ABSTRACT
SYNTHETIC APPROACHES TO THE

TRICYCLO[7.2.1.0!>6]DODECANE
PING SYSTEM

By

John W. Patterson, Jr.

The ascending importance of the tricyclo[6.2.1.01s5]Jundecane
and the spiro[4.5]decane ring systems in sesquiterpene chemistry
motivated this study in which tricyclo[7.2.1.01>6]dodec-6,7-ene-2,8-

dione (1) ;¢ proposed as a pntential intermediate for the synthesis

of several naturally occurring derivatives of these two ring systems.
Three synthetic routes to the tricyclo[7.2.1.0!:6]dodecanes

were investigated. The first involved the preparation of decalone ¢,

vhich could undergo an intramolecular alkylation to give the desired

skeleton. The second approach was similar in that an internal

alkylation of decalone » was proposed for the formatior of the tricyclo-

dodecane. Attempts to synthesize decalones g and 2 vere however

unsuccessful.
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In the third route to the tricyclododecane skeleton, a bis-
alkylation of cyclohexane-1,3-dione was effected with bromo-3-methylene-
4-oxopentane (4) giving 2-acetylspiro[4.5]deca-6,10-dione (2). The
The relatively straightforward preparation of bromo enone 4 and the
conjecture that only an aldol condensation and dehydration is required
to convert 5 into ], makes this route to the tricyclo[7.2.1.01,6]-

dodecane l the most promising of those investigated.
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SYNTHETIC APPROACHES TO THE
TRICYCLO[7.2.1.0" *CnoDECARE
RING SYSTE!!



INTRODUCTION

This investigation concerns the preparation of a suitably function-
alized derivative of tricyclo[7.2.1.0]’G]dodecane (l) as a potential inter-
mediate in the synthesis of two classes of sesquiterpenes: the spiro[4.5]
decanes (g) and the tricyclo[6.2.l.0]’5]undecanes (2). However, before
discussing the synthetic methods, it is useful to survey some recent
developments in the sesquiterpene field. These remarks will illustrate
the type of substitution and stereochemistry present in the naturally

occurring derivatives of ring systems E,and 3.

11 10
2
3 9
4 8
5 7
1 g 3

During the past several years the spiro[4.5]decane ring system has
assumed a prominent place in sesquiterpene chemistry. The first example

of this ring system to be reported was acorone (Q)!

o~

In 1965 S.C. Bhattacharyya reported2 the isolation of agarospirol
and assigned structure Q to this compound. Classical degradation and
spectroscopic analysis were used to establish the gross structure of
agarospirol. Independent synthesis of the spiro ketone g and comparison

of this with the same compound derived from agarospirol revealed only
2



3
minor differences attributable to the stereochemical nonhomogenity
of the synthetic material. However the stereochemistry shown in structure

§’was deduced on tenuous arguments concerning the nmr spectra of agarospirol

CHy

CH,

and the reactivity of its hydroxyl group.
In addition to these two new sesquiterpenes, Marshall and co-workers
have demonstrated that g-vetivone (l) possesses the spiro[4.5]decane

skeleton. This was accomplished by first synthesizing3

the three epimeric
6,10-dimethyl-cis-decahydroazulene-8-ones Q%) and observing each to be
different from desisopropylidenedihydro-g-vetivone. Revision of the azu-

CH,

lenic structure% previously assigned to g-vetivone is therefore required.
The original degradative studies on g-vetivone were also consistent with
structure Z, proposed by Marshall, and this structure was confirmed by
correlation of g-vetivone with a synthetic spiro[4.5]decane of known stereo-
chemistry4.
A total synthesis of pg-vetivone has been reporteds, beginning with

the known spiro[4.5]decadienone lg. Several rather obvious steps trans-

formed this into compound ll (mixture of C2 epimers). One of the epimers



is hinesol and the other may have been agarospirol. Marshall and his
co-workers were, however, unable to determine the stereochemistry at Cz.
This mixture was converted to g-vetivone by a known procedure, involving

oxidation of the allylic methylene group and dehydration of the alcohol.

A significant feature of this work on g-vetivone is that it requires
revision of the structures of all the sesquiterpenes correlated to
isovetivane (lg). Among these are hinesol (lg)ﬁ, bicyclovetivenol7,

the isovetivenenes (13)8, and acorenone (lﬁ)g.
OH

CHy

1

As mentioned above, during the course of the g-vetivone synthesis

a stereoisomeric mixture of alcohols ll was obtained. One of these must
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have been hinesol. Very recently Marshall and Brady have synthesized

hinesol (]3) by an unambiguous routelo. Reaction of the known tricyclic

dienone (12) with dimethyl copper 1ithium introduced the C2 methyl group,
but the desired epimer (]]) constituted only 20 percent of the mixture.
In several steps the carbonyl was transposed to C8 and the enone was con-
verted to diol lg. The secondary hydroxyl was converted to a methane
sulfonyl ester and fragmentation gave the unsaturated ketone %Q which was
converted to hinesol. X-ray crystallographic analysis was used to estab-
1ish the stefeochemistry of LZ. and that in conjunction with the synthetic
route requires hinesol to have configuration 13-

Although Marshall's work on hinesol was successful, it has several
imperfections: introduction of the C2 methyl in ll gave predominantly
the wrong isomer, and the ketone carbonyl was in the wrong position
necessitating a tedious transposition to C8. Scheme 1 outlines a possible
route to agarospirol (and hinesol) employing a suitably functionalized

tricyc]o[7.2.l.0]’G]dodecane intermediate.



Scheme 1:

o 8

The essential features of this approach are: introduction of a
thioketal a to the carbonyl of 22, Haller-Bauer type cleavage yielding 24,
desulfurization of the resulting thioacetal and finally introduction of
the two remaining methyl groups.

'The second class of sesquiterpenes for which the tricyclo[7.2.1.0]’6]-
dodecanes serve as potential precursors possess the tricyc]o[6.2.1.0]’5]-
undecane ring system. The first three members of this group have recently

been reported: zizanoic acid (gg)llzizaene (gg)]z and khusimol (gg)ll

Scheme 2 outlines a short reaction sequence by which g5 could be
transformed into zizanoic acid. Bromination a to the carbonyl followed
by Favorskii rearrangemnt should give the carboxylic acid 26. Transposition
of the carbonyl and a-dimethylation generates 27 and introduction of the

methylene group via a Wittig-type reaction forms zizanoic acid.



Scheme 2:

R
[]
[ ]
--- H
—_— CH3
2CH3
g/% R=C02H
i 29 R=CH,OH
%'Q R=CH3

aving established the potential synthetic usefulness of 2,8-difunc-
tionalized tricyclo[7.2.].01’ﬁ]dodecanes , let us now consider some
synthetic approaches to these intermediates. A useful technicue in
planning the svnthesis of a polycyclic compound is to consider the
structures formed by breakinc bonds in such a vay as to reduce the
number of rings. Hopefully these structures with fewer rings can te
synthesized in such a manner as to permit subsecuent closure of the
ruptured bond. This technicue leads to many different approaches to

the tricyclo[7.2.1.01’6

Jdodecane ring system. For example, cleavaae
of the C]-C]], CQ'CIO or C6-C7 bonds generates the bicyclic systems
3)s 32 and 33. In order to reform the broken bonds, it will be
necessary to introduce appropriate sites of reactivity (i.e. functional
groups) into these bicyclic rina svstems.

Two general and widely used methods of forming carbon-carion

bonds are the alkylation of ambident enolate ions and aldol type

condensations. If Cn of structure gl is bonded to a



X' pybs th, X
! Y CH,
A

nucleophilic leaving group and the group X is a carbonyl group then an

intramolecular alkylation could be used to close the broken bond as shown

in equation 1. Synthesis of intermediate 34 having the C6 hydrogen cis
Br

"“""H

®

to the C9 side chain insures that the stereochemistry of the alkylation
product will be that shown in structure R

Similarly,the ruptured bond of ;g can conceivably be closed via
alkylation. The necessary intermediate in this case is compound 36,which

could cyclize to either 3/ or 38. A considerable body of literature

- ey

suggests that gig;decalones such as 36 preferab]y enolize to C9 rather

than C7, thus gl is a reasonable product from internal alkylation.
In the case of the spirodecane #» an aldol condensation could
provide a convenient means of closina the final bond. Thus, an inter-

mediate of tvpe 52 chould cive the desired tricyclic product.



R 49
Synthetic routes to the intermediates gg. QQ and gg have been

investigated in detail and are the subject of this dissertation.



