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CHAPTER I
INTRODUCTION AND HISTORICAL

In 1897 Sabatier reported that finely divided nickel in a hydrogen
-atmosphere have a high reducing strength.1 This early observation led
to the development of one of the more significant synthetic tools avail=
bable to the organic chemist, catalytic hydrogenation,

The term hydrpgenation has at times been applied to any reaction
involving the use of hydrogen. However, there are at least two explicit
types of reactions in which hydrogen is incorporated into a compounde-

addition and substitution.

The name hydrogenation has evolved to mean the addition of hydrogen
to multiple bands of olefins, acetylanes, arenes, and carbonyl 8roupa,
as well.as to other types of unsaturation. Considerable effort has been
invasted in the study of catalytic hydrogenation since the reaction is
of great importance both industrially and academically. These studies
have yielded valuable information allowing choice of suitable con=
ditions, solvents, and catalysts. The mechanism of hydrogenation is not
_ fully understood because the kinetics of heterogeneous catalysis are
inherently difficult to interpret. However, recent advances in homo=
geneous catalysis are providing'a more complete understanding of cate=
alytic hydroganation. Several comprehensiva reviews are available.a"3’l+

ﬁydrogenolysis may be defined as the substitution of hydrogen for

another atom. Some cycloalkanes may be cleaved to form alkanes by the



substitution of hydrogen for carbon.5 Reactions of this type find broad
use in industry. The more commonly hydrogenolyzed bonds are those
linking carbon to hetero atoms (C=X, C=0, C=N, and C=S) in compounds
contaiqing halogen, hydroxyl, acetal, and amino groups, and in thio
compounds.

Hydrogenolysis of these groups occurs most readily when they are
located at an allylic or a benzylic position. Hydrogenolysis of allylic
groups is often accompanied by competitive hydrogenation of the double
bond. Frequently, hydrogenation of the double bond follows hydrogen=-
olysis. TFor example, 2=hydroxycyclohex=3~enylacetic lactone was re=
ported to give a 71% yield of the hydrogenolysis product, cyclohexyl=-
acetic acid, when it was exposed to hydrogen in ethanol in the presence
of Adanms catalyst.6 However, when the same reaction was carried out in
acetic acid as the solvent, the yield dropped to 55% with a correspond=-

ing increase in that of the saturated lactone,

Co_H

In some cases, hydrogenolysis can be carried out without saturation
of double bonds. These reactions are often ;omplicated by double bond
migration, especially in nonaromatic, allyli; systems as lllustrated by
the hydrggenolysis of ¥Y=gantonin with palladium on carbon in acetic acid

as shown on the following page.
§



JOH JOH

01

Hydrogenolysis of benzylic alcohols,9 haliders,1O esters,9 and
aromatic ketones and their derivatives occurs in a more predictable
manner than with the corresponding'allylic systems., The latter pro-
cess may involve partial hydrogenation and rearrangement as pointed out
previously, whereas the benzylic system is more resistant to hydro=
genation., Hydrogenolysis of aromatic ketones and their derivatives is

particularly useful for the preparation of high-purity arenes as illus=~

trated by the reduction of the 2,4=dinitrophenylhydrazone of l1=tetralone

in acetic acid with palladium on carbon catalyst to give a 95% yield of

tetrahydronaphthalene as shown below.11

=
(@)
v



The hydrogenolysis of phenols with removal of the hydroxyl groups
is a main topic of this thesis, Until very recently there have been few
reportéd techniques for the removal of pheﬁolic hydroxyl groups without
hydrogenation of the aromatic ring.

One of these methods involves the sodium~ammonia reduction of
diaryl ethers, which results in cleavage to an arene and a phenol.12
Taking advantage of this observation, Pirkl and Zabriskie in 1964 pube=
lished a procedure for the removal of phenolic hydroxyl groups.13 In
order to control the direction of cleavage, the phenol was converted to
the Z,A-dinitrophenyl aryl. ether by ¥eaction with 2,4=dinitrofluoro=
benzene in d;methylformamide-benzene mixture, sodium hydride being used
as the base, as shown below, The nitro groups were then reduced with
hydrogen over palladium to give the diamino ether, and subsequent fur-
ther reduction with sodium and ammonia gave the deoxygenated arene.
This reaction, in addition to requiring several steps, is mostly re=
stricted to those phenols having a methoxyl or phenyl group in the

ortho position,

ArO

v

+ ;
ArCH R @ O2

No,

ArH ArC

A




The catalytic hydrogenation of phenols to the corresponding cyclo=-
hexanols has been known for many years to produce small amounts of
cyclohexanes as hydrogenolysis by=products., A great deal of study has
been given to this reaction, mostly to find conditions to minimize
hydrogenolysis of substituted phenols.”'“15

Amino, hydroxyl, alkoxyl, and carboxyl substituents in phenols tend
to increase hydrogenolysis of the phenol while alkyl substituents appear
not to affect the reaction much.16 The catalyst use& has been found to
have a profound effect upon the extent of hydrogenolysis, hydrogenolysis
being favored by Group VIII metals in decreasing order: iridium, plati-

num, palladium, rhodium, and rv.t:henium.uP

Most compounds give different
ratios of hydrogenation to hydrogenolysis when solvents are changed but
no generalizations can be made, Hydrogenolysis is generally enhanced by
mineral acids as well as by an increase in the reaction temperature.17
There have been at least three possible mechanisms suggested. The
hydroxyl may be lost by (a) hydrogenolysis of the aryl=oxygen bond be=
fore any reduction of the ring, (b) after partial reduction of the ring,
or (c) at the same time am reduction of the ring. There is evidence in=
dicating that each pathway occurs to some extent and that no single
mechanism accommodate all the required d.ata.“+

In 1966 Musliner and Gates reported that phenols could by deoxy-
genated under mild conditions by the catalytic hydrogenolysis of certain
heterocyclic ethers.18 To date this proc;dure remains the most general
and consistent method for the removal of phenolic hydroxyls., The re=~
action of 2~chlorobenzoxazole, 2=~chlorobenzothiazole, or 1=phenyle=5=

chlorotetrazole with various phenols in acetone and potassium carbonate

ylelds the heterocyclic ethers as shown on the following page.
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Hydrogenolysis of the above ethers in henzene, ethanol, or tetra=~
hydrofuran gave excellent to poor ylelds of arenes using palladium on
carbon as the catalyst, The hydrogenolyses generally occurred without
further reduction of the arenes produced, thus providing a useful method
for removing phenolic oxygen. However, substituents in certain posim=
tions on the phenol were found to produce a lower yield of the arenes
and in meny cases, the hydrogenol&sis occurred in the "undesired di=-
rection”. That is, the starting phenol was produced. The mechanism was

not discussed.18



In some cases, the hydrogenolysis products poison the catalyst,
thus requiring high catalyst ratios. This was particularly common for
the benzoxazolyl ethers, which required as high as 50% catalyst/sub=
strate in some instances.1

The use of these derivatives in deoxygenation procedures is re=
ceiving attention. Jagt, Hollander, and Zanten reported in 1971 that
the § position of 1,2,3,4~tetrahydronaphthalene was labeled with
tritium by the catalytic tritiumolysis of the phenyltetrazolyl ether of

5,6,7,8~tetrahydro-2—naphthol.19

=00 — 00



CHAPTER II
DISCUSSION AND RESULTS

We sought a high-purity sample of 1,7=-dimethylindan (4) for use as
a standard hydrocarbon by the American Petroleum Institute., In order
to obtain 4, the deoxygenation of 1,7=-dimethyl=i=indanol (2), which was
conveniently available via a Clemmengen reduction of 3,4~dimethyl=7~
hydroxyindanone (1), was studied. This reaction scheme is illustrated
in Figure 1,

The indanone 1 was prepared inm high purity from a novel Friedgl-
Crafts cyclization reaction of p=cresol and crotonic acid., Discussion
of this reaction will be deferréd until Chapter V.

Clemmensen reduction conditions necessary for the conversion of 1
?o 2 were modified considerably from the ordinary procedure, Rather
than mossy zinc, zinc dust was amalgamated. Also a homogeneous solvent
system was used and the reaction mixture was st;gped vigorously. These
conditions uéually favor the formation of pinacolsao but in this case
the indanol 2 was obtained in 81% yield in less than one hour, Nore
mally, Clemmenseg’reductions reqyire several hours.

The reaction of 2=-chlorobenzoxazole with 2 proceeded smoothly in
acetone, DPotassium carhonate was used to abserb the hydrogen chloride
produced by the formation of 2~benzoxazolyl 7-(3,4-g1meth§igndanyl)
ether (3)., The reaction mixture was distilled under reduced pressure to

give a 6% yield of the colorless, crystalline ether 3,



OH
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Figure 1.

0
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AlCl . Zn(Hg) HC1
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Reaction Scheme for the Synthesis of 1,7-Dimethylindan (4).
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Hydrogenolysis of 3 proceeded smoothly in ethyl acetate using pal-
ladium on carbon as the catalyst to give a nearly quantitative yield of
the indan 4 and 2-benzoxazolone (2), This method appears ideal for the
preparation of high-purity hydrocarbons since the' two products from the
hydrogenalysis are easily separated and no perhydrogenation products
are obsgerved,

Acetic acid, generally recognized as a good hydrogenolysis solvent,
gave a reduced yleld (70%) of L. Gas chromatographic analysis of the
hydrogenolysis reaction mixture gave tﬁe chromatogram shown in Figure 2.
The peaks were found to correspond to 4, an unknown later identified as

7, followed by 2, and 3 in the order of their emergence.

