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REACTION OF CYCLOHEXANONE WITH DIBROMOETHANE -
FORMATION OF A NOVEL SPIRO COMPOUND
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The discovery in. nature of a large number of spiro

:squiterpenes and the elucidation of their structures by classical

chemical and modern instrumental methods has revived the interest

in spiro compounds. The pioneering work of Marshall et aﬂ“who

unequivocally established the structure of 8- vetlvone(I) whlch was

considered to be a hydrazulene derivative (II) until 1960‘s had .

had a catalytic effect in the revival of interest in the fleld of

spiro compounds in general and spiro sesquiterpenes in partlcular

The number of syntheses of - vetivone itself that have appeared in

literature in recent years bears an ample testimony to this fact.®

L

o (1)

|
i

One of the methods of synthesis of spiranes

2,2-alkylation of cyclic ketones with a-w-dihalo alkanes

!

is bﬁy way of

. A review

of this and other reactions leading to spiro compounds h§s appeared i

in literature®.

Christol et al®” who develqped this method, of the !

synthesis of spiro compounds have reporfed that where "as the

alkylation of cyclchexanone with 1,3-
2-allyl cyclohexanone(III) there was no

dibromo'propane led to

‘reaction with 1,2-

b

"

i

: i
dibromoethane. With other dihalo compounds like 1,4-dibromobutane ]

or 1,5-dibromo pentane spiro compounds could be isolated.
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Interestingly; however when cyciohexanoné was reacted with
dibromoethane in presence of. NaOEt, a white crystalline compoqhd'
( m.p.153°C ) could be isolated in an appreciable yield. The mass
spectrum of the compound(m/eEZZZ[ significant peaks 204, 189, 125)
(fig.3) and the fragmentation pattern suggestea that the cdﬁpouhd

is most 1likely to be the hither_ to unreported 1,2-bis-(2’-

oxocyclohexyl) ethane(IV). The infrared spectrum indicated the

presence of a carbonyl group. The band at ca. 3300 cm' was taken as

an impurity on account of the very high humidity in this region.

Reduction of this compound with sodium amalgam gave a white solid -
m.p. 145°C(Benzene-Petether) which showed no carbonyl absorﬁtion in:
the IR. The mass speétrhm (m/e 224, significant ffagments 206, y88,'
108) (fig.6) suggested that the compound might be the hithe‘;r{’:O'
unreported dihydroxy perhydrophenanthrene (V) -

P ! l:ll
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When (V) was treated with conc. H,80,, the reaction mixtgréa

deveioped an intense red colour. From the reaction mixture could be

isolated a sweet smelling libuid b.p. 138%C / 1.5 Torr. The mass

C e _ !
spectrum of the compound (m/e 206 'significant mass fragments 188,

173, 159, 145, 131 ) (fig.9) suggested that the compound was formed

with the 1loss of a mole of water. The absence of carbonyl
~absorption in IR was very significant.The presence of a broad 'band
ca. 3000 cm! clearly indicated that there was no pinacol-pinacolone

réarrangement. The compound was given the structure (VI)

Cuy | | uiv) |

At this point it came to our notice that Camps® had prepared the
aiketone (VII) starting from cyclohexanone-

; according to the
following schene.

E
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The author had reported that the diketone. (VII) on heating with

NaOMe underwent intramolecular aldol condensation to give Ithe

interesting spiro keto alcohol (X1IV).

' 1
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(XIV)

O

When the initial condensation product -0f cyclo hexanone and dibrgmb

ethane, (IV) was treated under Campsmconditions,

surprise the starting material was recovered. However when the
compound was treated with BF;-Acetic acid complex a smooth reaction
took place and from the reaction mixture we could isolaté a
pleasant smelling liquid b.p.120°C /1.5 Torr., m/e 204(significént

fragments176, 133) (fig.12). The IR spectrum of the compound

indicated the presence of a carbonyl group in the compound. Based

on the analogy of Camps spiro keto alcchol (XIV), this liquid was

assigned the structure (XV).

