SYNTHETIC INVESTIGATIONS IN BICYCLIC TERPENES.
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(Read at Symposium, September 26-27, 1938.)
INTRODUCTION.

Bicyclic ring systems are composed of two rings united directly in the
ortho position or having more than two carbon atoms common to both rings.
The number of possible bicyclic ring systems is large, some are found to exist
in naturally oceurring terpenes, whilst among the remainder some are known
only by synthesis.

Among the constituents of the essential oils, the more important and
widely studied are the terpenes and camphors, the former being hydrocarbons
of the formula (C5Hj), and the latter their oxygenated products. The bicyclic
terpenes, with which we are at present concerned, possess the molecular formula
C,0H;¢ and differ from one another only in the nature of construction of the
two rings, location of the methyl groups and the position occupied by the double
bonds.

As a result of the brilliant researches of Beayer, Bredt, Komppa, Perkin,
Ruzicka, Semmler, Wallach, etc., to name only a few amongst others, a large
number of compounds belonging to this group have been isolated and their
constitutions established by analytical methods and in some cases, particularly
in the camphane series, also by synthetic operations. The bicyclic terpenes
can be divided into four distinct groups—carane, thujane, pinane and camphane,
on the basis as to how the second ring is attached to the cyclohexane ring.
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PinaneE Grovup.

a-Pinene is the most widely distributed terpene known, being reported to
occur in about 420 oils comprising those from all species. Closely related to it is
the isomer B-pinene, which has been isolated from about 85 oils. The oxidation
products of these terpenes like pinocampheol, pinocamphone, verbenol,
verbenone, myrtenol and myrtenal have been found to occur in one or two oils
only. The pinenes have a very close genetic relationship with the compounds
of the camphane group as camphene, borneol, camphor, which are known to
occur fairly widely in Nature.

Though the chemistry of the compounds of the pinane group and their
derivatives has been fairly thoroughly elucidated, no total synthesis of any
bicyclic compound of this group was known when synthetic investigations were
launched in this laboratory, the partial synthesis of pinocamphone, o- and
8-pinenes starting from pinonic acid, a direct degradation product of «-pinene,
by Ruzicka (Helv. Chim. Acta., 1921, 4, 666) and the synthesis of norpinic acid
by Kerr (J. Amer. Chem. Soc., 1925, 51, 614) being the only successful synthetic
work recorded in literature. Two possible methods open for the synthesis of
compounds of this ring system are : () to start from a cyclohexane compound and
effecting bridge formation in 1 : 3 positions through an additional carbon atom,
to form a cyclobutane ring, or (b) to start from a suitable cyclobutane deriva-
tive and construct the cyclohexane ring with the 1 : 3-carbon atoms. Although
the first method has been tried without success by Perkin and Simonsen (J.C.8.,
1907, 91, 1736) and by Stark (Ber., 1912, 45, 2369), by analogy with the success-
ful bridging of Gaureschi imide with methylene iodide by Kerr (loc. cit.), the
bridging of Scheiber and Meisel’s ester (1) was atternpted in this laboratory ;
but instead of the reaction proceeding as in the case of Kerr's experiment,
there was obtained a derivative of methylene bisdimethyldihydroresorcin (II).

COLES
l
CH—CO CH,—C0 CO—CH,.
7 AN SR AN / N
Me, ¢ CH, Meyd CH.CH, . CH UMe,
s
NcH—c0” \CH,—C0” \Co—cH,”
|
CO,Et (IT)

D
CH—CO CH .CH,.C0.H

VRN
CMez CH2 OH2 MGZC CH2
CH-—CH, CH.CH,.CO,H
(I1I) (Iv)

The first method having proved unsuccessful, naturally our attention was
directed to the second method, viz. synthesis of compounds possessing nopinane
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skeleton  (bicyclo-1 : 1 : 3-heptane) starting from suitable cyclobutane
derivatives.

Now that norpinic acid has been synthesized by Kerr (loc. cit.) and Guha
and Gaind (J. Ind. Chem. Soc., 1934, 11, 241), the following synthetic investiga-
tions have been undertaken starting from norpinic acid: (i) synthesis of
ketonopinone and its reduction to nopinone (III); (ii) synthesis of pinocam-
phone starting from homopinic acid (IV); (iii) synthesis of verbanone from
pinononic acid synthesized by us; (iv) synthesis of pinonic acid, which will
amount to a total synthesis of a- and 8-pinenes (cf. Ruzicka and Trebler,
Hely. Chim. Acta., 1920, 3, 756; 1921, 4, 666; 1924, 7, 489) ; and (v) synthesis
of nopinone, which will amount to a total synthesis of a- and S-pinenes (cf.
Wallach, Annalen, 1907, 357, 49; 1908, 363, 9). The third scheme had to be
abandoned in view of the synthesis of verbanone by Komppa and Klami (Ber.,
1937, 70, 788) starting from pinononic acid synthesized in this laboratory.