CH GOaH
i

_] (]
]
&

mv

| ' ] ’ | |
10 20 (min) 30 40

Figure 2, Gas Chromatoghram of the Reactiom Mixture from Hydrogenr=—

olysis of 3 im Acetic Acid.2! »
)
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The thermal stability of the ether 3 on the gc column was estab;
lished using the column condition321 described in the previous analysis,
This indicated that the phenol 2 was formed during the reaction and not
by thermal degradation during gc¢ analysis, Furthermore, 3 was stirred
in acetic acid under the conditions of the hydrogenolysis reaction and
was found to be stable.

The formation of the starting phenol was not completely unexpected
since it had been previously noted that hydrogenolysis may occur in the
Yundesired manner",18 However, the infrared spectrum of the distilled
hydrocarbon 4 showed & strong absorption band at 4.45 u indicative of a
triply bondéd impurity..

There are three hetero atom arene bonds present in the benzoxazolyl
ether 3 shown in Figure 3, and these bonds should be expected to undergo
hydrogenolysis, but probably at greatly different rates. Examination of
the possible modes of hydrogenolysis of each of these hetero atom arene
bonds allow prediction of the potential intermediates § and 7 shown in
Figure 3.

Hydrogenolysis of the indanyl-oxygen bond (Figure 3, cleavage 2 and
pathway a) leads to the hydrocarbon L, This is the desired hydrogenc~
lysis and obviously is favored under the reaction conditions presented.
Hydrogenolysis of the oxygen=arene bond (cleavage ¢ and pathway ¢) leads
to the phenylcarbamate £, Formation of a triply bonded species (e.é. ¥,
is rat;onalized if hydrogenoclysis sheuld occur at the nitrogen=arene
bond (cleavage b and pathway b) with a subsequent loss of phenol to
yield the indanyl cyanate 7.

In order te confirm any of these postulates, it became necessary to

synthesize the proposed Intermediates (6 and 7) and subject them te



o

o

oo - 0o~

OC=N
H,, Pd/C
CH,COOH
7
OCONHPh
6

Figure 3.

Possible Pathways for the Hydrogenolysis of 3.

¢l
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independent hydrogenolyses and thus determine their role in the reaction
of 3 with catalyst and hydfogen. The cyanate 7 was prepared in 96%
yield by the reaction of 2 with cyanogen bromide in acetone, The car=
bamate § was prepared in ul%lyield by the reaction of 2 with phenyl

isocyanate in refluxing benzene,

CN

1 ‘ > 2
OCONHPh

z el

A trace of 7 was added to a sample of 1,7-dimethylindan (4) and the
infrared spectrum of the mixture was obtained, This spectrum was iden=
tical with the spectrum of 4 obtained previously from the hydrogenolysis
in acetic acid, Futhermore, the gc retention time of the cyanate 7 was
identical with that of the second peak obtained upon gc determination of
the products of hydrogenolysils in acetic acid as shown in Figure 2, In=
Jection of a mixture confirmed the identit& of the retention times, The
mass spectrum of the cyanate 7 (thained by use of a combination gc-ms
instrumentaa) was the same as the‘one obtained for the unknown in the
hydrogenolysis in aéetic acld. This eyldence supports the intermediacy

of the cyanate 7., Although its concentration in the reaction mixture
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appeareg to be less than 1%, its presence as a reaction intermediate is
signifiéant since a hydrogenolysis of this type has not been reported
previously.

The cyanate 7 was subjected to the same hydrogenolysis conditions
in acetic acid as used previously in the cenversion of 3 to 4. The only
product detected by qualitative gc analysis was 2. In contrast, 7 was.
inert to hydrogenoclysis in ethyl acetate, Thus, in acetic acld 7 is a
possible intermediate leading to the starting phenol 2. Although 3 may
be hydrogenolyzed by pathway b, Figure 3, to form the cyante 7, this
cleavage ultimately leads to the formation of the starting fhenol 2o
Thus, hydrogenolysis occcurs in the "undesired manner",

If, indeed, the cyanate 7 is an intermediate, then the carbamate 6
must also he conaidefed as a potential intermediate although there 1s no
direct gc evidence supporting ites intermediacy. Hydrogenolysis of 6 in
ethyl acetate did not occur, and in fact, & was recovered quantitatively.
However, hydrogenolysis in acetic acid proceeded slowly to fprm the
indan 4 as well as some cyclohexemylamines, Gas chromatographic studies
of the mixtures were complicated by the fact that & proved to be un-
stable to column conditions., It thermally rearranged to form g'and
phenyl isocyanate., In fact, 6 was found to decompose at 2?0o in a Pyrex
glass melting point tube, When stainless steel filings were added, the
sample decomposed below 2000. This prompted the preparation of a glass
gc column, but to no avail since such analysis of 6 remained unsucessful
Glass iiners for the stainless steel injection ports probably would have
solved this problem,

Although the intermediacy of Qlcould not be confirmed by gc,

greater success was realized using thinelayer chromatography. Another
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hydrogenolysis of 3 in acetic acid was interrupted before the reaction
was complete and the mixture was steam distilled. Previocusly, a -mixture
of 2, 5, and & had been shown to be stablekin boiling aqueous acetic
acid and non=volatile in the presence of steam, The steam distillation
pot residue was extracted with ether and the ether solution was chromas

tographed on silical gel.23

Figure 4 illustrates the results, Although
the carbamate 6 was not isolated from the hydrogenolysis mixture, 6 did
have the same Rf value as one of the components of the mixture,

The gravimetrically determined yileld of 4 from the hydregenolysis
of 6 in acetic acid was found to be 70% based upon the 78% of 6 con=
sumed in the reaction., The results from the various hydrogenolyses of
the postulated intermediates are summarized in Table I,

The preceding evidence suggests that all three of the postulated
pathways are operative, but at very different rates depending upon the
s0lvent used. When the hydrogenolysis was carried out in ethyl acetate,
a non-protonating solvent, the rate at which the indanyl=oxygen bond
(Figure 3, cleavage a) was hydpogenolyzgd apparently was very large com=
rared to the rates along the otyer two pathwéys, b and ¢. When acetic
acid, a protonating solvent, is used pathways b and ¢ become competitive
with a, The need for high catalyst/substrate ratios for the hydrogeno=
lysis of benzoxazolyl ethers18 may stem frsm the poisoning effect of
cyclohexenylamines formed as by~products via pathway ¢, amwines having
been well established as palladium poisons.24

Perhaps the observed solvent effect resultsvfrpm the protonation of
the benzoxazolyl ether 3 and the existence of the equilibrium suggested
in Figure 5, Protonations of this type have been known to facilitate

hydrogenolytic removal of allylic and benzylic groups.25
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Figure 4, Thin=layer Chromatogram of the Non-Steam=~Volatile Compounds
from the Hydrogenolysis of 3 in Acetic Acid23.

'

TABLE I

HYDROGENOLYSIS PRODUCTS OF'PROPOSED INTERMEDIATES

Substrate Solvent Products % Yield™
Vi ethyl acetate z 100
Z acetic acid 2 100
6 ethyl acetate 6 100
8 acetic acid L '70b

aDetermimed by gc analysis.26

upon recovered 6.

bDetermimed gravimetrically and based
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A literature survey failed to reveal previous accounts of the
hydrogenolysis of phenylcarbamates, Since phenylcarbamates are conven=-
iently prepared and easily purified, it seemed worthwhile to investigate

the possibility of using this reaction as a general method to deoxy-

genate phenols,
7/
N @ N
O Q>—
0

- /

S @

Figure 5., Possible Protonated Forms of 3,

A series of methyl~ and dimethylphenols were combined with phenyl
isocyanate to form the respective phenylcarbamates in excellent yields
as shown in Table II, The carbamates were invariably crystalline and

easily purified by recrystallization,

It has been previously noted that the more hindered phenols often
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give hydrogenolysis in the "undesired manner."18 No substituent effects
of this nature were observed during the hydrogenolysis of the series
shown in Table ITII, The rate at which the hydrogendlysis proceeded and
the overall yield were indeed affected as can be observed from these
data, Alkyl substituents in ortho positions decreased the extent of
hydrogenolysis.

The uptake of hydrogen during the hydrogenolysis of the series of
carbamates was monitored and the volume of hydrogen used was plotted
against time, A typical plot is shown in Figure 6. It should be noted
that hydrogen was consumed rapidly for the first portiom of the reaction,

which was generally 3 to 6 hours.

TABLE II

PRODUCTS FROM THE REACTION OF PHENYL ISOCYANATE AND VARIOUS PHENOLS

Phemol % Yield Mp
carbamate : %

93 | 114=115

O"@ 89 148-149
| H°‘©— 90 | 99-100

93 144=145




TABLE TIIT

HYDROGENOLYSIS OF VARIOUS PHENYLCARBAMATES

Substrate % Arenea Recovered Carbamate % Areneb Reaction
R-0OCONHPh Produced Carbamate Used Time (hrs)
R= (g) (mol)
QfCH3C6H4— 34.7 2.9 .009 82.5 18
27CH3C6H4— 49.0 3.3 .029 73.0 24
2,4—(CH3)2C6H3— 9.7 6.6 .014 28.8 48
4.5 7.8 .009 20.6 72

2,6-(CH,) ,C H -

qActual yield as determined by gc analysis.

ineld based upon the recovered phenylcarbamate.

0¢
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Volume (1.)

