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CHAPTER ONE

TRODUCTION

of organic molecules was discovered early in the 19th

when more

n the wavelength

curves were discovered.

erved as a
Study of
when deuterium was discover

compound of which the specific rotation

Many optically active deuterium comp ,
either for the study of (biochemica

synthesis was a challenge to a synthetic chemist®. Some examples of op
18
: 18 : g 6
activity due to U-substitution have also been reported®.

Measurements of the optical activity of these compounds have never been

used as a basis for theoretical work’, possibly because no complete Cotton

compounds before




problem for mathematical analysis.
On the other hand in obtaining suitable compounds one is faced with a
number of synthetic problems, which have to be solved first. The present

thesis is concerned with the synthetic part of the program.

(92)

glection of compounds.

rotation due to hydrogen-deuterium asymmetry® are a factor

-4
" g
m

angles

500 smaller than for example the corresponding effects due to replacing a

Dne may expect a similar reduction in the

hydrogen atom by a

magnitude of known if optical activity is due to isotopic

substitution only.
This has consequences for the choice of compounds to be synthesized with
the purpose of obtaining CD data:

1/ The absorption bands to be studied should have low molar extinction

coefficients (e.g. electrically forbidden transitio

transitions) so that concentrated splutions can be used. In order to

obtain observable CD values the magnetic transition moment should be
high.

2/ The optical as well as the isotopical Qurity8 should be as high as
possible.

Requirement 1/ is fullfilled by carbonyl compounds.

Through the work of peen? and Emeis!? on trans-g-hydrindanone (fig. 1-1)

a great deal of experience with (mainly) the

a) H
T 0 a theoretical featurss of the carbonyl group has
! a been accumulated in the Department of Theoretical
1 2 Organic Chemistry in Leiden. One of the features
FEgurs: (=1 of the carbonyl absorption at about 300nm is the

fine-structure (which is especially pronounced when the ketone has a two-
fold axis) due to a progression of the carbonyl stretching mode in the

g : ’ 4 18 -
excited state. This progression is expescted to change on O-substitution

as will be made clear in the next example.

Consider a "simplified” optically active ketone and suppose that only
transitions to cne vibrational level (and its harmonic overtones) of the
excited state are possible, and assume this particular mode to be a group
vibration of the carbonyl group. Then this ketone should have a very

simple CD spectrum: on a frequency scale it should consist of equally




spaced peaks. Fig 1-2 gives a sketch of this CD spectrum together with that
: { 16, - 18, . - : S
of the antipode where 0 has been replaced by 0. That the progression of

from the solution of the harmonic oscillator. Thus an eguimolar mixture of
. " 18, 18
these antipodes, one antipode 100% 0, the other 100% 0, should give

rise to an observable CD as the difference of two CD bands with different

contours.

he CD spectrum of an actual ketone, hydrindancone, is depicted in
fig., 1-3. Here also substitution of 150 by 160 would change the progression
of the carbonyl stretch vibration, thus an equimolar mixture of compound l
(fig. 1-1) and its antipode 2 wherse 160 has been replaced by 180 should
give rise to an observable effect in CD.

In practice it would pe very difficult to obtain both antipodes of a

- . 18
ketone of the same opical purity, and to label one antipode with 100% 0.

For this reason we directed our attention to the synthesis of dicarbonyl
compound with a plane of symmetry in the caese both oxygen atoms had equal
mass, but would lose symmetry if one of the oxygens was replaced by 150
(see fig. 7-1 for examples). Our first choice was the synthesis of an

a-diketone because of the presence of two absorption bands which are both

ct

accessible to accurate CD measurements.




General remarks.

e situation illustrated in fig. 1-2 is indeed very simplified. The
shift of the frequency of vibrational transitions is not the only cause
of an isotopically created CD. There are other origins of such an effect
that will have to be considered in a refined theory such as the
differences in amplitudes of vibrations due to different masses of the
isotopes, and the influence of anharmonicity of the potentials
governing molecular vibrations. The difference in equilibrium bond
length between C-H and C-D as a consequence of anharmonicity, amounts to
0.9642 cnlyll, but should nevertheless not be neglected.

2/ When we mentioned a plane of symmetry in & dicarbonyl compound with
identical isotopes we included in this term planes of symmetry that are
only present as time-averages, e.g. in the case of rapidly intercon-
verting conformers. Introduction of an isotope (deuterium in cyclo-
pentanone e.g. 12)) may shift the equilibrium sufficiently to give rise

to a measureable optical activity

Referesnces.
1) Biot, Bull. Soc. Philomat., (1815) 180.
This reference and the next one is taken from: T. Martin Lowry, Optical

Rotatory Power, Dover Publications Inc., {(1864).




1
(]

orom

18}

H-

on |

1EeWs

) For rev

9




CHAPTER TWO

(*®g, 180) - - FENCHOCAMPHORONEQUINONE

OPTICAL ACTIVITY DUE TO ISOTOPIC SUBSTITUTION. CIRCULAR DICHROISM OF
18 .
(1R) -2~ | 20-a-FENCHOCAMPHORONEQUINONE! .

Sip:

During the last twenty-five years many substances have been synthesized
which derive optical activity from deuterium substitution?. Dnly a few
examples of optical activity due to other isotopic substitution have been
reported, viz. some (1HQ.1BD]‘SU1DHOHQE3 4 5 and (lUG,qaﬂl-SUIDhonate
esters”®. No Cotton effect has been measursd in any of these compounds,
neither in CD nor in ORD. Two ORD curves only show the first half of a
Cotton effect®.

40

443
e 30 in cyclohexane
<>Ow

10
o+————a—— T
260 300 340 380 420 460 500nm
40 36 B2 T 28 24 g 3 20 kK
2
o1 v 1//f/i/~j/T/i\ . /\r v
380 420 460 500nm
4€10° _,
.4.
-6
-84 (1R)-2-0"8 a-fenchocamphoronequinone
Fig. 2-1 7)
We have started the synthesis of a number of diketones which derive
: 16 18 -
optical activity from substitution of one D by 0. The first compound

- g 1 - a
which is reported here is an a-diketone: (1R)-2- "0-a-fenchocamphorone-
guinone (I). The CD-curve between 250 and 520nm has been measured with a

built by Mr. Dekkers in this department.

very sensitive instrument




In iso-octane

=Q3) (1R ) - camphorquinone

-041

04

0 14— v >

260 300 340 380

(1S) - isofenchonequinone




to optical purity it displayed in fig. 2-1 together with the

Both bands in CD around 280 and 480nm show exceptionally

pronounced structure. For comparison the CO and absorption spectra of
camphorquinone (II) (fig. 2-2) and of isofenchonequinone (III) (fig. 2-3)

8 .
are added®. We have not yet measured the ORD of compoud I, but t

0
idea of magnitude of the effect in ORD, we give in fi

the cont

the aid of the Kronig-Kramers theorem®,

calculated with

500 480 460 440 | 420 400 nm

¢O

in cyclohexane
~
No®

25 kK

electronic spectra and optical activity of a-diketones . The assign-

twist could be supported by

arguments of con

Theoretical

glsewhere, may

3 NH20H
\}O
~° 18 NHaNH2
/‘_SeO @ ‘HL?_. -
eO2 o
: ~ (A¢)0 Qo"’ H QN NH2 o

o|5 H

rom (+)-(1S) -fenchone.

+H

compound




will be published separately by one of the

authors (Kokke). A route followed is given in fig. 2-5.

f th work has been published. J. Amer. Chem. Soc.,
314, 7583 (18972).
45327,
[N { 3 o 0 = z
) and K.K. Andersen, J. Soc., 91, 3603 (1968).
°) R. Annunziata, M. Cinguinni and C. Co onna, J. Chem. Soc., Perkin
6)

From ORD-measurements of and A. Rassat, Bull. Soc.
3

Chim. Fr., (1861) 745)

band around 480nm gives rise to a normal Cotton effect in CD, which

de Vries, Proc. Roy. Soc.,

297, 54 (1967).

0 ; 2 W o= i iad D
10) The calculated (max.) amplitude of this ORD-curve is 42.2

Acta, 54, 663 (1871).
W. Hug, J. Kuhn, K.J. Seibold, H. Labhart and G. Wagnigre, Helv. Chim.

Acta, 54, 1451 (1871).

12) E. Charney and L. Tsai, J. Amer. Chem. Soc., 93, 7123 (1871).

w

13) a/ AW, Burgstahler and N.C. Naik, Helv. Chim. Acta, 54, 2920 (1971).

b/ W. Hug and G. Wagnigre, Helv. Chim. Acta, 55, 4 (1972).

m
(05

14) X-ray analysis of camphorquinone (L. Tsai, E. Charney, J.V. Silverton

W.M. Bright, to be published) proved the sense of twist predicted

in 12) to be correct (fig. 2-6). However, this does not mean that the

and

assignment of eleetronic transitions, given in 12), is also correct

15







orts was directed towards the

from opti




y the synthesis of specifically labeled camphorquinone was
attempted from camphor. Water, enriched in 155 (2,085 at.% 160 211) was
used for labeling the reagents, since an 18O-Iabel of 2% is sufficient high
to detect the possible exchange of oxygen between the reagents and the

reaction medium by mass spectroscopy.

0 0
+ SeQ; —= + Se + H20
Figure 2-7 X0

An a-diketone is most conveniently prepered by oxidation of a ketone
with selenium dioxide??. Because the water formed in this reaction
(fig. 2-7) reacts with selenium dioxide to form selenious acid, which
might catalyse in unfavourable conditions exchange of oxygen between the
carbonyl group and water??, a solvent was required in which either
selenious acid was insoluble, or the water formed could be removed.

In a first experiment labeled camphor was oxidized with selenium dioxide
in acetic anhydr*dez“ (molar ratio of camphor, selenium dioxide and acetic
anhydride = 0.33 : 0.54 : 0.53), the intention being to bind the water

ormed with acetic anhydride. This first experiment was a faillure: the

18
camphorquinone prepared from label mphor (2.26% '“0) had too low a

w o

e
a8 ; e .

label (1.52% 0; retention is 2.45% 0).

Various possible reasons for this loss of label were systematically

1

investigated, First it was verified that labeled camphor doss not lose
1abel? % when boiled with acetic anhydride for four hours 2% 27,

similarly no loss of label occurred when 0.3g of water was added to a
boiling solution of 2.5g of labeled camphor in 2.5ml1 of acetic anhydride28
(molar ratio of camphor, water and acetic anhydride = 0.33 : 0.33 : 0,53).
Apparently under these conditions the reaction between water and acetic
anhydride is much faster than the acetic acid-catalyzed exchange reaction
between water and camphor.

Reconsidering in the light of these results the oxidation experiment in
which loss of label did occur, it was realized that both ketone and
solvent??® were oxidized by selenium dioxide so that toward the end of the
reaction hardly any acetic anhydride was left. The lifetime of a water

molecule then became long enough to permit oxygen exchange with the

carbonyl group.

“

Indeed it was found that loss of 'SG in the oxidation of labeled camphor
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in cyclohexane
20 <§o

\
* 16! (IR)-a-tenchocamphorone
(unlabeled )
\

ruthenium

tetroxide
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Experimental.
Melting points are not corrected. Angles of rotation were determined with a
Bendix-NPL photoelectric polarimeter at room temperature.

were calculated from peak intensities in spectra

example of the method we have used. In the mass spectrum of a sample of

and
.
ver

another component of the mixture (probably
camphene) becomes the main product.
tetrachloride then gave

liquid at room temperature.

beling of camphor by hydrolysis of camphor-nydrazons. A mixture of
48 o
o : 3 s o LI E 18, 21y, .
shor-hydrazone (8.3g), labeled water (3.,6ml, 2.085 at.% 0 )) and

placed in a heavy walled, long necked flask at

—
11
-
]
0
oy
v
o]
-
o
©
n
c
3
pus
b3
)
w
ko)

. i =t -
a high vacuum 1line, degassed, and hydrogen bromide (41.871/20 /1atm.]) was
t. The sealed mixture was left overnight, then heated

- AR 3 '
rring for 8 hours at 80 . Normal isolation

camphor which was purified twice by







mechanism would suggest (19.14% instead Of 31.25% 1dB); this loss of label

might be due to exchange prior to oxidation.

