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INTRODUCT ION

Recent advances in non-classical carbonium ion
rearrangements@bf bicyclic syétems-eﬁcouraged'interest'in
-,the_simﬁle-and-efficient syntheses of these~c9mpounds and
'their'd'eriv.':u:iv:e‘sru Among these are the bicyclononanes,
,whosevSYntheses untfi now have been.almost'entirely
neglected. We have approached this by attempting to
synthesize the bibyclo[3,3,l]nonane‘riﬁg'systémrby a

Dieckmann ring closure on an appropriate diester,



DISCUSSION

In an attempt to synthesize bicyclo[3.3.1]nonan-2-one,
one of several possible routes was chosen. This is outlined
in Fig. I (see page 3). For the synthesis of ethyl 6-carb-
ethoxycyclohexanone-2-B-propionate (IV), cyclohexanone was
used as the starting material. Condensation of cyclohexanone
with diethyl oxalate and subsequent decarbonylation resulted
in 2-carbethoxycyclohexanone (II), as described by Snyder,
et al. (1).

The procedure for the alkylation of 2-carbethoxy-
cyclohexanone has previously been described by Openshaw,
et al. (2). The authors carried out the reaction in
absolute ethyl alcohol, using sodium ethoxide as the base.
Howevér, it was found that this method gave yields of only
40 peé cent, in spite of the authors' claim of 80 per cent
yields. The low yields, perhaps, can be explained by
considering the side reactions involved. Ethyl B-bromo-
propionate in a solution of sodium ethoxide and ethyl
alcohol will undergo a Williamson ether synthesis and give

the corresponding ethyl B-ethoxypropionate.

NaQEt
BrCH,CH,CO,CoHs  FroR > C2H50CH,CHHCO0,CoH
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This new product is not an alkylating agent, and in a polar
solvent such as ethyl alcohol, relatively low yields would
be expected. Consequently, it was suggested that a hydro-
carbon may be a better solvent for this reaction, and,
indeed, with toluene as solvent and sodium hydride as

base, the yield of ethyl-2-carbethoxycyclohexanone-2-8-

propionate was increased to 78 per cent.
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In addition to the presence of a strong base for
the removal of the a-hydrogen, a good leaving group on the
alkyl ester was necessary to bring about the reaction
smoothly and in good yields. To fulfill this requirement
a small amount of iodide ion in the form of sodium iodide

was added to the reaction mixture. The high polarizability



of this ion makes it both a stronger nucleophiie than the
bromide ion, which it replaces on the alkyl ester, ethyl

B-bromopropionate,

BrCH,CH,C0,CoHg 4£Eé> ICH,CH,C0,CoHg
Br
and a better leaving group than the bromide'ion, which is
responsible for a lower transition energy in the alkylation
step.

The rearrangement of ethyl 2-carbethoxycyclohexanone-
2-B-propionate (III) was accomplished by refluxing the start-
ing material in a solution of sodium ethoxide. The reaction
mechanism, as shown in Fig. II (see page 6), furnishes the
clue to the driving force of the reaction. Ordinarily, in
an extended series of equilibrium reactions, the stability
of one intermediate or one final product governs the course
of the reaction. In this series the final product, ethyl
6-carbethoxycyclohexanone-2-B-propionate (IV) is stabilized
by the formation of its sodium salt.

Attempts to reduce the keto group of ethyl 6-carb-
ethoxycyclohexanone-2-B-propionate (IV) met with failure
or gave unidentified products. In a reduction procedure
involving sodium borohydride in 1isopropyl alcohol, two
products appeared in approximately equal amounts. They

were not separated, but the mixture gave a negative ferric
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chloride test. An I.R. spectrum showed no peak in the region

of 3300 cm !