Synthesis of ketonopinone.

Although pinene is very widely distributed in nature and its chemistry
very thoroughly elucidated, it is indeed very striking that till now no fotal
synthesis of pinene or any of its bicyclic derivatives has been effected. Perkin
and Simonsen (J.C.S., 1907, 91, 1736) have remarked that the synthesis in
this series is one of unusual experimental difficulty and it has also been
repeatedly observed that the general methods of preparation of six, five and
even three-membered rings fail either partly or wholly when applied to cyclo-
butane compounds (Ingold, J.C.8., 1921, 119, 305, 951, 954). Perkin and
Simonsen’s (loc. cit.) failure to synthesize nopinone, and the fact that Stark’s
‘demethylated pinone’ (Ber., 1912, 45, 2369) has been proved to be methyl-
cyclohexenone (Ruzicka, Helv. Chim. Acta., 1920, 3, 762), seem to justify the
above statement. Fortunately, however, there is no strict parallelism between
the ease of formation and the stability of the rings in general and that though
the cyclobutane rings are more difficult to construct, once formed they are
quite stable.

The synthesis of bicyclic compounds of the pinene series, by the con-
struction of the cyclobutane ring from a cyclohexane derivative by bridging in
the 1 : 3-positions, having proved to be not feasible (Guha and Mayurnathan,
J. Indian Inst. Sci., 1932, 15, 131), it was planned to reach the same goal by
the reverse process, viz., constructing the cyclohexane ring starting from a
suitable cyclobutane derivative. This investigation was undertaken with a
view to synthesizing pinononic acid (VI, R = H) and nopinone (IV), starting
from norpinic acid because, if successful, this was to amount to a total synthesis
of pinocamphone, a-, 8- and 8-pinenes. Though the final goal has not yet
been reached, the syntheses of pinononic acid and ‘ketonopinone’ (VII) have
been achieved. Pinononic acid is a direct degradation product of a number of
important naturally occurring substances, having been obtained by Wagner
and Ertschikowski (Ber., 1896, 29, 581) by oxidizing pinene contaminated with
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verbenone (VIII) or verbenol and also by direct oxidation of verbenol and
verbenone (Guha and Ganapathi, Ber., 1936, 69, 1185).

Trans-norpinic acid was converted into ¢is-norpinic anhydride which gave
the acid ester (V). The acid chloride ester obtained from the acid ester gave,
with zinc methyl iodide, methyl pinononate (V1, R = CH),b.p. 130-135°/14 mm.,
agreeing with that of Wagner and Ertschikowski (loe. ¢it.), and on hydrolysis
gave pinononic acid.

CH .CO;H CH .COCH, CH—-CO CH——C.CH;
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Methylpinononate, when heated on the steam bath with sodium in toluene
or alcoholic solution, underwent cyclization, giving ‘ketonopinone’ or 4 : 6-
diketonopinane. It is claimed that this is the first total synthesis of a bicyclic
compound in the pinane series.

The reduction of the diketone (VII) with zinc dust and acetic or hydro-
chloric acid (cf. Crossley and Renouf, J.C.S., 1907, 91, 63; 1911, 99, 1101) or
by Clemmensen’s method (Khuda, ibid., 1930, 206) has not yielded the desired
products, and this may be ascribed to be due to the instability of this 8-diketone

having the two keto groups directly attached to a cyclobutane ring (cf. Simonsen,
The Terpenes, 1932, Vol. I1, 101).

Synthesis of pinocamphone.

Next, it was planned to synthesize sym-homopinic acid (IV) and to cyclize
the ester by Dieckmann’s reaction to isonopinone-carboxylate (IX) which was
expected to yield (a) isonopinone (X) by hydrolysis and decarboxylation, and
{b) pinocamphone by methylation followed by hydrolysis and decarboxylation.
The conversion of pinocamphone (XI) into «- and §-pinenes having already
been effected by Ruzicka (Helv. Chim. Acta., 1924, 7, 489), the synthesis of the
former will amount to a total synthesis of «- and 3-pinenes also.