0

| I l
12 24 326 Time (hr,)

Figure 6. 'Rate of the Hydrogemolysis of 2,4=Dimethylphenyl
Phenylcarbamate,

[

Amines are known to0 be effective palladium catalyst poisons and
since cyclohexenylamines are being produced during the hydrogenolysis of
the phenylecarbamate, it was surmised that the reaction proceeded rapldly
until the limited amount of catalyst was saturated with the amine.24
Beyonmd thias point the rate would depend upon the rate of absorption=-
desorption of the amine and the competition between the amine and the
substrate for the catalyst. Evidence supporting this postulate was ob=
tained by carrying out the hydrogenolysis of the p—methylphenyl phenyl=
carbamate, in acetic acid for 12 hours at 520 us;ng various catalyst/
substrate ratios, The data summarized in Table IV show that an in=-

creased catalyst/substrate ratio increased the yileld for the 12=hour

period.
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TABIE IV

THE EFFECT OF VARYING THE CATALYST RATIO UPON HYDROGENOLYSIS
' OF H-METHYLPHENYL PHENYLCARBAMATE

1

% Catalyst w/wb % Arene % Recovered Carbamate
10 23 70
20 35 58
30 49 38
40 66 29
20 73 14

aAll reactlions were carrled out in acetic acid for 12 hours at 520.<
b10% palladium em activated carbon, °Determined by gas chromatoe
graphic amalysis,26 i

Another comsideration ia that in order for the reaction to proceed
effectively, the solvent must dissolve the reactants, products, and
intermediates in order to prevent sgturation of the catalyst surface or
trapping the catalyst imside a coating of products. The choice of sol=-
vent has already beem shown to be a significant factor in the hydro-
genolyeis, A sgeriss of solvents were selected for the hydrogenolysis
of 2,4~dimethylphenyl phenylcarbamate., The data are presented in
Table V, It should be noted that dimethylformamide shows promise as
a useful hydrogenolysis solvent in that there was an increase from
10% to 85% im hydrogenolysis with a 25% reduction in the required

time,
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TABLE V

SOLVENT EFFECT IN THE HYDROGENOLYSIS OF
2, 4=DIMETHYLPHENYL PHENYLCARBAMATE

[

p

Solvent ‘ Resction time % Areme
(Hrs, )
Ethyl acetate 72 0
Acetic acid 48 10
Dimethylformamide 12 85

The hydrogen¢lysls of this series of phenylcarbamates proceeded to
give't-he respective areneg in ,fai:l;' yields. The hydrogenolysis by~
products formed were mainly cyclohexylamire and cyclohexenylamines, In
additiom, smell amounts oé benzyl acetate (from the hydrogemnolysis of
the methylphenyl phemylcarbamates) and B;methylb;ﬁzyl acetate (from the
hydrogenolysis of the dimefhylphenyl phenylcarbamates) were formed, It
is believed that these acetates are formed via side-chain acetoxylation
of a transitatory intermediate formed during hydrogenolysis of the
phenylcarbamates,

The use of phemylcarbamates as derivatives to deoxygermate phenols
should be comsidered because of their ease of preparation and purifica~
tion, The ylelds of hydrogenolysis are somewhat lower than from that of
the corresponding benzoxazolyl ethers. However, in view of the curreat
cost of 2=-chlorobenzoxazole compared to that of phenyl isocyanrnate and
the care required in the preparaéion of benzoxazolyl ethers, the

carbamate route appears advantageous.a7



CHAPTER III

EXPERIMENTAL

Preparation of 1,7~Dimethylel~indanol (2) via Clemmensen Reduction

of 1,-= Powdered zinc (200 g) was amalgamated by treatment with 4 g of

o —

HgCl2 in 300 ml of water and 50 ml of 37% HCl with stirrimg for 30 min.
The solution was decanted and the amalgam was twice washed with water,
The indanome 1 (40 g) was dissolved in 200 ml of ethanol and the solu-
tion added to a reactiom vessel comtaining the amalgam, 200 ml of water,
and 200 ml of 37% HCl, The mixture was refluxed for ome hour while be=~
ing stirred vigorously. The solution was decanted, the amalgam was
washed with ether several times, and these wgshings were added to the
ether extract of the decamted material, The combined ether solutions
were dried with Naasou and evaporated. The resulting oil was distilled
at 92° (0.7 mm) to give an 81% yield of 2: ir (neat) 3,05, 3.40, 6.0,
6.24, 6.70, 6,88, 7.90, 9.54, 10,96, and 12,35 ; mass spectrum m/e
(rel imtemsity) 162, (24), 147 (100), 132 (20), 115 (15), and 91 (24);
pmr (cclu) § 6,48 (g, 2, ArH), 5,92 (s, 1, ArQH), 3.19 (m, 1, -ch‘HB),
2.72 (m, 2, ArCH,~), 2,17 ( 8, 3, ArQHB), 1.90 (m, 2, =CH,-), amd 1.10
(4, 3, ArCHCﬂB).

69

Anal, Calcd. for C,. H,,6 O:

H, 8.71.

2~Benzoxazolyl 7~(3,L4-Dimethylirdanyl) Ether g§z.18-- This compound

was prepared by combiming 200 ml of anhydrous acetome coataining 16.2 g

24
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(0,10 mol) of 2, 16 g (0,14 mol) of 2-chlorobenzoxazole, amd 28 g (0.20
mol) of anhydrous potassium carbomate amnd heating the mixture under
reflux with stirring;under a aitrogen atmosphere fgr 12 hr. The re=~
action mixture was filtered to remove salts and the filtratg was concen-
trated on a rotary evaporater. The residue was distilled at reduced
pressure (O,Q} mn) and the fraction distilling at 163-1650 was collected;
it crystéllized upon cooling.x Recrystallization from 95% ethamol gave
colorless, crystalline 3: ir (meat) 3.42, 6.16, 6.38, 6.74, 7.39, 7.60,
8.14, 8,42, 8,55, 12.29; and.13.4411; mass spectrum m/e (rel imtensity)
279 (1), 144 (358), 143 (30), 130 (25), 129 (100), 128 (43), 115 (34),

91 (1?7), 77 (21), 51 (16), and 39 (10); pmr (ccleF) § 7.40-6,85 (m, 6,
ArH), 3.38-3.12 (m, 1, ArC_IiCHB), 3.,06=2,78 (m, 2, ArCH,~), 2,25 (s, 3,
ArCHB), 2.42=1,58 (m, 2, =CH,=), and 1.21~1.14 (4, 3, ArCHCE,).

Anal. Calcd, for C,.H, 7N02: C, 77.39; H, 6,13, Foumdt C, 77.18;
H, 6._10.

General Hydrogenolysis Procedure,-~ The hydrogenolyses were carried
out with 10% palladium om carbom catalyst obtaimed from Engelhard Indus=~
tries. The ratio of catalyst to compound was 0.2 umless stated other=-
wise, The solvents used wéfe elther ethyl acetate, acetic acid, or
dimethylformamide and the amount of solvgnt was such that thg substrate
wag 5=10% of the solution. The reactions were carried out im a 500 ml
fluted flask, stirred magnetically, amd the temperature was maimtainmed
by a stirred oil bath. The hydrogenm pressure was maintained at slightly
greater than one atmosphere by use of a leveling bulb cortalning water,
Unless otherwise stated, the hydregenolyses were carried out umtil the
rate of uptake of hydrogem became imsignificant (see FiggreIG). The

hydrogenolyses mixtures were filtered through Dicalite to remove the
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catalyst and the yields of hydrocarbons were determined by gc anal~
6

ysis2 . The substrates were recovered by diluting the acetic acid or
dimethylformamide solutions with 3=6 volumes of water and removing the
precipitated starting material by filtration., The hydrocarbons were
isolated by extractigg'the filtrates with petroleum ether, drying
(Na2504), and distilling. When ethyl acetate was used, careful distil=
lation yiglded both the hydrocarbon and the starting material,

Preparation of 1,7=-Dimethylindan (4)+=~~ Hydrogenolysis of 3 as
described above using ethyl acetate as the solvent resulted in a quanti-~
tative yield of the benzoxazolome 5 and a 98% yield of 4: bp 88° (16
mm); ir (neat) 3.31, 3,41, 6.46, 6.88, 7.30, 7.72, 9.36, 13.10, and
13.36 U ; mass spectrum m/e (rel intensity) 146 (18), 131 (100), 116
(13), 115 (20), and 77 (8); pmr (reat) § 7.00-6.71 (m, 3, ArH), 3.30=-
2,95 (m, 1, ArCI_{CHB), 2,93=2.48 (m, 2, ArCHa-), 2,17 (s, 3, ArCHS),
2,20=1.45 (m, 2, -CHa-), and 1,09-1,02 (4, 3, ArCHC_}%).

Apal, Caled, for C..H C, 90.35; H, 9.65. Found: C, 90.40;

1171y}
H, 9.60.

Preparation of 1,7-Dimethyl=h~cyanatoindan (7).28-- A 11,0-g (0,1-
mol) sample of cyanogen bromide and 16,2 g (0.1 mol) of 1 were dis~
solved in 250 ml of amhydrous acetone, added to a 500 ml fluted flask,
and cooled to Oo. Triethylamine (10.1 g, O.1 mol) was added dropwise
through an addition funnel to the stirred mixture at a rate such that
the temperature remained below 100. The mixture was stirred for an ad-
ditional 10 min, after addition was completed, Triethylammonium bromide
was filtered from the reactiom mixture and the filtrate was concentrated
on a rotary evaporator. The resulting oil was distilled to give 18 g

(96%) of 7: bp 92° (0.5 mm); ir (neat) 3.40, 4.45, 6.76, 8.18, 8.68,
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11,2, and 12,2V ; mass spectrum m/e (rel intemsity) 187 (46), 172 (100),
130 (28), 129 (49), 128 (29), and 115 (25); mmr (CC1,) 6 6.99 (g, 2,
ArH), 3.30 (m, 1, ArCHCH,), 2.96 (m, 2, ATCH,~=), 2.27 (s, 3, ArCH,), and
1.15 (4, 3, ArCHCEB).

Anal, Calcd, for C,_H C, 76.97; H, 7,00, Found C, 77.12;

12713}

H, 7.20.