According to our measurements, when optically pure camphor is used for
the preparation of the enol-benzoate, then oxidation of this enocl-benzoate
ly pure camphorguinone.

(+)-Fenchone-oxime (2) was prepared from (+)-fenchone (Fluka, purum)

accarding to Wallach®® in at least B80% yield. {a]D~41.1BD (abs. EtOH]),

mp 1&2-40 after recrystallisation from heptane and dilute alcohol. Lit.
[o] .+46.5° (EtOH), mp 167",

Fenchylamine (3) was prepared from 2 by reduction’?® with sodium and
alcohol. The hydrochloride after two recrystallisations from dioxane had a

(MeOH) .

3 was regenerated from the hydrochloride and

I The reaction products were separated by
fractional distillation using a Nester-Faust spinning band column ("20cm

om 41.5kg of 1 86g of a-fenchene fractions was obtained (purity

I

o
M

"3

>B7.4%) that were used for the preparation of a-fenchocamphorone £{5). For
the measurements more pure 4 was obtained by careful redistillation (n20cm
a)

Hg, 2ml/hour) of a fore run. The purest sample (89.54%) had Eﬂ[;42.54

|

(+)-o~Fenchocamphorone (5). Some early terpene chemists’? have prepared
35C

by ozonisation of 4, but Mattinen failed to reproduce their reasonable

a

ields. We prepared 5 by oxidation of 4 with ruth
5

nium tetroxide in

<

methylene chloride in 65.5% yield. A sample of the crude ketone was
sublimed: then mp 91—60, quf57.330 (MeOH) was found. Another sample was
er distillation the oxidation
product was purified by prep. G.L.C. (SE-30 column) in order to remove
unreacted ketone. After sublimation the o-fenchocamphoronequinone had mp

ek <0 3 A A= -
138.0-8.5 . No effect in CD could be detected. Therefore 5 was not
contaminated with BR-fenchocamphorone (1 ), because it would have been
possible to detect B-fenchocamphoronequinone (11) by EaS,

(- }-o-Fenchocamphorone-hydrazone (B) was prepared from 5 in the manner of

6§7) in 74.4-82.2% yield. 6 was a liguid at room temperature, but
2 A <0 o 5 2 .
crystallised on storing at -15", Different angles of rotation were recorded
. & - o -
for two preparations: [aJﬁ-:1.27 and -58.32" (MeOH).
U

Hydrolysis of 6, introduction of the label.

- Labeling procedure. In & degassed mixture of 6, labeled water and

26




ethylene

vacuum 1

camphor

hydrazone. Bu

2
4

It might be expected that further reduction

it respect to the hydrazone would result

T

T T

~

In the case of 6 azine formation is st

- Labeling. Water containing 0.31 at.%

deuterated, but only in the 3-position.

21 = j s
) was used. We used deuterated water, enriched in
in o,

the deuter

uantity of water
of the yield of
easy than in the

0

hus 5 will be labeled with

d and

(50m1)

was obtained,

w

(2]

+1]

gave

64.0 at.

introduction of a second D is more difficult, and deuteration at the

well documented’®. Introduction of D at the exo-3-position is easy,

Deuteration of norbornanones is

R
- |
®

(i)

[17]

hydrolysed

°
%

DUt

9




8-position does not take place under our conditions.

(7.6g) was hydrolysed with labeled water (2.0g) and HBr; 7 (2.45g) was

o

obtained and 4.75g of residue of sublimation. Labels were calculated in the

assumption that only mono-deuteration had occurred. Specific 3-deuteration
= o 18

3.25%, label 62.72% 0.

Specifically labeled a-fenchocamphoroneguinone.

- High label incorporation. 7 (2.40g, 62.72% 180] was heated with selenium
dioxide (1.53g) and acetic anhydride (2.2ml) (4 hours on a bath at 15001.
Using 20ml of dry methylene chloride the reaction product was separated
from selenium by filtration, washed with bicarbonate solution till neutral,
then with a saturated NaCl solution. The solvent was removed with suction
and the residue distilled. Diketone and unreacted monocketone were separated
by prep. G.L.C. (SE-30 column). 0.88g of Z was recovered, mp 108-100,
specific 3-deuteration 3.44%. label 60.18% 180; 0.55g of 8 was obtained,

i i . . i 1

48.05% of this diketone was labeled specifically with BD, 50.87% was
1

unlabeled, and 0.08% doubly labeled wit! 0. A solution of 8 showed CD in

@ -

both absorption bands between 250 and 520nm. That the observed CD in the
visible region was due to isotopic substitution could not be called in
question because the precursor z does not absorb there, but it happens to
be that the second absorption band of 8 at about 300nm coincides with an
absorption band of the precursor 7, thus it had to be made sure that the
observed CO of 8 at about 300nm was indeed due to 8 and not due to the
precursor. The CD band we observed in this region was shaped like the CD
band of 7, but it had a very unusual fine structure. Because of this band
shape and its place we had a shrewd suspicion that traces of Z interfered
with the CD measurement. Indeed we showed 8 by G.L.C. to be contaminated
with 0.1-0.2% of 7. This impurity was removed by prep. G.L.C. to yield 8
(0.4g), mp 143.0-0.50. Then CD was measured again; the then observed CD

of B is displayed in fig. 2-1.

- The ultimate proof that the observed CD of 8 is due only to isotopic
substitution is an exchange experiment. First CD and absorption was
measured of a spectroscopic solution of 8 (24.2mg) in heptane (10ml). Then
to this solution was added water (4g) and acetic acid (1g); this mixtur
was magnetically stirred at room temperature for 15.25 hours, neutralised,
the layers were separated, the hydrocarbon layer dried and used for the
measurement of CD and absorption. No CD could be detected, which serves

as a proof for the purity of g; the optical density in the visible region

28
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a-Methylene-camphor, labeling by exchange. A mixture of a-methylene-camphor

2 1
{(5g), labeled water (15g, 2.085 at.% 80 213y), THF (20ml) and p.-toluene-

sulphonic acid (0.5g) is refluxed for 23.5 hours. The layers are separated,
the agueous layer is extracted once with pentane (5ml). The combined
organic layer and pentane extract then are washed with water, dried and
distilled. Yield 3.8g, label 2.0 % 150.

Attempted synthesis of a-hydroxy-camphor-acetate. After refluxing overnight

a mixture of a-bromo-camphor (40g) and silver acetate (7.8g; freshly
prepared) in chloroform (100ml) no appreciable reaction had occurred.
Therefore a solvent was used that permitted a higher reaction temperature.
The same quantities of silver acetate and a-bromo-camphor in DMSOD (400m1)
were heated at 150° whilst magnetically stirring for 15 hours. From G.L.C.-
measurements (SE-30 column) it was then deduced that reaction had occurred:
only products were formed with a retention time shorter than the starting
material. Mol. ratio of the only important reaction product and the
starting material about 17:42. The reaction product was analysed as
C10H14D. The same product was formed when a-bromo-camphor was refluxed with
silver acetate in pyridine.

a~-Amino-camphor-hydrochloride. Isonitrcsocamphor79 was reduced with zinc

and base to give a-amino-camphoreo. The hydrochloride was prepared by
saturating an ethereal solution of the amine with hydrogen chloride. Then
the ether was.removed and the hydrochloride recrystallised from absolute
aleohol : dicxane 1:1.

The Leuckart reaction. In a Carius tube was placed 0.5g of a-amino-camphor-

hydrochloride. 0.68g of 1,3-dioxolane and 0.58g of labeled water (2.085

at.% 180 213), The tube was evacuated, sealed, and heated in an oil bath at
1450 for two hours. After cooling the crystals were removed by filtration.
The filtrate was a brown liquid, pH= 2-3 (indicator paperl). On
recrystallisation of the dried crystals from hexane (3ml) camphorgquinone

1
was obtained (75mg, fine needles), label 4.44% eO. Retention of label is

2.28% 180. On standing the hexane of the mother liguor gradually
evaporated and colourless crystals of a compound C11H1602 were formed. The
above reaction was repeated on a larger scale, part of the camphorquinaone
was removed by crystallisation and the mixture of the unknown compound and
camphorquinone separated by prep. G.L.C. (Apiezon, 22001 8l), Starting with
6.5g of a-amino-camphor-hydrochloride there was obtained 0.75g of the

unknown compound, mp BO-SO from hexane. This compound was not identified.

30
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31

" ; 18 2
determination of 0-1labels was *0.10%. Therefore a statement such as

wretention of label was observed" should read "relative loss of label

was 5% or less”

Thus the mechanism resposible for the loss of 0 when a labeled

aldehyde is treated with acetic anhydride (fig. 2-13) does not apply

here: 4?0 //OAc

(Ac), 0+ R—=CHz—C_ === R—CHyp—=C == RemCH=CH—0Ac & HOAe

Figure 2-13 OAc

cf. Houben-Weyl, Methoden der Organischen Chemie, Georg
Stuttgart, Bd 771, 442 (1854).

wWhen camphor is treated with trichloroacetic acid anhydride (11D-ZDD]

a geminal di-ester is formed, 2,2-dihydroxy-camphene-di-trichloro-

acetate which decomposes to give after a Wagner-Meerwein rearrangement

1-hydroxy-:ampneﬂe—tricnloroacetate as the primary product (J. Libman,

M. Sprecher and Y. Mazur, Tetrahedron, 25, 1679 (1868)).

This quantity of water (0.3g) was chosen because it would have been

formed when selenium dioxide has been added to the reaction mixture

and had oxidized all of the ketone end nothing else.

3.J. Postowsky and B.P. Lugowkin, Ber., 88, 854 (1835).

L. Rappen, J. Prakt. Chem., n.F. 157, 1896 (1841).

camphorgquinone prepared from labeled campnorz“ had a label

A sample of
cng 8 M0 S o 18N e

of 1.60% 0, and the fragment (M-CO) a label of 0.48% 0 (15eV

spectrum). If both carbonyl groups were equivalent, or if we had a

randomly labeled diketones, we should expect the fragment (M-CO) to have

1
a label of 0.80% 80.

Assuming that the "chain branching rule” (cf. F.W. McLafferty,
Interpretation of Mass Spectra, W.A. Benjamin Inc., 82 (1967)) can be
used to predict that in camphorquinone the bond between C1 and C2 is
broken preferential to the bond between E3 and C4 , we conclude from
the labels of 31) that 2‘1BD'CamphDFQUiﬂCﬂe is the main or possibly the
only reaction product. If preference for bond rupture should be
opposite to the "chain branching rule”, then 3-1BD-campnorquinone is
the main or the only reaction product, and interchange of oxygen atoms
within a molecule has taken place.

J. Véne, Compt. Rend., 216, 272 (1843).

Labeled selenium dioxide is commercially available (Miles Laboratories

Inc.)




L

37)

38]

') The absolute configurations

camphor (M. Northolt

the relative

x-fenchene (4) the reader is referred to:

a/ J.L.

Simonser

very

distillation with great difficulty. Whether B-fenchene

depends on the reaction conditions. As is depicted
3 -

1

prepared a-fenchene from fenchylamine, and did not expect the

of B-fenchene, because under the same conditions from the bornyl-cati
o . =S PO - f D r -
(18) optically pure camphens (20a) 37) is formed. Thus under those

conditions the camphene cations (18a,b) do not

that would

J)

¢CH2 H;C%
E‘j\
NtHy CHZ 7 I

Figure 2-14 Wagner-Meerwein rearrangements (simplifie

Q

W.HGckel and W. Tappe, Ber., 2769 (1936).

