mio ethyl
alcohol, allowed to teman for some lme, and the alcoholi solution
poured mto water The ol which separ aled was eatracted with ether,
the ether evaporated, and the 1csiduc withoul any fwther purification,
boiled for four homs wilh twice ils volume of dicthylalme  The
resultmg solution was then poured mto dilule hydiochlorie acid and
the lactone ester extiacled by means of clher and distilled  The
ester 1s a colorless o1l botling al 165-168°/18 mu , 2%, I 1529 439,
1079 (Found C, 616, H, 82 C,H,,0, tequues C, 617, II, 84
per cent ).

Formatwon of the Hydrory Diester (II) from the
Lactonie Lister (IV)

Sodium hydroxide (2 5 g), mn waler (1000 cc) was gradually
added to the lactonic ester (15 g), left for 10 munutes with shaking,
the undissolved ester bemng extracted by ether  The aqucous solution
was then trealed with excess of stlver mitiale solution, Ollered and
the colorless silver salt was washed with water and diied m vacuo

over calcum chlonide The salt decomposes with blackening al
about 110°

The silver salt (18 g) was finely powdered and nuxcd wilh
50 cc of dry ether, boiled under reflux with ethyl 1odide m excess
(15 g) for 8 hours Then poured the reaction product mto watet,
extiacted with ether and washed several tumes with water  The
silver 1odide was washed with some more ether and the combined
ether extracts upon distillation at reduced pressuie gave the following
fractions

Fr 1 BP. 160-65°/12 mm (05 g)

Fr u BP 165-66°/12 mm (10.0 g), n30 11529, 439 1079

80
The boiling point, refractive mndex and density of fraction (1) indicaled
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tical with ethyl o « B-trimethyl-B-hydroxy adipate
usly

ssuem Cyamde on the Laclome Ester (IV) followed

wn of Aleohol and Sulphurve Acid According

Method of Ruzicka Formatwn of Lthyl
Homocamphoronate (IV)

and diy laclonic eser (22 g) was heated with finely
stum cyanide (10 g ) at 220-25° for 8~12hoursn a flask
v condenser and soda-lime guard tube  For the com-
he 1eaction il took 15-20 minutes, after the bath had
iperature of 220° At this stage, the temperature had to
ly conirolled, as otherwise the reaction became very
L out of control After about 12 hours, the reaction was
a hard dark-brown solid was oblammed To this was
e of concentiated sulphuric acid (20 cc) and alcohol
e nuxture heated [or 15 days mn an oid-bath at 120°,
s then poured mto water (500 c.c ), cooled and extract-

The ether extract was dried over anhydious mag-
te and distilled under reduced pressure after the
21 The following fractions weie oblamed

o1 85-100°/5 mm

™ ou 120-150°/5 mm

Ftour o 150~160°/5 mm (15 g)

was refiactionated and the porlion coming over at

was collected and found to be the pure required ester
13, H 84 CyH,O, requires C, 608, H, 89 per

of the Hster (VI) to Humocamphorome Aord (VII)

ter (05 g ) was refluxed with hydiochloric acid (25 cc

hours when the contents of the flask became peifectly
mogeneous  The acid solulion upon evaporation to
a light brown sohd crystallising i beautiful prisms fiom
welone and ethyl acetate, m p 184°, the mixed melting
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pont of thus acid and a specinien of homocamphoronic acid oblamed
by oxichsing w.dibromo-camphot wilh nilric aud m the presence of
silver mitrate, according to the method of Lapwotth and Chapman (Jee.
ert) remamed undepessed (Found Equv 70, CpI1,0, 1equues 77)

Though 1t was mtended to prepare d- and [~ campononic acids
and from the d- and {- forms of homocamphoric acid starting from
racemic camphononic acid oblamed fiom out yatemic liotnocanphor-
onic acid, this could not be done now for want of necessary staiting
matet1als and 1eagents
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