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THE HYDROXYLAMINO DERIVATIVES OF SANTONIN



A, Introduction,

tB-Unsaturated ketones generally react with
hydroxylamine to give the oxime, bult sometimes give a
B-hydroxylamino-ketone or a @-hydroxylamino-ozime (1,2).

Soime examples are given in equabtions 1=5,

0 0
\_m)ﬂ\ NHOH \.__/‘\
/o NaOWie, MeOH -~ 'LHOH (1)

NHyOH, 1
Mole, MeOH ~ (2)
. NNOH
/NHOH
Q NH9()H,2
[V VI R ——. N (3)
Moles, NaOI\/Ie/
X0 NOH

AN
0" NHOH, g HONS NHOH “
NaOMe, MeOH
7 =

NHOH
S e
<. NaOEt,EtOH ~

/\

(5)




Francesconi and Cusmeno (%) noted that (-)o-
santonin (_1;)9 an@ﬂgabgdi—unsaturaﬁed ketone, gave the
oxime (2) and two isomeric hydroxylaminosantonin oximes.
The correct carbon skeleton of santonin itgelf was not

Imovm to thege early workers.

Later, when the struciture of santonin was Imovm,
Sir John Simonsen and D. H. R. Barton (4) assigned the
structure I to the two hydroxylamino-oximes, without

specifying the stercochemistiry of either the oxime or

NHOH

{
fro
=

hydroxylamino groups. The correct stereochemistry of
santonin itself was later established (5-8) to be as showm

in formula 1.

On treatment with nitrous acid, the two hydroxyl-
aminosantonin oximes (I) gave two nitroso compounds (II)
which in turn, when heated with 50% acetic acid, gave

nitrous oxide and two isomeric products, formulated as

W



the hydroxy compounds (III).

HO~—=N=N=0

HNG, /(\
\ -"’” HO\k/

NHOH

HONZ x

The possibility of the nitrous acid attacking
the oxime group must also be considerved. I+t is well lmovm
(9-15) that oximes can react with nitrous acid, and from
certain oximes, stable "pernitroso® derivetives can be
isolated. The structure of these pernitroso" derivatives
has recently been reviewed by Freeman (13,14) and by

Wieland and Grima (15). Preemon has shown +that oximes with

NH»NCb




neighbouring tertiory alkyl groups give stable compounds
proved by their infra-red and U.V. spectra and by

reduction to nitro-amines +to have the nitrimmine structurc.

Barlier workers (9-12) had noted +that oximes of
1,2=diketoncs ox g~koto esters and of mosth simple unbranched
alkyl ketones with electron ateraciting groups adjacent to
the oxime also react with nitrous acid but stabilisc thci-
selves by .splivting off HZO in the presence of acid. A

posgsible mechonism isgs

R
HNO : R
> _ \c._’f.‘N = 5 \C-i}lﬁ =N
R \OH R/

AN /) R\, !

/C~—o~—-N=—-.=N — == 4- N==N—0
R

4

Wieland and Grimm (15) have furnished evidence
for this mechanism by using 0l labelled oximes, and
analysing the NQO gas in a mass-spectrometer. All the

O18 went into the lIetone product and none into the N.O.

2



If the hydroxylaminosantonin oximes rcacted in
this way the products would be either a nitrimmine (V)

or an wmwsaturoted ketone (V).

Iv v

In fact., no nitr;mmines or kctonic products
were reported to be formed in this reaction. This is to
be expected, as equimolar amounts of hydroxylaminogantonin
oxime and sodium nitrite were used, and attack evidently
takes place preferentially on the more nucleophilic
hydroxylamino nitrogen and not at all on the nitrogen

of the oxime grouping.

The reactions of other N-nitroso-N-alkyl hydroxyl-
amines have been investigated in some detail (16,17), and
probably involve the intermediocy of carbonium ions. This‘
is illustrated by the reaction of N-benzylhydroxylamine

(VI) with nitrous acid.



The nitroso compound (VII) may be solvolysed in

the prescnece of acids

A—CHg—N—op  HNO2__ Ar-—CHg— y ——0H H_s,
H Nz==0
VI VII
AF—CH, & HO—Na==p—oH SO a_cHOR 4 Ng.
VIIT

The alcohol (VIII) or the nitroso dimer (IX) noy
be isolated according to conditions. The nitrosohydroxyl-

amine (VII) on treatment with methyl iodide in the presence

A CH e N——OH AF CH2 N 0
2 - S
===Nz: iHQ An——CHg——§==O
VII Ar IX

of silver oxide affords the nitronc (X) in about 90% yield,

and the O,N-disubstituted nitrosohydroxylamine (XI) (10% yield).