General Preparation of Carbamates.-- The gemeral procedure was car-
ried out by dropwfseiadditiom (0.5 hr.) of 0.1 mol of phenyl lsocyanate
to a stirred mixture of 0.1 mol of phemol and 100-200 ml of benzene. A
nitrogen atmosphere was maintained throughout the reaction. After ad-
dition was completed, the temperature was increased to reflux and main=-
tained for 4=6 hr, The hot solution was poured into a large beaker,
and uponr cooling, the carbamate crystallized, It was removed by fil-
tration and washed with petroleum ether., The carbamates were recrystal-
lized from either ethanol or benzene. Individual properties are listed
in Table IV except for 6.

Preparation of 45(1.7-Dime§gx;indanxlz Phenylcarbamate (6).-~ This

compound was prepared im 41% yleld as described in the above procedure:

mp 122-123°%; 1r (nujol) 3,05, 5.85, 6.23, 6.46, 8,12, and 13,27 u; mass
spectrum m/e (rel intemsity) 281 (1), 145 (50), 144 (35), 129 (100),
128 (92), 127 (38), 115 (53), 105 (48), 91 (43), 77 (22), and 41 (18);
pur (CC1,) 6 7.00 (m, 8, ArH), 3.28 (m, 1, ATCECE,), 2.84 (m, 2, ArCHy=),
2.26 (s, 3, ATCH,), 1.78 (m, 2, ~CH,=), and 1.1€ (4, 3, ATCHCE,).

Anal, Calcd, for 018H1902N: C, 76.84; H, 6,81, Found C, 77.00;

H, 6.90.
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FRIEDEL=-CRAFTS REACTION OF p=-CRESOL

AND CROTONIC ACID
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CHAPTER IV
INTRODUCTION AND HISTORICAL

The Friedel=Crafts reaction is oftem broadly defined as the forma-
tion of carbom~carbon bonds via Lewlis acid catalysis., Even this simple
stateqent does nmnot indicate the vast scope of the reaction. Not only
are carbom~carbon bonds formed but aiso carbon~hetero atom bonds may be
formed with ILewils acids or some protonic acids as catalysts. The
Frisdel=Crafts and similar reactioms are all related in préoeeding
through an elsctrophiliec subatitutgoﬁ mechanlsm, |

The numerous reactions using Frledel«Crafts reactioms have proven
to be very productive. Major precesses for thetproduction of highe
octane gasoline,‘cumene, sygthetic rubber, plastics, and detergemts are
but a few applications of Friedel~wCrafts chemistry.

The alkylation reacﬁion was first reported im 1869 by Zincke.29
Hé- observed the formatlon of diphenylmethane and hy&rogen chloride
during the attempted preparatiorn of 2=-phenylpropancic acid from benzyl
chloride and chloroacetic acid, This reaction was carried out in a
sealed tube using benzene solvent in the presence of silver to form a
sllver halide with any liberated chlorine, He also discovered that
the reactlion proceeded urder mllder conditions if lrom or zinc was

substituted for. sllver amd that toluene and xylene as solvents readily

gave similar reaction products,

29
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During an attempted synthesis of benzil, "dibemzoyl", from bemzoyl
chloride in benzene, once again using silver to absorb the expected
'chlorine, Zincke reported the formatiom of benzophenone.30 Thus, he
was one of the very first to obmerve both the alkylation arnd acylation
reactions, It was evident, however, that he did mot realize the cause
of the reactions nor their vast potential.

Charles Friedel and James Crafts became acquainted while studying
under Wurtz in France, Im later colaboration, they imvestigated the
effects of aluminum chloride on pentyl chloride apd found that in the
presence of benzeme, pentylbenzene was produced. They demonstrated that
Zincke's reactions were catalyzed by metal halides rather than metals,
Their first discoveries were reported to the Chemical Society of France

in 1877.2

Subsequently, they published over sixty papers concerming
the reactions which now bear their mames. Not only did they demomstrate
that the metal halide was a required catalyst, but they also showed the
relative activities of several metal haljides and they established the
utility of the reaction for the preparation of alkylarenes and aromatic
ketones, the cracking of hydrocarboms, and similar reactiona. An excel=-
lent biographical survey of the Friedel=Crafts literature is availablé.32

Since the Friedel=Crafts reaction cdvers a broad area of cghemistry
as borne out by Olah's 5200~page treatise, discussion in this work will
be limited {to a brief description of the alkylation and acylation
reactions and the condition; required to affect these reactions.32

The Friedel-Crafts alkylation of aromatic rings involves the fore
mation of Ar~C bomds via elegtrophilicl(with respect to the aromatic

compound) attack of an alkyl cation or at least a highly polarized bomd,

Important alkylating sagents are alkyl halides, olefins, arnd alcohols.
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The reactivity of the alkyl halides is im decreasing order: fluo=-
ride, chloride, bromide, and iodide. This order was determined by the

' 33

reaction of mixed dihalides with benzene and BFE as shown below,

( ' +
C6H6 + FCﬁZCHZCHZCl ———3 C6H5CHZCH2QH2C1 : HF

Di~ and trihalides gemerally react with more than one molecule of
the aromatic compound when the halogens aré the same and often it is
inmpogsible to prevent this reaction}from occurriné. An illustrative
example 1s the reaction of benzeme with chloroform to form triphenyle

methane in the presence of aluminum chlorlde as shown below.

C6H6 + 0013H - - > (C6H5)30H + HC1

Olefins are very good alkylating agents, different only in that the
'overall reaction is an addition of Ar-H to a C=C double hond. TFurther-

more, alkylation will not occur with only a Lewis acid catalyst; a

proton-donating cocatalyst is req_u;i.red.y+

Alcohols are more reactive tham the corresponding alkyl halides,
but more catalyst is required since the catalyst complexes with the

hydroxyl group. Protom acids, especially sulfuric acid, are oftem used

rather than a Lewils acid to cause alkylation via dehydration to gemerate

an alkylcarbonium ion;35
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Many other types of compoumds have been used as alkylating reagents,
More notable among these are the cyelic ethers, especially ethylene
oxide, in which the ring can be opgned by acld catalysis to form am
alkylcarbonium ion that will cause the substitution of -CHECHZOH for a
hydrogen on the aromatic ring. Esters have been used, but these reace
tions are generally complicated by competing acylations. Some other
types of compoumds used with success arel ethers, mepcaptans, sulfides,
thiocyanates, alkyl sulfates, sulfoalc esters, and straimed cycloal=-
kanes.35

The reactivitlies for all types of reagents correspoad dirctly to
thg relative stability of the carbonium'ions gonerated, These reacti=
vities in dereasing order are: allyl and bemzyl, tertiary, secondary,
and primary.36

Aluminum chloride is the most. commonly used catalyst, but many
other Lewls acids have beem used, as have many strong proton acids, par-

ticularly HF and HZSO The overall activity of the more commonly used

I,{..
Lewis acide has been arramged in'decregsing arder: AlBrB, AlClS, GaClB,
FeClB, SbCl5, ZrClu, BC13, BF3’ and Sb013.37 However the order of

catalyst activity often cam vary depemding op the substrate, gselveat, amd

other corditions., Most reaction procedures using AlCl3 or other Lewis

acid call for arhydrous acid. Several chemists have actually shown that

very dry, pure AICl, does mot catalyze the Friedel-Crafts reactions efw

38

3
fectively until a small amount of a proton source is added,

Friedel«Crafts alkylation is sometimes complicated by the fact that
the alkylated products are usually mbre reactive towards alkylation thanm
the starting aromatic compound, thus leading to polyalkylation. However,

the activating effect of most simple alkyl groups (e.g., ethyl and
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isopropyl) is such that aromatics with these substituents are omly 1,5=
3 times as reactive as benzene so that by careful control of conditionms,

39 It has also

high yields of monoalkylated products cam be obtained.
been shown that polyalkylation oftem results from the preferemtial
solubility of alkylbemzenes im the catalyst layer where the reactiom is
occurring. The use of excess arene, a more suitable solvemt, higher
temperatures, or high=gpeed stirring cam solve this problem.4o
Functioral groups which normally activate an aromatic ring for
electrophilic substitution (OH, OR, NHZ’ etc,) often do not facilitate
the Friedel~Crafts alkylaFion. The electrom=releasing ability of these
groups is partially nullified by their: complexation with the Lewis acid

catalyst as shown for phenol.

®
~
C HOH + LRI , c 6H50H§1C13

Phenols, howeﬁer, gemerally cam be alkylated, and in the ortho-
para positioms as expected, but alkylation of aromatic amimes 1s rarely
achieved, Meta=directing groups usually deactivate the ring so that
alkylation, like other electrophilic §ubstitutions, is unfavored and the
electrophile often is degraded and/or polymerized.

Alkylations are many times complicated because of rearrangemeamts of
the reagents. For example, n-propyl bromide reacts with bemzeme Iin the

presence of AlBr_ to give almost exclusively isopropylbenzeme as shown

3
L1
on the followiamg page. Obviously, the attacking electrophile is not

the initially formed m-propyl catiom, but rather the isopropyl cationm.
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This is an example of alkyl rearrangement via hydride transfer as illus~

trated, Migration of alkyl groups has also been observed.

CH.CH_CH_Br + A1Br &5 e ouen® + 182 ©
37272 3 3'\} 2 4
H
C H ®
<« 66 ®
CHCH(CH), HBr = < — CH,CHCH + AlBr

3 3 b

The ;eaction of n=propyl chloride with benzene in the presence of
AlCl3 glives predominamtly é—propylbenzene when carried out at room
temperature.41 A rationalization is that the C=Cl bon& is more dif-
ficultly gleaved to form the carbonium lom than is the C=Br bond.