CH——CH . CO;Et CH———CH, CH——CH . CH,
AN VRN AN AN
Me,C CH, CO  MeyC CH, CO MeC CH, CO
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The synthesis of sym-khomopinic acid starting from cisnorpinic-diacid-
chloride by the action of diazomethane according to the method of Arndt and
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Eistert (Ber., 1935, 68, 200) did not proceed in the desired manner. The same,
however, was achieved starting from diethyl ¢is- or frans-norpinate as follows:—

HOCH,.CH Br-CH,.C-H NC.H,C-C-H HO,C.H,C-C-H
O AN RN AN
MGZC CHg —> Mezc CH2 —_— M620 CHZ e =S MeZC CHZ
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H-C-CH,OH H-C-CH,Br H-C-CH,.CN H-C-CH, .CO
(XTI (XTIT) | (X1V) (IV)

It is now found that the ¢is- as well as the frans-norpinic ester gives on
reduction with sodium and alecohol the same frans-glycol (XII), which gives
trans-norpinic acid on oxidation with permanganate. The glycol on treatment
with PBry gave the dibromide (XIII), the irans-configuration of which has been
proved by its conversion back into the frans-glycol (XII) on digestion with
concentrated barium hydroxide solution. The dibromide with alcoholic
sodium cyanide gave the corresponding nitrile (XIV) which on hydrolysis with
aqueous potash furnished sym-homopinic acid (IV).

_ The cyclization of this acid to a pinene derivative was tried without
success by all the three usual methods. (i) The rule of Blanc (Comp. rend.,
1907, 144, 1356) requires that this acid should not yield the cyclic anhydride
(XV) on treatment with acetic anhydride but only the ketone ¢sonopinone
(X) if it is of the cis-form. It has actually been found that on treatment with
acetic anhydride, the acid gives a double anhydride (XVI) similarly as trans-
cyclobutane-1 : 3-dicarboxylic acid which furnishes a similar anhydride
(Haworth and Perkin, J.C.S., 1898, 73, 330).

CH.CH,.CO CH,.C0.0.CO—C—H
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The anhydride (XVI) does not yield any anilic acid, nor any ketone on dis-
tillation, but only trans-sym-homopinic acid on warming with water. (ii)
The acid distils unchanged over barium hydroxide (Kandiah, J.C.S., 1931,
922; Barret and Linstead, ibid., 1935, 436) giving rise to no ketone. (iii)
The diethyl ester on refluxing for a day with molecular sodium in benzene
undergoes no cyclization, but on prolonged boiling in xylene solution gives
a trace of a product which does not seem to be the desired compound. It is
thus clear that the acid (IV) cannot be cyclized to give rise to a bicyclic
~compound due to its possessing the frans-configuration.

In the light of the results presented above, we are now able to interpret
the failure of Ostling (Centralblatt, 1921, 3, 106; Overski Finska Ventenskaps
Soc., 1915, 57A, No. 23, 14) in obtaining nopinane (XIX) by the action of
sodium on the dibromide (XVIII) derived from the glycol (XVII). He seems
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to have assumed the compounds (XVII) and (XVIII) to be of the cis-con-
figuration; but, from the results now obtained, it iz clear that they possess
trans-configurations and as such the formation of bicyclic compounds of the
pinene group from them is not possible (Guha, Ganapathi, Subramanian and
Sankaran, Ber., 1937, 70, 736).

CH-—CH, CH—CH, CH—CH,

SN N OO\ N SN\
MGQC CH2 CHzOH —_— MeZC CH2 CHQBI' M820 CH2 CH2
N N
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Synthesis and Configuration of Pinic Acid.

The fact that pinic acid, obtained by hypobromite oxidation of cis-
pinonic acid, is convertible into cis-norpinic acid by successive stages through
bromopinic acid, hydroxypinic acid (XX), norpinaldehyde (XXI) (Bayer,
Ber., 1896, 29, 1907 ; Perkin and Simonsen, J.C.S., 1909, 95, 1175) led Perkin
and Simonsen (loc. c¢it., Simonsen, The Terpenes, Vol. II, p. 128) to suggest
that pinic acid as also bromopinic and hydroxypinic acids possess the cis-
configuration. It occurred to us to be peculiar as to why hydroxypinic aeid,
in spite of its being a 8-hydroxy acid, is not known to give the lactone (XXTI).