AF—CH —-N-——O0H CHyl, Al CHme N =r—0—CH H' Ar—-CH OH
2 AgO 2 | N 2 ' 2
O=N H297=N H -+
A XI O=—=CH
CH,l, AgO 2
3 HNO -
V] 2 v
N,
e —0 AFeme CH e\ e e
Ar—CHs g, o CHs—p—0~—CH,
—-0CH, H

X XIL



The latter, which is the same compound that is
formed by direct nitrosation of O,H-disubstituted hydroxyl-
omines (XII), ecliminates nitrogen ond not nitrous oxide

wvhen treated with acid. An alcohol and on aldchydc are

the £inal products (18).

The intermediate carbonium ionsg moy also stabilise
themselves by climinatvion of o proton to give olefing, as
shovn below Ffor the hydroxylaminc XIIT derived f£rom limonenc

(20,21).

H

HOH H, ,N—No
Ay
HNOA F;;;?ﬂN b

XIII

The secondary carbonium ions (XIV) which would be
derived by eiimination of nitrous oxide from the nitroso-
hydroxylaminosantonin oximes (II) are ideally constituted

for recarrangement involving cither the angular methyl group

#0-alkyl hydroxyloaincup on treatment with
nitroug acid give an alcohol and nitrous
oxide (19). The inteormediates are not
igolated.



ox one of the other neighbouring carbon-carbon hondg,
depending on the siterecochemigtey of the departing group,
to give moxe stable tertiary carbonium ions (c.g., XV ox

XVI), and thence a rearranged alcohol.

(n\ H//W\
HONZ N\~ L o
N

SN
(o J——

XTIV

Xv

Prancesconi and Cusmano (%) noted that dehydration
of either of the isomeric hydroxysantonin oximes III gave a
product (015H19N03) igomeric with santonin oxime (2) but not
identical to it. This may be considered evidence against
Simongen and Barton's structure III, which would be expected

to lose water to give sentonin oxime (2).

Because of the uncertainty surrounding the



gtructures of the various compounds, we have undertalken
t0 study them further, using physical techuiques (Cogoy
T.R. and n.m.r. spectroscony ond thin layer chromatography)

not available to the caxlier workers.

I0
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B. Digcugsion.

1. Hydroxylaminogantonin Oximes -, ond -G,

Proncegconi ond Cusnono (3) found that hydroxyl-
aminosentonin oxime-¢ (I) is formed when santonin reacts
with hydroxylawine in the presence of on excess of sodium
methoxide; when it reacts with hydroxylamine in the presence
of excess hydroxylamine hydrochloride, o hydroxamic acid
(XVIL) is formed. The lotter cyclises in boiling water with
evolution of hydroxylamine to give the isomeric hydroxyl-

aminosantonin oxime-g (I).

1 XVII

Heat
HON

The formation of hydroxylamino-oximes from



santonin and other a@-unsaturated ketvones is evidently
the result of two competing reactions: formotion of the
oxime; and attack of hydroxylomine on the double bond G0
give the hydroxylamino-ketone, followed by rcaction of
the carbonyl group to give the hydroxylamino-oxime. The
fagter the rate of oxime formation, the lower will be
the ratio of hydroxylamino-oxime to simple oxime in the

product.

2. Tactors Affecting Addition of Hydroxylomine to

Ungaturated Ketones,

Two effects may be operating to influence the

ratic of hydroxylamino-oxime to simple oxime.

(a) The Bffect of Ketone Struciure.

For the series of ketones XVIII to XX the

relative rates of formation of the simple oximes in the

,H==CHNM=@*¢CH3 (CH&:CHEE= nm%%% H
» =

E:@HE”“@“”CH::CH

‘ ‘\ ‘

XVIIIL XIX : X

presence of one mole each of hydroxylamine hydrochloride

el



and godium acetate, ares
XVIIT 2> XIX > XX

The opposite order is observed for the ratios of
addition product to simple oximes, favoured by the presence
0f excess hydroxylamine and sodiwa methoxide. Addition talkes
place only %o the wsaturated ketone: the oxime of XX, vhen

refluxed with excess hydroxylamine, undergoes no further

change.