, which indicated that the expected alcohol was
not formed. On the basis of the I.R. spectrum, however, it
was postulated that one of the products could be 8-carbethoxy-
octahydrocoumarin (V). The carbonyl peak for a lactone,

1740 cm'1 was present. This seems reasonable in view of

the fact, that if the keto group had been reduced to the

alcohol, a lactone could have formed during the workup

procedure.
?OZCZHS
OH
[z
CaH50,C -CHy EtO,
>

The lower boiling component of the mixture appears
to be identical with a single liquid component obtained
from a Clemmensen reduction on the same keto ester. This
was determined by vapor phase chromatographic retention
times. Again, the product gave a negative ferric chloride
test, but did not show any absorption in the 3300 cm L
infrared region. A sample of this compound was analyzed

for carbon and hydrogen. The values which were obtained

correspond very closely to the empirical formula, C12H7904.

-



However, any structures which can be assigned are unreason-
able in the light of what is now known about the chemical
and physical properties of the compound. A comparison of
this compound with an authentic sample of ethyl carbethoxy-
cyclohexane-3-B-propionate, indicated that the expected
reduction did not proceed to the hydrocarbon as expected.
The only likely possibility is that (IV) was reduced to an
intermediate which cyclized to the lactone, as in the case
of the sodium borohydride reduction. The empirical formula
for 8-carbethoxyoctahydrocoumarin (V) is CyoH; g0, , which,
unfortunately, is not in accord with the present analytical
data.

To ascertain whether a B-keto ester could be reduced
by the Clemmensen method, it was necessary to make an attempt
on a compound on which most, if not all, steric factors were
eliminated and side reactions, particularly those which
could occur after the completion of the reduction step,
were not expected to take place. Therefore, 2-carbethoxy-
cyclohexanone (Ilﬂvwas chosen as a model compound, and the
same conditions as those applied to (IV) were again applied.
It was found that reduction took place smoothly to give
carbethoxycyclohexane (VIII)in 25 per cent yield. No
attempts were made to improve the method on the reduction

of this compound.



0
CO,C,Hg Zn(Hg) N ~ CO,C,yHg
(HCL
anhyd. <(EtOH
(11) (VIII)

A procedure for the reduction of ketones to hydro-
carbons developed by Mozingo (3) involves the formation of
a thioketal and the subsequent desulfurization witg Raney
nickel to give the methylene unit. The application of this
method is simple, and thioketals appear to form with rela-

tive ease under mild conditions,

SR
N —— ~.
’,C—O + RSH HCTL > //C\\
SR
\C /SR Raney Ni o ~CH /
PN p-dioxane —2

SR

This same procedure was applied to ethyl 6~carbethoxycyclo-
hexanone-2-B-proplonate (IV), but we were unable to form the
thioketal., The only explanation for this which seems reason-
able, is that the keto group is sterically hindered.

The Dieckmann ring closure on the B-keto ester (IV)
was successful to give 3-carbethoxy bicyclo[3.3.1]nonan-2,9-
dione (VI ) if the procedure as described by Pinkney (4) was
followed. The lowest boiling fraction consisted of two

components which were temporarily identified as two epimers
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of the cyclized compound. Other than a meticulous separa-
tion of this fraction from the rest of the reaction mixture,
no further purification or analyses were made. An infrared
spectrum indicated that there are several different carbonyl

absorption peaks, at 1760 cm'l, 1735 cm'l, 1710 cm~ 1 and

1685 cm'l. In a second fraction, an intermediate compound
was observed, whose boiling point was lower than that for
the starting material and higher than that which was identi-
fied as the ring-closed compound. However, this component
remains unidentified.