The fact that the initial adduct

fai’ed to undergo base catalysed aldol condensation prompted us to

re-examine the initial addﬁct. We had made an assumption that the

band at ca. 3300 cm' in the IR was due to moisture. The compodnd

was dried over P,0; in vacuum for '48 hours. Even then the’broad‘badd

at ca. 3300 cm' persisted. It appeared that the compound was not, a

simple ketone but a hydroxy ketone. It might be that the initially

formed diketone (IV) might havF, under the expérimental conditions

undergone -intramolecular aldolgcdndensation to give the-spirolketd
alcohol (XVI) '

to our'utter'
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The mass spectrum and fragmentation pattern is not likely to be any

‘different from that of diketone (IV). .
An attempt was made to prepare the diketone by the follow}ng

scheme.

COOEE (OOt

COOEL

K- Salt

+ C H')__BY
|
CHy Ry

[N 74

v

Heating of the. potassium salt of 2-Carbethoxy cyclopexanohe )

with dibromocethane gave a very small quantity of a crystalline

solid m.p. 167 . Attempted hydrolysis and decarboxylation with dil

HCl led to intractible tarry material. Absence of bromine in the

compound and negative test - for f-keto ester with ferric chloride

has prompted us to'assign the structure (XVIII) to the initial

condensation product from 2-carbethoxy cyclohexanone. l’
: o |

+ 4 '
' | I |
b | f
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Consequent . on the revision of the originally assigned
structure to the condensation product of cyclohexanone & dibromo
ethane from (IV) to (XVI), the structures of the various

derivatives have been revised as shown below |

I
b

Structure
Originally
Assigned
Oon OH

() W)
Revised
Structure

CRD

| R
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Results And Discussion

All melting points and boiling points are unéorrgcted.
Solvents were dried over anhydrous sodium sulphate. IR spectfa were
recorded on Beckmann IR 20 spectrophotometer. PMR spectra were
recorded on Varian 90 MHz/ 60 MHz spectrophotometers. Mass spectra
were recorded by Central Drug Research Laboratories, Lucknow and
Prof. Mitsuo Miyazawa of Kinki University, Japan. .,

[ |
1-Hydroxy bicyclec ' (4.3.0) nonane -9- Pspirb“ T1/-
cyclohexan -2/-one (XVI) ' ¥ I z’

N
A‘.mixture of cyclohexanone (98 g; 1 mole) énd lq2;
dibromoethane (94 g; 0.5 mole) was added in one lot to sodium
ethoxide (prepared from 300 ml absolute ethanol and 23 g} sodium)

and refluxed on a water bath for six hours. Excess alcohol was

removed under reduced pressure and the reaction mixture carefully

acidified with dilute hydrochloric acid and extracted with benzene,
washed dried and concentrated. The gummy residue on

trituration with petroleum ether gave l-Hydroxy bicyclo (4.3.0)

nonane -9- spiro -1'- cyclohexan-2’'-one as a white solid
|
m.p. 153°%C.  vield 50 g.
IR (Fig 1 ) 3340 cm™}; 1722 cm™!; 1440 cm!.
PMR (Fig 2 ) 0.9 -~ 1.1 6(m,20H,due to -CH, protons) } 2.1-

2.4 6(m,3H, due to one -CH, protons « to CO
group and -OH proton)
Mass (Fig 3 ) m/e 222, 204, 189, 125.

A possible fragmentation pattern is given in page nol3g.
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Reductlon of 1-Hydroxy bicyclo (4. 3.0) nonane -9- splf

1’- cyclohexan- 2’- one with Sodlum amalgum-A ““K]
: ] ) \

To sodium amalgum (prepared from 1.8 g clean sodium and 10|ml
mercury} warmed to 50°C was added the compound (XVI) (2 ‘g)
dissolved in absolute alcohol (120 ml) in an’ atmosphere of
nitrogen. Through out the addition the reaction mixture was
stirred and after the addition the reacion mixture was stlrred for
an additional hour at room temperature and then refluxed on
a. water-bath for an hour more. The mixture was cooled. mercury
separated, and the residue concentrated and diluted with water.
The aqueous solution was extracted with benzene washed,dried and
concentrated. l1-Hydroxy bicyclo(4 3.0.)nonane-9-spiro-1'- cyolo

hexane - 2’'- o0l (XIX ) seperated as a white solid m.p(from benzene—
petroleum ether) 145°C.

IR (Fig 4 ) 3400 cm™!(broad); 1460(s); 1370(m).