(b) The Effect of pH.

The initial addition of hydroxylamine to the
carbonyl group takes place most rapidly in neutral or
bagic solution (22), and +this gtep becomes rate determining

only if the solution ig strongly acidic,

N NHOH
HOH , &
Rm=CH:§Cwaﬁme = Re—CHesCH—C—R
O OH

OH

The rate determining step in basic solution ig

—
AN




14

therefore the dehydration of the initially formed carbinol-
amine. (The rates and relative importence of these two steps
are reversed in strongly acid solution). Por the some reasons,
the formation of the hydroxylemino-oximes would also be

expected 0 be faster in basic solutbion.

:1

N
ResCHESCH =R et R»—--(EH - HzzmC R

, 0
iHoH ) NHOH OH

It then becomes obvious that at higher pH, the
rate of oxime formation relative to the rate of attack at
the double bond will be slower, because of the slowness of

dehydration of the intermediate carbinolamine.,

We have found that this applies also to the
santonin case, the yield of hydroxylamino-oxime being very
low under the slightly acid conditions of ordinary oxime
formation, and zero when santonin oxime was used asg the
gtarting material. The best yield was obtained in the
preparation of the O-isomer (gee experimental) where excess
sodium methoxide wasg used: the yield of the g~lsomer, in
which excess hydroxylamine hydrochloride was used, was

always lower.



15

S Prepapration of the Hydroxylaminossntonin

Oximes and their Derivatives.

{2)_Hydroxvlaminosantonin Oxime~—g,e *

Sentonin (1) was vefluxed with four molar equiv-
alents of hydroxylamine in methanol solution Ho which had
been added a 0.4 molar excess of godium methoxide. The
product was T75% senionin oxime (é) and 25% hydroxylamino-

santonin oxime=qol.

The latter had the physical properties quoted by
Francesconi and Cusmano (3); m.p. 230°, ﬂkﬁ%§+ 46.5° (1it.
m.p. 229-230°, Eﬂ5%2 + 47.44°), However, from the spectral
data described below it was immediately obvious that

structure I could not be correct.

First, a compound of structure I should have a
strong absorption peak in the ultraviolet spectrum near

235 myt. Our compound did not have any absorption peak above

200 .

The infra-red spectrum of hydroxylaminosantonin
oxime-¢ (Pig. 1) was also incompatible with structure I.
It showed only one sharp band near 1640 cm“l9 whereas

“Tor an explanation of the ncmenclature uged
throughout this work, see p.l43



o~

Pigure 1.

The infra-red spectrum of hydroxylamino-

santonin oxime-a. (3).,
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Figure 2.

The infra-red spectrum of santonin oxime (2_)°
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Figure 3.

The infra-red spectrum of sentonin (1).
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santonin oxime‘Qg) has three bands in the region 1580-1660
cm“lg (Pig. 2), where they are associated with the C==N

and two C=C stretching vibrations. Santonin also has

two C==C stretching vibrations in this region (Fig. 3).

The single peak at 1640 cm“l in the product is assigned to
the C==N sitretching vibration oi the oxime, and the absence
of any other bands in this region is evidence for +the

absence of double bonds in conjugation with the oxime group.

Pinally, the n.m.r. spectrum (Fig. 4 and table 1)
was in disagreement with Simonsen and Barton's structure I.
Two of the three methyl groups of santonin and santonin
oxime give rise to shérp singlet pealks, and the third (C-11
methyl) gives rise to a well defined doublet (FPigs. 5 and 6,
and table 1). The spectrum of I would show similar peaks.
However, the spectrum of hydroxylaminosantonin oxime-o has
two methyl peaks as doublets and only one as a singlet. The
C-4 methyl group, which gives rise to a singlet peak at 2.1%
PP, in santonin (l) and at 2.16 p.po.m. in santonin oxime
(2) was a doublet (J= 7 C-P.s.) at 1.23 p.p.m. Further, the
doublet at 4.88 p.p.m. in 1l and 4.80 p.p.m. in 2, assigned
to the proton at C-~6, was shifted upfield to 4.10 p.p.m. in
hydroxylaminosantonin oxime-0l. The double bond at C-4 has
evidently disappeared, with the consequent upfield shifts

of the C-4 methyl group and C-6 hydrogen.