The removal of the carbethoxy group on (VI) was
effected by refluxing the compound in a 1:1 solution of
concentrated hydrochloric acid and absolute ethyl alcohol.
The final ketone was then isolated after neutralization of
the acidic solution. The compound, after it had been sub-
limed had a melting point of 55-56° C., and an I.R. spectrum
indicated that there was only one carbonyl peak, which was

somewhat low--1700 cm-l. '



EXPERIMENTAL

Ethyl 2-Ketocyclohex 1_1 oxalate (I).--The procedure

of H. R. Snyder; et géé»(5)§'was»féllowed, A 2-1., three-
necked flask equipped with a stirrer, a dtoﬁping funnel, and
a reflux condénSer'Carfying a'qalcium=chlo;ide tube, was set
- up and charged-with'looo-cc of anhydrous ethyl alcohol, fo :
this ethyl aicohq1§ 46 g;,(Z g. atoms) of freshlyVéutwsodium
was addedﬂcautiouslyg S0 that'thé reaction between the sodium
.and the ethyl alcohollprocéeded-under*gentle reflux, After
all of the sodium had reacted, fhe reaction flask was immersed
in an ice bath and allowed to cool. Meanwhile, a solution ;
of‘196‘g?.(2 moles) ofAcyclohexanqne.and‘292 g. (2 moles) .
~of ethyl oxalate which had previously been chilled to 10° C.
"was added to.fhe'drOpping funnélg After the=s§diumfethdxide
solution in the reaction flask had cooled to 10° C., the
stirrer“was7started, and the contents in the dropping funnel
Were added dropwise over a period of 20-25 minutes. The
-orange’solution~was stirred for’an additional héur under
‘the reduced te’rﬁperature'cond‘itions§ and‘finally'tﬁe ice bath
was removed, and'stirring:at‘room‘temperatu;e‘waS'continued'
for eight hours.

The reaction mixture, which-had completely solidified

Ey this time, was decomposed by the -careful addition of an

11
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ice~cold solution-bf 56 cc of concentrated'sulfuric acid in
435 g. of cracked ice. The reaction mixture was képt-cold
(about 10° C.), and 4as 'soon as feasibie during the addition
of the acid, stirring was continued. Then.the contents of
fthe;reaction flask were poured ‘into énough cold water‘to'
bring the total volume-tol&ﬂ” The product'separated as ‘a
heavy oil, which was removed. The aqueous layef'waS'tHen.
extracted With.four'SOOaml portions of benzene, and ‘these
extracts were c0mbinedrwith the crude ethyl-Z—ketocyclohexyl~
glyoxalate. Thé resulting'solutidn was washed twice with
200 ml poftions-of'water° | | | _

The benzenérsolution~was theﬁtransfgrre&in reason-
‘able portions to a‘lﬁl°§ round-bBottomed fléék, and the
'solvents Wera5removedlpy-distillationo The traces of water
also were remove&'in ah-azeotfoPicvsystem, After mno more
benzene came over, the flésk-ﬁas heated in an oil béth at
90° C.., and the system was evacuated to 10~15 mm of pressure.
Smali quantities of benzene, unreacted ester, and'ketohe-were
distilled off, and after their complete removal, thé'Product
began to distill. This wés-detected'by'a positive ferric
chloride test. Thg'qil bath temperature was gradually raised,
ahd when ‘the témperature'of the distillate(réached,u
105°/10~12 mm, it was collected as the final product.
.The boiling temperature range of the distillate was

105~165°/10~15 mm, while the majqr poftion came over at
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145°/20 mm. The yield of product was 242 g, (approx1mate1y
60 per cent of the theoretlcal amount) .

2-Carbethoxycyclohexanone (I1).--Without further

purification, the ethyl 2-ketdgyclohexylglyoxalate, whose -
preparation is described above,'QaS‘trénsferred to a‘500—ml9
round-bottomed flask containing 1 g. of pbwdéred soft glass,
and a trace of powdered iron. Decarbonylation, with the
evolution of éarbon monoxide was effected as the‘liqﬁid was
distilled under reduced pressure. The oil bath temperature,
was carefully maintained at 165<175° C. and the pressure -at
40 mm. The-pfoduct distilled at '125-135°/40 mm. The yield
of_2-carbethoxycyc1ohexanone was 186 g. (55 per cent of the
thedretical amount based on :cyclohexanore).