RESULTS AND DISCUSSION

The first approach to the tricyclo[7.2.1.0]’6]dodecane ring system

13 depicted in Scheme 3. According

is based on the work of I.N. Nazarov
to the Russian workers, condensation of cyclohexane-1,3-dione with methyl
vinyl ketone in the presence of potassium éarbonéte gave the triketone 4].
Since the g-diketone moiety existed primarily in the enol form, reaction
with diazomethane produced the enol ether Qg. On treatment Qith potassium
t-butoxide this enol ether underwent an intramolecular aldol condensation,

followed,by dehydration generating the methoxy dienone 43.

Scheme 3:
0 0 OCH3 0
—_

0 0
A} 42

CHj

.
0
f\!/%

A repetition of Nazarov's work gave in one experiment an isomeric
Product, hemiketal gg. This hemiketal was acidic, i.e. soluble in aqueous
sodium bicarbonate, and reacted with diazomethane to give the bicyclic

ketal Qg. The structure of the bicyclic ketal followed from its spectral
10
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properties. The nmr spectrum exhibits two singlet methyl groups at t 6.77
and 8.56; the ultraviolet spectrum has a maximum at 257 my (e=15,400);

and the infrared spectrum shows strong absorption at 1650 and 1625 cm'],

0

0
—_
0 OH 0 OCH,
4 CH,

42 CH,
indicative of an aB-unsaturated carbonyl group, but lacks any absorption
attributable to a methyl ketone. In addition, the mass spectrum of QQ
has ions at m/e 196, 124 and 72. These are consistent with the fragment-

ation of the parent ion as shown in Scheme 4.

Scheme 4: CH3 0CP3
° pY4
+O CH2
_4 H2
0~ Socu,
CH, 0
+0 0
Hy 0Chiy Ha /G3
+
+ & ®
0 CH, CHy 0 CH3 CH,
m/e 124 n/e 72

In contrast to these observations, the enol ether Qg shows a

saturated methyl ketone in the infrared spectrum and has mass spectral
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ions at m/e 196, 153 and 43, which are consistent with simple a-cleavage
of the methyl ketone as shown in Scheme 5. In this case m/e 43 is the base

peak, a common feature in many methyl ketones. This fragmentation

Scheme 5:
OCH3
CHyp+
. + CH3C§0 .
OCH, ot / 0
m/e 153
CHs

0 \ OCH,

Hz. + CH3C50+
m/e 43

0

is supported by a metastable peak at m/e 119.5, which corresponds to
a m/e 196 » m/e 153 ion decomposition. The rmr spectrum of the mono-

cyclic enol ether Qg showed an interestina solvent effect. In CC]4

or dﬁ-dimethyl sulfoxide the methylene groups in the 3-oxobutyl side
chain appeared as a four-proton singlet at + 7.€7; however, in pyridine
these methylene groups vere split into a complex multiplet.

These two isomeric enol ethers possess chemical behavior which
is in agreement with the assigned structures. Compound 42 undergoes
an aldol condensation and dehydration to yield 43 on treatment with
potassium t-butoxide as reported bv Nazarov, whereas Qg is inert to
this reagent.

In general, glpc analysis of the enol ether mixture obtained by

Nazarov's procedure indicated 5-10 percent of the bicyclic ether 45,
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and the high yield of QR observed in the first experiment could
not be reproduced.
The application of Nazarov's work to the synthesis of the desired

tricyclododecane requires a substituted methyl vinyl ketone such as

49, R=OCOCH3. This has been prepared by the route shown in Scheme 6.
Scheme 6:
HsC,0 0C,Hsg
HsC,0 0C,Hq R
CH,
CH3 COZCZHS
R
46 QZ
0 0
_ R R
CH, —> CHj
R CH,
Y W

14 from acetyl diethyl succinate, Reduc-

Ketal diester Qg was prepared
tion with lithium aluminum hydride gave the ketal diol QZ, R=0H. On
treatment with acetic anhydride in pyridine the diol was converted to the
diacetate QZ, R=0COCH3, which could be hydrolysed to the keto diacetate
48, R=OCOCH3, by shaking a chloroform solution of the ketal with 10
percent hydrochloric acid. Distillation of this keto diacetate from

triethanolamine (at 2 mm pressure) occurred with elimination of the

acetoxy group g to the carbonyl function, giving the acetoxy enone 42,
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R=0COCH3. Without purification of the intermediates, acetyl diethyl
succinate can be converted to the unsaturated ketone 49, R=0C0CH3, in
65 percent overall yield.

It should be pointed out that a more obvious route to enones of
type 49, namely synthesis of ketones of type 50 followed by introduction

of the C3 methylene, was also investigated. A classical method for

0 0
,/Jl\\af’N\\,/’ R R
CHS CHa)H(\/
CH,
A 4

introduction of a methylene o« to a carbonyl is the aldol condensation
with formaldehyde followed by dehydration. Many examples of this type
of reaction have been reported and suagest that condensation usually
occurs on the methylene side of a methyl ketone. However, examination
of the experimental procedures reveals the majority of them to involve
commercially available ketones which reacted with only 0.1 - 0.3 equiv-
alents of formaldehyde. This is necessary to avoid multiple condensations
but severely limits the yield. Landon]5 in a detailed study of the con-
densation of 2-butanone and formaldehyde found use of 0.2 equivalents
of formaldehyde resulted in the maximum yield of 2-methyl-1-butene-3-one.
Another common means of introducing a methylene group is the
Mannich condensation. As reported by Hagermeyerle, this condensation
proceeded at C3 of 2-butanone in good yield. Unfortumately, pyrolysis
of the hydrochloride salt of the g-amino ketone under a variety of

conditions gave considerable 2-butanone in addition to the desired
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2-methyl-1-buten-2-one. Since these two products were difficult to
separate by distillation, it was concluded that the Mannich condensation
would be of little use in the synthesis of %2.
Several promising condensations with levulinic acid have been
described. For example, the Claisen condensation between ethyl formate

7 to occur at the methylene group a to

and ethyl levulinate is reported
the ketone carbonyl; however, several attempts to repeat this reaction

have failed. The Mannich reaction with levulinic acid gave condensation

0 0

/u\/\cozczﬂ5 —>  CH; L

C0,CoH
CHs 2b2hs
OH

at both sides of the ketone carbonyl]a, the two products being separable
by crystallization. In the present study several repetitions of this

experiment gave primarily condensation at the methyl aroup.

19 by a circuitous route beginning

with acetyl diethyl succinate and proceeding thru 3-acetyl butyrolactonezo.

The enone ester 3] has been prepared

0 0

CH3 0 ’CHa Cozcsz —_— CH3)H’/\C02C2H5

Br

)
In view of the fact that the enones sought here are to be used in a
Michael condensation requiring base catalysis, enone gl is of questionable
utility because of the possibility of isomerization to the fully conju-
gated isomer. For this reason the Michael condensation of él with

cyclohexane-1,3-dione was not investigated.

The acetoxy enone 22, R=0C0CH3, reacted with cyclohexane-1,3-dione
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and a catalytic amount of potassium carbonate to give the mono Michael
addition product 52 in higher yield than the corresponding product from
methyl vinyl ketone. This can be attributed to the steric hindrance of
the g-acetoxyethyl side chain of §g which inhibits the formation of'the
bis-adduct. As in the model system, treatment of the Michael adduct §g
with diazomethane gave the enol ether 53. However aldol condensation
dehydration of 53 with potassium t-butoxide led to approximately equal

amounts of two products.

Scheme 7:
0 0
OCH3 0
CH,
— CH3
0COCH,4
0 0 0COCH,
52 )
0CH3 0
ol
—_—
0 0 0
# 55 CHs

One of the products (é&) is analogous to that obtained in the model
system. The other product was assigned structure Qﬁ on the basis of its
spectral properties and elemental analysis. The infrared spectrum showed
that no hydroxyl was present and absorptions at 1665 and 1635 cm'] were
characteristic of an enone system. This chromophore was further identi-
fied by its absorption maximum at 259 mu (e=16,800) in the ultraviolet

spectrum. A singlet methyl signal at v 1.88 and a two-proton multiplet
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at v 5.9-6.3 in the nmr spectrum (the remainder of the protons being an
unresolved multiplet at v 7.5-8.2) agree with structure 2R+ P strong
parent ion appears in the mass spectrum at m/e 208 and two rearrangement
ions are observed at m/e 124 and 84 (base peak). The latter two ions
could arise via the same type of fragmentation observed for enol ether
45, shown in Scheme 4.