PMR (Fig 5 ) 0.5 - 2.0 d(m, 21H, due to -CH,. protons) ; 3.7
- 4.05 d(m, 3H,due to -CH proton and two OH
protons )

MS (Fig 6 y m/e 224, 206, 188, 108.

A possible fragmentation pattern is given in page139.

Action of conc. sulphuri¢ acid on the diol (XIX)

The diol (XIX) (lg) was treated with conc’. 'sulphuric acid

( 5ml ) and the reaction mixture stirred at room temperature An

intense blood red colour developed. The stlrrlng was continued for'

two hours and the reaction mixture was left overnlght at room

temperature. The reaction mixture was diluted w1th water, extracted

with benzene, washed free of acid, dried and concentrated. The

residue on distillation gave a sweet smelling oil (SOOEmg)

b.p.
138°C ’ 1.5 Torr. Styucture _>§< (Retllsec\ @l)
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IR (Fig 7 ) 3400 cm~l; 2920 cml; 1700 cm™'; 1440 cm™t.
0.7 - 1.8 (m, 20H, due to -CH, protons); 2.0-
2.4 0 (t, 1lH, due to -OH protonj; 3.6 0 (t,
1H, due to -CH) ‘ |

PMR (Fig 8 )

MS  (Fig 9 ) m/e 206; 188; 173; 159; 143.

A possible fragmentation pattern is shown in page l4o.

Treatment of the compound (XVI) with boron trifluoride

in acetic acid

The compound (XVi) was dissolved in glacial acetic acid (5 ml) and
treated with freshly distilled boron trifluoride in acetic acid. (5
ml) and gently refluxed for one hour. The reaction mixture was
ailuted with water and extracted with benzene. The extract was
thoroughly washed free of " acid, dried and concentratedi,’Thee
residue on distillation gave a pleasant smelling oil b. p:‘iZO°C /

1.5 Torr. Yield 800 mg.

IR (Fig 10 ) 2900 cm™! ; 2840 cm™! ; 1720 cm™! ; 1450 cml.

PMR (Fig 11 ) 0.7 - 2.3°d(m, 18H, due to -CH, protons) ;
2.3 - 3.0 6 (t, 2H,due to -CH, @ to -CO

group) . :

MS (Fig 12 ) m/e 204, 176, 133.

1
i

A possible fragmentation pattern !is shown in page 41, f/
| r

Treatment of the compound (ery with;sodium,mefmo&fdeh X

]

l i .[

The cbmpound (Xvl) (2 g) was treated with stium
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methoxide in methanol ( 300 mg sodium in 10 ml methanol ) and
refluxed for 3 hours. Excess alcohol was distilled off and the
residue diluted with wated , dried and concentrated. A white solid

separated which was found to be identical with (XV1). !

[i

Condensation of 2-carboethoxy Cyclbhexanone and dibromo
ethane followed by attemptéd Ketonic Hydrolysis- to
1,2-bis- ( 2’- oxocyclohexyl)-ethane(IV)

5.6 g (0.1 mole) KOH is dissolved in 5 ml H,0 and 30 ml of
96% alcohol and the solution cooled to 5 - 10 °c with an ice salt
mixture. With stirring and outside cooling 17.0 g (0.1 mole) of
freshly disstillea 2-carbethoxy cyclohexanone is added over a 3
min. period and after 2 min. 50 ml of ether is also added, care

being taken that the reaction temperature does not exceed 20,0C. 

_The pasty precipitate is suction filtered immediately, washed ff:st

with a small amount of ice cold 96% alcohol, then with ether . The
solid 1is pressed on clay plates and is dried at

. | ';l
50 - 60 °C for 2 hours. The product so obtained forms white, '

glistening, thick scales when recrystallized from alcohol.

; ¥
A mixture of 20.0 g K-salt (0.lmole) of the ester 9.49 (0.05 mole);

and dibromo ethane are stirred and heated for several hodrs. A

white crystalline product was obtained in a low yield after usual
work up. | ' |

m.p. 167° C

Hydrolysis of the adduct with dil. HCl yielded a tarry intractible>

material. : I

-' | 1
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ADDEND UL |
o | ol

1
b

The streture (XVI) wasgassigned to. the hvdroxy ketone’on(phe*basis E
. |
of the following evidences: |

. - : |
(i) the compound was formed by heating a mixture of cyclohexsnone and{

1,2-dibromoethane with sodium ethoxide in ethanol; .!