Instead of the C~Cl boads being cleaved, it is polarized by the AlLCl

>
as shown below, The complex contaiming the polarized bond acts as the
electrophile,
CH3CH20H2C1 + AlCl3 > CH30H20H2-~01--A1015

Some other evidence supporting carbocations as the‘attacking

electrophiles has heen obtained byvisotopic,labeling experiments, For

14

example, Ph CHacHacl with toluene gave the product showm, in which

42

each of the ethame carbons possessed about 50% of the labeling. This

scrambling indicates that both of the ethane carbons are equally strong
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electrophiles, This observation led to the postulation of the non-

classical carbonium iom shown below,

AlCl3 I
PhCH,CH,C1 ———= @/?Ha — 2| — CH,CH_Ph
Toluene cH CH
o2 2 CH

3

The carbonium ion is generated by the reaction of the Lewis acid
with the alkylating agentr‘ The three major alkylating reagents react
with aluminum chloride as shown, Notice that olefins are special in
that they require a proton source in order to form the active catalyst

to generate the carbonium ion., Olefins gererally follow Markovnikov's

rule
+ L]
RC1 + AlC1 » R + Al1C1
> L
+ -
ROH + -A1C)l_  —————— _ +
3 ROAlCl2 R OAlCl2
HZO + AlCl3 > HCL + HOAlClZ

\=/ + o e (Ve [
_L=C HOAlCl2 > + ? + OAlQ}2
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In many cases it is believed that the carbonium lom is not free,
but rather exists as a member of a tight iom pair. This acqounts for
the observation that the same alkyl halide is often more active with
AlCl__5 than with FeCl__5 and that the kinetics are third order: first
order each in aromatic substrate, attacking reagent, and cad:al:y's'c.L}‘-5

One of the most importamt methods for the preparation of aryl
ketonres is the Friedel~Crafts acyiation. There are generally fewer
complications with the acylatiom reaction because the electrophile does
not rearrange nor the substrate undergo multiple substitutiorn as may be
the case with alkylation. Acylation followed by a reduction of the

ketone 1s used frequemtly to prepare alkybenzenes as illustrated for

the preparation of propylbenzere,

ﬁ!;,$ .

g

+ CH.C s : ;
[:::J H3 HaCOCl-——-———-———-—>PhCOCHacH3 - Ph(CHa)aCH3

Acylations can be carried out with compounds containring almost anry
function which will lead to am acylium ioa upor reactiom with a Lewis

acld. For example, acyl halides, carboxylic acids, anhydrides, ketenmes,

4l

:and esters have all been used as acylating agents, Esters, however,

gdnerally give mixtures resulting froﬁ ihe competing alkylation reaction.

- The.order of reactivity of acyl halides im acylation was fourd to

45

be in decreasimg order: I, Br, Cl, and F, Notice that this order is e
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opposite to that observed for the alkyl halides.33 The Lewis aéid
catalysts required for the acylation show essemntially the same order of
reactivity as in the alkylatiom reactiom. However, acylatioms generally
require more than one mole of catalyst simce the first mole 1is spent in

the formation of complexes as illustrated below.

N
0 0—Al1C1
g 1l 3
R—C—C1 + A1C1 — R—C—C1

3 <

Aromatic substrates comtaining ortho-~para=directing groups, im=
cluding alkxl, hydroxy, glkoxy,‘halogen, and acetamido groups, are
easily acylated to give almost exclusively the para products., This is
believed to be due to the steric effects of‘the relatively large acyl
ion. When arcmatic aminés and phenols are us;d, there generally is com-
petition by the nucleophilic nitrogen eor oxygen atoms for the acyl ion
to give Fhe‘Nf.and O-acylated‘prngcts. Howeyer,'theto-acyldted pro=-
ducts can be converted to the ordinary acylated products via a rear=-
rangement known as the Fries rearrangemgnt.

The esters ef pheno}s are easily comverted imto ortho- and para=
acylphenols. Oftem, conditioms cam be chosen to give a pfeponderance of
ore isomer or the other as illustrated for 3~methylphenyl acetate im the

46

presence of aluminum chloride om the foilowing page.
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OH Q

165 N 95%

0 Al1Clz

25° 80%

v

“\,

The exact mechanism of the Fries rearramgemqnt remains'u;known, but
it ls believed that there are at least two mechanisms operative. These
are the inter= and intramolecular rearrangements, Theﬁintermolecular
rearrangenment generally gives a product distribution like the ones ob=
tained from Friedel=Crafts acylations, para substitution products belng

predominant.47 This is believed to occur as depicted below.

Ao -
Q= A1C1 A1C1 H

3 3

+
@ + Ro= PROH 5
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Evidence supporting intra= versus imtermolecular rearrangement is
obtained by carrying out the Fries rearrangement in the presence of
another active aromatic compound, If there is any incorporafion of the
additional substrate, then the rearrangement is probably intermolecular,
As an ekémple, the. two esters shown below were rearranged using A1Cl_, in

>
toluene., Notice that only the secomd compourd gave incorporation of

tolueng.48

PH COZH

s

The rearrangement to give ortho isomers is thought to proceed by an
47

intramolecular mechanism, Thé‘reaction intermediates are showm on the

following page.
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A few gemerzlizations can be made about the conditions which con=~
trol the ortho=para ratio, Generall&, higher temperature favors the
orthe produqt. The ortho~para rafio has been showg‘to be a function of
the aluminum chloride/substrate ratio, High~polarity Bolvents favor the
formation of para products.49

Both alkylation and acylation of aremes with bifumctional reagents
have been used extemsively for the preparatiom of bicyclic systems
elther im single~ or multi-gtep synthesis, Am illustrative example is
the Haworth reactiom, shown 5elow. This reaction is used for the pre~
-paration of l=tetralone by carryimg out am acylation with succinic
anhydride and subsequently reducing the ketone., The acid is then

cyclized via another acylation reaction catalyzed by a strong protomic

aclid catalyst.

0!1 — PhCO(CHZ)COOH
- 0] 0 J/

Ph(CHa)SCOOH

A

o0
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In this work, interest is centered upom the potential of crotomic
acid as a blfunctional reagent to be used in a Friedel«~Crafts cyclie=
zation to indanones. There have been previous examples using crotonic
acid and crotonyl chloride to prepare substituted 3-methylindanones and
similarly, 3,3=~dimethylindanones from 2,2~dimethylacrylic acid. In many
cases, however, these reactions were accompanied by chromanone formation.
Several reactions of this type have been tabulated in‘Table VI,

In 1909, it was reported that crotomic acid reacted with ome mole

50a

of aluminum chloride in benzene to give 3~phenylbutanoic acid, It

was shown in 1943 that the use of three moles of aluminum chloride caused

the condensation of crotonic acid and benzene to 3-methylindanone.50c

O.H
1 AlC1 2

2 AI1C1L ©

There are numerous examples showing that crotonyl chloride gives
the normal acylation products im most cases, Also, phemolic esters of
crotonic acid have been shown to rearrange in the normal manner to give

mainly the ortho acyl product.52 Some pertinent examples have been
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included in Table VI. There are three notable exceptions to mormalcy
listed. The reaction of crotomyl chloride with p=xyleme in the presence

53

of aluminum chloride was found to give the products showa below. In

this case, acylation appears to be the predominant reactiom but is

t

followed by a cylialkylation,

T

The reactiom of crotomyl chloride with g-methylanigole in the pre-

sence of ore mole bf AlCl3 gave the expected acyl derivative., However,

with amn excess of AlClB, cyclization occurred to give 19% of the Iindan~
54

one and 24% of the chromanone as shown im the reaction scheme below.

o "
0C1
+ —> —>
D S
-CH3O 0 i
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All the data presented thus far indicate that the acyl attack pre=
dominates over alkyl attack in reactioms of the bifunctional crotomic
aclid, However, experiment!g carried out with crotonyl chloride in
chlorobenzene in the presence of AlCl3 gave the products shown below,
apparently via an alkylation followed by a c:y:l.i-acylation.5 2 This seems

in conflict with the examples previously presented,

i
1
]
1
=0
—_—

Ck —C1

o1
P




TABLE VI

SELECTED FRIEDEL-CRAFTS REACTIONS OF UNSATURATED ACIDS AND ACID CHLORIDES

Substrate Reagents Catalyst Products Reference
, COZH PN 021-1
e 4 AlCl3 50b
CO,H | 0,H
@ . /=/ AlCl3 ' 50a
@ /=): o2 AlC1 E(j/H
3 CO,H " 50c
OCH 0.H 0
2 CH y
PPA 3 ' 50d
u 902H -
02H
AlCl 51b
3 C02H

h



TABLE VI (Continued)
Substrate Reagents Catalyst Products Reference
OCH
3 ocL
alcl, 54
ICH3 cocl
@ /:/ AlC].3 54
¢l £ocl
@ Alcl 55
3
QCH, oc1 |
. ’ AlCl3 56
CH,0 |
0
ocl N
>=/C alcl 56
3 .
i
cocl @.
@ > AlCl3 56

Gh



CHAPTER V
DISCUSSION AND RESULTS

The reactions of crotomic acid and benzene noped in Chapter IV
indicated that this Friedel=Crafts reaction could QQ controlled to give
either 3=-phenylbutanoic acid or‘3}-methyl-1-imdanone.5oc The cycliad=
dition of crotomnic acid to 3—0re$ol appea:?d to be an attractive method
for the preparation of a substituted indanone to be used ag a synthetic
imtermediate to be discussed in Chapter VII, .