- Ethyl 2~§§rbethoxvgyc1ohexanoné}ZeB-proQ;pnate

(II1).-~The procedure of H. T..OpensﬁawyAgg;g;é (6), was
followéd with cértain‘modifications.' A 3~i;§,three~necked
flask equipped with a stirrer, a dropping funnel, and a
reflux condenser'fitt§d with a calciumﬁchldrideftube‘wasig
set up and charged'with 2000 ml of dry tolﬁene. To this
toluene was added 40 g. of sodiﬁm hydride (53.5 per cent
dispersion of. sodium hydride in minergl oil was used).

The reacﬁion flask and its contents were immersed‘in an

ice bath, and when the temperature'of'the‘stirred suspension
had reached 10° C., 131 g. (0.77 mole) of 2-carbethoxycyclo~ .

hexanone was added dropwise from the dropping funnel.over a
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period of one hour; into the stirred suspension. After ‘the
complete addition of the B-keto ester (IL), 2 g. -of sodium
iodide was added to the réaétion~mixture, and 146 g. :

(5 per.cent excess of 0.77 mole) of -ethyl B-bromopropionate
was Llntroduced into the stirred reaction mixture from the
dropping funnel over a peribd‘of 30 minutes. The ice bath
was then removed, and the reaction mixture was stirred at
room temperature for a period of ‘eight hoursy and finally
under reflux for an additional 1-~1/2 hours.

Without cooling, the contents of the reaction flask
were poured into 3000 ml of ice water, stirred well, and the
toiuene»layer~seParatedg The aqueous solution was extracted
four ‘times with 100 ml portioﬁé of ether, and these -extracts
‘'were combined with the toluéne layer. The solution was
transferred to a 1-1., round-bottomed flask; and the solvents
were removed by distillationy the toluene‘carryingiwith it
traces of water. After mno more toluene came over, the
residual liquid was transferred to a 500-ml fiask and
distilled under reduced pressure. A smalliquantity"of
unreacted'keto:ester was first removed, and finally the
product; identified by a negative ferric chloride test,
came over at 128°/0.4 mm. The yield of ethyl 2-carbethoxy-

-cyclohexanone~2-~B~propionate was 160 g,.(77'per'cent'of

the theoretical amount, based on 2~carbethoxycyclohexanone), - .
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Ethyl 6-Carbethoxycyclohexanone-2-B~-propionate

(1V).~-The procedure of H. T. Openshaw, -et al. (7), was
followed. Carefully prepared absolute ethyl alcohol

(200 ml) was added to a 500-ml, rourid-bottomed flask,
-equipped with_a reflux condenser, whose opening was

fitted with a calcium chloride tube. To the ethyl
alcohol was added 7.8l g. (0.344 g. atoms) of freshly

cut ‘sodium. This was done cautiously so that the reaction’
between the sodium and the ‘ethyl alcohol proceeded under
gentle reflux. - After the complete reaction of the sodium, .
93 g. (0.344 mole) of ethyl 2-carbethoxycyclohexanone-2-8-
‘propionate was added in‘one-portion. The reaction mixture
‘waé'refluxed for 'a period of eight hours.

The solution was poured. into 1000 ml of ice water,
stifred well, and extracted three times with a total volume
of 750 cc of ether. The combined ether -extract were dried
over anhydrous magnesium sulfate. After six or eight hours,
the solution was filtered into a 500-ml, roundabOttoﬁed
flask, .and the-ether was removed by distillation. The final
residual liquid was distilled under reduced preésufe. The
product was collected atfl64~l68°/2;1 mm., The boiling point
of ethyl 6-carbethoxycyclohexanone-2~B-propionate is recorded
in the literature as 189-190°/11 mm. The yield was 63 g.