A reasonable mechanism for the formation of 55 is illustrated in

Scheme 8. This mechanism involves solvolysis of the acetate and cycliz-

Scheme 8:
OCH,4 0 0
CHs
—_— e 0

oe® € 0

0 OCH3 "CH4
0
— >
(—- *__
0 0
OCH; CH,

ation of an intermediate hemiketal.

Indeed, tricyclic ether 2R could be prepared in good yield by
basic hydrolysis of the acetate of Qg to give an aqueous solution of
anion QQ, which on acidification aave QQ. Scheme 9 illustrates a

a reasonable mechanism for the formation of QQ under acid catalvsis,
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Scheme 9:
@
s =

0 OH OH

R
0
—
0 < a—
CH 0 0 R
H o OH OH  CH,

If this mechanism for the formation of R is valid, then this
undesireable side reaction can be blocked ty replacement of the acetate
with a protecting group which is inert to nucleophkilic bases.

To this end the pivalic ester 49, R=0C0C(CH3)3, was prepared by
a procedure completely analocous to that for preparation of acetate 49,
R=0C0CH3. This enone was used to synthesize the pivalic ester anoloaue
of 53. Unfortunately, the aldol condensation again gave a mixture of
24 and 35.

Ethers are known to be resistent to basic reaction conditions
and the benzyl ether protectinc group was next investigated. Ketal
diol QZ, R=0H, reacted with benzyl chloride in the presence of sodium
hydride in dimethyl sulfoxide to give the ketal dibenzyl ether 47,
R=OCH2C6H5. The keto dibenzyl ether 48, R=OCH2C6H5, was then cbtained
by mild acidic hydrolysis of the diethyl ketal. Unfortunately compound
QQ,R=0CH2C6H5, failed to eliminate the benzyloxy group R to the carbonyl
aroun to vield 22' R=0CH2C6H5, on distillation from triethanolamine.

An attempt to generate the benzyloxy enone 32- R=0CHZC6H5, in situ
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and to trap it by tlichael addition to cyclohexane-1,3-dione was then mad02!

In this experiment a mixture of the dibenzyl ether 43, R=0CH2CCH5, and
cyclohexane-1,3-dione were treated with potassium t-butoxide, however
the dibenzyloxy ketone merely decomposed giving an intractable black oil
as the neutral croduct along with a nearlv complete recovery of the
cyclohexane-1,3-dione as the sole acidic product.

In one experiment, distillation of the ketal dibenzyl ether 47,
R=OCH2C6H5, resulted in elimination of ethanol, producing the enol ether
QQ. Mild acidic hydrolysis of the enol ether function resulted in con-

comitant elimination of benzyl alcohol aiving the enone Qg, P=0CH2CCH5

0C,Hs
OCH,CcHs O
47, R=CCH,C He —> cH,Z il
41, R=CCH,CgHs CH2CeHs
CCH,CeHs  CH3
CH,
f‘é/g ﬁ/%’ P\‘-‘OCHzCGHS

This later success was obtained only recently and other approaches
to the tricyclododecanes have been investicated.
The second approach to the tricyc10[7.2.1.0]’C]dodecane ring system

22 (¢ na-methyl-4,4a,7,8-

to be described here is based on the synthesis
tetrahydronaphthalene-2,5(3HgH)-dione (gl) and its selective reduction

to dag-methyl-4,4a,5,6,7,8-hexahydronaphth-5g-01-2(3i)-one (58)%°.

0 O v,
CH,
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0 CH3 HO H 3
[:f::i:::::l§: [:ff:]:::::l§:
0 e

4 R

This reaction sequence was applied to the synthesis of decalin

30 by effecting a base catalysed Michael addition of the readily avail-

able 2-(2'-cyclohexane-1',3'-dione)-acetic acid ethyl ester (g2)24
to methyl vinyl ketone.

0 £0,C,Hs 0 €0,C,Hs
—
0 o 0

R R 9]

C0,CoHs

The desired intramolecular aldol condensation-dehydration of the
adduct 60 proved to be elusive, since 60 ocave a variety of products
depending on the catalyst employed. Thus, a catalytic amount of
pyrrolidine in refluxing benzene (the conditions used in the prepar-
ation of QZ) gave only recovered starting material, while p-toluene-
sulfonic acid in refluxing benzene gave enone gg, R=H. The bicyclo-
[3.3.1]nonane ketol Qg is thought to be a reasonabtle intermediate in
this latter reaction, as acid catalysed aldol condensations of
2-(3'-oxobutyl)cyclohexanones frequently yield 2-hydroxy-2-oxo-2-

methylbicyclo[3.3.1]nonanes as the isolated productzs.
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C0,C,Hsg
—_— —

Qg‘ H+

H 0
HsC,0 HgC,0,C CO,R
i522 swav2 2

0 0 CHs
CH3 H+
£

The desired aldol condensation and dehydration to the enedione
Ql was ultimately achieved in 60 percent yield by using 1.1 equivalents
of a 1:1 mixture of pyrrolidine and acetic acid at room temperature.
Due to the instéb]ity of 6] toward oxygen, the structure assignment was
based on its spectroscopic properies and the characteristic reactions
discussed below.

Reduction with a 10 percent excess of sodium borohydride converted
enedione §] to the enone lactone f3. The cis relationship of the
hydroxyl and methylcarbethoxy groups in structure Qg was inferred from

the spontaneous lactonization of this intermediate hydroxy ester §4.

0
HO €0,C,Hsg |
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The enone lactone fR was transformed in high yield to an ethylene
ketal derivative §6. The migration of the double bond to the
8,8a-position is normal and is supported by spectroscopic evidence. In
the nmr spectrum of the enone 62 the vinyl proton is a singlet with a
half-height width of 3 cps, whereas in the ethylene ketal the vinyl
proton is a very broad signal with a width of 10 cps. This large
increase in the spin-spin coupling suggests that the double bond
moves to the aA“,%@ position. In addition the 1nffared
stretching frequency of the lactone carbonyl in the ketal is 25 cm']
higher than in the enone. Examination of molecular models reveals

that shifting the double bond increases the strain in the five-membered

lactone ring and therefore increases the carbonyl stretching frequency.

In order for lactone EE to be a useful intermediate in this synthesis,
the lactone ring must be opened in such a way that the terminal carbon
atoms can be chemically distinguished. An ideal solution would leave
the terminal carbons in different oxidation states, and to this eﬁd

two methods were investigated. The first was founded on the reportz6
that disiamylborane reduces y-lactones to hydroxy aldehydes. However,
when ketal lactone Qﬁ was reduced with this reagent, the intermediate

cyclic hemiacetal could not be induced to open to the hydroxy aldehyde

o1
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OH

b a CHO
o — U > T
o0

In the second approach, oxidation of the ketal lactone with Sarett's
reagent did not generate the keto acid 68, but gave instead recovered
starting material at room temperature and intractable tars at higher

temperatures.

CO,H
0
o)
RR

Although these attempts at selective lactone opening were unsuc-

cessful, reduction of QQ to diol Qg, R=H, was accomplished in good

£6 >&

yield by action of 1ithium aluminum hydride. Since primary alcohols
are generally more reactive than secondary alcohols, the prospect of
selective esterification of the former appeared promising. In partic-
ular, conversion of the diol into a mono-tosylate derivative (Qg, R=

SOZCGH4CH3) would set the stage for further development of this system.

OR
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However, the two hydroxyl groups in diol Qg, R=H, are close together;
consequently the hydroxy tosylate Qg, R=SOZC6H4CH3, could not be isolated,
but was rapidly transformed to the ether 7].

QR’ R=H ——» Qg, R=502C6H|.CH3 — 0

This interference by the secondary hydroxyl aroup necessitated
a lengthy subterfuge beginning with protection of the primary hydroxvl
as a less reactive ester. Although £, R=H, reacted with 1.1 equivalents
of p-nitrobenzoyl chloride to give the mono ester £2 R=C0C6H4N02,
the yield was a disappointing 47 percent and hence this route vas
not pursued.

Another possible method for opening the lactone ring is the Birch
reduction, which should simultaneously reduce the enone moiety producing

keto diol Zg. However in the case of enone lactone gg it was found that

OH 0

although the enone svstem v:as rapidly reduced, the lactone ring openec
very slowly. Thus, it was possible to obtain keto lactone 12 in €1 percent

yield by emplovine a short reaction period; hovever, the keto diol 72
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could not be obtained as a pure crystalline compound even after extended
reaction times.