(ii) the ir spectrum indicated the pfesence_of carbonyl and hydroxy

groups; | , : F
- (iii) the mass fragmentation patternlsuggested that the compou£ migh%

|
Lo ‘ |

|
be either the diketone (IV) or a hydroxy ketone: in fact Dr Mﬁyazawaf:
i !
of Kinki University who had recorded the spectruh had suggej‘ed ihe 'H
! 1 ' ; |

| '

|

!

|

. diketone structure;

.‘ ] )
(iv) Camps5 who had prepared the diketone <(VII) 'had repdrted thak the
compound on heating with sodium methoxide gave the spiro ketol (XIV)

{
by way of 1ntramolecular aldol comdensatlon. However, .our compound

was not affected by the reagent. It was, therefore, concluded that |
the diketone initiaily formed must have undergone aldol condensation
to give the hydroxy ketone. 1H-NMR spectrum was not of much use in-

interpreting the structure due to the fact that the different.sigpals”

'were strongly overlapping. . 0 _ | ‘i

m‘ o o o

(XV') ‘ () (vi1) :

iy , ..
{

H o)
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The cis hydrindane structure was presumed in view of the known, |

preference of the hydrindane system for cis fusron but this Was not

confirmed. Dr F. Naf of Firmenich, Geneva was requested to solve this

gstereochemical problem. He was kind enough to run the various spectra

1
!
1
i
[
1
f
!
1
4
1
!
i
i
i
I

including the 2D inadequate spectrum and has concluded that thg hydroxy

ketone has the structure (XXI). In fact the compound has been reported:

in 1iterature® I

and has been characterized by X~ray and AD Nrk. The r
compound can be obtained by reaction of cyclohexanone with sodlum eth-

oxide, The fact that we had used dibromoethane completely Tisléd us.; w
b
i

It may be pertlnent to point out that Buchbauer et. al' pornt’ou# Zhaé il

by
straight forward ass1gnments of the signals of ]H-xand 130 -NMR sp ctra|j

is not possible due to the fact that the signals of the allnhatvclhydr %
|
gens are strongly overlapping even at 250MH z, Only the doublet o the g

CH3 group at?0.9 ppm in the PHR can be assigned immediatelyj The 130
1

NMR spectrum of the compoun#reveals a similar 31tuat10n, although the !

CO~ signal and the resonances at 15.26 (CH ) and 5%9.4 ppm (C ) can be

(

assigned by chemical shift considerations and by their multiplicity obﬁ

by
13 ”
an unambiguous assignment of the C SLVnals is via a 2D—INADEQPATE !

tained from an off-resonance decoupled spectrum. The only way to get

experiment which yields the carbon~carbon connectiv1ty. The assign- ¥

1 135_13

ments of the H- and 13C-resonances;are given in Table 1 and’the

coupling constants in Table 2,

~oean fomy ]
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i [an [} 7
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6 24,95 t b ._.',;0 T
T 45,48 d T 1,0%
O 37400 a ' 8 2,005
9 52040 a 9 I e
10 28,72 % 10 C Wi RL2T
11 -‘9-71 T 11 .3_952/1.000 !
1 2 20’011 G 12 ' :‘_- 90/2.1[1. .
17 220,753 5 | 13 -
542 s H 14 1.04
14 15.26 a L4 L
| I
7
f')l\)
TADLE <
' |
1-2 31L.9 H=z 8=9 T0.6 Ha
2=> 74,5 Hz 9-10 50,7 Hz
54 3%.3 Hz I0-11 2.4 Hz
45 7.l Haz 1112 %26 Hz |
5"'() 30.4‘ I‘Z l?."'l . )QI{_ I[Z
o= %4e1 Hz 5-14 %Get Ho
7= 4,1 Hz 2= 54,1 Hz |

Crystal structure determlngtlon showed the carbon frameworr
congists of three cyclohexane rings, two forming trans-decalin
. and the third connected in an adamantare-like configuration as
shown below.
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Projection of (XXI) perpendicular (A) and

parallel (B) to the decalin plane.
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In view of the revision of structure (XVI) mf the Leto-élcohol
to (¥¥XI), the structures (XIK), (XX) and (XV) shown on page 133 of

this thesis are revised to (XXII), (XXTII) and (KKTJ) resnectlvely.‘
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