W. Hickel, Ann., 548, 186 (1841).

But a higher angle of rotation has been recorded for camphene,
n

J. Amer. Chem. Soc.

J.P. Bain, A.H. Best, B.L. Hampton, G.,A. Hawkins and L.J. Kitchen,
3

Unfortunately the CD of B-fenchocamphoronequinone (11) has not

published, but if we assume that its strongest CO band in the

LU




250-520nm has Ae=0.1, which is a rather low value, then we would have
detected 11 by CD 1if its concentration in a-fenchocamphoronequinone
had been >0,35% .

39) The presence of doubly labeled diketone (0.08%) is due to the natural
180

abundance of in the oxidizing agent.

0 : : :
40) Tn this contxt it may be of intersst to mention some data found in the

0 0 HO 7
x X °<>iiilf:
g !g!a
Figure 2-15 0% 0%
”? 13 %

The yellow compound dehydronorcamphorquinone (12) gives a colourless

literature.

e
solution in water. A hydrate is postulated®l. Thus this diketone might
undergo uncatalyzed oxygen exchange with water, whereas oxygen exchange
between water and a ketone requires catalysis“z./ Rassat®?® states that
isofenchonequinone [12] is hydrated easily./ Some norsteroids with an
a-diketone chromophore in the unsaturated A-ring (14]) can be isolated
as mono-hyarates““./ Cyclobutane-1,2-dione even reacts with water to
give a-hydroxy-cyclopropanecarboxylic acid"3.

41) H.-D. Scharf, W. Droste and R. Liebig, Angew. Chem., 88, 195 (1368).

42) This statement does not hold at elevated temperatures, for example
cyclopentanone recovered after heating in a sealed tube (2 hours, 15001
cyclopentanone (1ml), THF (iml) and labeled water (0.5g, 12.062 at.%
180 21)) had a label of 7.33% 189. For a similar though less
convincing experiment see M. Cohn and H.C. Urey, J. Amer. Chem. Soc.,

80, 678 (1938).
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49y g.J. Corey and J.P. Schaefer, J. Amer. Chem. Soc., 82, 818 (1860).
J].P. Schaefer, J. Amer. Chem. Soc., 84, 713, 717 (1862).

50y Tt is possible to prove rigorously, that oxidation of 7 is not
accompanied by racemisation. In order to prove this l has to be
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In cyclohexane

[1R)-[1D]- a - fenchocamphoronequinone




cyclohexar
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j.V. Silverton and W.M. Bright, to be
7) The calculated amplitude of this curv

CD has been corrected to optical

This

a-dicarbonyl compounds, several possibilities may be thought of. One may
consider mixing of symmetric end antisymmetric vibrational modes due to
asymmetric distribution of mass. One may also consider the influence of
isotopes on the geometry of the molecule via anharmonicity of potential
curves. For example, the geometry of I changes glightly on deuterium
substitution, because as a conseguence of anharmonicity th and C-D
equilibrium bond lengths differ by about J.?”‘g 13 1hy,
References.

1] Some examples of small cyclic compounds with low lying normal modes

are four membered rings; Dicyclc!z.ﬁ.1{hexane~?~mne, 14]%15cm—1,
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C. Djerassi and J.-M. Conia, Bull. Soc. Chim. Fr., (1867) 850.
3) p. Elmer and J.O. Chim. Acta, (1969).
E. Hirota, J. Mol. 367 (1871)
4) . Altona and M. Sundralingan, J. Amer. Chem. (1970) .
5) W.C.M.C. Kokke and L.J. Oosterhoff, J. Amer. C 7583
(1972).
6) W. Hug and G. Helv. Chim. Acta,
E. J. Amer. Chem. Soc., (1871).
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cit.) to be correct, at least in the solid state (L. Tsai, E. Charney,
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and isotopical purity.







THE SYNTHESIS OF (1R) [ﬂ&]-a FENCHOCAMPHORONEQUINONE

W.C.M.C. Kokke and F.A. Varkevisser,

Department of Theoretical Organic Chemistry, University of Leiden,
P.0. Box 75, Leiden, The Netherlands.
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summary .

E J—q->eﬁhwach

amphaorone (5],
via ketopinic acid (2.

reduction of 1-bromo-o-

of ketopinic acid (2]).

1@ whose optical activity is
jue only to deuterium substitution, showed a small but measurable effect
in CD of both low intensity absorption bands in the region 250-500nm.
ntroduction.

In the recent literature several authors have published results!® of
-alculations on the optical activity of the twisted a-dicarbonyl
chromophore. Glyoxal was used as a model compound for these calculations.
It was found that when in cis-glyoxal the f groups are slightly
rotated with respect to each other around the C-C bond, the Cotton effects
associated with the two low intensity absorption bands at longest wave-

Cotton effects
3 sign (see fig.
2-2), these authors!® felt that the CO of camphorguinone corroborated their
predictions and they assumed twist to be present in its a-dicarbonyl

deuterium substitution in order to contribute to the kn edge of the
o~dicarbonyl group in

(6) which showed a CD spectrum (fig. 3-1
» - PR o

from the CD spectrum of (1R)-2- "O-a-fenc
This result suggests that in general opti

ovide new information

-fenchocamphoronequinone
iffering in many respects
2-1),

ronequinone [(fig.

(o]

+
c
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model compound.
group could

Imornholine
imorpnoiline

ocamphorone-




Experimental.
Melting points are not corrected; angles of rotation were measured with a
Perkin-Elmer polarimeter (model 131) at room temperature. Labels were

calculated from peak intensities of mass spectra obtained with a MS-8 mas

w

spectrometer. NMR shif to TMS.

Ketopinic acid (2) can b = ed ir \ree steps from camphor?? via
camphor-10-sulphonic acid ar campho -sulphonyl chloride. Some labor can
be saved if one starts with (+)-(1S)-camphor-10-sulphonic acid which is
commercially available.

Oxidation?™ of (4 10-sulphonyl

the crude product from water gave (1S) i 8
21]D+25.8G (MeOH) . This low yield is in disagreement with the yield claimed
in the procedure followed?" (38-43%). We obtained a by-product in this

reaction: a white compound sublimed on the flat flange lid of the reaction

vessel. It was identified as (1S)-10-chloro-camphor. Yield 2.7-2.8% after
S 3 A e " Lo [ =
resublimation, mp 130-1", ral +38.75 LCHCIB). NMR data (CDC1l.): two methyl
Ll | 3

groups at 6=0.967, 1.111ppm; hydrogens attached to an: quartet at
U

3.69ppm, Ji=2§.4ﬁz, J,=12.2Hz. This chloro-camphor might have been formed
during the preparation of the sulphonyl chloride because crude sulphonyl
chloride was used for the preparation of Z.

Reduction of 2 25) with Raney-nickel W-6 28) gave (18)-7,7-dimethyl-

| N 25 : M
norbornane-2-ol-1-carboxylic acid (7) (mainly exo“”) in 86% yield.

(183 =7257=D

methyl-norbornane-2-ol-1-carboxylic ac

e

o
)

W
0
o
ot
o
ot
o

|
3
W
0

prepared from 7 with acetyl chloride and pyridine, following a procedure?’

for the esterification of an isomer of 3.

Hunsdiecker degradation of 8. The silver salt of 4, which was soluble in

ether and methanol, was treated with bromine in carbon tetrachloride

$ " Lie 1 2
according to "procedure C" of Wilder and Winston2® who degradated

W1cyclo|2.?.2|oztaﬂ -1-carboxylic acid. Yield 639.5%: a mixture of

mercuric oxide in dichloromethane has

been reported??. We followed this procedure?®. Because decarboxylation
reactions as this one are radical reactions, usually the desired product is
not the only product, e.g. it is known that when a Hunsdiecker reaction is

carried out in carbon tetrachloride also chlorinated product is to be

3

0 : :
expected3®, as we observed after the degradation of 8. Analysis of the
E o '

reaction mixture after the degradation of 2 showed that a by-product was
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formed (20%) which was identified as a-fenchocamphorone (11). Formation of
11 was not reported in 293, No chlorine containing product could be
detected.

The solvent was removed and the crude product was dissolved in an equal
volume of MeOH; 1-bromo-a-fenchocamphorone (3) was then removed by
filtration at -150. Yield S0-1%. This product, once recrystallised, was
used for further reactions. Part of it was further purified by
recrystallisation from heptane. Then it showed [QJP‘73.5G (MeDOH) , mp
190—10. NMR data (CDClq]: two methyl groups at §=0.854, 1,087ppm.

The semicarbazone of 3, fine needles from alcohol, cannot be used for the

characterisation of 3 because of its low solubility which does not permit
measurement of the angle of rotation. It has no sharp mp: decomposition

o ! - o
starts at 230 ; the compound is a liquid at 245 .

1-Bromo-a-fenchocamphoronegquinone. 3 was oxidized with selenium dioxide in

acetic anhydride31 to give 1-bromo-o-fenchocamphoroneguinone, [u]u—3650

(CHCla), mp 201.5-2.00, in 31.2% yield after recrystallisation (6x) from
heptane. NMR data of this diketone (CDElg): two methyl peaks at §=1.028,
1.187ppm. ‘

LAH reductions of bromoc-ketones and halo-esters. General: unless stated

otherwise a solution of the compound to be reduced was added without
stirring to a boiling mixture of LAH and solvent heated on an oil bath., The
product was always isolated by steam distillation after water had been
added to destroy the excess of unreacted LAH, and sufficient hydrochloric
acid to acidify the mixture. When the condenser got clogged during the
steam distillation it was cleaned with dichloromethane.

Reduction of a-bromo-camphor.

- A mixture of a-bromo-camphor (20g), LAH (5g =204% excess] and THF (100ml)
was refluxed overnight. Analysis of the product showed that only the
carbonyl group had been reduced: no borneol or isoborpeocl were formed. Thus
a solvent was required permitting a higher reaction temperature.

- A mixture of a-bromo-camphor (20g), LAH (5g =204% excess) and N-methyl-
morpholine (100ml) was refluxed overnight. Then reduction was complete.
Reduction of 8.

- When 8 (20g) was refluxed overnight with LAH (5g =118% excess) in
N-methylmorpholine (100ml), it was found that only 15% of the product was
a-fenchocamphorol [lg), the remainder was 1-halo-a-fenchocamphorol. Clearly

a longer reaction time and a larger excess of LAH were necessary.
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~r

2/ Recrystallisation of 6 (from hept ane) did not affect the effect in CO.
nly

an impurity having Ae=2

ot
(@)

3/ 1If the observed effect in CO were due
(i.e. a much larger effect in COD than camphorquinone), this impurity

0. 4%

Careful examination of

C
a\

should be present in the mixure for about

5 with capillary columns (SE-30, DEGA) indicated that in 5 only t

harmless impurities were present as in 11 and in about the same

since there is no evidence for such isomerisations in the literature on
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assumed that the skeleton of camphorguinone

sagreement as to the sense of twist. From

sai, E. Charney, J.V. Silverton and W.M. Bright, to

X-ray analysis (L.

be published) it has been concluded that the sense of twist advocated
by Charney and Tsai is correct, at least in the solid state.

17} The observed CD spectrum has been corrected to optical and isotopical

purityl®,
18) For 11 we recorded [d]DrEB.SO (abs. EtOH); Mattinen!® found
{QJD* 3.94° (EtOH) . Assuming his valuel® to be correct2?, our product
to the

has an optical purity of 89.9%. The correction factor applied
observed spectrum was 10000/89.8+30.08, where 30.08 stands for the
isotopical purity.