CH .CHOH . CO,H CH . CHO CH—CH . COH
RN 7N SN N
Me,C  CH, Me,C  CH, Me,C  CH, O
NS S
CH .CO,H CH .CO.H CH—CO
(XX) (XXT) (XXI1)

The non-formation of the lactone of hydroxypinic acid was considered as
possibly due to its possessing the trams-configuration. Since the starting
pinonic acid is of the cis-form, the change of configuration from cis to trans
can happen in any of the three stages involved in the formation of hydroxypinie
acid from pinonic acid. But the change in configuration from cis to trans
seems to be more probable to occur during alkaline oxidation of pinonic to
pinic acid, this view receiving further support from the observation of Delepine
(Bull. Soc. Chim., 1936, 3, 1969) that cis-pinonic acid is converted into the
trans-form by means of alkali. Ostling (Ceniralblatt, 1921, 3, 105) reduced
pinic ester with sodium and alcohol and obtained a glycol which has been
assigned the trans-configuration. Since oxidation of this glycol (XVII) can
ouly yield {rans-pinic acid (XXII1) it was decided to elucidate the configuration
of the pinic acid obtained from pinene via cis-pinonie acid, by a comparison
of its properties with those of the frans acid.

The glycol (XVII), obtained by the reduction of pinic ester, on oxidation
with permanganate furnished the pinic acid (XXIII), which in all physical
properties resembled that obtained by direct oxidation of pinonic acid.
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The acid alecohol (XXIV) obtained by the action of sodium and absolute
alcohol on cis-norpinic anhydride was proved to be of the frans-form, as it
yielded frans-norpinic acid on oxidation. The acid alcohol was converted into
trans-pinic acid as follows:

CH .CH,0OH CH .CH,Br CH.CH, .CO.H
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The trans-pinic acid thus synthesized resembled the other specimen in all its
properties.

Grandperrin (Annales de Chemie, 1936, 6, 26), following another line of
argument, has recently suggested that the pinic acid obtained from pinene is
of the trans-form. Though his conclusion agrees with that of ours, his argu-
ments do not seem to be quite satisfactory.

Having thus proved pinic acid to be of the trans-form, experiments are in
progress to fix the configuration of hydroxypinic acid and to elucidate at which
stage the change-back to the cis-form occurs, in the degradation of pinic acid
(now proved to be trans) to cis-norpinic acid (Guha, Ganapathi, Subramanian,
Ber., 1937, 70, 1505).

Attempts to synthesize pinonic acid.

Though the synthesis of cis-pinonic acid was not easily feasible, it was,
however, thought desirable to synthesize trans-pinonic acid (XXVI) and to
verify the findings of Delepine (Bull. Soc. Chim., 1935, (5) 3, 1369) that
the liquid variety of pinonic acid obtained from the oxidation of pinene
is the trans-isomer, also obtainable from the solid cis-form by the action of
alkali. Since the synthetic pinic acid has been shown to be identical with that
obtained by the degradation of a-pinene, we turned to the latter as the most
suitable starting material for the synthesis of frans-pinonic acid, via the mono-
ester (XXV) by Blaise-Mair reaction on its acid chloride. But all attempts to
synthesize this acid ester in good quantity were unsuccessful. Attempts were

CH.CO,H CH.CO.CHjy
7N 7
M("Z(J‘ CH2 —_— Mezo CH2
NS
CH . CH, . CO,R CH. CH, . COsR
(XXV) (XXVT)

made to prepare the acid ester (XXV) by partial esterification of pinic acid.
By adding just one molecule of alcohol to the di-acid chloride of pinic acid, the
yield of the acid ester was found to be very bad (about 5%) the main products
being pinic acid and the di-ester, '
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Fujita (J. Chem. Soc. Japan, 1933, 54, 1811) isolated from the oil of
Orthodon lanceolatum a hydrocarbon ‘orthodene’, which on oxidation with
permanganate gave a keto-carboxylic acid, C,;yH;40;, which with alkaline
hypobromite has been described to yield, rather curiously, bromonorpinic acid.
-Since the correctness of the structure (XXVII) for the hydrocarbon depends

CH CH CH .CO,H CH.COR
7N % 7N SN
M620 CH2 . CH3 M620 CH2 CO. CH3 MeZC CHz
N N S L ’
CH—Cf, CH——CH, CH'.CH, .CO,H
(XXVII) (XXVIII) (XXIX)

entirely on the constitution of the ‘keto-carboxylic acid’ (XXVIII), we have
effected the synthesis of an acid of structure (XXVIII) by the Blaise reaction
on the acid chloride of the acid ester (XXIX) obtained in good yield by the
partial hydrolysis of pinic ester. The difference of this acid so obtained from
trans-pinonic acid confirms the structure (XXVIII) assigned to it.