The difficulties experienced in differentiating the two hydroxyl
groups in conjunction with the growing length of this route raised
serious doubts with respect to its usefulness in the preparation of
the desired tricyclododecane intermediate.

The third general route to the tricyclo[7.2.1.0]’G]dodecane
ring system involves initial formation of the spiro[4.5]decane 1R
followed by aldol condensation and dehydration to ZQ. In this approach
the aldol condensation—dehydration sequence serves two purposes:
first, it removes one of the cyclohexanone carbonyls, permitting

reduction of the other; second, reduction of the enone moiety of ZQ

0 HO
CHy 0 0

R R ‘

allows control of the stereochemistry at C6 in ZZ which becomes C]0
in agarospirol. The directness of this approach justifies the detailed
investigation of the various bis-alkylations of cyclohexane-1,3-dione
described below.

The diol QZ, R=0H, which was descrited in an earlier section,

appeared to be a suitable precursor for dihalides of type /8. However,

the usual reagents for converting alcohols to halides, e.g. thionyl
chloride and phosphorous tribromide, transformed QZ into dark oily

products which contained no volatile compounds. Consequently, the
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reaction of butane-1,4-diol with thionyl chloride was examined as a

model. In contrast to the vigorous conditions reported for the conver-

OH
CH3 —_— CH3
OH X

U R

sion of this diol to 1,4-dichlorobutane®’

, it was possible to obtain

an 80 percent yield of the dichloride under very mild conditions.

Even these mild conditions, however, failed to effect a similar trans-
formation with diol 47, P=0OH, suggesting that the acidic reaction
conditions resulted in hydrolysis of the labile diethyl ketal protecting
group and subsequent decomposition of the g-halo ketone. Since
1,3-dioxolanes are considerably more stable to acid treatment, this
protective group was investicated next.

Acetyl diethyl succinate was converted to its 1,3-dioxolane
derivative (79) by the usual procedure, but in only 55-60 percent yield
(presumably due to transesterification). Reduction of the ketal
diester was accomplished by treatment with lithium aluminum hydride;
however, the resulting diol (gg) failed to give the corresponding

dihalide when treated with the customary halogenation reacents.

[\ [\
0.0 0_ 0

cng)Y\cozczn , — CH, O

R A
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Because the ketal function in diols 47 and 80 proved to be so
troublesome, the synthesis of dihalides not having this function was
considered. To this end, compound 83 was prepared from ethylidine

diethyl succinate28 (gl) by Tithium aluminum hydride reduction to diol

OH 1

/—<_C02C2H5
— enna— E—
CH,

C0,C4Hs CH, OH CH, Cl

8 % K

82 followed by reaction with thionyl chloride under very mild conditions.
The unstable dichloride 83 was obtained in 45 percent yield after
distillation at reduced pressure and could be stored at -10° for several
days. Another mild reagent for the conversion of primary alcohols to
chlorides, tri-n-octyl phosphine in carbontetrach]oridezg, gave a
slightly lower yield of 83 from diol $¢ than was obtained with thionyl
chloride.

The dichloride (83) reacted with ethyl acetoacetate in the
presence of two equivalents of sodium ethoxide in ethanol to give the

desired bis-alkylation product 84. Although 84 was a mixture of

0 0

CHy CH3 CH,

B —
A
double bond isomers and consequently failed to give a solid deriv-

ative suitable for elemental analysis, its spectral properties were in
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good agreement with the assigned structure.

When this bis-alkylation procedure was applied to cyclohexane-
1,3-dione, the keto ester Q,Q was obtained as a mixture of %somers.
This difficulty was not unexpected in view of the known lability of
T 7
CHs

g3 —> —_
H<C,0,C CHs
s5v2v2

i 0 i 0

R R

2,2-disubstituted cyclohexane-1,3-diones toward nucleophilic cleavage.

Unfortunately, the dichloride proved unreactive toward the conjugate
base of cyclohexane-1,3-dione in non-nucleophilic solvents.

A successful bis-alkylation of cyclohexane-1,3-dione was finally
accomplished with the bromo enone Qg, R=Br, which was prepared from

diol 47, R=OH, Thus, treatment of }u, R=0H, with p-toluenesulfonyl

HsC,0 0C,Hs
OH 0S0,C¢H,CH
CH3 . CH, 2behylhs
oH 050,CgH,, CH
% B
0
R
_— CH3
CH,
R

chloride in pyridine followed by an acidic workup gave the unstable
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keto ditosylate 48. R=0$02C6H4CH3, Triethylamine at room temperature
catalysed the elimination of the tosyloxy group which is g to the

carbonyl function, yielding the enone tosylate Qg, R=0$02C6H4CH3, and
the tosylate group in 43 was replaced with a bromine atom by reaction

with anhydrous lithium bromide in acetone30.

By this sequence the
bromo enone 49, R=Br, was obtained in 29 percent overall yield from
diol gl. Although the bromo enone was unstable , it could be distilled
at reduced pressure and its spectral properties were in good agree-
ment with structure 43, R=Br. In particular the infrared spectrum
revealed an ag-unsaturated ketone, and the nmr spectrum yielded to
simple first order analysis.

The enone 43, R=Br, reacted with one equivalent of cyclohexane-
1,3-dione and 1.1 equivalents of sodium hydride in 1,2-dimethoxyethane
giving the spiro triketoné {R+ The nmr spectrum of 73 consists of a
singlet at t 7.3C for the methyl ketone and a four-proton triplet
at t 7.36 due to the two nearly equivalent methylene aroups a to the
carbonyl functions on the six-membered ring. The mass spectrum shows
a molecular ion at m/e 208 and fragment ions at m/e 193 and 165
corresponding to l1oss of CH3 and COCH3 via a-cleavage of the methyl
ketone. The infrared spectrum has a broad carbonyl absorption

between 1715 and 1700 cm'].

0 0
0

//Jl\1r,/\\~// s
+ Br —

CH,

0 0

CH, 0

R R
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The more direct route to {Rs namely using one of the three inter-
mediate tosylates in the preparation of the brome enone Qg as a bis-
alkylation reagent, was not attempted because sulfonic acid esters
are known to give exclusive 0-alkylation of cyclohexane-1,3-dione3].

A minor product of this reaction between Qg, R=Br, and the conju-
gate base of cyclohexane-1,3-dione in dimethoxyethane, and the major
product when the reaction was conducted in dioxane was the tricyclic

ketal 35. A plausible mechanism for the formation of 35 is shown in

Scheme 10. In view of the previous study of the Michael addition

Scheme 10:
0 0
Br —_ Br
—
/o0 0 o
CHj CH,
&
0
—_—
0
0 0 OH
® Y

of the conjugate base of cyclohexane-1,3-dione to methyl vinyl ketone,
which showed that the hemiketal 44 was soluble in aqueous sodium
bicarbonate, anion QZ appears to be a reasonable intermediate in
this transformation.

The relatively straightforvard preparation of bromo enone
Qg, P=Br, and the conjucture that only an aldol condensation and

dehydration is reauired to convert ZQ into the desired tricyclododecane
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1§, makes this synthetic route the most promising of those investi-

gated.



EXPEPIMENTAL

Ceneral. Melting points were taken in capillarv tubes on the Hoover
Thoras apparatus. Infrared spectra were recorded on a Perkin-Elmer
327 P spectronhotometer in carton tetrachloride solution, with the
exception of Fiocure 16. [Nuclear magnetic reasonance spectra were
taken on a Varian P-€0 spectrometer. Tetramethylsilane was used as an
internal standerd irn all caszs. Tre ultraviclet spectra vere recorded
on a Unicam SP 800 snectrophotometer. An Hitachi RM-60 srectromcter
was used to obtain the mass snectra.

Absolute ethanol refers to commercial ahsolute ethanol further

purified by distillation from macnesium ethoxidc.

3-methoxy-2-(2'-oxobutyl)cyclonex-2-enone (42) and 3-metioxy-3-metiyvi-

bicvclo[4.4.0]-2-0xacce-1,5-rn-7-0ne (A5). Tepetition of Mazarov's

m'ocedulr‘e]3 for thc preparaticn of 42 cave a mixture containing €5-
20 percent of Qg and 10-15 nercent of Qé. F pure sample of each was
obtained by preparative glpc usinc a €'x1/4", 4% OF-1 column (175°).
The infrared spectra are in Figures 1 and 2 (p 51), the nmr spectra
in Fiqure 23-25 (pp 62-4) and the mass spectra in Figures 45 and 46
(pp €4, 85). As previously discussed, these spectra are in good

aarecment with the assianed structures.
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Acetyl diethyl succinate diethyl ketal (46). This compound was prepared

from the readily available acetyl diethyl succinate by the method of

E. C. Kor'nfi«'e]d]4

using the modified workup described below.