19) . Mattinen, Ann. Acad., Sci. Fennicae, AII 105, 22 (1861).

20) Although we started the synthesis with optically pure camphor, we

of norbornane

3
s
w
o
ot
I
o
- |

cannot exclude racemisation because race




A. Remanic,

Da uzuki, P. Reynolds-Warnhoff and D. Willner, s Chem. Soc.,
83, 3888 (1961)),

c

llow from the known absolute con-

o

vortholt an
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We borrowed the idea to use N-methylmorpholine as a solvent

Wittle, J. Org. Chem.,

34, 3578 (1969).

Org. Synth., vol. 45, 12, 14, 55.

Ref. 31, p 55,

T. Kuusinen, B31, 179, (1858).
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Ye a, M. Ishidate and T. Sano, Ber., 69, 347 (18386)

P. Wilder, Jr., and A. Winston, J. Amer. Chem. Soc., 75, 5370 (1953).

W.C. Fong, R. Thomas and K.V. Scherer, Jr., Tetrahedron Letters,

31+J

o\
\

of the desired alcohol (4) (minor product) and 1-bromo-o-fencho-

camphorol. But we have not investigated whether this result of LAD
reduction is reproducible.
We have not investigated why the deuterium content of 5 and 6 was much

lower than was expected.
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absorption maximum at least of the visible band".
It is seen from the spectra (fig. 4-1,2,3) that this assumption is too
simplistic: compound C, which absorbs at the longest wavelength, has not
the smallest value of Ae in both bands; compound B, which absorbs at the
shortest wavelength, and thus might have the largest twist in its skeleton,

has only in the visible region a larger effect in COD than any of the other

diketones.
However, the most conclusive evidence against the idea that a twisted

a-dicarbonyl group is necessary to explain the observed optical activity

of a-diketones is the occurence of a bisignate COU curve in isofenchone-

quinone (fig. 2-3). This cannot be explained by the theories!. It might be

expected that a theory involving vibronic coupling will be necessary to

account for the spectra of norcamphorquinones, just as such an approach has
been necessary for the explanation of CD curves of norbarnanones® ©,
Although the prediction of the sense of twist present in camphorquinone,
made by Charney & Tsai on the basis of their calculations, agrees with
ent as a con-

results from X-ray analysisl, we do not consider this agreemen

vincing proof for the justification of their model. In view of the

ct
= g
o
wn

discussion of our experimental results we are inclined to consider
agreement as rather fortuitous’. Therefore a choice between the
controversial views held by Hug & Wagnigre at the one hand and by Charney
% Tsai at the other hand, concerning the splitting of the two n-levels

in a-diketones, is still not possible., The synthesis of large ring
a-diketones (such as in fig. 4-5) of known absolute configuration and thus

of known sense of twist in the chromophore may help to settle this guestion.

Experimental.

Melting points are not corrected, angles of rotation were measured with a
Bendix-NPL photoelectric polarimeter, or with a Perkin-Elmer polarimeter
(model 141) at room temperature. NMR shifts are with respect to TMS.

6-Endo-acetaoxy-camphorguinone (A, fig. 4-1,2,3). For its preparation see

in chapter 5 the experimental section concerning 2,6-diketocamphane.

NMR data [CC14]: three methyl groups at 6=0.846, 1.137, 1.174ppm (thess
methyl peaks only have been measured in CDC13); H attached to C4 (bridge
head): quartet, §=1.516ppm, J1=14.5Hz, J2=3.0H2; H attached to CB: octuplet,

§=5.105ppm, Jq=9.8Hz. J2=3.OHz, J.=1.1Hz.

3
1-Bromo-a-fenchocamphoronequinone (B, fig. 4-1,2,3) is described in




chapter

The cla isofenchonegquinone (1

,<~H20H ,< T ,‘< _HNOZ, @

4 |HAC

H,SO,

R O
Figure 4-6 N SeO; <Jones
o// O)udahon
Ac

O

igher than we

{(cyclohexane), but in




j» in cyclohexane

o

600nm
—

(1S)- ISOFENCHONEQUINONE

0 NH.OH Lacn
NaClO _ ;
$ OH
) 10 1
‘[L
'
A \co™
= - +~ 4 aA™ 1
" plitude)., Calculated amplitud 351 ; 1 e ive 1385,
€ synthesis of 5-exo-acetoxy-camg ne




5-Exo-acetoxy-

in

the manner

mixture w

but the main

hept
i
| & -
» Led )
906, 1.11
Ano

, Helv. Chim. Acta, 54, 633 (1871) .
, J. Amer. Chem. Soc., 93, 7123 (1871).

In both publi it is assumed that tha skeleton of camphorquinone
is twisted, but there is disagreement as to the sense of twist. From

X-ray analysis (L.Tsai, E. Charney, J.V. Silverton and W.M. Bright, to
v y ) A

be published) it has been concluded that the sense of twist advocated by
Charney & Tsai is correct, at least in the sonlid state.

-e configurations of the compounds are depicted in the

ton of the absorption curves of a-diketones in the

intersection of the line

rather irregular. Th

the absarption curve in the visible region at longest
max ~ =
wavelength more characteristic than the absorption maximum for this

to be

absorption band. Therefore we give the wavelength of this point,
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condensation with benzaldehyde, yielding

a-benzylidene-ketone®. Methylation of this com

mono- and di-methylated product, together with unreacted a-benz

m

etone. Oxidation of this mixture and decarboxylation of the

yielded a mixture of 3-methylcyclopentanone, 2 3-dimethylcyclopentanone




to

[xjrl

2,2,3-trimethylcyclopentanone. The ketones were separated by distillation.
The semicarbazone of 2,3-dimethylcyclopentanone gave on Wolff-reduction a

dimethylcyclopentane (83.3 :
t -1,2-dimethylcyclopentane showed
o > ~ :
ported q]( FﬂLI:J. In the course of this

Dimethylcyclopentane from 4-cyclo
Two steps in Walborski's synthesis
be improved.
ommend N-methylmorpholine’ as a solvent for the preparation of
ular-weight LAH-reduction of sulphonic esters
the hydrocarbon 1is ure and in high yield when the reaction
is worked-u 11ation®.
resolution of 4-cyclohexene-1,2-di acid was
reinvestigated., It was found that the Dest obtained when
guinidine is used.
The angle of rotation of 3,4-dimethylcyclopentanone ﬂJ{n- = (CHC1,))
- U 2
appeared to be in absolute velue, than was recorded by
Carnmalm? (Egrﬁiﬁﬁg (CHC1,_) angle of rotation of the
[ 3
semicarbazone reasonable agreement with
We also tried to resolve racemic 3,4-dimethylcyclopentanone with the

Woodward reagent ”wem:hydrazije"lo, but our efforts were not rewarding.
Experiment

Melting and boiling points are not corrected. Angles of rotation were
determined with a Bendix-NPL photo-electric polarimeter, or with a
Perkin-Elmer polarimeter (model 141) at room temperature.

Pulegone (1) was isolated from pennyroyal oil (Oragoco, Holzminden,

W. Germany) as the sodium bisulphite adduct!!, prepared at pH=7. After

it had [0]+23.87 (MeOH).

), was prepared by




(3R) -3-Methy1l-6-benzylidene-cyclohexanone (3] was prepared by Wallachl3 by

candensation of 2 with benzaldehyde in alcohol. To prevent the formation of

' : . ’ : L
dibenzylidene-ketone it is convenient to use water instead of alcoholl¥,

A mixture of 2 (152g), benzaldehyde (152g) and 4% KOH-solution (1520g) was
vigorously boiled for three hours. After neutralizing the unreacted ketone
and aldehyde were removed by steam distillation. The yellow residue in the
steam flask crystallised on cooling in ice. The crude product was dist
and the distillate recrystallised from petroleum ether to give 208g =72.5%
o~ oot .Q 1 AT ) AP e ) S <

of 3, mp 1.5-3.0", [u,D-1:1.n [(MeOH) after recrystallisation from
THF-hexane. Racemic 3, prepared in the same manner from rac. 2 (Fluka)

o o
had mp 38-41".

Methylation of 3. After various attempts on the basis of the procedure of

2-methyl

W.S. Johnson!® for the methylation of izylidene-cyclohexanone

it was found that the following procedure gave the highest yield of

distillable reaction product.

In a 21-flask, provided with an efficient stirrerl®, potassium (23.0g) was

, dried on sieves) under nitrogen. This

-

dissolved in tert.-butanol (13
splution was placed in an ice-salt mixture, and when it was cooled to 22°

a solution of 3 (100g) in methyl iodide (213g) was added at once. The
temperature then rose to 3ﬁ-4o. When the mixture was cooled to ZEO, the

bath was removed and the solution was refluxed for 13 hours, then the
solvent was removed with suction; water and ether were added to the residue.
Part of the reaction product then crystallised. These crystals had mp
101.0—2.50, [u]D-7U.SO (MeOH), after recrystallisation from hexane and
ether. It was found to be (mass spectroscopy) almost pure
(3R)-2,2,3-trimethyl-6-benzylidene-cyclohexanone (5), the impurity being

a few percent (3R)-2,3-dimethyl-6-benzylidene-cyclohexanone (4). The part

of the reaction product which dissolved in ether was distilled. Yi
(distillate + crystals) B6Bg. Mass spectroscopy showed 5 to be the main
product; there was more starting material 3 in the mixture than mono-
methylated product 4, which is not surprising because Conia17 has shown an
a-alkyl-ketone to be more reactive in alkylation than a ketone without an
a-alkyl group.

Oxidation of the methylation products. The procedure of W.S. Johnsaonl® for

the oxidation of cis-2-benzylidene-3-methyldecalone was used. In our case

the working-up was simple because the methyl-substituted adipic acids 6, 7,







(1]
Q
-+
o

adduct from diethylfumarate (Merck) and butadiene was saponificate
y

from water.

dicarboxylic acid (14). Walborski's

cumbersome, and that was for us an

Bases used were ephedrine,

cinchonidine, cin

chonine and guinidine.

homogeneous anhydrous quin

Indem

ners & Or. Bois

NV
Ne Ve,

of alkaloid

«ture is not homogen

a rotatory evaporator, and

water (500ml) and alcohol (150ml); on heating a

which is left to cool. Every time when it becomes

removed addition of some alcohol (about 60ml of alcohol is

neces

. Seeding is recommended. After standing for two days at room

temperature the crystals are filteret

water (6.51) and alcohol (2.51) for

salt from 14 (292g) and quinidine |

two days, and obtained 486.: of salt.

Regeneration of the gquinidine salt. Recrystallised g
was stirred with CHEI,j (340ml) and a solution of NaOH

(120ml) for 1.5 hour. Then the CHE1.-layer containing

separated from the alkaline layer containing the sodium salt of (1R:2R)-14.

The latter solution was acidified with conc. hydrochloric acic

O
-
a1}
5
Q
*

dicarboxylic acid was isolated by ether extraction. From guinidine salt

(486.25g from 292g of rac. 14) was thus obtained (1R:2R)-14
f

of one antipode), Eﬂ D~1G1O (abs. EtOH). Lit.%: [u]m—1ﬁ1o (abs.
- The mother-liquor of the resolution of 14 (292g) with anhydrous
quinidine (1120g) was evaporated to dryness to give an o0il, which was
treated with NaOH solution and CHCl3 etc. as indicated above to give
optically impure f15:25)-1§»(1&5.5g]. EJIJ'SUO (abs. EtOH).

- Quinidine can be recovered in high yield by evaporating its CHC13-
solutions to dryness and recrystallising the residue from MeOH (~30g of

alkaloid : 11 of MeOH).