Tigure 4.

The n.m.r. spectrum of hydroxyleminosantonin

oxime- @ (3).
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TMigure 5.
The n.m.r. spectrum of santonin (1.).
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Iigure 6.

‘The nem.r. spectrum of santonin oxime (2).
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The double bond at C-1 has also disappeared, as
the AB system due to the pair of olefinic protons in 1 and
2 in the low-field region of the spectrum is absent Ffrom

the spectrum of hydroxylaminosantonin oxime-l.

Purther evidence against structure I came from
studies of exchangeable hydrogen atoms in the compound. In
the presence of D209 only two protons exchanged, whereas
the structure I would have three exchangeable protons. The
exchanges were shown by the disappearance of (a) a sharp

singlet at 10.42 p.p.m. assigned as in 2 to the oxime proton,

and (b) a broad peak at 7.07 p.p.m. agsigned to an NH proton.

(b)_O,N-Dibenzoyl Derivative of Hydroxylamino-

santonin Oxime-—0l.

The two exchangeable hydrogens of hydroxylamino-
santonin oxime-0. were replaced by benzoyl groups in the
formation of a dibenzoyl derivative by reaction with benzoyl
chloride in pyridine. The 0ily product from the reaction
resisted all attempts to crystallise it from ethanol and
methanol-water mixtures. However, minute crystals were
obtained in about 10% yield from ether solution after

several weeks in the refrigerator, MoPo 175—=178°o
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This dibenzoyl compound had no exchangeable
protons in its n.m.r. spectrum (Fig. 7, and table 1).
FPurither, its infra-red spectrum showed no OH or NH
stretching bands, but instead had an O-benzoyl carbonyl
band at 1750 em™t and am N--benzoyl (amide-I) band at 1640

cm”lo

It is evident that apart from its oxime proton,
hydroxylaminosantonin oxime-@ contains only one active
hydrogen, and that this hydrogen is attached 4o nitrogen
and not to oxygen. Hence the hydroxylamino group must be

O,N=disubstituted.

The presence of an —NH—0-— (epoxyimino) group
in, and the absence of the two original olefinic double
bonds from, hydroxylaminosantonin oxime-0 is evidence for

the structure XXI or XXIT for the compound.

)

h-

Bach of these structures corresponds to eight



Tigure 7.

The n.m.r. spectrum of 0,N-dibenzoylhydroxyl-

aminosantonin oxime-a (4).
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Pigure 8,

The infra-red spectrum of O,N~dibenzoyl-

hydroxyleminosantonin oxime-o. (4).
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posgible dsomers. It is shovm in the sequel that in fect,

hydroxylaminosantonin oxime~-@ is represcnted by 3 (chart 1),

Y

Kl

onc of the isomers of XET.

(¢) Hydroxylominosantonin Oxime=—a .

Hydroxylaminosontonin oxime-g was prepared by
recaction of somtonin with four molor cquivalonts of hydroxyl-
amine in methanol to which was added o 0.4 molor cxcess of
hydroxylomine hydrochloride, according to the method of

Prancesconi and Cusmano (3).

The product was obtained as colourless needles
m.p. 232-233%, [a]5? 0.00, (1it. m.p. 232-233°, [a T2 - 3.0%),
A procedure giving better yields is described in the

experimental.,

The ultraviolet absorption spectrum of this
compound showed that, like the O-isomer, it had no double
bonds in conjugation with the oxime grouping. The n.m.r.
gpectrun (Fig. 9 and table 1) was also very similar to
that of the g-isomer, and showed the presence of two
exchangeable protons. This was confirmed by examination of
the dibenzoyl derivative (lﬁ) reported by Francesconi and

Cusmano (3)9 which had no exchangeable protons in its N.er.

27



Tigure 9.

The n.m.r. spectrum of hydroxylaminosantonin

oxime-g (13).
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spectrum (Figo 10 and table 1)o

Tae infrae-rved gpectrum (Fig. 11) also was very
similar to +that of +the g-isomer, except that the OH stretching
region was much more complex, indicating possibly a mixture

of gyn~ and gnti- oximes in this case, ond a single geomctrical

igomer in the case of the G-isomer.

a)

Toloc. studies of the two compounds also indicated
that the o~isomer was homogencous and that the g-isomer was

a mixture of two compounds, possibly geometrical isomers.