"If complexation of'alumiﬁum chloride with crotonic acid proceeds
in a fashion similar to that suggested for other aclds and the double
bond behaves like similar¢1,6~unsgturated systems, the predictiom of
both alkylation and acylation via the lon depicted below seems resonable
The reactionm of this‘complex with Pp-cresol allows the prediction of

several possible reaction intermediates, pathways, and products which

are shown in Figure 7.
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The Friedel=Crafts reaction of crotonic acid with pe~cresol was
carried out under coenditions similar to those described by Koelsch,
Hochmann, and LeClaire for the prepargtion of 3-methylinda§none.,5oc
Equal molar amounts of the reagente were warmed to form a solution to
which was cautiously added three moles of gluminum chloride at a rate
such that the temperature was kept beélow 500.' After addition was com=
plete th; mixt?re was slowly heated, during which there was a mild
evolution of hydrogen chloride such as was also noted during the ad-
dition process. Whem the temperature reached 90-1000, an exothermic
’rgaction began which was difficult to c¢ontrol. This spontaneous rew- .
action raised the tempsrature to 140-1800. During this period, copious
evolution of hydrogem chloride took place, The react}on mixture became
50 viscous as to prevent stirring and thus a severe foaming problem
resulted, Upon cooling, the mixture formed a difficultly soluble glass
which greatly complicated the work=up., Only ome major product was
isolated and its properties corresponded to the previously described
1.54

The present collective knowledge of the Friedel=Craftis feaction
allows a reasonablé.doubt that the previous preparation of 1 actually

produced this compound.54

This earlier preparation (1911) is outlimed
In Figure 8, It involves the esterification of pecresol with 2~-bromo=
ﬁutanoyl bromide to form the ester 13, This ester was treated with
AlGl3 at 130Q for four hours, This treatment was apparently expected to
give the Fries rearramgement and subsequent cyclialkylatiom to l.

A scrutiny of this reaction scheme and considefation of the reaction

conditions suggest the possibility of rearrangement to the isomeric

indanone 11 shown in Figure 8,
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Since the structure of 1 was umcertain, we sought evidemce to con~
firm it, The Friedel=Crafts reactiomn product was shown to be a phenolic
ketone by the ordimary qualltative methods., The use of nmr spectro=-
scopy was unsucessful in confirminrg the structure, and unambiguous
syntheses were required,

The Friedel~Crafts reaction product was proven to be 1., This was
done by reduction of the ketone via a Clemmensen reduction and the
deoxygenation of the resulting phenol by the catalytic hydrogenolysis
its benzoxazolyl ether to 1,7=dimethylindam (4) as shown in Figure L.

An authentic sample of L was prepared by a series of reactions
which are known to proceed without rearranmgement. These are described
in Figure 9. This sample of 4 was found to be ldenmtical with that
obtained via the Friedel=Crafts reaction and subsequent steps,

In addition, the methyl ether of 11 was prepared, also by well
established reactions as shown im Figure 10, amd found mot to be the
same as the methyl ether of ].

Additional confirmative data was obtained by a relatively new nmr
technique which involves the use of a magnetic-shift reagent. These
reagents have been shown to complex with hgtero atoms and cause a
change in the magnetic-enviroment‘of the molecule; thus a shift is ob~
served for the amr absorptions. ' The amouﬁt of shift @bsefved ig inver-
sely proportional to the distance of fhe absorbing proton from the
complexation site.57

This study was performed on the phemol 2 resulting from a Clem=
mensen reduction of 1, The .two possible structures considered and the

58a

data obtaimed are shown in Table VII,” If 2 is indeed the correct

structure, the observed shift faf protons @ should be greater than that
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for d since the ¢ protons are closer to the complexatiom site, This is
observed and indicates structure 2 since the 4 and ¢ protoms of 11

should glve the opposite observation,

TABLE VII

EFFECT OF SIEVERS REAGENT:ONFTHE NMR SPECTRUM OF 2
et o

. Possible Structures Protona Observed Shift (Hz)b
H o '
2 2 29
=
b
- b
cH3 a - 8
CHy o =
£ 5
H
33 4
a2 4 6
11
b
CH |
E
a L b, .. - 58b o
As labeled om the possible structures., 2.32% Sievers reagent, 3.25%

phenol in CClu. B

The structure of the Friodel-Crafts reaction product is therefore
established to be 1 and not 11, . In fact, 11 has mot been detected in
the reaction mixture, Attempts to show the presence of some of the sug-
gested intermediates (8 and 9, Figure 7) were successful by qualitative

gas chromatographic analysis.
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Synthesis of 1,7-Dimethylindan (4).
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Samples of the Friedel~Crafts reaction mixture were takem at various
times during the reaction, Early im the reaction (during the additiom of
AlClB) there was found to be a mixture of p-cresol, crotomic acid, and
P~methylphenyl crotonate (9)., Later in the reactiom and becoming more
predominant as the tenperature was increased was the Fries rearrangement
product 8§, Attempts to detect the acid 12 by extractior with sodium
bicarbonate, acidification, extractiom with ether, ama treatment with
diazomethane revealed only methyl crotonate. The presence of 1 was not
detected urtil the exothermic reaction had begum, When the reaction had
reached complefion, the relative amounts of 8 and 9 were small compared
to the product 1. In some imstances, higher molecular weight substances
were .observed, These, presumably, '‘are polymeric im nature,

The failure to detect the acid 12 or the indamonme 11 seems to rule
out pathway b.(Figure 7) as the possible alkylation and subsequent cycli
acylation,route, The acylation of p~cresol appears to be the favored
reaction., Whether the acylphenol 8 is formed via a direct acylatiomn of
the aromatic rimg (pathway g) or via a Fries rearrangement (pathway c)
is not known., Both pathways lead to the same product under the reaction
conditions and in all probability, at the eleyated temperatures, both
pathways are operative,

Although this reaction gave the indamome 1 in & one-step reaction,
there are several disadvantages in its use as shown by the erratic
yields obtained. For example, five one-mole reactions carried out con~
secutively on the same day using the same reagents and cornditions gave
50, 36, 27, 27, and 0% yields of 1, Furthermore, for ome-mole reactioms,
a 22=liter vessel was required to contain the reaction mixture. It was

therefore essential to develop a method to moderate this reaction.
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The reaction failed to produce 1 irn amny of the more commonly used
Friedel~Crafts solvents: nitroethane, nitrobenzene, and chlorobenzene,
However, o-dichlorobenzene at reflux was found to have the desired pro-
perties, With this solvemt, the reagemnts and products were soluble, the
boiling point was above the maximun temperature mormally obtained during
the reaction, and the reaction K was moderated so that it proceeded
smoothly at reflux temperature to give goed, reproducible yields of 1.

The optimum ratio of catalyst to other reactants was determired
and found to be 1;1:2 of 2~cresoi, crotonic acid, and aluminum chloride
as shown in Table vIII. It should he moted that this reaction requires
one lgss mole of aluminum chloride than reported mecessary to produce
3=~methylindanone from benzene and crotonic acid.51

The d;scovery of conditiomg which allow this reaction to be easily
carried out made it possible to prepare 3,4~dimethyl=-7-hydroxyimdanone

(1) for use in other studies.

TABLE VIIT

OPTIMUM CATALYST=-TO~SUBSTRATE RATIOa

Aluminum Chloride % Yield

(moles) of 1
1 0
2 96
3 20
L

5.

aOne mole of p~cresel and orne of crotomic acid alomg with catalyst, were
refluxed for 8 hours im 300 ml of o-dichlorobenzere., The product was
isolated by steam distillation,



CHAPTER VI

EXPERIMENTAL

Preparation of the 3,4~Dimethyl-7-hydroxyindanone (1).-~ An 86-g
1.0-mol) sample of crotonic acid and 108 gx(1.0‘mol) of p-cresol were
dissolved im 200 ml of o-dichlorobenzene. This solution was added to a

dry 2-1. flask equipped with reflux condemser, thermometer, magnetic
stifring bar, and magmetic stirrer. Anhydrous AlCl3 (260 g, 2,0 mol)
was added in small portions over a 30 nmin period. The temperature
during the addition was maintained below 300 by surroundimg the reaction
flask with an ice~water bath when necessary. The last half-portion of
AlCl3 was added rapidly (5-10 min). After addition was completed, .the
solutien was stirred for 30 min at room temperature. The temperaturé
was slowly increased until reflux was obtained ( ca. 1800) and was
maintained for 4=-8 hr durimg which time there was a mild evolution of
ECl and the solutior color became deep red. The solutiom was thenr
cooled and poured on ice (0,5~1 kg), and concentrated hydrochloric acid
was added until the pH was 2-4, ' The isolatiom of 1 was comveniently
carried out by amy of three methods., Method A, The acidified mixture
was extracted with ether amd the extract was steam distilled, The
product, 1, steam distilled slowly and crfstallized imn the collection
flask, This product was filtered out and recrystallized from ethanol,
Method B. The mixture was extracted with ether amd the extract dried

(NaZSO4) and concentrated om a rotary evaporater at‘JOOO. The resulting

56
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0il was distilled umder reduced pressure to give 1., Method C. The mix-
ture was extracted with ether amd the ether extract was washed with 10%
NaOH., The product, 1, precipitated as a yelleow sodium salt which was

recrystallized from hot water, The phemol, 1, may be released from the
salt with HCl. The yields obtained from this reactiem are 70-90%, The

ohayb 5}-54@J; ir (nmeat) 2,98, 3.41, 5.97,

product had; mp 52=53° [lit.
6.20, 8.59, 9.83, 11,1, 11,9, and 14.9y ; mass spectrum m/e (rel inten-
sity) 176 (50), 135 (55), 117 (100), 80 (60), 77 (30), and 41 (60); pmr
(cc1,) s 6.82 (aq, 2, ArH), 3.32 (m, 1, ArCHCH), 2.80 (m, 2, ~COCH,-),
2.25 (s, 3, ArCH,), and 1.29 (4, 3, ArCHCH,).

Anal. Caled. for C.,H,6.O

1185058 C, ?4.97; H, 6.86, Found: C, 75.09;

H, 6.87.