A solution of 90 g of acetyl diethyl succinate, 85 g of triethyl-
orthoformate, 25 g of absolute ethanol and 10 drops of concentrated
sulfuric acid was allowed to stand at room temperature for three days
in a closed flask. The reaction mixture was cooled in an icebath and
5 ml of triethanolamine and 300 ml of methylene chloride were added.

The organic phase was separated and washed twice with 100 ml of water
and dried over sodium sulfate. Removal of the solvent under reduced
pressure gave ketal 4¢ of sufficient purity for use in the next reaction,

a glpc analysis (10'x1/8", 20% SE-30 column at 185°) indicated this

crude product to be at least 90 percent ketal QQ.

2-acetylbutane-1,4-diol diethyl ketal (47, R=0H). To a 2 1, three-

necked flask equiped with a Hirshberg stirrer, calcium sulfate drying
tube, condenser, addition funnel and heating mantle was added 300 ml
of dry ether, 1200 ml of dry tetrahydrofuran and 22 g of lithium
aluminum hydride. The crude ketal diester prepared from 90 g of
acetyl diethyl succinate was dissolved in 75 ml of tetrahydrofuran and
added dropwise over 90 minutes and the reaction mixture was then refluxed
for two days. After cooling to room temperature, 40 ml of water and
40 ml of 5 percent aqueous sodium hydroxide were slowly added with
caution to the rapidly stirred mixture. The insoluble salts were
filtered, the filtrate was dried over sodium sulfate and the solvent
was evaporated to give 64.2 g of diol 47, R=OH. The aluminum salts
were agitated with 300 m1 of methanol for one hour and filtered again.

The methanol was evaporated and the residue treated with 200 ml of
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ether and 5 g of sodium sulfate. Filtration and evaperation of the
solvent gave another 13.0 g of diol (89 percent total yield).

The infrared spectrum (neat) of QZ, R=0H, showed strong bands at
3600-3200, 3000-2875, 1448, 1380, 1230, 1130 and 1045 cm']; the nmr
spectrum consisted of a two-proton sinalet at t 5.10 (hydroxyl protons),
an eight-proton multiplet at t 6.2-6.9 (protons a to oxygen atoms),

a three-proton multiplet at t 7.9-8.5 (aliphatic protons) and a nine-
proton multiplet at v 8.7-2.1 (methyl groups).

This diol could not be distilled without decomposition, but

proved to be satisfactory for use in the various transformations

described below.

2-acetylbutane-1,4-diol diacetate (48, R=0COCH3). To a cold solution
of 77.2 g of diol 4], R=0H, in 400 ml of pyridine (ice bath) were added
with stirring three 40 m1 portions of acetic anhydride at 10 minyte
intervals. The ice bath was removed and, after standing for two hours
at room temperature, the pyridine was removec by evaporation at reduced
pressure. The residue was dissolved in 500 ml of chloroform and this
solution was washed with 200 ml of water, 125 ml of cold 10 percent
hydrochloric acid, shaken for five minutes with 125 ml of 10 percent
hydrochloric acid, and finally washed with 200 m1 of saturated aqueous
sodium bicarbonate. After drying with sodium sulfate, the solvent
was evaporated leaving 68.8 g of keto diacetate Qﬁ, R=0C0CH3 (8€
percent).

A pure sample of Qg, R=0C0CH3, was obtained for analytical purposes
by glpc. The infrared spectrum (Figure 3, p 52) showed carbonyl

1

absorptions at 1745 and 1720 c¢m '. The nmr spectrum (Figure 26, p 65)
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displays a six-proton singlet at v 8.02 (acetate methyls), a three-
proton singlet at t 7.85 (acetyl methyl), a one-proton pentet at t 7.15
(methine proton, J=6.5 cps), a two-proton doublet at t 5.91 (a

acetoxy protons, J=6.0 cps), a two-proton triplet at t 6.04 (a

acetoxy protons, J=6.0 cps) and a multiplet at v 8.2 which is par-
tially obscured by the methyl groups.

3-methylene-4-oxopentanol acetate (49, R=0COCH,). A mixture of

68.8 g of keto diacetate 48, R=0C0CH3, and 9 ml of triethanolamine
was slowly distilled at 2 mm pressure thru a six inch wire gauze
heated column, and the distillate (54 g) was dissolved in 300 ml

of ether and washed with excess aqueous sodium carbonate to remove
any acetic acid. After evaporating the ether solvent the residue
was distilled and gave 34.6 g of enone 49, R=0C0CH3, bp 84-6°/4.5 mm.
This represents an overall yield of 55 percent for the five steps
beginning with acetyl diethyl succinate.

32 a 2,4-dinitrophenylhydrazone

It was possible to prepare
of Qg, mp 113.7-114.7°, without concomitant isomerization of the
double bond to the trisubstituted position.

Anal. Calc for cl4H1606N4: C, 50.00; H, 4.80; N, 16.66.
Found: C, 50.08; H, 4.81; N, 16.64.

The infrared spectrum (Figure 4, p 52) shows absorption at
1735, 1670 and 1625 cm'], as anticipated for the ester and unsaturated
ketone carbonyls and the double bond. The nmr spectrum (Figure 27,

p 66) shows two three-proton singlets at t 8.10 (acetate methyl) and
1 7.70 (acetyl methyl), two-proton triplets at t 7.50 (protons a to
the acetoxy group, J=6.0 cps) and v 5.95 (allylic protons, J=6.0 cps)

and two one-proton singlets at r 4.15 and 3.85 (vinyl protons).
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‘ethoxy-2-(2'-ethyl acetoxy-3'-oxobutyl)-cyclohexen-3-one (53). A

solution of 8.7 g of cyclohexane-1,3-dione, 12.0 g of enone Qg, R=OCOCH3,
50 ml of methanol, 35 ml of water and 1.3 g of potassium carbonate was
heated at 70-80° for 10C minutes. The reaction mixture was cooled to
room temperature, poured into a slurry of 206 ml of chloroform and

200 g of ice, and treated with concentrated hydrochloric acid (added
dropwise with stirring) until pH 4 was reached. The organic layer

was separated and the aqueous phase was washed with 50 ml of chloro-

form. The combined organic layers were dried with magnesium sulfate

and the solvent was removed leaving the crude Michael adduct 2.

A solution of the crude triketo ester 5¢ in 75 ml of ether was
treated overnight with excess ethereal diazomethane at room temper-
ature. Evaporation of the ether and distillation of the remaining oil
thru a short-path apparatus gave 2.78 ¢ of recovered 49 and 1-methoxy-
cyclohexen-3-one, bp 60-70°/0.07 mm and 15.12 ¢ (67 nercent yield based
on enone 49) of enol ether 53, bp 187-92°/0.07 mm.

The infrared spectrum of 22 (Figure 5, p 53) shows strono bands
at 1740, 1715, 1655 and 1620 cm'] characteristic of the ester, methyl
ketone and methoxycyclohexen-3-one carbonyl groups present in this
molecule. The nmr spectrum (Figure 28, p 67) consists of a nartially
obscured two-proton triplet at v 6.00 (protons « to the acetoxy group)
and three-proton singlets at t 6.10 (methoxyl groun), 7.80 (acetate

methyl) and 7.95 (acetyl methyl).

3-methy1tricyclo[7.4.0.03’7];2,4-dioxatridec-1,9-en-10-one (55). A

solution of 10.0 g of acetoxy enone Qﬂ’ R=0COCH3, 7.2 g of cyclohexane-

1,3-dione, 1.2 g of potassium carbonate, 30 ml of water and 45 ml of
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methanol was heated for 1 hour at 80°. The reaction mixture was
cooled to 50°, a solution of 7.2 g of potassium hydroxide in 20 ml of
vater was added, and this mixture was stirred for 40 minutes at 50°.
After cooling to room temperature, the solution was diluted with 150
ml of water, and extracted twice with 70 ml of chloroform. The aqueous
solution was then cooled in an ice bath and acidified with hydrochloric
acid. Extraction of this aqueous mixture with three 75 ml portions
of caloroform gave a mixture of tricyclic ketal 55 and unreacted
cyclohexane-1,3-dione. This mixture was then treated with excess
ethereal diazomethane in order to convert the cyclohexane-1,3-dione
to its methyl enol ether and distillation of this product mixture
thru a short-path apparatus gave 8.0 g of §§ (60 percent yield based
on enone Qg), bp 120-25°/0.1 mm as a colorless oil which solidified
on standing. Recrystallization from ethanol followed by sublimation
gave an analytical sample, mp 42-3°.