Thus the O~isomer gave a single spot (Rf (b) 0.50) while the
B-isomer gave two overlapping spots centered at the same point

(Rf (b) 0.50) as the g~isomer.

These results indicate that the ﬁmisomér9 like the
O~igomer, moy have the structures XXI or XXII. In the sequel
it is shown that it is the C-4 epimer 13 of the g-compound %
(chert 1),

4. De-oximation of Hydroxylaminosantonin Oximes-a

and =@g.

(2) Levulinic Acid Treatment of Hydroxvlamino—

santonin Oximes-@ and -g.

The isomerism of the hydroxylaminosantonin oximeg-g



Pigure 10,

The n.m.r. gspectrum of 0,N-dibenzoylhydroxyl-

aminosantonin oxime-g (14).
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Tigure 1l.

The infra-red spectrum of hydroxyl-

aminosantonin oxime-g (13).
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Tigure 12,

The infra-red spectrum of 0,N-dibenzoyl-

hydroxylaminosantonin oxime-g (14).
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N

end -@ could conceivably be due only to different configur-
ations of the oxime grouping. Consecquently, atitcmpts were
made to remove thisg grouping under conditlons mild cnough
not to affect the rest of the moleculec. The levulinic acid
reagent (90% levulinic acid and 10% 1 W hydrochloric acid)
of dc Puy and Ponder (23) was first tried. However, this
caused the loss of the cpoxyimino group ond the formation
of santonin oxime (2) from both the 0~ and A-isomers. The
mechonigm of this reoction is not Imovm but it is now
simply an acid-catalysed climination, since the hydroxyl-

amino compounds are stable in hydrochloric acid along.

(b) Sodium Bisulphite De-oximation of Hydroxyl-

aminosantonin Oximes-@ and -~g.

De-oximation with sodium bisulphite (3% molar
equivalents) in aqueous ethanol (24,25) followed by decomp=—
osition of the intermediate bisulphite complex with excess
dilute hydrochloric acid was next tried. Reaction of the
O~isomer was rapid, and t.l.c. analysis showed the dig-
appearance of the starting material and the appearance of
small amounts of santonin (1) Re (a) 0.70, and two new

compounds R, (a) 0.24, and Re (a) 0.00.

Chloroform extraction of the acidified reaction




—~

34

mixture gave only santonin, indicating that the epoxyimino
group is, in fact, eliminated to a small extent, and that
de—~oximation is ialking placc. Any ketones with the epoiy-
imino bridge that are produced (e.g. 6, 15) would dissolve
in dilute hydrochloric acid and therefore would not be

extractable with chloroform. The acidified reaction mixture

o

n fact showed two spots on t.l.c. analysis, one, Rf (a) 0.70
due to santonin, and the other, Rf (a) 0,00, due to the

hydrochloride salt of 6.

Weutralisation of the acidified reaction mixture
with bicarbonate liberated a ketone GlSHleO3 which was
extracted with chloroform and crystallised from 96% ethanol,

m.p. 190°, [a]2® + 13.99.

The infra-red spectrum (Fig. 13) of this ketone
showed two carbonyl stretching bands, at 1775 cm—1 due %o
the lactone, and 1710 cm“l9 typical of a saturated six-
membered cyclic ketone, and a sharp NH stretching band at
3260 cm._l9 but showed no OH stretching band. This shows
that the nitrogen(015H21N03)comes from the epoxyimino and

not from the oxime group of the starting material.

The ultraviolet absorption spectrum had Amax 294

my, €, 17, assigned to the Nt transition of the carbonyl



Tigure 13,

The infra-red spectrum of

5, 1-(0~epoxyimino )~40~tetrahydrosantonin (6).
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group. This spectrum confirms the observation made above
from the I.R. data, that the carbonyl group is uncon jugated.
The data show thati C }EINO has the structure ¥XIIT or

XX1V, resulting from the decoximation of XXI or XXII. The

N

(/’\\%/\9 fj//gihf§§\]
0% \}/ \f }{\ O/\é/ \\'/ \K
TN

o -
0

IXIII AXIV

results in the sequel show that in fact the compound has
the structure 6 (chart 1). The n.m.r. data which serve to

confirm the stereochemistry shown in 6, are discussed later

on p.9l

(c) Sodium Bisulphite De-oximation of Hydroxyl-—

aminosantonin Oxime-g .