The synthesis of a compound with structure (XXVII) in order to establish
its identity with orthodene is in progress.

' Nopinone.
The synthesis of nopinone was attempted according to the following
two schemes:
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Since the yield of the compound (XXX) in the first step was very poor, the
method had to be abandoned (cf. Proc. Indian Sci. Cong., 1936, p. 190). The
synthesis of the acid (XXXIII) was next undertaken starting from norpinic
gemi-aldehyde (XXXT) obtained by degradation of frans-pinic acid synthesized
in this laboratory. Though no experimental proof has as yet been obtained
as to the stage at which the change of the configuration from #rans to cis takes
place in the degradation of frans-pinic acid to cis-norpinic acid, it appears
reasonable that hydroxy-pinic acid, known not to give the lactone, is of the
trans-form, and norpinic semi-aldehyde is of the cis-variety, since the latter
gives cis-norpinic acid quite readily on oxidation. Norpinic semi-aldehyde
condenses with malonic acid to give the desired unsaturated acid (XXXTI),
which on catalytic reduction gives a saturated acid that appears to be
(XXXIII). Work is in progress to secure a sufficient supply of norpinic semi-
aldehyde to finish this series of synthetic investigations.

On synthesis of verbenone.

Norpinic di-acidchloride by Blaise reaction under regulated conditions
with ZnMel gave, along with other products, crystallisate, m.p. 103-5°, which
appears to be a diketone. Work on the conversion of this into verbenone
(VIII) is in progress.

CH.CO.CH, CH——C .CH4
VAN 7NN
M620 CH2 ———— Me_)_C CHg CH
/ NS
CH .CO.CH; CH——CO
(VIII)

THUJANE GROUP.

The compounds of the thujane group do not occur very widely in Nature.
Two hydrocarbons, a-thujene and sabinene, two alcohols, sabinol and thujyl
alcohol, and two ketones, thujone and umbellulone, are known and reported
to occur in 2, 23, 2, 3, 25 and 1 oil respectively.

Synthetical experiments in the thujane series are too meagre as compared
with the vast amount of work done in the other branches of bicyclic terpenes.
The difficulties involved in a successful synthesis of the thujane skeleton lie,
not to an inconsiderable extent, in the ease with which the cyclopropane ring
breaks to give either six or five-membered cyclic compounds depending upon
how the ring opens up (cf. Presidential address, Chemistry Section, Proc.
Indian Sci. Cong., 1936, p. 148).

For the synthesis of the thujane ring system, there are three possible
methods available, viz. to start with a suitable cyclohexane derivative and form
the cyclopropane ring by direct bridging of the 1 : 3-carbon atoms; to start
with a cyclopentane ring and construct the additional cyclopropane ring or
vice versa. The last method has been employed by Ruzicka and Koothaas
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(Helv. Chem. Acta., 1932, 15, 944) in their partial synthesis of thujane starting
from a-thujaketonic acid.

Synthesis of northujane-2 : 6-dicarboxylic ester.

The preparation of compound (I) has been tried by three different methods,
viz., (i) by the action of carbonyl bromide upon ethyl pentane-1:1:5: 5-
tetracarboxylate, (ii) by the treatment of sodium alcoholate on trimethylene
dimalonic ester, and (iii) by condensing trimethylene-bromide with ethyl
acetonedicarboxylate. Carbonyl bromide reacts readily with tri-methylene
dimalonic ester to yield respectively ethyl cyclohexanone-2: 2 :6 : 6-
tetracarboxylate, which has been converted into cyclohexanone on hydrolysis
and decarboxylation. The disodium derivative of (I) reacts with bromine,
to yield northujone-2 : 6-dicarboxylic ester. The structure of compound (II)
has been definitely established by oxidising it to cyclopentane-1 : 2-dicarboxylic
acid (1II).

CH,—CH . CO,Et CH,—C. CO,Et CH,—CH . CO,H
/ N / AN /| 1
CH, Co CH, 50 CH, !
AN / AN v AN
CH,—CH . CO,Et CHg——(IJ .CO,Et CH,—CH .CO,H
a (11) a1

Trimethylene bromide reacts with the magnesium derivative of ethyl
acetonedicarboxylate to yield the keto diester (I). This new method (Guha
and Seshadriengar, Ber., 1936, 69, 1206, 1212) is more convenient to work with
and the yield compares favourably with that obtained by the method of
Meerwein (4nn., 1913, 398, 218) from ethyl pentane-1:1 :5 : 5-tetra-
carboxylate.