Anal. Calc for C]2H1603: C, 69.21; H, 7.74. Found: C, 69.62;
H, 7.73.

The infrared spectrum of 55 (Figure 6, p 53) shows strong

absorption at 1665 and 1635 em ).

The nmr spectrum (Figure 29, p €8)
exhibits a two-proton multiplet at t 6.00-6.30 (C5 methylene protons)

and a three-proton singlet at t 8.62 (methyl protons).

3-methylene-4-oxopentanol pivalate (49, R=0COC(CH,),). To a cold

solution of 40 g of diol 4], R=OH, in 200 ml of pyridine (ice bath)
was slowly added 56 g of pivaloyl chloride. This mixture was stirred
for two hours at room temperature and then worked up in the same manner

as the preparation of the corresponding diacetate. Distillation thru
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a short vigreaux column gave 32.5 g of keto diester QQ, R-OCOC(CH3)3,
bp 130-32°/0.2 mm.

A 2,4-dinitrophenylhydrazone was prepared32, mp 101-2° after
three recrystallizations from 90 percent ethanol.

Anal. Calc for C,,Hg,00N,: C, 54.99; H, 6.71; N, 11.66.
Found: C, 55.09; H, 6.76; N, 11.76,

The infrared spectrum of 48, R=0COC(CH3)3, (Figure 7, p 54)
shows a broad carbonyl absorption at 1735-15 cm']. The nmr spectrum
(Figure 30, p 69) has a peak assignment similar to that discussed for
the keto diacetate 483, R=OCOCH3.

Distillation of QQ:,R=0COC(CH3)3, from triethanolamine at 2 mm
pressure gave the enone Qg, R=OCOC(CH3)3, bp 98-100°/5 mm. A 2,4-dinitro-
phenylhydrazone was preparedsz, mp 119-20°.

Anal. Calc for Cy4H,o0cN,: C, 53.96; H, 5.86; N, 14.81.

Found: C, 53.82; H, 5.98; N, 14.79.
The infrared spectrum of 49, R=0C0C(CH3)3, (Figure 8, p 54)

1

shows the ester and enone carbonyls at 1735 and 1670 cm = and the

double bond at 1625 cm'l. The nmr spectrum (Figure 31, p 70) shows
the two vinyl protons as singlets at t 3.85 and 4.17, the two methylene
triplets at v 5.85 and 7.42 (J=6 cps), the acetyl methyl at 1 7.70

and the t-butyl group at « 8.90.

2-acetylbutane-1,4-diol dibenzyl ecther (48, R=0CH2C6H52. A solution of
1€ g of ketal diol QZ, R=CH, in 50 ml of dimethyl sulfoxide was added

to 10.5 a of sodium hydride (52%, washed with pentane to remove the
mineral o0i1) in 250 ml of dimethyl sulfoxide under a nitrogen atmos-

phere and then 35 ml of benzyl chloride was added over a 45 minute
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period with stirring and cooling (20° water bath). After stirring for
10 hours at room temperature the reaction mixture was poured onto 1 kg
of ice and the dibenzyl ether was extracted with ether. Removal of
the solvent and distillation of the residue gave 18.0 g of ketal
dibenzyl ether 47, R=0CH,CcHc , bp 130-40°/0.02 mm (61 percent yield).
A solution of 17 g of QZ, R=OCH2C6H5, in 70 ml of acetone was
treated with 20 ml of 3 percent hydrochloric acid at room temperature
for 20 minutes. The ketone was then extracted with ether and evapor-
ation of the solvent gave 13.5 g of 48, R=0CH2C6H5 (95 percent).
The infrared spectrum of 48 (Figure 9, p 55) displays a saturated

ketone carbonyl absorption at 1710 cm'].

rd
3-methylene-4-oxopentanol benzyl ether (49, R=0CH,C.H.). In one

experiment, distillation of the crude 2-acetylbutane-1,4-diol dibenzyl
ether diethyl ketal resulted in elimination of ethanol, giving an
impure product which appeared from the nmr spectrum to be the enol
ether 56.

A solution of 9.0 g of this crude enol ether in 100 ml of
methylene chloride was shaken with 50 ml of 5 percent hydrochloric
acid for 5 minutes. The organic phase was separated, washed with
water, dried and after evaporation of the solvent yielded 6.13 g of
fairly pure enone 49, R=0CH2C6H5. A 2,4-dinitrophenylhydrazone,
mp 98-99°, was prepared32.

Anal. Calc for CgH,0gN,: C, 59.37; H, 5.24; N, 14.58.
Found: C, 59.38; H, 5.26; N, 14.67.

A sample of 43 was purified by distillation, bp 110£0.04 mm,

for spectral analysis. The infrared spectrum (Figure 10, p 55) shows

absorption characteristics of an unsaturated carbonyl (1680 cm']).
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a double bond (1625 cm™}), aromatic substitution bands (1945, 1875
and 1800 cm']) and aromatic hydrogen absorptions (3100-3000 cm']).
The nmr spectrum (Figure 32, p 71) is similar to that of related enones

(structure Qg) discussed above.

2-(2'-cyclohexane-133'-dione)acetic acid ethyl ester (59). The syn-
24

thesis described by H. Stetter”" was modified to permit facile prepar-
ation of large quantities of 39.

Under a nitrogen atmosphere, cyclohexane-1,3-dione (110 q) was
added in one portion to a solution of 23 g of sodium in 500 ml of
absolute ethanol. A solution of 120 ml of ethyl bromoacetate in
100 m1 of ethanol was then added dropwise over a period of 45 minutes,
and this reaction mixture was stirred at room temperature for 12 hours.
The ethanol was removed by distillation (beginning at atmospheric
pressure and finishing ar reduced pressure) and the resulting semi-
solid was dissolved in 75 ml of water and 500 ml1 of methylene chloride.
The organic phase was separated and extracted with ice cold 5N sodium
hydroxide solution until the pH.of the aqueous layer reached 10. The
combined aqueous layers were cooled in an ice bath and neutralized

by dropwise addition of concentrated hydrochloric acid to the vigor-

ously stirred mixture. Although the alkylated diketone (39) began to

precipitate during the addition of acid, a characteristic color change
from orange to white occurred when neutralization was complete. After
stirring the aqueous slurry an additional hour a 0° to insure complete
precipitation, the product was filtered and washed with ice water.
Drying the crude product overnight gave 86-110 g (44-55 percent) of

Qg sufficiently pure for use in the next reaction.
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2-(2'-cyclohexane-1',3'-dione-2'-(3"-oxobutyl))acetic acid ethyl ester(€0).

40 g of diketo ester 29 and 20 ml (15 percent excess) of freshly
distilled methyl vinyl ketone were added to a solution of 0.2 g of
sodium in 150 ml of absolute ethanol, and this mixture vas refluxed
two hours under nitrogen. Following evaporation of the ethanol and
excess methyl vinyl ketone under reduced pressure, the residue was
cdissolved in 25C ml of methylene chloride and washed three times with
100 ml of water. The methylene chloride solution was dried with sodium
sulfate and evaporated. Crystallization of the crude solid residue
from 1:1 ethyl acetate-pentane gave two crops of Michael adduct £0
totalling 39 g (73 percent). An analytical sample, mp 95.5-96.5°,
was obtained by further recrystallization from ethyl acetate-pentane.

Anal. Calc for C]4H]805: C, 63.15; H, 6.81. Found: C, €2.87;:
H, 6.87.

The infrared spectrum of §0 (Figure 11, p 56) shows strong
absorptions at 1725 and 1695 cm']. The nmr spectrum (Figure 33, p 72)
includes signals a t 5.96 (two-proton quartet, J=7 cps, methylene
protons of the ethyl group), t 7.03 (two-proton singlet, protons a to
the ester carbonyl), t 7.90 (three-proton singlet, acetyl methyl) and
1 8.76 (three-proton triplet, J=7 cps, methyl group of the ethyl ester).

2-(B-carboxymethyl)-6-carbethoxymethyl-3-methylcyclohex-2-enone (63, R=H).

A mixture of 3.1 g of Michael adduct QQ, 0.28 g of p-toluenesulfonic
acid mono hydrate and 50 ml of dry benzene was refluxed for three hours.
After cooling this solution was siluted with 100 m1 of methylene
chloride and washed with 20 ml of water to remove the sulfonic acid.