Reaction of hydroxylaminosantonin oxime-@ with
aqueous ethanolic sodium bisulphite gave initially a more
complex reaction mixture. T.l.c. analysis showed starting
material (Rf (a) 0.35), santonin (Rf (a) 0.70), and three
other spots (R, (a) 0.00; 0.24; and 0.55), The last spot



was not given by the reaction products of the O-isomer.
The reaction was complete in threc hours. The major product
obtained on working up as described above proved to be the

same epoxyimino ketone (6) as was obtained from the g-isomer.

Toloc. analysis of the mother liquors from the
crystallisation of (6) showed that the mew compound R, (a) 0.55,
congtituted about 15% of the mixture. However, addition of a
small amount of sodium methoxide to the mother liquors
resulted in the complete disappearance of the spot R, (a) 0.55
from the t.l.c. analysis of the mixture, though the Rf values
of the other spots remained unchanged. This method of analysis
was not sufficieﬁtly sensitive to detect any change in

intensity of the spot (Rf (a) 0.24) due to the major

component (6).

The conversion of both the o~ and g-isomers to the
same epoxyimino ketone XXIII or XXIV by removal of the oxime
group indicated that they both had the epoxyimino bridge
attached to the same positions of the santonin skeleton,

XXI or XXII, and that they both had the same configuration
at the bridgeheads. The formation of santonin identified by
comparigon with an authentic specimen, in the de-~oximation

reaction of both the o~ and g-isomers indicated that no




changes had taken place in the stercochemistry of the lactone

ving during their formation firom santonin ond hydroxylamine.

The differcnce between them must vherefore reside

cither in the configuration at C=4 or in the configuration

<

(syn or amti) of the oxime grouping (or both): the latte:

differcnce ig removed by de-oximation, and thce C-4 methyl
group is capable of cagy epimerigation.  The regults show
that this methyl group ig in the lesg stable configuration
in hydroxylominogontonin oxime-g, whose gtructure is shown
to be 13 in the sequel. (The ketone (15) initiolly formed
on de-—oximation of the g-isomer gives rise to the spot of
Re (a) 0.55; this ketone (15) is obviously less stable than

its epimer (6) so that the spot disappears when the solution

is made alkaline).

5. Nitrosgso Derivative of Hydroxylaminosantonin

Ooxime-n.

Hydroxyleminosantonin oxime-g (3), treated with
one equivalent of nitrous acid in the cold as described by
Francesconi and Cusmano (3) gave a nitroso compound in good
yiecld as minute faintly yellow needles, 015H21N305 MePo
164-165°, [0’ - 112.9°, which gave a single spot on t.l.c.
onalysis. (This compownd was shovm eventually to have the

structure 7).



Figure 14- o

The infra-red spectrum of the nisroso
derivative of hydroxylaminosantonin

Oliime“@l,g (1) o
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The infra-red spcctrum (Fig. 14) of this compound
showed that the nitrous acid had reacted with the NH of the
epoxyimino group, and not with the oxime grouping (to give
a nitrimmine (13, 14)). It showed strong OH absorption at
5525 cm’”l9 a single sharp corbonyl band at 1775 omml9 Q
strong band at 1350 cm==1 assigned 0 the N==0 gtrecitching
vibration, and a weak band ot 1630 cm”l assigned to the
C==l stretching mode of the oxime group. The origin of the
wealk band at 1570 cmwl is not Imown. Apparently it is notb
an artefact as it occurred in the spectra of different
batches of the nitroso compound crystallised from a variety
of solvents end occurs also in the spectrum of the nitroso

derivative of the g-isomer described below. There were no

NH stretching bands.

That the reaction —=Q0—NH—— -—> —0—N—N==0 had
taken place was further indicated by the ultraviolet
abgorption spectrum. The compound had Amax 246 mu, €,
mox 232 np, Gma}c 5,900
(26)). If the oxime group had reacted to give a nitrimmine,

7,650 (cf. dimethylnitrosamine, \

a strong absorption at 270 mp would be expected (13,14).



Figure 15.

The infra-red spectrum of the gas evolved
(I\T20) in the decompogition of the nitroso
derivative (7) of hydroxyleminosantonin

oOXime=qL.