Preparation of 1,7~Dimethylindan (4).-- To a 1-1, flask equipped

with mechanical stirrer, addition funnel, reflux condenser, and nitrogen
atmosphere was added 7 g of powdered zinc=-copper couple., Benzene

(40 ml) containing 13.4 g (0.1 mol) of o-methylacetophenone and 16.7 g
(0.1 mol) of ethyl bromoacetate was placed im the addition fummel. About
10 ml of this solution was added to the zimc-copper couple and the stir~
red mixture was heated gently until an exothermic reaction was initiated.
“Reflux was maintaimed by the slow addition (30 min) of the remaining
solution, After addition was completed, the mixture was heated at re-
flux for 1 hr. The reaction mi;ture was washed with cold 10% HZSOA'
The benzene solution was dried (Naasoh) and distilled te give 15 g of
£he umsaturated ester, This sample was treated with hydrogen (1 atm) in
100 mi of acetic acid coataining 1 g of Pd/C (10%) umtil the uptake of

gas had ceased (3 hr)., The catalyst was removed from the mixture by

filtering through Dicalite ard the filtrate was concemtrated by retary
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evaporation, The resultiang o1l was refluxed for 2 hr im 50 ml of water
containing 13,5 g (0.2 mol) of KOH, The mixture was acidified ard ex-
tracted with ether. The ether extract was dried (Naesoh), concentrated,
ard distilled to give 7.1 g of 3=(2-methylpheanyl)butanoic acid.. Cycli~
zation of this acid was effected by adding it to 20 g of PPA (polyphos-
phoric acid) amd stirring for 30 min at 600. An additional 20 g of PPA
was added and the temperature was imcreased to 900 for 30 min. This
mixture was them added to 500 ml of ice-water arnd subsequently extracted
wlith ether. The ether extract was evaporated, the resulting oil was
dissolved im ethamol, and the 2,4~dimitrophenylhydrazome of the ketone
15 was prepared., The hydrazone was recrystallized two times from
ethanol to give 6 g of 16. This sample Qas hydrogenated im 50 ml of
acetic acid with 0.5 g of Pd/C (10%) at 5 atm for 4 hr. The catalyst
was removed by filtratiom amd the filtrate was diluted with 5 volumes of
water., This mixture was extracted with petroleum ether (bp 440) and the
petreleum ether extract was flushed through a columm of acidic alumina
with petroleum ether. This solutiom was concentrated by distillatior to
give 0.5 g of 1,7-dimethylimdan (4): bp 88° (16 mm); ir (meat) 3.31,
3.41, 6.46, 6.88, 7.30, 7.73, 9.36, 13,10, and 13.36 u; mase spectrum
n/e (rel imtemsity) 146 (18), 131 (100), 116 (15), 115 (20), amd 77 (8);
pmr (meat) § 7.00=6.71 (m, 3, ArH), 3.30-2.95 (m, 1, ArQECHB), 2,93~
2,48 (m, 2, ArCHz-), 2,17 (s, 3, ArCHS), 2,20=1.45 (m, 2, -CHE-), and
1.09=-1,02 (d, 3, ArCHCE,).

Anmal, Calecd. for C11H C, 90.35; H, 9.65. Found: C, 90.40;

14°
H, 9.60.

Preparatiomn of 3,7-Dimethyl=4-methoxyirdanone (14),=--~ A Friedel-

Crafte acylatlion was performed using 1023 g (8.4 mol) of p-methylamisele,
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655 g (8.4 mol) of acetyl chloride, amd 1117 g (8.41 mol) of ALCl The

3°
reagents (except A1C13) were placed in a 12-1, flask equipped with mec~
hanical stirrer, thermocouple, reflux comndemser, amd a nitrogen atmo-
sphere. The AlCl3 was then added in small portioms at a rate (1 hr)
such that the temperaturs was maintained below 350 by use of am ice
bath, This mixture was stirred for 1 hr after additiom was completed.
The reaction mixture was poured om ice (2-3 kg) amnd the resultiag mix~
ture was steam distilled. The distlllate was extracted with petroleum
ether and berzene. The solvents were removed by rotary evaporation

and the resultimg oil was distilled at 105° (2.2 mm) to give 621 & of
12, A 32.8~g (0.2-mol) sample of the ketome 17 amd 53.6 g (0,22 mol) of
methyl bromacetate were dimsolved in 80 ml eof ﬁenzenq and this solut;on
was cautiously added te 14 g of zimc~copper couple im a flask equipped
with reflux condenser, mechamical stirrer, and a pressure-equalizing
addition fummel. The reactiom was carried out umder a niltrogen atmo-
phere., Reactiem was initiated by the aﬁd;tion of a small amount of the
benzene solutlon to the zinc-copper couple and heating gemtly umtil anm
exothermic ;eaction began and was maintained by the addition éf the
remaining solution over a 1-hr., peried. The reaction mixture was re-

fluxed for 1 additional hr, cooled and washed with cold 10% HESO The

L
benzene extract was dried (Naasou) and concertrated om a rotary evapo~
ratoy. The resulting oil (35.7 g) was hydrogemrated im 150 ml ef acetic
acld with 2 g of PA/C (10%) at 1 atm until the up~take of hydroegem had
ceased (3 hr)., The mixturs was filter?d through Dicalite and the acetic
acid was removed by rotary evaporatliom. The residue was refluxed for

4 hr im 100 ml of 20% NaOH, Acidificatienm, extractiomn with ether,

drying (Naasou), and distillation yielded 22.8 g of the acid 18.
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This acld was added to 70 g of PPA at 90® and the mixture was stirred
for 30 min. An addltional 70 g of PPA was added and stirring was coa=-
tinued for 30 additienal min. This mixture was added to 500 g of ice
and extracted with ether, The ether extract was dried (Naasoh) and
concentrated by rotary evaporation. The resulting oll was distilled to
give 13.7 g of the ketom 14.in an overall yield of 35%: bp 108° (2 mm);
ir (meat) 3.41, 5,87, 6.19, 7.90, 9.50, and 12,34 p; mass spsctrum m/e
(rel intensity) 190 (78), 175 (24), 161 (100), 145 (20), 115 (25), 103
(16), and 91 (25); pmr (CCIA) 5§ 6.96=6,70 (q, 2, ArH), 3.80 (s, 3,
ArQCHB), 3,05=3,18 (m, 1, AngCH3), 3,84=2,96 (m, 2, -CHa-), 2.44 (8, 3,
ArCH3), and 1,30~1.25 (4, 3, ArCHcgs).

Anal, Calcd. fer C, H. O.: C, 75.76; H, 7.42. Fourd: C, 75.76;

127114 2°

H, 7.38.
The 2,4~dinitropheaylhydrazone of 14 (mp 2‘79--2800 dec) was pre=
pared and crystallized from ethanel.

Preparation of 3,4=Dimethyl~7=methoxyindanone (31).~~ A 30.0-g
. ] . .

sample of 1 and 25,0 g of dimethyl sulfate was added to 200 ml of 20%

NaOH, This mixture was stirred and refluxed for 12 hr. At the end ef
t§ie peried the mixture was extracted with ether. The ether extract
was dried (Naasoq) and ceomcentrated by rotary eyaperatiem. The product
was recrystallized from ethamol to give 18 g (48%) of the ether 31: mp
76-78"; ir (meat) 3.42, 5.88, 6.30, 7.84, 9.63, and 12,34 y; pmr (ce1,)

§ 7.21-7.57 (a, 2, ArH), 3.84 (s, 3, Ar0CH,), 4.48=4.16 (m, 1, ArCHCH,),

3
3.88=-2.00 (m, 2, =COGH,~), 2.29 (s, 3, ArCHs), and 2,32-2,24 (d, 3,
ArCHC .
rCH E3) |
Apal, Caled. for 012H1402: Cy, 75.763 H, 7.42, Foumd: C, 75.56}
H, 7.36,
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The 2,4~dinitrophenylhydrazone of 31 (mp 253-255° dec) was prepared

and crystallized from ethanol.

Preparation of 2'-Hydroxy=5'-methyl-2=tutensphonone(8).” == To a
mixture of 18 g (0,15 mol)‘of p-~cresol and i5‘3 g (0,15 mol) of crotonyl
chloride in 150 ml of cafboﬁ disulfide wgs.added L g of A.‘LCl3 in small
portions over a period of 1 hr. The mixture was stirred for an ad-
ditional hour after addition was cémpleted. This mixture was poured on
100 g of ice, This mixture was extracted with ether and the extract
was distilled to give 10,6 g of §£ bp 125Q (1.5 mm); mpw65-66°; ir
(Nujel) 2.98, 6;04, 6.28, 8.42, 9.70, 10.39, and 12,08 y; pmr (001#) )
7.4, (s, 1, ArOH), 7.24~7,00 (m, 3, ArH), 6.82~6,72 (m, 2, vinylic),
2.2§ (s, 3, ArcH3), and 2.02-1,96 (d, 3,‘CHC§5).

Preparstion of p-Methylphenyl Crotomate (9).

mol) sample of p-cresol in 50 ml of amhydrous benzéne was added drop-

wise 20.8 g (0.2 mel) of crotonyl chleride (1.5 hr). This solution was
stirred and refluxed for 8 hr. After cooling, this solutior was added
to 100 nl of ice-water amd the benZenme layer was separated., The benzene
solution was washed with 10% NaOH and water, dried (Naaso#), and dis-
tilled to give 20.0 g of 9: bp 94° (1.3 mm); ir (neat) 3.46, 5.78,
6.04, 6,64, 8.32, 8.64, 9,07, 10.30, and 12,25 uy; par (CClh) § 7,20~
6.75 (m, 4, ArH), 6,01=6,78 (m, 2, vimylic), 2.25 (s, 3, ArCH3), and

1.85-1.76 (d, 3, CHC§3).