The acidic product, carboxylic acid QQ, R=H, was then extracted by
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shaking with 100 m1 of 2 percent aqueous sodium carbonate. Acidifi-
cation of the basic water layer with hydrochloric acicd followed by
extraction with 25 m1 of methylene chloride, gave after evaporation
of the solvent 1.6 g (55 percent)yield) of g3. The nmr spectrum of
£3 (Figure 34, p 73) shows the presence of an ethyl ester (triplet at
v 8.77 and a quartet at t 5.93, J=7 cps), a vinyl methyl (singlet at
1 8.05) and the absence of any vinyl protons. The infrared spectrum
(Figure 12, p 56) displays absorptions at 1735, 1710, 1665 and 1€25 cm']
charactersitic of the ester, acid and enone carbonyl aroups and the
double bond.

On treatment with excess ethereal diazomethane at roor tempera-
ture for 20 minutes, 3, R=H, was converted to its methyl ester,

vhich proved to be homogeneous by glpc analysis on 20 percent SE-30

(6'x1/8" column at 240°).

4a-carbethoxymethyl-4 ,4a,7,8-tetrahydronaphthalene-2,5(3H,6H)-dione (61).

To an ice cold solution of 1.60 ml of glacial acetic acid and 2.2 ml

of pyrrolidine in 75 ml of benzene was added under nitrogen 6.0 g of
triketo ester QQ, and after stirrina the reaction mixture for 30 minutes
the cooling bath was removed. The reaction mixture was stirred for

10 hours at room femperature and then poured into 100 ml of water and
100 ml of chloroform. The organic layer was separated, washed succes-
sively with 50 m1 of 5 percent hydrochloric acid and 50 ml of saturated
sodium bicarbonate and dried over sodium sulfate. Removal of the
solvent by evaporation at reduced pressure gave 3.90 g of Ql as a tan
oil.

- This enedione could be purified by preparative glpc of 4 percent
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QF-1 at 200° or by distillation a 175°/0.002 mm. The infrared spectrum
(Figure 13, p 57) shows absorptions at 1735, 1715, 1675 and 1620 cm']
for the ester, ketone and enone carbonyls and the double bond. The
nmr soectrum (Figure 35, p 74 ) exhibits a vinyl proton (singlet at
t 4.22) and an ethyl group (quartet at t 6.96 and triplet at v 8.92,
J=7 cps). The ultraviolet spectrum (methanol) contains a maximum at

243 mu (e=11,900).

4ag-carboxymethyl-4 ,4a,5,€,7-hexahydronaphth-58-01-2(3H)-one lactone (€5).

A solution of 3.48 g of the crude enedione §] in 20 ml of 95 percent
ethanol was cooled in an ice bath under a nitrogen atmosphere while
0.140 g (1.1 equivalents) of sodium borohydride in 80 ml of ethanol
vas added dropwise and with stirring over a two hour period. The
reaction mixture was stirred for an additional half hour and them 1 ml
of acetic acid was added to destroy anv excess hydride. The precipi-
tated lactone was filtered and the filtrate concentrated for a second
crop.. A total of 1.68 g (3€ percent yield for the two steps from £0Q)
of lactone §5 was obtained. Two recrystallizations from ethanol gave
an analytical sample, mp 149-50°.

Anal. Calc for CoH,,05: C, 69.89; H, 6.84. Found: C, 69.82;
i1, 6.90.

The infrared spectrum (Figure 14, p 57 ) shows bands at 1785, 1675
and 1625 cm']. The ultraviolet spectrum contains a maximum at 236 mu
(e=12,700). The nmr spectrum (Figure 3€, p 75 ) displays a one-proton
singlet at t 4.13 (vinyl proton), a one-proton multiplet at v 5.71
(C5 hydrogen) and a two-proton singlet at t 7.30 (protons « to the

lactone carbonyl).
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4ag-carboxymethyl-2-(1',3'-dioxolane)-1,4,4a,5,6,7-hexahydronaphth-

5-01 lactone (66). A solution of 1.34 g of the enone lactone (£5)
in 40 ml of benzene containina 1.5 ml of ethylene glycol and a few
crystals of p-toluenesulfonic acid was refluxed in a Dean-Stark
apparatus for 90 minutes. The reaction mixture was cooled, dissolved
in 100 m1 of chloroform, washed twice with 25 ml of water, dried over
sodium sulfate and concentrated at reduced pressure. An unsaturated
carbonyl absorption was barely perceptible in the infrared spectrum
of the crude product, and recrystallization from ethyl acetate gave
1.28 ¢ (79 percent yield) of ketal £6. An analytical sample, mp 151-
52°, was obtained by further recrystallization from ethyl acetate.

Anal. Calc for C]4H]804: C, 67.18; H, 6.84. Found: C, 66.81;
H, 6.90.

The infrared spectrum of £6 (Fiqure 15, p 58 ) shows a strong

absorption at 1760 cm']

for the lactone carbonyl. The nmr spectrum
(Figure 37, p 76 ) includes one-proton multiplets at t 4.4 and 5.€
(vinyl and Ce protons), a four-proton singlet at t 6.05 (dioxolane
protons) and two-proton singlets at t 7.40 and 7.68 (protons o to

the carbonyl and the C, protons).

2-(1',3'-dioxolane)-1,4,4a,5,6,7-hexahydro-4ag-(2"-hydroxyethyl)naphth-

58-01 (69, R=H). A solution of 1.27 g of ketal lactone §9, R=H, in

25 ml of tetrahydrofuran was added dropwise over a 15 minute period to
0.160 g of lithium aluminum hydride and 25 ml of ether in a three-
necked flask fitted with a condenser and drying tube. The mixture was
then refluxed for three hours, cooled and 1 ml of water and 1 ml of

5 percent aqueous sodium hydroxide were carefully added. The salts
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were filtered and thoroughly washed with ether. Evaporation of the
solvent qave a white solid product, the infrared spectrum of which
was devoid of carbonyl absorption. Recrystallization from ethyl acetate
gave 1.04 g (81 percent yield) of the diol. An analytical sample,
mp 127-28°, was obtained by further recrystallization from ethyl
acetate,

Anal. Calc for C ,H,0,: C, 66.12; H, 8.72. Found: C, 66.13;
H, 8.65.

The infrared spectrum (Figure 16, p 58 ) shows a strong O-H

stretching absorption between 3600 and 3100 cm'].

The nmr spectrum
(Figure 38, p 77 ) displays a broad one-proion singlet at t- 4.65

(vinyl proton), a two-proton sinalet at t 5.95 (hydroxyl protons),

a four=proton singlet at v €.10 (dioxolane protons), and a three-proton

multiplet at 16.35 (protons o to the hydroxyls).

2-(1',3'-dioxolane)-1,4,4a,5,6,7-hexahydro-4ag-(2"-hydroxyethyl)naphth-

58-01 mono p-nitrobenzoate (gg, R=COC_.H,N0,). To an ice cold solution

of 0.400 g of ketal diol Qg, R=H, in 10 m1 of pyridine was slowly added
a solution of 0.340 g of p-nitrobenzoylchloride in 5 ml of chloroform.
The reaction mixture was stirred in an ice tath for 1 hour followed by
3 hours at room temperature, and the poured onto ice. The product was
extracted with methylene chloride and the organic phase was washed

with cold 10 percent hydrochloric acid. Removal of the solvent gave an
0oily product which, after two recrystallizations from ethyl acetate
pentane, yielded 0.301 g (47 percent) of a mono ester, mp 119-22°.
Further recrystallization gave a sample, mp 130.5-131.5°, suitable

for elemental analysis.
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Anal. Calc for C21H2507N: C, 62.52; H, 6.25; N, 3.47.
Found: C, 62.77; H, 6.22; N, 3.55.

The infrared spectrum of this substance (Figure 17, p 59)

], and appropriate bands

for the p-nitrobenzoate function at 1725 and 1525 cm']. The most

shows hydroxyl absorption at 3610 and 3500 cm”

interesting feature of the nmr spectrum (Figure 39, p 78 ) is the down-
field shift (from t 6.27 to 5.40) of the triplet signal due to the
protons o to the primary hydroxyl, clearly indicating that esterification

of this group has occurred.