41
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(a) Decompogition of Nitrogso Derivative of

Hydroxylaminosontonin Oxime-g (7): TPormation

0f F~anti-O0xinino-5,1.0-(a~epoxy)=18, 4o~hexo-

hydrohyposantonin (R).

The nitrogo compound (7) when heated vith 50%
acetic ocid for ten minutes, slowly cvolved a eoloufless
gas which was collected in a trap at ~190%, The I.R.
spectrum (Fig. 15) of the gas was identical %o that of
an authentic sample of N,0, in the literature (27). The
reaction mixtare, on addition of water, deposited fine
white crystals. These were recrystallised from agueous
methanol, giving a 70% yicld of colourless prisms, 615H21N04,
m.p. 199-201°, [0]2> + 220°, agrecing in its propertics with
the compound isolated by Francesconi and Cusmano (3) for

which Simonsen and Barton (4) have proposed structure

III (p. 4).

This structure can be eliminated, since the
ultraviolet absorption spoectrum showed no peak above
200 my. The n.m.r. spectrum (Fig. 16 and table 2) was most
informative. It showed all three methyl groups as doublets
at Lo35 popeliey (J = 7 CePe8e)y L1o23 PoDoilay, (J = 6.0 CoPase),
and 1.09 p.peitey, (J = 6.5 c.pes.). This is possible only
if the angular methyl group has migrated from the 10-




N

Figure 16.

The n.m.r. spectrum of 5=anti-oximino-5,10-

(a~epoxy )~18, 40~hexahydrohyposantonin (8).
(a) Deuterochloroform.

(b) Benzenec.

a~
ol
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position to the 1- posgition. This in turn suggests the
formula XXV forx the nitroso compownd in which the nitros-

amine group is axial and trems to the C-10 methyl groups

CH Cl
e ]
) S— aca < Sy [ ==
A = ]
Y e v )6wm@ﬂ
/ﬂ?&\l \o i 4 § o) \O

(Y "ng‘l\
d d Of } a
d/-"—S N=O0 (
" > A
oLy
XXV XXVI
=

XXVIT

only this arrangement permits an easy migration of the
methyl group from the 10~ to the 1l- position, by the
mechanism shown (XXV-XXVII). The position of the nethyl
group on carbon atom 1 is confirmed by further reactions
(7= 8~>11—>12) of the denitrosated product, discussed

later.

This rearrangement precludes oll formulae based



on structures ¥XII, or on structurc XXI hoving the cepoxyimino
bridge B=to the original tricyclic system. Hydroxylomino-
sentonin oxime-@ therefore has the 5,l=(0~cpoxyimino)
grouping. (As the 0~ and @-isomers of hydroxylominosantonin
oxime have becen converted to the same opoxyimino-lketone (g)
it £follows that the epoxyimino grouping in the g-isomer is
also 5,1- liunked and g~ to the original tricyclic sysicm.
This wag confirmed by a study of the g-nitroso compound

discussed later).

The sceccond respect in which Barton and Simonsen'®s

formula requires revision concerns the nature of the

function containing the fourth oxygen atom of the denitrosated

product 015H21'N049 (XXVII). The n.m.r. spectrum shows that
apart from the C~6 proton (4.18 p.p.m.) and the oxime proion
(8.75 p.p.m.) there are no other protons resonating below
3:5 P.Pole., and that the oxime proton is the only one
exchangeable with DzOo The gpectrum thus indicates that

only one of the four oxygen atoms is a free hydroxyl group,
i.e. the oxime hydroxyl. The fourth oxygen atom must there-

fore form part of a heterocyclic ring.

The infra-red spectrum of the compound (Fig. 17)
showed OH absorption from the oxime grouping at %440 cm""1

of about the game intensity as that of the nitroso compound




Pigure 17,

The infra-red spectrum of 3F-anti~oximino-

5,10~ (0~epoxy )=18, 40~hexahydrohyposan tonin (8).
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(Z), a lactone carbonyl at 1760 cm"l and a weak band at
1653 cm™t aggigned to the C=WN streitching vibration of
a saturated oxime. This also would be inconsistant with

the presence of two hydroxyl groups in the molecule.

(b) B«anti—BenzoyloximinomS910~(mmepoxy)mgg&

4o-hexahydrohyposantonin (XXVIII),

The same conclusions as above camc Trom studies
of the ianfra-red and n.m.r. spectra of the monobenzoate

of the rearvanged product 8, prepared in the usual way.