(1R:2R) -4-Cyclohexene-1,2-dimethanel (15) was prepared by LAH reduction of
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~lohexane)

in cyclohexane




the

semicarbazone of 19 in 50% yield. [uJU=[a]58Q>H1

(3,1
Q
o=
=
L
(8]
N
(o)
|
[
w
.
(=)

[a] c45-61.0% [0] ;55-102.7% [a] 3g5-158.0° (cHE1 ).

Attempted resolution of rac. 19. Rac. 18, prepared from rac. ii in the same

manner as [3@:49]412. was treated with "menthydrazide”!? under conditions
as used for the preparation of the a-ionone derivative?". The solution was
evaporated to dryness and the residue recrystallised from heptane. Neither
mp nor angle of rotation changed on further recrystallisation. Regeneration
of the derivative, mp 124.5-6.0°, [a] -63.0° (MeOH), after the 3rd
recrystallisation then gave the ketone, small neg. Cotton effect around
290nm, g-factor 0.0097 (cyclohexane), i.e. optical purity 6.4%. The semi-
carbazone of this ketone gave optically impure 20 [aJD-

P45

S (CHC1,), on
reduction?l,

Isomerisation during the Wolff-reduction. As already mentionned Wolff-

reduction of the semicarbazone of 2,3-dimethylcyclopentanone yielded a
mixture of (-)- and meso-dimethylcyclopentane. We found it worth while to
investigate whether the observed cis-trans ratio was due to careless
purification of the semicarbazone, or to epimerisation during the reduction
or both.
Epimerisation during Wolff-Kishner reductions has been frequently
DDSGFVEUZS, but in those cases a hydrazone was decomposed without
intermediate purification, so it was not been established whether
epimerisation occured during the preparation of the hydrazone, or during
its decomposition.
Epimerisation clearly is a limitation of the Wolff-reduction, for we found
that menthone-semicarbazone (21), which is easily obtained free from its

1

: b : - 2 :
epimer isomenthone-semicarbazone (24)26, gave a mixture of cis- and
21

{11}

trans-p.-menthane (fig. 5-5) on reduction?!. After this experiment it was

o
=
N\

l o
gﬂlﬁb
o

(r
o O
o o
T X

25 26 27 28 29

not surprising that the semicarbazaone of rac. Z,3-dimethylcyclopentanone

: 2 . : k4 i+
gave on reduction®! the same cis-trans ratio as was found when working with
the corresponding optically active compound.

e T

Rac. 2,3-dimethylcyclopentanone was prepared according to fig. 5-8 27y,
yicy g




Fig. 5-6

23

Menthone-semicarbazone (21). Menthone, prepared by oxidation?® of

" ; o0
(-)-menthol (Fluka) was converted into its semicarbazone, mp 186-8° after
recrystallisation (2x) from alecohol. Reduction?! then gave an 1:1 mixture

of 22 and 23.
2,3-Dimethylcyclohexanone (25). Chromic acid oxidation?? of 2,3-dimethyl-

cyclohexanol (Aldrich) gave 25 in 94% yield.

2,B—Dimenhyl-B—hydroxymethylene—cyclohexanone (EE]. A procedure for the

preparation of hydroxymethylene—cyclohexanone30 was used to give 26 in

70.7% yield.

2,3-Dimethylhexanedioic acid [31127. Because 1 can be ozonised to give 6

in high yieldzo, it was worth while trying to prepare 27 from 26 in the

same manner. gﬁ‘[SS.Ug] dissolved in CE14 and cooled in ice was ozonised.
To the solution of the ozonide water (300ml) was added, and while
vigorously stirring the CClq was distilled off. The aqueous solution, made
alkaline, was extracted with ether, then made acid, and 27 was isolated by
ether extraction. From 22'[159.3g] was obtained in this manner crude 27
(149g =82.4%): an orange-red oil.

2,3-Dimethylcyclopentanone (28). Crude 27 (149g) was decarboxylated19 with

Ba(OH), to give pure 28 (B62.0g =54,6%) after distillation.

1,2-Dimethylcyclopentane (28). 28 was converted into its semicarbazone.

Part of the crude semicarbazone was kept, the remainder was recrystallised
S 2 0

(3x) from n. butanol. The purified semicarbazone had mp 210.0-4.5 (d) on

rapid heating. Reduction?! of both crude and purified semicarbazone gave a

mixture of cis-28 (16.5%) and trans-28 (83.5%) .
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TWO METHODS FOR THE DETERMINATION OF OPTICAL PURITY.

DETERMINATION OF OPTICAL PURITY USING CIRCULAR POLARIZATION OF
LUMINESCENSE.
Sir:
The method of circular polarization of luminescense (CPL), which has
been developed by Emeis and Oosterhoffl 2, has many potential

34

applications? One of them, the determination of optical purity, has

been proposed by Eaton®. The suggested Drocedures requires the measurement
of CPL of the mixture of enantiomers of which the optical purity has to be
determined and of a racemic mixture. However, a racemic mixture may not

always be at hend, e.g. if the mixture of enantiomers has resulted from the

conversion of a natural product. Morsover, the effect in CPL of a racemate
might be too small for measurement because it is a factor ig smaller than
the effect of an optically pure compound3.

It will be shown that the use of a racemate can be avoided.

Let us consider a homogeneous mixture of snantiomers, L and R,

containing n molecules of L and No molecules of R. A quantity p related to

the optical purity (=100|p| (%)) is then defined as

n, =n
p= nL‘nR 3 -1<pg+1 (1)
L
Irradiation of this mixture with left circularly polarized (1) light
gives rise to excited state populations of L and R, n* and n; -
*_ L :
nL—aan 3 Ng aZnR > (2)

whereas irradiation with right circularly polarized (r) light of the
same wavelenght and intensity results in
4 *

= . = [
N SeM & Npang 3)

The coefficient 61 is proportional to the intensity of the exciting
light, and to the molar extinction coefficient €, pertaining

to molecules of L aborbing 1l-light or to molecules of

R absorbing r—lights.

It is convenient to introduce a gquantity X as




The of 1-light and r-light

s I1 and Ir , in the

excited by 1-1light depend on the excited state

of the inten

by | wavelenght

21"L%2"R _  pX o
*R 1+pX .
where Y
Y= 2e-1 = ig, 7)
lum
and the index 1 of x indicates that the mixture has been irradiated

with 1-1ight. Similarly one finds
- X
- (8)

g% 1-pX

Numerical values for x, and X follow from CPL measurements.
The third equation to determine the optical purity k:14U|D|]
is obtained by measuring the COD and absorption of the mixture.

in CD and

- .
b= (9)
+E
1
where €. 1is cient of the mixture of L and R

has been made of formula (10)

+

for 1-light.

and the analogue expression for € .

¢

L S R S
Xy " Xpt Xy *X )
which follows from (6), (8) and (9).

When p is determined then the numerical values of g=2>/‘p| and

m

=2Y which characterize the optical activity of a molecule in

g1um
its ground state and in {ts excited state can be found by

straight forward calculations?.
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In the following it is assumed that the compound decomposes

unimolecularly on irradiation with unpolarized light,

to

wavelength

brackets in (8)
other two terms
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APPENDIX
16, 18

INCOMPLETED WORK ON 0- "O-DIKETONES AND SUGGESTIONS FOR FURTHER WORK

General.

1
18,_18

The stages in the synthesis of an O-diketone are:
1/ The preparation of a compound of known absolute configuration and

" : 18
optical purity, suited to introduce the O-label.

: 8, ’ ;
This O-label must be high because the

2/ Introduction of the label.
effect in optical activity due to 1B‘J-substi:ution will always be very
small compared with the effect in optical activity of e.g. a CZ‘KEtDHE.

3/ The conversion of the labeled compound into the desired diketone.

Much work in stage 1 can be saved if a natural product can be chosen as a

starting material, because then work for the resolution and determination

of optical purity can be avoided.

It is economically attractive trying to combine stage 2 and 3, thus meking

1
the introduction of 80 the last step in the synthesis.

The possibilities for the introduction of isotopes of oxygen are

exchange, hydrolysis and oxidation!.

- Labeling of a carbonyl compound is OXYBEN-18 ENRICHED WATER*F

generally carried out by heating a unnormalized (021801
mixture of the compound with water, isotopic standard packages
enriched in 180, if necessary with enrlchm?nt phen REXCS

(atom %) {max. )
some solvent, and a catalyst<, 155 200g $§ 70
X : 3 50g $ 135
although even without a catalyst 10 15g $ 300
exchange can be effected®. Another 20 5g $ 225
: - 40 3g $ 320
i h
possibility for labeling by exc1§nge 80 2g $ 400
is irradiation of a mixture of 0 80 18 $ 320
< 80 1g $ 360
4 A
and ketone at about 300nm™. But then a7 1g $ 400
partial photolysis cannot be avoided. ) Miles Laboratories Inc.

18

Labeling by exchange is the most expensive manner (based on costs of 0)
for the introduction of an 1aD-laDel, because for the introduction of a
label of e.g. 60% 180, an excess of expensive, more highly labeled water is
necessary (cf. table). In principle it is possible to recover labeled water
after such an exchange reaction, but its label will be too low to permit

16, 18

its usage for the synthesis of another 0 O-diketone. Thus for

economical reasons the possibility of labeling by exchange can only be




considered if other attempts for the introduction of a label have failed.
- For the labeling of a ketone by hydrolysis of a functional derivative,
every functional derivative which does not contain oxygen and can be
hydrolysed easily is suitable, such as hydrazone, enamine, N-isopropyl-
imine and thioketone. In addition functional derivatives such as acetale
or enol-ether can be used, because under normal conditions of hydrolysis
of these compounds, the alcohol formed cannot exchange oxygen with labeled
water.

Sometimes it will be convenient to select a crystalline derivative of the
ketone for labeling because then purification of the ketone and labeling
can be done in one step.

- The only practical method for the preparation of an highly labeled

18

8 > g A P : y : 18
O-ketone by oxidation, is the photo-oxidation of a thioketone with 0,

A discussion of the particular projects.

It is considered useful to describe in this appendix incompleted work

and to add suggestions for futher syntheses, because gether with the
244 age

(U

work in chapter 2 this might give a clear picture of xperimental
difficulties to be encountered in this kind of isotopic synthesis.
Fig. 7-1 gives the structural formulae of the diketones discussed in

this appendix. These compounds belong (at least time-averaged) to the poin

groups C C or Ci before introduction of the isotope and are chosen

o P b T

0
0 0 0 0
Figure 7-1 0 H o H
@EO Shose
5 0 0 0 0

subject to the condition that they should be as small as possible and

xmu
m
T

ot

oo difficult, if not
18
N-

preferentially rigid, otherwise it will be far

1
their optically active 0-

impossible to analyse the CD spectre o

)

analogues. Upen chain diketones are not interesting because of the many
conformations in which they may exist.
We have devoted our experimental attention to the first three compounds

(fig. 7-1) only. Referring to the other projects suggestions are given
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which might O-diketone for

study of its optical activity is started.

-camphane (7)

It is probably possible to prepare specifica lly labeled 2,6-diketo-

= : . 1o ; . Siupins
camphane (7) following the classical synthesis of this compound® (fig

HO
OHTjjom H'Ojjjom A OQEEfO

S 6 7

One might introduce the label in a-campholonic acid (6) by exchange with

water, enriched in 0. Selective labeling of the carbonyl group in 6 is
possible because a carbonyl group exc -nanges oxygen faster than the
arboxyl group of a weak acid (cf. the labeling of

As already explained label

ng by exchange is expensive
y &%=

b
mongey & synthetical route to 0-7, not involving labeling by exchange

had to be developed (fig. 7-3). It was known that in the oxidation of

HO WWOH
it ™= g 0

wO0Ac Lrﬁf‘ 0 wOAc
N 3 m\\ 10
Figure 7-3 HOAc

8 (Ac),0 g

carbonyl group

or photo-oxida

ot

derivatives of 9 could not be obtained.