4ag-carboxymethyl-3,4.4a,5,6,7,8,8a-octahydronaphth-58-01-2(1H)-one

lactone (73). A slurry of 2.85 g of enone lactone €5 in 5C ml of

tetrahydrofuran was added to a solution of 0.445 g of lithium in a
liquid ammonia (200 ml1) - tetrahydrofuran (70 ml) mixture. The addition
required 5 minutes, following which the reaction was allowed to reflux
(dry ice condenser) with mechanical stirring for 80 minutes. After
cooling the flask in a dry ice - acetone bath for 10 minutes, ammonium
chloride was added to destroy the excess lithium and the ammonia was
evaporated. Water was added to the residue and the aqueous solution
was extracted eight times with 50 ml portions of methylene chloride.
The combined organic washes were dried with sodium sulfate and the
solvent was removed under reduced pressure to give 2.95 g of crude
keto lactone /3.

This crude product was chromatographed on 40 g of silica gel.
The first fractions were eluted with methylene chloride (100 ml) and
contained hydrocarbons (from the 1ithium coating); the fourth thru
tenth fractions (eluted with 1:9 ether - methylene chloride) contained

a total of 1.75 a (61 percent yield) of keto lactone lg.
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Recrystallization from ethyl acetate, followed by sublimation at 0.005
mm gave an analytical sample, mp 100-101.5°.

Anal. Calc for C]2H1603: C, 69.21; H, 7.74. Found: C, 69.36;
H, 7.83.

The infrared spectrum (Figure 18, p 59) of the keto lactone shows
a lactone carbonyl (1890 cm'1) and a saturated ketone carbonyl (1723 cm']).
The nmr spectrum (Figure 40, p 79) shows the C; proton as a multiplet

at t 5.7-6.0.

3-hydroxymethylpent-3-enol (81). 80 g of ethylidine diethyl succinate28

in 100 ml of tetrahydrofuran was added slowly (two hours) to 20 g of
Tithium aluminum hydride dispersed in 1100 m1 of tetrahydrofuran and
300 ml of ether in a 2 1 three-necked flask fitted with a mechanical
stirrer, condenser and calcium sulfate dryina tube. On completion of
the addition, the reaction mixture was refluxed 16 hours and, when
worked up in the same manner as the reduction of acetyl diethyl
succinate diethyl ketal, yielded 39 g of crude diol. Distillation
thru a six inch vigreaux column gave 29.2 g (64 percent yield) of
diol 8], bp 88-94°/0.5 mm.

A sample, bp 87-89°/0.5 mm, obtained by distillation thru a
apinning band column, was used for spectral analysis. This was judaed
to be a mixture of double bond isomers from the fact that the bis-
p-nitrobenzoate melted over a wide range even after repeated recrys-
tallization. The infrared spectrum (Figure 12, p €0 ) shows 0-li
absorption at 3600-3100 cm']. The nmr spectrum (Fiqure 41, p 8C )
yields to simple first order analysis. Thus, the C] and C2 methylene
hydrogens appear as triplets (v 6.40 and 7.68, J=6 cps), the allylic
protons a to the other hydroxyl group as a singlet (t €.03), the



48

hydroxyl protons as a singlet (t 4.93) and the vinyl hydrogen as a
quartet (t 4.45) coupled to the methyl group ( doublet, t 8.38,
J=6 cps).

Chloro-3-chloromethyl-3-pentene (82). A solution of 25.9 g of diol

8] in 115 ml of chloroform and 62 ml of triethyl amine in a three-
necked flask, equiped with a mechanical stirrer, drying tube, thermo-
meter and addition funnel, was cooled to -30° and 37 ml of thionyl

33 in 50 ml of chloroform was added at a rate which allowed

chloride
the reaction mixture temperature to be maintained below -15°. After
being kept at 5° for 12 hours, the dark reaction mixture was poured
onto ice and the organic laver vwas separated and washed twice with
100 m1 of saturated aqueous sodium carbonate. Evaporation of the solvent
gave 39.2 g of crude dichloride, which on distillation thru a six
inch vigreaux column gave 16.6 g (43 percent) of materail bp 53-70°/5mm.
glpc analysis (4% OF-1 column, €'x1/4", 102°) indicated this to be a
three component mixture with the major product (85 percent) having
nmr and infrared spectra consistent with structure 82.

The infrared spectrum (Figure 20, p 60) shows the absence of
0-H stretching and the presence of a double bond (1660 cm']). The

nmr spectrum (Figure 42, p 81) can be interpreted in the same manner

as that for diol Ql.

Bromo-3-methylene-4-oxopentane (49, R=Br). A solution of 20.0 g of

ketal diol QZ, R=0H, in 100 ml of pyridine was cooled in an ice bath
and 50 g of p-toluenesulfonylchloride dissolved in 100 ml of pyridine
was added dropwise over a 1 hour period. After stirring the reaction

mixture an additional 2 hours at 0° followed by 45 minutes at room



temperature, it was poured into 500 ml of ice water and extracted with
methylene chloride (150-100 m1). The combined organic extracts were
washed twice with 400 m1 of cold 10 percent hydrochloric acid, once
with 100 ml of water and then dried over sodium sulfate.

The resulting solution of keto ditosylate 48, R=0$02C6H4CH3, was
cooled in an ice bath and 150 ml of triethylamine added. After 1 hour
the ice bath was removed and the solution stirred 3 hours at room
temperature. The triethylamine was removed by washing twice with
300 m1 of cold 10 percent hydrochloric acid. Removal of the solvent
under reduced pressure at 35° gave the enone tosylate 49, R=0$02C6H4CH3‘

The crude enone tosylate in 50 ml of dry acetone was added over
a 30 minute period to an ice cooled mixture of 30 g of anhydrous 1ithium
bromide (dried at 110°/0.1 mm for 10 hours) and 250 ml of acetone.
The ice bath was removed after 1 hour and the reaction mixture was
stirred for 11 hours at roor temperature. Two thirds of the acetone
was removed under reduced pressure at 35°, the residue poured onto
500 g of ice and the product was extracted with methylene chloride.
Removal of the solvent at 35° gave 10 g of crude bromo enone 49, P=Br.
Distillation thru a short path apparatus gave 5.0 a (29 percent yield
for the four steps from 47, R=0H) of 49, R=Br, bp 62-67°/4.5 mm, which
glpc analysis on 4% QF-1 (€'x1/4" at 110°) indicated to be about 90
percent pure. Samples of this purity could be stored several days
at -10° withaut decomposition.

The infrared spectrum (Figure 21, p 61 ) shows an unsaturated

! and a double bond at 1625 cm'l.

carbonyl at 1677 cm” The nmr spectrum
(Figure 43, p 82 ) is similar to that of the other enones of structure

49. The mass spectrum (Figure 48, p 87 ) displays parent ions at
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m/e 173 and 176, the two possible o cleavaaes of the methyl ketone at

m/e 163, 161 and 135, 133 and loss of bromine at m/e 97.

2-acetvispiro[4.5)deca-6,10-dione (75). To a slurry of C.600 o of

sodium hvdride (52 nercent, washed with pentane to remove the mincral
0il) and 152 ml1 of dimethoxvethane was added a solution of 1.51 o

of cvclohexane-1,3-dione in 50 ml of dimethoxyethane. The reaction
mixture was stirred at room temperature for 45 minutes under nitrocen
and then a solution of 1.77 o of enone 49, F=Cr, in 20 ml of dimethoxy-
ethane was added and the reaction mixture refluxed for 170 minutes.
Filtration of the sodium hromide and evanoration of the solvent then
gave 2.2 ¢ of crudc {3 vhich on distillation thru a short path
apparatus cave 1.5 aq of a fraction tp 133-32°/9.3% mm. olpc analysis
of this fraction indicated it to Le a 4:1 mixture of 75 and 5.

Chromatoaraphy of this material on 55 a of silica ael (elutina 25 ml

fractions vwith 2:1 methylene chloride - ether) gave 0.30 ¢ of pure {2
in fractions € thru 8.

A sample of Zé was collected by preparative alpc on a 47 COF-1
column (210°) for spectral analysis. The infrared spectrum (Fioure 22,

p 61 ) shows cartonyl absorption at 1730, 1715 and 17n% cm'].

The

nmr spectrum (Fiaure 44, p 83 ) contains a four-proton triplet at

1 7.35 (J=7 cps) for the protons a to the carbonyls in the six-membered
ring and a three-proton singlet at v 7.20 for the acetyl methyl.

The mass spectrum (Fiqure 49, p 83 ) has a parent ion at m/e 278 and

fracment ions at m/e 193 and 1€5 for the two possitle o cleavages of

the rethyl ketonc.
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