Synthesis of Thujane.

The parent saturated hydrocarbon of this group, thujane (V), has now
been synthesized by the first two routes as indicated above, viz. (i) by Guha
and Bhola Nath (Ber., 1937, 70, 931-36) starting from dibromomenthone
(IV), and (ii) by Guha and Krishnamurthi (Ber., 1937, 70, 2112) starting from
ethyl-1-methyl-3-isopropyl- eyclopentane-2-one-1-carboxylate (VI) as follows:

CH, CH, (|3H3
|
(11}1 CH CH
VRN VAN AR
® | | | |
H,C o Zn - CH, /C CH, / CH,
NS N NS
CBr C |C
| | _
CHMe, CHMe, CHMe,

(V) V)
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CH, CH, CH,
L CO,Et d CO,Et | lu
(i) c{{2 o R, C{I2 om Ciil_v% C{IZ en
(|]H2—(’3H.CHMe2 C])H.Z—C”.CHMez (}JHQ tH,
\C/
(V1) (I‘HMe

Degradation Products.

Many of the naturally occurring compounds of the thujane series yield,
on degradation, a series of acids, e.g. umbellularic acid (VII), umbellulonic acid
(VI), thujadicarboxylic acid (X) and thujaketonic acid (XI), wherein the cyclo-
propane ring remaing intact. The syntheses of these acids are certainly of
great significance since they confirm the presence of the cyclopropane ring in
compounds of this group. The acid to be synthesized first in this series was
umbellularic acid (VII) by Rydon (J.C.8., 1936, 829), by Simonsen (J.C.S.,
1936, 828) and also by Ranganathan (J. Ind. Chem. Soc., 1936, 13, 419), the
last having been achieved in this laboratory by the action of diazoacetic
ester on ethyl a-isopropylacrylate (VIII). This acid (VIII) has also been
recently synthesized by Guha and Muthanna (Current Science, 1938, 6, 605)
by the action of diazomethane on the unsaturated ester (IX) and hydro-
lysing the product. It has also been found by Guha and Muthanna (Current
Science, 1938, 6, 449) that ethyl a-isopropylacrylate (VIII) adds on diazo-
acetone to yield a pyrazoline derivative which on decomposition furnished
umbellulonic acid (VI).

C,H,.C.CO,H  (yH,.C.COH (;H; . . CO,Et
| Vi . N.CH . CO,Et I
H,( | H,C | T Tete. 1
N N |
CH . COCHj4 CH.COH CH,
(V1) (VII) (VITT)

CyH, . C.CO,Rt
l

((CO,Et),
(IX)

Attempts are being made to synthesize thujadicarboxylic acid (X), the
anhydride of which has been converted by Guha and Muthanna (work to be
published) into thujaketonic acid (XI) by the action of Grignard reagent. The
synthesis of the unsaturated ketone (XII), which on addition of diazomethane
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is expected to furnish thujone, is in progress. Work is also in progress to
synthesize sabinaketone, B-thujene, isothujone and homothujadicarboxylic
acid.

CH,
i
¢yH,—C—CH,.C0,H C,H,—C—CH,.C0H CH
/| 7N
H,C H,C | ch  ¢o
N N | |
CH .CO,H CH.CO.CH; C,H,.C——CH,
(X) (XT) (XII)

CARANE Grovup.

The three hydrocarbons of this group, viz. A3-, 8- A% and A% -carenes
known till now, do not occur widely in nature. The synthesis of the bicyclic
compounds of this group is possible by three methods, viz. (i) starting from a
cyclohexane ring and constructing the additional eyclopropane ring, or (i} vice
versa, and (iii) starting from a cycloheptane ring, to construct the cyclopropane
ring by direct bridging. All these three methods have been tried in this
laboratory.

Guha and Sankaran (Ber., 1937, 70, 1683-1688) have synthesized the
cycloheptane acid (I) starting from tetramethylene bromide and Guareschi
imide. This acid is expected to be converted into an apocarane derivative by
bridging of the carbon atoms carrying the carboxyl groups and decarboxylating
the resulting bicyclic compound. The other scheme (Guha and Ghosh) starting
from ethyl 4 : 7-diketocyclobeptane-1 : 1 : 3 : 3-tetracarboxylate (II) had to
be abandoned since this compound is obtained in small quantities and also
offered further difficulties in hydrolysis.

Synthesis of Carane.

Guha and Sankaran (Current Science, 1938, 6, 606) have succeeded in
synthesizing the saturated hydrocarbon, carane (III), by adding dimethyl-
diazomethane to ethyl Al-tetrahydro-p-toluate (IV) and decarboxylating
the acid obtained from the resulting bicyclic ester.