Thus the ways left were either to label B

jw
o]
]
-

by qu”:nyea or to find

another route to 7.

present, in principle

any insurmountable difficulty, except for the preparation of B6-methylene-

'_,‘

camphor (16) by thermal ring closure of the acetylenic ketane 15. Conia®




OH
NHZOH H2504 CN COaH mmsmemen
g BBN CHZBT

1 13
1NOC CH
0 CH 0 =CH H =CH
0%?0 %& 2 A2) %C & JONES ox.o e
16 15 14

Figure 7-4

has described the preparation of 8-methylene-bicyc 13[3.¢.1]ﬁoﬂuﬂ=‘7 one by

pa
such a ring closure, but it is not known whether this ring closure reaction

a0
16
1D,

is applicable to the preparation of smaller ring systems such as

Because 5-hydrindene-2-one (22] ("hydrindenone”) had been prepared in

nl0 before interest

the Department of Theoretical Organic Chemistry in Leiden
- L2318 : : A
had risen in 0-compounds, it was an obvious extenSion of this earlier
: 5 i T = : 5
work to attempt preparation of traﬂs—ulcycloLB.3.”_octane~3,7—dlone (23)
from 22 (fig. 7-5). After methods for ring opening in 22 or in
H H
COOH % S
////COOH ////IOTS
H
20 21 22 23

7-7) had feiled or were found unsatisfactory,

attempted via ring contraction.

R\_0 _ R o b
OH: I oH, >< PbO; 0
R 0 R COOH

Figure 7-6

We based our approach (fig. 7-7) on an idea of Wallach!! for ring

contraction of cycloalkanones (fig. 7-8) after we had verified that lead
dioxide oxidation of a-hydroxy-cyclopentane-carboxylic acid gives a high
yield of cyclopentanone, and because a high yield is reported in the

N 1 : 12 -
rearrangement of cyclohexanedione <. In

7
(14
(a8
e
o
-
@

PJ
=
4]
(7]

benzillic




0

Il 0
CHy—~COOH BFjy—ETHER Bl(OAC)) 2STERS _

2 25 26 28

Figure 7-7

repared as indicated in fig. 7-7, but the synthesis was not completed.

An alternative for the preparation of 27 is hydroxylation of 24 by

0504 followed by Ruﬂ4-oxidation; an alternative for ring contraction by
benzillic acid rearrangement might be the T1(NO,),-reaction with alkenes

9 3

from hydrindenal then bicyclo[3.3.“ octane-3-ol-7-carboxaldehyde should be

13,

formed, which, after conversion into the corresponding carboxylic acid,
might be converted into 23 using standard degradation procedures.

The resolution of 4-cyclohexene-1,2-dicarboxylic acid is described in
chapter 5, thus the preparation of optically active 22 presents no
difficulties. We have also attempted the resolution of Eg with the Woodward

+14

reagent "menthydrazide", and with 4-(endo-2-fenchyl)-semicarbazide, but

our efforts were not rewarding.

[15:3r:7r:95]-Tricyclo[:.3.O.03'f130decane-5,11>dione (35).

0 H Oy
X : 1
¢./ A8 OH™_
0 0
29 30

Ba (OH); HOOC COOH KMnO,
A HOOC S\ ~COOH ACETONE A4
A e
36 35 34 33
Figure 7-8

The synthesis of 35 (fig. 7-8) was started after we had found in the

literature that sterically pure 33 had already been described!®. The gasy

synthesis of 33 is based on the happy circumstance that the diketone 30

(o] : R ;
has a mp about 80" higher than any of its ealmers‘e. resulting in an easy

w

purification of 30. The oxidation of 33 and the subsequent decarboxylation

proceed in low yield, making it difficult to prepare larger quantities of

35, which are necessary if the synthesis of 35 is to be extended to the
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thiocamphor is not stable, whereas we had kept a sample of thiocamphor in

a refrigerator for over a year without any detectable chemical change. It
was found that irradiation of cerefully degassed solutions of thiocamphor
in CCla, benzene, CHCl3 and iso-octane (optical density 1.5 (1em cell)) 4n
the absorption band in the visible region caused no change in the
absorption spectrum. Even after storage of these soclutions for over three
years the absorption spectra had not changed at all. But irradiation of
solutions of thiocamphor in the presence of Oxygen gave camphor as the most
important reaction product. A similar photo-oxidation reaction of thio-
benzophenone has already been described in the literature?3,

Thiocamphor, preparation32. If a small quantity of thiocamphor is desired,

[ 3".)'

this is most conveniently prepared from camphor and P25 or by
saturating an alcoholic solution of camphor with hydrogen sulphide and
hydrogen chloride. Unreacted camphor then can be removed by column chroma-
tography over silica gel, using some alkane as an eluent3“, Thiocamphor,
free from camphor, can also be prepared by treatment of camphor-diethyl-
acetale’? with hydrogen sulphide under acid catalysis,

Thiocamphor, photo-oxidation. Solutions of thiocamphor (2g) in iso-octane,

benzene, C214 and CHCl3 (100ml) in a pressure bottle with oxygen were
irradiated during 4-8 hours with a high pressure Hg-lamp (500W, Philips,
NaNOz-filter] till the orange red colour had disappeared. The pressure in
the bottle was kept at 4atm. during the reaction. It was shown by G.L.C.
that the solvent did not influence the composition of the mixture of
reaction products: camphor was the main product (50%): three other products
(together 7%) were analyzed by mass spectroscopy as C

T
101495, CqgHyg0,

CZDHZBS' Formation of products insoluble in the reaction medium was also

0., and

N

observed. The stochiometry of this oxidation reaction has not been
established. It might be that oxygen reacts with a thioketone to give
ketone and sulphur monoxide (SO0). The latter is known to be a vigorous
oxidizing agent35 which might attack the reactants thus decreasing the
yield of desired product.

o+++¢¢+¢++o¢+¢+v¢¢vovvo¢+ov¢++++++¢¢4o

Experiments concerning compound 7.

Bornylacetate (8), oxidation. Procedures_for the oxidation of bornyl-

acetate with chromic anhydride have been given by verious authoprs? 36 37 38
39).

We used Asahina's procedure’ with two modifications: choice of a




higher reaction temperature, and a different isolation procedure.
A mixture of l-bornylacetate (50g, Aldrich), acetic acid (200ml) and
acetic anhydride (100ml) in an 11-flask provided with stirrer and thermo-
meter is heated to 85°. Then Cr03 (60g) and acetic anhydride are added,
in 5g and B8iml portions resp., at intervals of 5 minutes. By occasional
cooling the temperature is kept between 80 and 1000. After the addition of
all of the oxidizing agent, stirring is continued till the temperature has
fallen to SDO. Most of the solvent is removed at aspirator pressure. To the
residue is added CH2C12 (300ml); the mixture is refluxed on a water bath
for one hour, then the inorganic material is left to settle, and the super-
natant liquid is decanted. This procedure is repeated 4x with 100ml
portions of CH2C12. The combined CHZCIZ-extracts are neutralized, filtered
and dried. (Probably it is more convenient to use steam distillation than
extraction for the isolation of the reaction product after the oxidation).
The solvent and the bulk of unreacted 8 were removed at 15mm Hg, the
ketonic esters from the oxidation of 8 (1kg) were carefully fractionated
using a Nester-Faust spinning band column (2ml/hour; 125-300/1Umm Hgl.
51.9g of fractions mainly consisting of B-acetoxycamphor (8) was then
obtained. To these fractions hexane (25ml) was added; storage of the
resulting solution at -20O afforded crystalline 8 (35g), mp 49-570.
Continuation of the distillation using a Claisen distillation head, and
1

u
recrystallisation of the crystalline distillate from hexane gave 6-acetoxy-
epicamphor (17, fig. 7-17), 136g, mp 50-723. Note: g and 11 can also be

separated by prep. G.L.C. (LAC column).

sOAC 0 «0Ac
wOAC Cr0; o Se0; %@x
LN HAc 2 2

OHJ =
A 0 0
/ 3 (Ac),0 L i
0X.
Figure 7-17: absolute \\ 490 0% KNOAC
configurations are ¥
depicted"?,
19 9

6-Endo-acetoxy-epicamphor (17) was purified by prep. G.L.C. (LAC column)

and recrystallised from hexane. Mp 72.5-4.60, [a]D-Ba.SO (abs. EtOH). Lit.:
mp 78°, [u]D—a7.9° (EtoH)7s mp 78°, [a]D+e7.44° (EtOH) 32 (other antipode).

6-Endo-acetoxy-camphorguinone (ig). Toivonen's method3® was used. From a7

(o}
(10g) and SeO, (5.3g), heated without solvent on an oil bath (1557, 1

hour), after recrystallisation (4x) from petroleum ether EO-BDO, was
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obtained 18 (2.8g), mp 102-4°, [a] -187.7° (abs. EtOH). Lit.: mp 109°,
[0]-191.4° (abs. EtOH); mp 103-5°, [o] 1907 (abs. EtOH)3S.

6-Endo-acetoxy-camphor (8) had never been isolated before, although

Asahina’ had proved that both 8 and 17 were formed on CrO_-oxidation of 8.

We proved that the ketonic ester which was separated Fromalz by
distillation had the assigned structure (8) because SeOZ-oxidation of this
ester gave the same diketone (18) as was obtained from 17.

The purest sample of 8, mp 60.0-1.50, [0]0044.320 (abs. EtOH), was obtained
after the attempted preparation of the corresponding N-isopropylimine.
Under conditions as used for the preparation of t:am;:)hr:r—N-isapropy].imima"l
17 reacted with isopropylamine and TiCl4 in toluene to give (in 70% yield)
the desired N-isopropylimine, which was shown by G.L.C. to be free from
starting material (17). However, after the reaction of 8 (6.0g) in the same
manner was obtained a liguid product (5.45g), mainly consisting of
unreacted 8, Using prep. G.L.C. (SE-30 column) S was recovered, and after
recrystallisation from hexane had physical constants as indicated above.
6-Endo-hydroxy-epicamphaor. A mixture of 17 (10g) and 10% K COa-solution

2
(268ml) was refluxed for S hours. Part of the B-endo-hydroxy-epicamphor

(5g) crystallised on cooling (fine needles). Another 2.5g could be removed
by filtration after the mother-liquor had been concentrated to 100ml. The
product was purified by recrystallisation from hexane-benzene and
sublimation. Yield 6.2g, mp 243.5-5.0°, [a]D-79.0° (abs., EtOH). Lit.:

mp 226-30°, [a] +64.3° (abs. EtOH)37 (other entipode)s [a]+71.4° (EtOH)3
(other antipode).

6-Endo-hydroxy-epicamphor-hydrazone. A mixture of 17 (4.0g), anhydrous
42

hydrazine (2.43g) and absolute alcohol (4ml) was refluxed for three
hours. The crystals obtained on cooling were recrystallised from THF to
yield B-endo-hydroxy-epicamphor-hydrazone, 2.1g, mp 138—430. (The IR
spectrum of the reaction product showed that hydrazinolysis of the ester
group of 17 had taken place, as was expected).

6-Endo-hydroxy-camphor-hydrazone was prepared analogue to the preparation

of 6-endo-hydroxy-epicamphor-hydrazone. Since no crystallisation took place
on cooling of the reaction mixture, it was evaporatad to dryness.
Recrystallisation of the residue from benzene then gave B-endo-hydroxy-
camphor-hydrazone, mp 85-900.

Attempted preparation of chemically pure 6-endo-hydroxy-camphor [11].




Although B-hydroxy-fenchone has been prepared by saponification of the

corresponding benzoate'3 we failed to prepare pure 11 from 9.