PART III

SYNTHESIS OF NONISOPRENOID NEPETALINIC ACID
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CHAPTER VII
INTRODUCTION AND DISCUSSION

From the beginning of chemical research, there has beem enthusi~-
astic interest im the study of maturally oceurrimg compounds., Many

plant odors have beer shown to be due to C compounds classified as

10

terpemes amd terpemoids. These may be visualized as made up of isoprene
units as shown below for I, II, and III, Much of the basic chemistry of
types T ard II and similar monoterpeneids except type III was estab-

lished prier to 1920.59

I II ITI

Since the early 1950's, however, numerous methylcyclopemtane mono-~
terpenoids (structure type III) have beem isolated and described. Many
of thege have been shown to be physielegically active as defemse chemi=

cals, communication chemicals, and pheromeres in imsects and animals.6o
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The first compound of this type to be fully characterized was nepe-
talactone, Nepetalactone was foumd to be a major comstituent of the oil
of catnip and respomsible for its excitation of cats. This oll was iso=-

lated by steam distillation of the catmip plant, Nepeta Cataria. An

elegent structure proof and stereochemical assignment was made by

61,62,63 The key to the assigmment of the

McElvain and Ejisenbraun.
stersochemistry of nmepetalactome ard many subsequently described metyl-
cyclopentane moneterpenoids was the assignment of the mepetalinic

acids.6o Two of the mepetalinic acids (mp 85o and 1170) have also been

shown to be present im the o0il of catnip.62

An early symthesis of nepetalimic acld was accomplished by the reac-
tiom scheme shown im Figure 11, The condemsatlion of 3=bromebutyne with
ethyl 3—methyl—a-oxooyclopéntaneoarboxylate afforded the acetylenic
ketoester 19.  Hydrationm of the acetylemlc bond and hydrelysis of the
ester gave the diketone 20. Bage-catalyied condensation of 21 with
bemzaldehyde yielded the benzylidene derivative 22 which upom ozomolysis
gave a racemic form of nepatalinic acid (gﬁ).64

It became of interest to demonstrate’the utility of the phemol 2,
derived from the Friedel-Crafts reactiom of p-cresol and crotomlc acid
described im Chapter V, in the symthesis of nonisopremoid cyclepentane
monoterpenoids, These compounds are nonisoprenoid with a methyl group
normally leocated at the l=-position appearimg at the L-position as shown
. on the follewing page. It should be nmoted that the phenel g;has the
nonisoprenoid carbon skeletom, It would also be of interest to compare
the physiolaegical activities ef the sygthesized isomers with the aut-

hentic methylcyclopentanme momoterperoids but such assay is not within

the scope of this study.
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The utility of thé phemol 2 is sufficlently demomstrated by the
synthesis of nonisoprencid nepetalirilc acid 30. This synthesis was car-
ried out as eutlineg in Figure 12 arnd invelves the high-pressure cata-
lytic hydrogenation of the phenmnol 2 te the alcohol 24 im nearly quanti-
tative comversiom. A Jones oxidation of 24 resulted im a mixture of
ketores correspomding te the structure of 25 in 85% yield. Theé bemzyli~
deme derivative of the ketome 25 was prepared by condemsation with
benzaldehyde. This derivative, 26, was formed im 94% yleld but remainms
as inseparable mixture of isomers., Ozomolysis of 26 and decomposition
of the pzonide in alkaline hydrggem'peroxide gave the dicarbexylic acid
,éz upon acidification., Thie acid was esterified with diazomethane to

glve the diester 28, A Dieckmamn comrdensation of 28 was effected with

N

sodium methoxide im methanol to give the beta~kete ester 29, Oxidatioa
of 29 with hydrogen peroxide in alkali followed by acidification af-
forded a nixture of stereoisomeric forms of nomnisepremeid mepetaliric

acid 30. The separation of one racemate was accomplished via the forma-

)

tion of am inrsoluble barium salf, This behavier 1s reminisceat of the

2
formation of am insoluble barium salt of d-nepetalimic acid, mp 850.6
! [}
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CHAPTER: VITI

EXPERIMENTAL

Latalytic Hydrogenmatiom of 1,7-Dimethylwl~indanol (2).~=- An 82-g

sample of 2 was dissolved in 1.5|1. of 95% ethanol containing 4 g of

Pd/C (10%). This mixture was treated with hydrogen at 2000 psi and 2000
65 ‘

for 6 hr, The reactlon mixture was filtefed through Dicalite and the

solvent was distilled off at atmospheric pressure. Distlllation at re-
duced préssure afforded 79 g (95%) of the ster?ofsomeric mixture 24;
bp 90° (0.7 mm); ir (meat) 2,99, 3.43, 3.49, 6.90, 7.28, 9.65, and
10,30 .

Jomes Oxidatiom of 1,7~Dimethyl~l~hexahydroindamel (24).-~ Jomes

reagent66 was added dropwise to 100 ml of acetone containing 20 g of 2i.
The stirred reactiom mixture was kept belew 50 with a salt~ice bath.

The gddition was stopped when a red~brown color persisted, Isopropyl
alcohol was added dropwise until the red-brown color was discharged.

The reaction mixture was filtered to remove salts and acetone was re~
moved by rotary evaporation., The resulting oil was distilled to give 15
g (75%) of am imemeric mixture eof 1,7-dimethyl-4(5H)~tetrahydroindanone
(25): bp 85-95° (1.9 mm); ir. (meat) 3.42, 5.88, 6.88, 7.26, 8.75, 9.95,
10,48, ang 11,68 u,

139iéparati@m of the Benmzylidene Derivative of 25.-- A mixture con-

taining 18.3 g (0.11 mol) of 25, 23.2 g (0.22 mol) of freshly distilled

benzaldehyde, 44 ml of ethamol, 13 ml of water, amd 13 ml of 10% NaOH
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was stirred for 72 hr., This mixture was extracted with ether, dried
(Naasou), and distilled to give 24 g of a mixture of stereoisomeric
formes of 26 (94%): bp 150-170° (0.15 mm); ir (neat) 3.41, 3.49, 5.95,
6.23, 6.91, 8.47, 8.63, 10,77, 11.12, 13.26, and 14.42 u .

Preparation of 3=(2=Carboxy-S5-methylecyclopentane)-3-methylpropanoic

acid (27).~- A 24=-g (0,09~mol) sample of 26 was dissolved in 200 ml of
dichloromethane and subjected to treatment with ozone at Dry ice-acetone
temperature until an excess ozone was indicated by change in color

of the dichloromethane soclution to blue~green (2 hr). This solution was
cautiously poured into a stirred solution contairning 50 ml of 30% HZOZ
and 200 ml of 20% NaQH and the whole was stirred for an extra hr after
addition was completed. This mixture was ther extracted with ether to
remove the neutral éompounds and the agueous layer was made acidic with
concentrated HCl, The benzoic acid by-product was removed by steam dis~
tillation of the acidified aqueous layer, The steam~-distilled residue
was extractedeith ether, dried (NaZSOA), and concentrated by rotary
evaporation to give 16.8 g (89%) of a mixture of the stereoisomeric
dicarboxylic acids éz. ‘Aﬁtéﬁbted crystallizations of 27 were unsuc-
cessful: ir (meat) 2.8-3,8, 5.88, 6.99, 7.24, and 8.10y .

Esterification of 27 to the Dimethyl ester 28.~= An etheral solu~

tion of diazomethane was added to 16 g of 27 until the yellow color of
diazomethane persisted. The solvent was removed by rotary evaporation
and the product was distilled to give 17 g of the isomeric methyl 3~(2-
(methoxycarbonyl)-5-methylcyclopentane )=3-methylpropanoate (28): Dbp

115° (0.2 mm); ir (neat) 3.43, 5.79, 6.90, 7.29, and 8.60u .

Dieckmann Condensation of the Diester 28.67~~ A 1q6-gvsamp1e of

freshly cut sodium metal was added to 30 ml of anhydrous methyl alcohol,
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freshly distilled from powdered Mg. ?o the resulting solutlion was added
15.5 g of the diester §§. This mixture was refluxed for 10 hr in an
apparatus consisting of a‘2§O ml flask, magmetic stirring bar, reflux
condenser, and a dryimg tube. Approximately ome-half of the solvert was
removed by distillation. About 50 ml of dry teluene was added and the
remaining methyl alcohol was removed by azeotrepic distillation at 640.
When the distilling temperature reached 1100 (boiling point of toluene)
the mixture was cooled and made acidic with 10% acetic acid. This mix-
ture was extracted with ether and the ether extract was washed with sat=

urated NaHCO, and water aad dried (Naasou). The solvert was removed by

3 .
rotary evaporation. Distillation resulted in 10.1 g of the beta~keto

ester 29: bp 120° (5 mn); ir (meat) 2.96, 3.41, 5.80, 6.06, 6.20, 6.92,
?7.29, 8.11, and 8.68 y.

Oxidation of 29 to the Nomisopremoid Nepetalimic Acid (30).68-- A

10.1~g sample of the ester 29 was added to a stirred solution of 40 ml
of water, 20 ml of 30% HZOZ,.and L g of NaOH and stirred for 1 hr. This
solution was extracted with ether. The aqueous layer was made acidic
and extracted with ether. The ether layer was ther shaken with satu~
rated Ba(OH)a. A white precipitate, presumably the barium salt, was
formed immediately and was removed by filtratiom and washed with water.
The product was regenmerated by treating the salt with 10% HCl and ex~
tracting with ether. The ether was driled (Naasou) and removed by
rotary evaporatiomn. The resulting material upom recrystallizatiom from
ethanol gave 2.7 g of 2-(2=carboxy-5-methylcyclopentane)-2~-methylacetic
acid (29). Gec analysis of the methyl ester indicated that 30 is a
single racemate: mp 120° (dehydratien); ir (§Wujel) 2.80-4.10, 5.92,

7.27, 8.26, and 10.80 ¥; pmr (CC1,) & 3.04-2.55 (m, 2, CHCOCH), 2.30-



0.88 (m, 6, ~CH,~ and C§CH3), 1.30~1,23 (d, 3, C_I_{_BCH-), and 1,08~1.02
(4, 3, Cl-I_BCHCOOH).
Apal. Calcd. for C1OH1604; c, 59.98; H, 8.05. Foumd: C, 59.72;

H, 7.97.
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