CO,H CH, CH,
| CH, . 0O . C(CO,Et), | [
CH,.CH,. CH\ \CH, /CI-I\ /CH\
b CH/CMe2 CH, . CO . G(CO,Et), H2|C (IJH2 O|H2 olﬂz
B (1) H,C CH CH, CH
0.H A4 ANV
: cnllome,
@ |
(TTT) 00,

Iv)
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Synthesis of caronic and homocaronic acids.

Some oxidation products of compounds of this group, viz. caronic (V)
and homocaronic (VI) acids have been synthesized by Guha and Sankaran
(Ber., 1937, 70, 1688) by the addition of dimethyldiazomethane to ethyl
fumarate or maleate and to ethyl glutaconate respectively, as follows :—

CH . COzEt CH.CO,H CH.CO.Et CH . CO.H

I Me.CN. e

I 22 ©aCNy Me,C | Me,CN, CMe, |

I 2 steps N hydrolys. I

CH . CO,E¢ CH.CO,H CH.CH,.CO.Et \CH.Clz[z.COgH
v (VI)

CAMPHANE GROUP.

The compounds of this group, viz. camphene, camphor and borneol
occur very widely in nature. A vast amount of work has been done in this
field perhaps without parallel in any other group of terpenes and not much of
synthetic work remains to be done in this group. But there are several degra-
dation products known, the formation of which can only be explained by
Wagner and Nametkin rearrangements, characteristic of the members of this
group. Hence, it appeared desirable to confirm their constitutions by
unequivocal synthesis.

Some important degradation products of camphor.

Isodehydroapocamphoric acid (1) synthesized by Komppa in connection
with his synthesis of camphor, through a series of steps starting from Bg-
dimethylglutaric ester and oxalic ester, has now been synthesized by Guha
and Sankaran (Ber., 1937, 70, 2109) in one step by the addition of dimethyl-
diazomethane to ethyl muconate.

CH : CH . 00,Et CH———CH . CO,H
| Me,ONy \ “\CH,

| :
| hydrolysis. CH CH’. CO,H
CH :CH . CO.Et

(1)

Isolaurolonic acid was first obtained by Walker (J.C.S., 1893, 63, 504) by
the electrolysis of sodium salt of ethyl hydrogen camphorate. By making
use of the Reformatsky synthesis very widely applied in this series, Guha and
Subramanian (Ber., 1937, 70, 228) have succeeded in synthesizing dihydro-
isolaurolonic acid (II) which has already been converted into isolaurolonic
acid (I1I), as follows:—
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EtOzC—("Mez ‘ EtOZC—‘CMGZ (}O"—()MEZ
| Zn J 3 steps |
7 COCH; —Et0,C C(OH).CH; —— CMe
Et0,C o ‘ | I
| CH,—CH . CO,Et CH,—C . CO,H
CH,—CHBr . CO,Et |
¥
CHZ—CMeZ (jHZ—‘CMez
| |
C. Me — CHMe
| |
CH,—C.CO,H CH,—CH .CO,H
(TII) (1)

Laurolonic acid (1V) is being synthesized following the procedure indicated
above, starting from fB-bromobutyric ester and «-methyl-acetoacetate.
Similarly, by the action of «-bromo-isobutyric ester on levulinic ester,
homocamphoronic acid (V) has been synthesized which, through camphononic
acid (V), is expected to be converted into camphor. It is significant that this
synthesis of camphononic acid will amount to a new total synthesis of camphor.

CH,—CMe.CO,H  CH,—CMe.CO,H  CHy—CMe.CO,H

| I | |
C.Me CH, CMe, CMe,,

[ f
CH,—C . Me CO,H CO.H CH,—CO
av) V) (V1)

Synthesis of a degradation product of camphorquinone.

To the product obtained from camphorquinone on treatment with sulphuric
acid, the formula (VII) is attributed, the formation of this compound involving
a peculiar Wagner arrangement. Considerable progress has been made in the
synthesis of compound (VII) according to the following scheme:

MeoC =C(COEt), Me,C . C(Na) . (CO,Et),
+ CN N 3 steps
l
Et0,C.CH,.CH,.C(Na) . CO,Et Et0,C.C(CN).CH,.CH,.CO,Et
o o
Me,C—CH—CO Me,C—CH . CO,Et
Dieckmann |
“hydrol. Et0.C.CH—(CH,),—CO,Et

HO,C—CH—CH,—CH
(VIL)
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On synthesis of bicyclic compounds of the camphane group.