- A mixture of 8 (1.5g), alcohol (3.5ml) and KOH (0.7g) was refluxed for
2.5 hours. The mixture turned deep red. The alcohol was removed. When the
residue was neutralized after ether had been added, the colour changed to
yellow. The ethersal layer was separated; the organic material
(1.1g) obtained on evaporating the ether, did not crystallise. Steam
distillation of this product gave a water-insoluble, non volatile residuse
(0.6g) and no yield because no CD could be measured of a sample of the
(homogeneous) distillate.

- A mixture of 8 (1.0g) and 10% KZCD3-solution (27ml) was refluxed for 5
hours. Again, evaporation of the ether extract gave no crystalline
product.

- A mixture of 6-endo-hydroxy-camphor-hydrazone (0.8g), conc. HCl (1.35g)
and ethylene chloride (6.5ml) was refluxed for 17 hours. From G.L.C.-
measurement of the brownish-red solution it was then deduced, that the
yield of 11 was low. (Under similar conditions camphor-hydrazone (0.82g)
was hydrolysed to give camphor (0.7g)).

= A mixture of 8 (1.0g), 3N HC1 (1ml) and dioxane (2ml) was refluxed for

22 hours. Then G.L.C.-measurements (SE-30 column) showed that 8 had

almost disappeared from the mixture. Three products with a retention time

shorter than 11 were formed; the most abundant product (nv84%) was

analyzed by mass spectroscopy as C 0, (11). But again, an oil was
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obtained from the ether-extract of the reaction mixture. Isolation of 11
from the mixture, using prep. G.L.C., has not been attempted.

Attempted preparation of the diethyl-acetale of B-endo-acetoxy-camphor (E}.

Camphor-diethyi-acetale has been prepared in two different manners in the

literature: from camphor and orthoformic acid-triethyl ester*" 45 and by

treatment with sodium ethancolate of D-ethyl—camphor—oxonium—FluoDorate“s,
which can be prepared from camphor and triethyl-oxonium-fluoborate. The
latter method is superior by far. Both methods have been tried for the

preparation of the diethyl-acetals of 8.

- A mixture of 9 (4.0g), orthoformic acid-triethyl ester (5ml), super dry
alcohol (6ml) and concentrated HZSC4 (0.1ml1) was left to stand at room
temperature. The reaction was followed by G.L.C. (1% 0OV-17 column). Only
products were formed with a retention time shorter than the retention

time of 8. After a few days two of the reaction products were isolated




by G.L.C. and analyzed by mass spectroscopy, but none was the desired
acetale of 3 or the corresponding enol-ether.

Because the available guantity of 17 was larger than the quantity of 3,
first the preparation of an acetale via an O-ethyl-oxonium-fluoborate was
attempted from A17. The procedure for the preparation of the corresponding
camphor derivative“? was used when the preparation of the D-ethyl-
fluoborate of 17 was attempted.

Initially the mixture of 17 (B8.83g) and triethyl-oxonium-flucborate
(6.2g)48 4n methylene chloride (8ml) consisted of two layers, but after
standing for 1.25 hours it was homogeneous. However, the reaction product
did not crystallise, as does O-sthyl-camphor-oxonium-fluoborate, not even
when the mixture was stored at -150. The residue, obtained on evaporation
of the solvent, was a viscous ligquid, which on treatment with an
alcoholic solution of sodium ethanolate did not give an acetale. This was
deduced from G.L.C., and from the faillure of the reaction product to
give the pink colour of a thioketone on treatment with HZS under acid
catalysis.

After this negative result the preparation of the acetale of 11 was not
attempted in the same manner.

Attempted preparation of the thioketone corresponding to 6-endo-acetaoxy-

camphor (g). Preparation of the thiocketone corresponding to 6-endo-acetoxy-
epicamphor (17) presented no difficulty: as was shown by G.L.C. and mass
spectroscopy this was the only reaction product when lz (4.0g) was refluxed
with P235 (3.5g) in toluene (40ml) for three hours.

The same thioketone together with its hydrolysis product 6-endo-hydroxy-
thioepicamphor was formed when in an autoclave a mixture of 17 (3.95g) ‘with
a solution of HCl1 (2.1g) in absolute alcohol (15.3g) and HZS was left to
stand at room temperature for four days. [HZS has been introduced into the
autoclave by connecting a lecture bottle to the closed autoclave, and then
opening both taps). These thioketones were not purified.

Preparation of the thioketone corresponding to B6-endo-acetoxy-camphor
[g] presented difficulties. The reaction product from 8 (4.0g) and a
solution of HC1 (2.4g) in absolute alcohol (15.25g) in an autoclave
(3 days) as above, partially consisted of pink polymeric material which
was visible in the glass G.L.C.-column (1% SE-30) after the analysis of the
mixture. The main (volatile) product was not the desired thioketone as

followed from mass spectroscopic measurements.




The experiments with P_S. were not succesful either:

- A mixture of 8 [4.0g1,.P255 (3.5g) and toluene (40ml) is refluxed for
2.7 hours. Then the mixture is brown whereas it should be red. G.L.C.
(glass 1% SE-30 column) shows that at least 3 products are formed, but
in low yield.

- A mixture of 8 (0.9g), P?Sn (0.85g) and toluene (9ml) is refluxed for 5
hours. The mixture then is_dark brown. But now the relative yield of one
of the resction products is higher than in the previous experiment, which
suggests that the other products are thermally less stable. The main
oroduct was isclated by G.L.C. and analyzed by mass spectroscopy as
E12H 0.8 (i.e. the composition of the desired product).

A solution of the reaction products in CClq was irradiated in the visible

region till the red colour had disappeared, while oxygen was bubbled
through the mixture. Then a gaschromatogram of the colourless solution
showed, that the peaks of the reaction products, gxcept for the peak of
the main product, had disappeared. Thus the main product, being colour-
less, could not be a thioketone.

Conclusion from the experiments on 2 ,6-diketo-camphane (7).

Because of the unavailability of derivatives (N-isopropylamine, acetale,
thioketone) of 8-endo-acetoxy-camphor (8), sulted for the introduction of
the 180~1abel by hydrolysis, the only way left for the praration of
specifically labeled 2,6-diketo-camphane (7) from (8) (fig. 7-17) seems to
be to label 8 by exchange, then to remove the ester group by reduction, and

to oxidize the diol 10 obtained. But we have not yet verified whether the

y : 8 8 2 <
oxidation of an '®n-alcohol can be carried out with retention of label,
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Experiments concerning compound 23 %93,

4—Cyclohexene—1,2-dimethanol-ditosylate (21). The preparation of 21 from

4»cyclohexene-1,Z-dicarboxylic acid is described in chapter 5.

4—Cyclohexene—1,Q-diacetonitrile. Cope's procedureso for the preparation

of a nitrile from a tosylate with KCN in DMSO was used to obtain 4-cyclo-
hexene-1,2-diacetonitrile from 21. After the volume of the reaction mixture
was doubled by the addition of water, the dinitrile was isolated®! by
extraction with an equal volume of benzene, divided over 5 portions. The
extract was dried with water, dried and evaporated to give the crude

dinitrile, mo 76-8°, (11t.52: mp 79.5-80.5°), in 98% yield.




4-Cyclohexene-1,2-diacetic acid. The above dinitrile (176.5g) was refluxed

with KOH (176.5g), alcohol (243ml) and water (567ml) for 24 hours. The
crystals which precipitated on addition of conc. HCl were recrystallised
from water to give the diacetic acid (1687.B6g, i.e 77%), mp 183-9°%, Lit.52:
mp 199-200°.

Hydrindenone (22). A standard procedure®3 was used for the decarboxylation
of 4-cyclohexene-1,2-diacetic acid. The crystalline product was dissolved
in ether and washed with a bicarbonate solution till free from acid. On
evaporation of the ether 22, mp 57-630, was obtained in only 58% yield.
Recrystallisation from heptane raised the mp to 57.5—8.80. gg gave a semi-
carbazone, mp 218-22° (d) {recrystallised from alcohol).

Hydrindenol. To a stirred solution of 22 (32g), A.R. MeOH (50ml)] and water
{35m1) was added dropwise a solution of NaBH4 (6g) and NaOH (5g) in water
(35ml). The temperature was kept between 40 and SDO during the addition.
After the addition the reaction mixture was kept (with stirring) at 50°
(24 hours) till only a trace of 22 was left (G.L.C.). Then the reaction
mixture was poured into water. The crystalline alcohol was dissolved in
gther and shaken with a saturated NaHSDB-solution. Evaporation of the ether
gave hydrindenol in 84% yield.

Hydrindenylacetate (24). Hydrindenol, treated with acetic anhydride in

pyridine, gave 24 in 83% yield.
Attempted ring opening of the bicyclo[4.3.01ponene skeleton of 22 and 24.

- Cope's Drocedures“ for the ring opening of bicyclo[7.1.D]nonene with
KMnO4 in acetone was used for the oxidation of 22 (25g), but no yield was
obtained. When after the reaction the solvent was evaporated, using a
rotatory evaporator, rather unexpectedly some unreacted ketone (7.8g) was
recovered. Presumably selective oxidation of the double bond in 22 is not
possible by this method.

- Cope 's Drocedures“ was then used for the oxidation of gi; only a poor
yield was obtained.

- An ozonisation proceduress was used for the oxidation of Zﬁ: The product
was not (NMR, mass spectroscopy) the desired di-aldehyde.

3,4-Epoxy-trans-bicyclof4.3.0]nonane—8-ol-acetate (25) was prepared

analogue to the preparation of 1,2-epoxy-cyclohexane from cyclohexeness.

Yield 85%, mp 40—500, bp2 113—70. The peracetic acid used for this
epoxidation was prepared®’ from boric-acetic-acid anhydrides8 and conc.

hydrogen peroxide3?,
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Dxidation of 25 with DMSD. Cohen and Tsuji®? have reported that epoxides

can be oxidized with DMSD in the presence of a catalytical amount of BF .-
ether complex to give acyloins in good yield. ¥
First we attempted oxidation of 1,E—eooxycycloﬂexan956 and found (G.L.C.)
that under the conditions of ©%) not all of the epoxide was oxidized. More
EFa—complex was then added and the reaction was continued till all of the
epoxide had disappeared. A high yield of acyloin was obtained. 25 was
oxidized in the same manner®?; again more BFa—comolex had to be added to
achieve complete oxidation. The reaction product (26), obtained in
quantitative yield by ﬂHClB—extraction after the reaction mixture had been

poured on ice, was a viscous liquid.

Oxidation of the crude acyloin (26). Rigby's method®! was used for the

oxidation of 26. A mixture of 51203 {(16.4g) and acetic acid (30g) was
refluxed for 2.5 hours. Then the acylein (26, 18.3g) was added and heating
was continued on a bath at 100° for 1 hour. The mixture was filtered and
the precipitate washed with CH7C12. The solvent of the filtrate was
evaporated; a green coloured i;ourity of the residue could be removed by
column chromatography: (silicagel, ether). Yield 18g. This product was shown
by NMR to contain polymeric material. Distillation of the product and
recrystallisation of the distillate from heptane-toluene gave 27, 4.2g,

mp 119.5-21.40. Presumably milder reaction conditions are necessary if one
wants to.prepare 27 from 26 in an reasonable yield. Mild oxidation of
acyloins seems to be possible®? using Pb[OAc)a.
Attempted resolution of 22 with "menthydrazide". For preparation of the

derivative of 22 with "menthydrazide” 14%) the procedure for the preparation
of the corresponding derivative of a-ionone®3 was used. After refluxing for
12 hours the soclvent was removed and the residue dissolved in n.-heptane
and filtered while hot. Yield 7.8g (from Sg of 22), mp 135—80. Regeneration
of this derivative gave 22, small negative Cotton gffect, optical purity
4:5% 5*)

Attempted resolution of 22 with 4-(endo-2-fenchyl)-semicarbazide.