(71 per cent of the theoretical amount).
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8-Carbethoxyoctahydrocoumarin (V),--A 500-ml, three-

'anecked flask equippediwith a stirrer, a reflux condenser,
~and a dropping funnel was set'uﬁzand'cherged with 16 g. of
'sodium.borohydride inIIOO.ml .d:sopropyl a"l‘cehol° The
'reaction flask was set in ‘an ice bath, and wHen"the-tempera—
‘ture of the cohtenfs.had reached[IOQ'C.g‘55b5”g9V(0;205 mole)r
of ethylb6~carbethoxycyc1ehexanene;Z-B—prépionate=was added
from the dropping funnei into “the stirred squensiOn'OVer‘a'
period-df‘SOfminutes} Stirringgwae~e0ntrnued et‘reom rempera~
ture for an additioﬂal-twdwhour:period;‘ The reaction mixture
was, poured over 900 g ofvice,‘and'theh 65 ml.ef'cehcentrated
'hydrochlorlc ac1d was cautlously added w1th stlrrlng The
product wasAextractedAfour_tlmes w1th~150 ml portlons of
ether. AAlirtle‘toluene'(SO'mlj was added:to tﬁereXtract,
and then all the solventS'were removed by distillation. The
final reSLdual 11qu1d was dlStllled under reduced pressure
V_A.clear, colorleSS-llquld dlstllLed atA158Q/0,3 mm. It gave
a negative ferric:chloride'teét;;and the yield was 32.5 g. |

31

ny = 1,4390.

' Clemmensen Reduction on Ethyl 6~Carbethoxvcvelo~

‘hexanone—Z—B-Q opionate. --A’l~1-, three-necked flask equlpped

w1th a stirrer, a gas inlet tube, .and a reflux ‘condenser
'fltted»w1th a-calc1um;chlor1de tube, was set upg.and charged
V'with 300 cc of absolute ethyl alecohol, 20 g. of zine amalgam,

and 27 g. (0.1 mole) of ethyl 6#carbethoxycyclohexanone~2~B~
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propilonate. Thevmixture'Was stirred§‘and at the same time
dry hydrogen~chl§ride gaégzgenérated by “the action of con-
centrated sulfuric acid on émmqnium chloride, was introduced °
Athrough‘the-gés inlet'tube,‘whichAextendéd well beiOW'the
ESurfaéE’ofithe liquid in the}reaétion'flask,' Heat was
generated as.the reactibn*proceéded5 and refluxing began
aftef*a{shoff'timeul.Periodic teéts were-made'oﬁ‘thefethano~
lic solution ﬁith fefric:éhloride, and when the test'became
negativé (after'apprbximétely 36‘hours),.the introduction
of hydrogen éhloride*was*discohtinuéd9 and_the‘hixtqré-was
poured into 1000 ml. of water, cooled in an ice bath, and
ektrécted with ether. The ether'éxtracts'Were chbined
énd_driédyovér'mégnesium sulfate. After drying in this
‘ﬁahnef§ the solVenﬁ was femoved by~distiliaﬁiono The*resi—
-dual liquid was diétilled under vacuum, A cléar,.colofless
liquid was obtained which-gave'é negative. ferric .chloride
test;'éndjthe I.R. spectrumjofvthe‘éompound was similar ‘to
that of the-productlobtainedifrOm the ‘sodium borohydride
reduction of (IV). | ' |

‘Anal. Caled. for G ;H g04: C, 63.7%%; H, 7.95%.
Found: C, 62.13%; H, 9.83%. |

Attempted Formation of the Ethyl Thioketal of

_gthvl'6-Carbethoxycvclohexanone~Z—Bﬁpropionate (Iv).--A
-+ 1-1., three-necked flask was set up and fitted with a stirrer,

a reflux condenser carrying a calcium-chloride tube, and a
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gas inlet tube.- Dry benzene (400 ml), 54 g. (0.2 mole) of
~ethyl 6ecarbefﬁoxycyclohexanone~2~B—pf0pionate9'80 g. of
ﬁused zinhec .chloride and 36.4‘gg,(0.6 mole) of ethyl mer-
-captan} were‘added té the flask. The'stifrer*waS'started§
and dry hydrogen ‘chloride gas was bubbled into the mixture.
The mixtur; became yellow -and gradually”turnéd té a deep
red color, after several'héurs; Tﬁe periods of time ‘during
which the’reactants;Were»allowed to reméin in'cgnfact, as
deécribed;.ranged from one to twenty hours, in several
different-attempts at forming the thioketal.