For this there are only two methods available: (i) to start from a cyclo-
pentane derivative and construct the other ring system, or (i) to start from a
cyclohexane derivative and bridge it in 1 : 4-positions through an additional
carbon atom.

An attempted synthesis of apocamphorquinone.

Although camphorquinone, the interesting bicyelic o-diketone, is known
and a large number of interesting compounds have been derived from it, it
is indeed surprising that its next lower homologue, apocamphorquinone is
not yet known.

Guha and Ranganathan (Ber., 1936, 69, 1195) attempted a synthesis of
apocamphorquinone by the action of ethylene bromide on the sodium deriva-
tive of diketo apocamphoric ester, but the reaction product did not yield the
expected diketonic product (VIII), but only the compound (IX). The same
authors (Ber., 1937, 69, 1199) have succeeded, moreover, in synthesizing
ketohomonorcamphor (X) starting from the anhydride of cyclopentane-1 :
3-dicarboxylic acid through the ketonic ester (XI).

C0,Et CO.Et O CH—CO CH—CO
| I VRN / /
C C—C  CH, HC CH,
/ '
CH, | CO Me,C ’ CH, CH, «<—— | CH, CH,
N _
CMe, (—=C  CH, HyC CH,
| NS N
CH, | CO CO.Et O CH—CO CH—CO,Et
NS T
¢ (IX) (X) (XI)
|
CO,Et
(VIII)

Action of aliphatic diazo compounds on cyclic conjugated systems.

The synthesis of bicyclic derivatives of the norbornylane group has been
attempted by Guha and Hazra by the action of diazomethane on cyclic con-
jugated systems with the 1 : 4 carbon atoms activated by carbethoxy groups.
Thus A 1:8-dihydroterephthalic ester (XII) has yielded the bicyclic compound
(XIII).

CO,Et (|302Et
¢ C
7\ / 1 N
HC/ CH, CHN, CH | CH,
| ——— | CH, |
HC CH, CH | CH,
NS N |/
C ¢
I |
C0,Et CO,Et

(XII) (X1I)
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On synthesis of compounds of the tricyclene type.

Guha (Current Science, 1936, 5, 19) has found that the sodium salt of
succinilosuccinic ester, under certain well defined conditions, reacts with
ethylene and trimethylene bromides to yield respectively the bicyclic
compounds (XIV) and (XV).

The space model of the parent hydrocarbon bicyclo-(2 : 2 : 2)-octane, of
which compound (X1V) is only a derivative, is entirely symmetrical about the
axis joining the carbon atoms 1 and 4. Further, as the result of this bridging,
the keto groups in positions 2 and 5 have come nearer to the methylene groups
in positions 6 and 3 respectively (cf. XVI), thus facilitating bridge formation
between 2 : 6 and 3 : 5 carbon atoms directly or through the intervention of
other carbon atoms. The reduction of the bridged compound (XIV) appears
to have yielded such a tricyclic compound (XVII). The results are being

confirmed.
C0,Et CO,Et CO,R
¢ o ¢
AR /TN 9! RN
AN VAN 7N SN
AN / AN V N / AN
CO  H,C CO0 ¢4 &2 \.‘ HC————|—CH
€ || CHa || K | cn, |
CH, OC CH, 5@ @3 & HOHC CH,
Y N % \\ / N /
/ N | S N / oS
N N o N
c $c s c
EozEt CO,Et (|302R
(XIV) (XV) (XVI) (XVII)

A new method of synthesis of Bicyclo-(2: 2 : 2)-octane system.

Another method which is being tried and appears to be of general appli-
cability for the synthesis of bicyclic ring systems is_by effecting double ring
closure in the ester (XVIII). In one case tried (when n = 2), viz. by the
action of sodium on PBB’-di-carbethoxysuberate, the interesting bicyclic com-
pound (XIX, n = 2) has actually been obtained. The corresponding bicyclic
diketone (XX), obtained from (XIX) by hydrolysis and decarboxylation, is
being converted into the bicyclic hydrocarbon.
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CH CH
// \\ // AN
cO Cle <~ CO
H,C | €O Et0,0.CH
e AN
|/ N
CH CH
(XX) (XIX)

CO,Et

|
CH

T~

H,C

(60)
/ \

CH

I
CO,Et
(XVIII)
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\ l CH2
CH . CO.Et «+——Et0,¢ (CHy), |
| CO,Et

— (XIV)
is not
formed.