A mixture of gg»ng], 4-{endo-2-fenchyl)-semicarbazide+p.-toluenesulphonic
acid (15.2g), NaUAc-BHZU (6.8g) and alcohol (150ml) was refluxed for 12
hours. The crystals obtained on cooling were recrystallised from alcohol,
Yield 7.45g, beautiful needles, mp 219-25°, Regeneration of the deriyative
gave 22, small negative Cotton effect, optical purity 2.3% 6%,

4- (Endo-2-fenchyl)-semicarbazide+p.-toluenesulphonic acid.
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The procedure of Goodson®S for the preparation of 4-alkyl-substituted
semicarbazides was used to prepare 4-(endo-2-fenchyl)-semicarbazide-
p.-toluenesulphonic acid from fenchylamine.

- Endo-2-fenchylamine. Crude fenchylamine (see chapter 2) was shown by

G.L.C. to be a mixture of two compounds, as was expected (partial
separation with a Carbowax column). The minor component of this mixture
could be removed by recrystallisation of the amine-hydrochloride from
dioxane (2x). The assignment of the endo-configuration to the sterically
pure amine is based on the stereochemistry of reductions with sodium and
alcohol in the norbornane series.

4- (Endo-2-fenchyl) -acetone-semicarbazone was prepared65 by addition of

acetone-semicarbazone to heated endo-2-fenchylamine. Yield 63% (after

recrystallisation from alcohol), mp 208—100.

Hydrolysis of 4-(endo-2-fenchyl)-acetone-semicarbazone with hydrochloric

acid®® was unsatisfactory because the hydrochloride of 4-(endo-2-fenchyl)
-semicarbazide was found to be good soluble in water. The hydrolysis
experiment was repeated with p.-toluenesulphonic acid of about the same
concentration as the hydrochloric acid used in the previous experiment.

A toluenesulphonic salt crystallised on cooling of the reaction mixture
after the hydrolysis, but it was found to be reasonably soluble in water,
thus concentration of the mother-liquor was necessary to improve the
yield.

Oxidation of a-hydroxy-cyclopentane-carboxylic acid. a-Hydroxy-cyclo-

pentane-carboxylic acid was prepared®® by hydrolysis of cyclopentanone-
cyanohydrinee7.

In a round-bottommed flask, provided with a distillation head, was heated
a mixture of Pb02 (32g) , a-hydroxy-cyclopentanone-carboxylic acid (10g)
and water (100ml). After the evolution of carbon dioxide had stopped, more
water was to the reaction mixture, and then & mixture of cyclopentanone
and water (~100ml) was removed by distillation. The cyclopentanone in the
receiver was precipitated as the semicarbazone. For comparison the
theoretical amount of cyclopentanone, that could have been formed in this
oxidation, was dissolved in water (100ml) and then precipitated as the

semicarbazone. Comparison of the weights of the two portions of semi-

carbazones indicated that the yield in the oxidation reaction was 87%.




Experiments conecerning compound 35 497

(1s:3s:8r:10r)-Tricyelol8.4.0.03 8] tetradeca-5,12-diene-2,9-dione (29) was

prepared from p.-benzoquinone and butadiene in toluenels, and was

recrystallised from toluene. Mp 1379; 1it.13: 154—50.

(1s:3r:8r:10s)-Tricyclo[8.4.0.03" 8] tetradeca-5,12-diene-2,8-dione (30).

The purified diketone 29 was dissolved in alcohol, and to this solution
while hot was added an alcohelic solution of potassium ﬂydroxidela. The
product (30) was purified by recrystallisation from THF or ethyl acetate.
Mp 241-2; 14t.15: 244-5°,

(1s:3p:8r:10s)-Tricyclo[8.4.0,03' %] tetradeca-5,12-diene-2,9-diol (31). The

diketone 31 (257g) was added, using & Soxleth, to a mixture of LAH (60g)
and THF (31). After the reduction most of the THF was removed by
distillation and replaced by ether. 371 was found to be only slightly
soluble in ether. After careful addition of water to the reaction mixture
to destroy the unreacted LAH, enough jce and conc. HC1l was added to permit
isolation of 31 by filtration. Yield 94%. This diol was not purified.

Ditosylate of 31 (32). This ditosylate was prepsred from 31 using Hill's

oroceduresa. The crude product, prepared in 86% yield, was braown. The
coloured impurity could be removed by boiling the crystals with n.-butanol;
the crystals were then removed by filtration when the mixture was cooled.

(1s:3r:Br:10s)-Tricyclo[8.4.0.03° 8] tetradeca-5,12-diene (33). Crossley's

nrocedurel® for the preparation of 33 by LAH reduction of 32 was used with
some modifications. It was not necessary to use a Soxleth for the
introduction of 32 in the reaction mixture: all of 32 could be added at
once; the reduction is slow because of the very low solubility of 32 in
boiling THF. We refluxed for 7 days, then most of the THF was removed by
distillation, and water was carefully added. 33 could be removed by fil-
tration after the reaction mixture had been made strongly acid with conc.
HCl. 33 was purified by sublimation (950, 2mm Hg). Yield 70-75%, mp 108.0-
10.50; 1it.1%: mp 112~3O. We noticed that a brown impurity was formed on
storing of 22; this impurity is probably an autoxidation product.

ﬁ15:25:4r:5r]—Cyclohexane-1,2,4,5—tetra-acetic acid [zi). After attempts to

: ¢ 0 . ks
prepareprepare 34 from 33 by ozonisation (07, C(,l4 and LC14-ethy1 acetate)
had been given up because insoluble ozonides were formed, Cope's procedure
54%) for the oxidation of bicyclo[ﬁ.1.0]nonene was used to give 34 in 22%

yield. Mp ZQD-SD {(d) after recrystallisation from water.




[1s:3r:7r:95]-Tricyclor7.3.0.03°7]dodecane-5,11-dione (35). The usual

procedure’?® for the preparation of a ketone from a dicarboxylic acid was
used, but now the decarboxylation was done at 15mm. The diketone 35, mp
216-60, was obtained in 41% yield (after recrystallisation from alcohol).
35 has its C=0-stretch vibration at 1730cm_1 (KBr pellet), and at 1739Cm-1
(CHCIB]. From empirical rules®? it follows that the carbonyl group is
attached to a 5-membered ring. There is also an empirical rule in 13C—NMP.
spectroscopy’? which relates the 13¢_ahift of the carbon atom from the
carbonyl group to the ring size. The 13C—shi?ts (with respect to CSZ) of
carbon atom from the carbonyl group of cyclohexanone, cyclopentanone and
35 are resp. -16ppm, -26ppm and -23,8ppm (in CHC13]. Thus in view of this
evidence from IR and 13C~NMP. we can state that our diketone has indeed

structure 35, and not 36 (fig. 7-8).
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SAMENVATTING

Het uitgangspunt voor het in dit proefschrift beschreven onderzoek was
de verwachting, dat meting van circulair dichroisme van verbindingen, die
alleen optisch actief zijn door isotopensubstitutie, nieuwe en nuttige
informatie zou kunnen geven over de electronenstructuur van deze
verbindingen.

Dmdat effecten in optische activiteit ten gevolge van isotopensubstitu-
tie byzonder klein zijn vergeleken met effecten in optische activiteit van
(bv.) natuurstoffen, was het niet verwonderlijk dat nooit eerder CO van
een dergelijk type optisch actieve verbinding gemeten was. De mogelijkheid
deze kleine effecten te meten hangt af van een gelukkige keuze van de te
meten verbinding é&n het beschikbaar zijn van een gevoelig COD anparaat. Op
de Afdeling Theoretische Organische Chemie is aan het tweede vereiste vol-
daan doordat Drs. H.P.J.M. Dekkers voor zijn promotie-onderzoek sen derge-
1ijk apparaat gebouwd heeft.

In hoofdstuk 1 van dit proefschrift wordt duidelijk gemaakt waarom het
wenselijk is aan isotopengesubstitueerde carbonylverbindingen te werken als
men een redelijke kans wil hebben ook CD van zo'n verbinding te meten.

In de twee daarop volgende hoofdstukken zyn de syntheses beschresven van
[150, 180]-&—Fenchocamphoronchinon en 1-deutero-a-fenchocamphoronchinon,
verbindingen, welke een meetbaar effect in CD bleken te vertonen.

Het overige beschreven werk, behalve het laatste hoofdstuk waar twee
methoden voor de bepaling van optische zuiverheid gegeven zijn, houdt hier-
mee verband. In hoofdstuk 4 is op grond van absorbtie- en CO-metingen aan
een aantal norkamferchinonen geconcludeerd, dat de interpretaties in de
literatuur van het COD-spectrum van kamferchinon aan ernstige bedenkingen
onderhevig zijn. In de appendix wordt =sen verantwoording gegeven over on-

voltooid werk aan 150-18

D-diketonen en wordt de synthese van een aantal
interessante diketonen voorgesteld. Het werk aan trans-1,2-dimethylcyclo-
pentaan, beschreven in hoofdstuk 5, houdt verband met &én van de onvoltooi-
de projecten in de appendix, en bovendien met een recente publicatie over
het voorkomen van optisch actief 1,2-dimethylcyclopentaan in een ruwe olie.
Van de in het laatste hoofdstuk beschreven methoden voor de bepaling van
optische zuiverheid berust de ene op het gebruik van circulaire polarisatie
van de luminescentie (CPL); de andere op de fotochemische ontleding van
optisch actieve verbindingen.
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STELLINGEN

Alvorens grotere hoeveelheden van een organische verbinding met
ruthenium tetroxide te oxyderen is het wenselijk de reactie eerst op

kleine schaal uit te voeren in aanwezigheid van een inerte ijkstof.

De bewering, dat bij sutoxydatie van optisch actief 3-careen racemisch
3,7,7-trimethyl-bicyclo[4.1Aﬂ 3-hepteen-2,5-dion zou ontstaan is onvol-
doende gemotiveerd.

(A. Zabza & H. Kuczynski, Roczniki Chem., 40, 433 (1866)).

Oxydatie van cis-g-decalon-hydrazon met HgO is wellicht de eenvoudigste

manier om twistaan te synthetiseren.

Schaefer en Horvath hebben over het hoofd gezien, dat het mogelijk is
het voorkomen van een 1,3-diaryl-propenyl-carbonium ion, dat door hen
werd voorgesteld als intermediair bij de oxydatie met selenium dioxide

van 1,3-diaryl-propenen, te bewijzen door een combinatie van experiment

en P.P.P.-berekeningen.

(J.P. Schaefer & B. Horvath, Tetrahedron Letters, (1964} (30) 2023).

De experimentele resultaten ven Volpi en Pietra betreffende de
Tiffeneau-Demjanov-ringverwijding van norcamfer zijn z6 onvolledig, dat
publicatie beter achterwege had kunnen blijven.

(E. Volpi & F, Pietra, Tetrahedron Letters, (1972) (48) 4867).

Het is aanbevelenswaardig in het leerplan kunstgeschiedenis ook achter-
gronden en toepassingen op te nemen van fysische en chemlsche methoden

om de autenticiteit van kunstvoorwerpen vast te stellen.

Hsia, Shang en Chou bronzen zijn geen goede geldbelegging.

Het kan aanleiding geven tot maatschappelijke onrechtvaardigheid, dat
strafrechtelijk beter kan worden opgetreden tegen iemand, die een dier

mishandelt, dan tegen iemand, die sen mens mishandelt.

De bemoeienis van het R.I.B. met de aankoop van chemicalién, die niet
tot de standaard magazijnvoorraad van een rijksoverheidslaboratorium

behoren, werkt remmend op het wetenschappelijk onderzoek en belangrijk

kostenverhogend.

W.C.M.C.

Kokke 29 maart 1873.



