| At the :end of the reaction period in -each caSeg.the:
reaction mixture was decanted into a 1-1. Eflenmeyer7flask.
The zinc=chlo;ide-wés kept behind in the reaction flask, |
and washed severadl times with 70 ml of anhydrous -ether. A
total volume of 70 ml of a ‘sodium hydrox1de solutlon, made
by-dlssolv1ng-35 ml of 25 per~cent sodium hydrox1de"solutlon.
in 35 ml df‘water, was then-added-to the reaction mixture:
TheEorganic layer 'was geparated from the aqueous layer,Aand
'stored'overanhy@rous*magnesium‘sulfate for a period of,eight
-hours. It was then filtéredﬁ and the-etﬁer‘was removed by
distillation. The'residual'liquid'was-distilled undér-vacuum,
A "mixed" vapor‘phasé cbﬁomatogram ideritified the product aé‘
the starting material. | : | ' i 

3~Carbethoxy Bicyeclo[3.3. 1]nonan~2 9 dlone (VI) -

5

A 3-~1., three-necked flask was set-up@4and equlpped with a
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high épeed stirrer, a reflux condenser carrying a;célcium
chloride tubey and a dropping funnel. Dry toluené'(l300 ml),
2.3 g. (0.1 g atoms) of sodiumy; and 'l cc of absolute ethyl
alcohol were added to the reaction flask. Ethyl 6-~carbethoxy-
‘eyclohexanone-2-B~propionate [27.0'g. (0.1 mole)] in 200 ml of
dry-toluene-was.édded to the :dropping funnel. The toluene
was brought to a reflux, and then'the'contents'of_the-drop-
ping funnel were added dropwise into ‘the vigbfously"sfirred
solution ‘over a period‘of fifteen hours. Refluxing and
stirring were continued for an additional two hours. Then
’tﬁe toluene was distilled off, until the remaining-V01Ume
was appr&ximately'BOO ml.,

The mixture was poured into a solution -containing
wéOC ml of 5 per cent acetic acid and 100 ml of water. 'The
solutiongwas stirred well, and the organic phase was removed.
‘ The'aqueouS'layerjwas extracted once with 200 ml of ether,
and then again with 100 ml of -ether. The extracts were |
combined with the organi¢ phase,.and the solvents were
removed by distillatién. The residual liquid was distilled
uﬁderTrhduced'pres§ﬁre and finally refractionated through a |
sPinninngand colﬁﬁn under vacuum. The fraction'boiling at
'126-143°/1.8 mm;Was‘usedfwithout further purification in the
syntheéis of bicyclé[3,3.1]nonanw2§9~dione§ whqée procedﬁre

is described. ‘ v
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Bicvclor3,3,l]nonan~2;9~dione‘(VII),nmApproximately
5 g. .0of 3-carbethoxy bicyclo[3.3.1]lnonan-2,9-dione (VI) was
added to a 100 ml Erlenmeyer flask, which was equipped with
a small condensef. - To‘this flask'waS‘aléo added 25 ml of
100 per cent ethyl alcohol, and 25 ml of concentrated hydro-
chlofic acid. The solution was refluxed on é”hot’plate for
12 hours. The reaction mixture was then neutralized With'
25 per'cent'sédium hydroxide solution. Ether (two 100-ml
portions) was used to -extract the product, and these"com-
bined‘extractS'WEre set aside and the ether was allowed to
‘evaporate over a period.of three days. A white precipitate
appeared, which was sublimed under reduced pressure. ‘The
compound had a sofﬁ consistency and a coumarin~like odor°
The compound melted at 55-56° and formed a 2,4-dinitfo—

phenylhydrazone derivative.
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