. PhCO==0 ~— N~

XXVITY

[{o

This benzoate (XXVIII), m.p. 134-138°, gave a
single spot (Rf (a) 0.75) on %.l.c. amalysis. Its I.R.
spectrum (Pig. 18) showed no OH absorption, but had
carbonyl absorption at 1775 (s) and 1738 (s) cm"lY
assigned to the lactone and oxime benzoate carbonyl groups.
A band at 1620 em™t was agsigned to the C==N stretching

mode, shifted 33 cm™% to longer wavelength from the same



Tigure 18.

The infra-red spectrum of 3-anti-benzoyloximino-

5.10-(a-epoxy )~18, 40i~hexahydrohyposan tonin (XXVIII).
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~

band in the unsubstituted oxime.

The ne.m.r. spectrwa (Pig. 19) wos similar to
that of the parent oxime 8, except that it had no exchange-
able protons. A second hydroxyl group and an olefinic double
bond being excluded by the spectral data, the analysis
permits only a cyclic ether function for the fourth oxygen
atom of the de-nitrosated product. The oniy plaugible
formulation with such a function is an cpoxide, as in XXVII,
The mechanism shown (XXV—>XXVI-—»XXVII) also accomodates
the formation of nitrous oxide as a second reaction product.
Decomposition of other N-nitroso-0,N-dialkylhydroxylamines
have so far been found to give nitrogen and not nitrous
oxide (see p. 7) with the formation of alcohols and aldehydes,
but proceed by mechanisms impossible with the present

compounds.

Pour stereoisomeric formulae (8, 9, 19, 20, chart 1)
are pogsible for an cpoxide formula of structure XXVII, and
the reactions described below for the denitrosated product
show it to have the formula 8. However, an attempt to prove
the presence of the epoxy group by reaction with sodium
thiosulphate (28, 29) was fruitless. This reaction gserves

for the quantitative estimation of epoxide oxygen content.



Pigure 19.

The n.m.r. spectrum of 3-anti~benzoyloximino~

5,10=(0~epoxy)~18, 40i~hexahydrohyposantonin (XXVIII).
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It is carried out in agueous acetone with phenolphthalein
present. As the reaction proceeds, the alkali that is
formed is continuously titrated with 0.1N acetic acid,

(1 ml of 0.1N acid = 1 milliequivalent of epoxide oxygen).
The reaction is reportedly complete after 25 minutes at
100°, for epoxides that have hydrogen attached to the
epoxide carbons, but no figures are quoted, as far as we

are aware, for fully substituted epoxides.

When this reaction was attempted using the

denitrosated compound 8, no reaction occurred, even after

several hours heating.

S. Searles (30) has shown that trimethylene
oxides react with sodium thiosulphate in the same way s

but ten times more slowly. If such a structure were present

in the oxime as in structure XXIX, thiosulphate ion might

51



be cexpected to attack at C-~1. Since no reaction takes

place, we may discount this possibility which in any case

_ 7
HomN//ﬁ /g;<

XXIX

would run counter to the n.m.r. evidence for a methyl group

shifted to C-1,

6. Ireatment of 3-anti-Oximino-5,10-(g~epoxy)-1g8,

4g-hexahydrohyposantonin (8) with Levulinic Acid.

(a) At Room Temperature.

Ireatment of the presumed epoxy-oxime (8) with
levulinie acid reagent was carried out in the hope of
obtaining an epoxy-ketone suitable for n.m.r. studies. A
crystalline product was obtained which showed two spots on
t.l.c. analysis. One had Rf (a) 0.50 identical to that of
the starting material, the other one had Re (a) 0.60.
Preparative thin layer chromatography of the mixture gave

two fractions.

52
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The first fraction (Rf (a) 0.50) crystallised
asg colourless DPrisms M.Po 187«1902,mixture melting point
with the starting material (8), 173°. Its elemental
analysis showed it to be igomeric with the starting
material and its spectral properties indicated that it
was a sivercoisomcr of (Q)o Thus the ultraviolet specitrum

gshowed no absorption peak above 200 mp.

The infra-red spectrum (Fig. 20) showed OH
stretching at 3450 cm“lD Jactone carbonyl absorption at
1750 cm™ ! similar to 8, but a sharp peak at 1636 cm™+
assigned to the C==N stretching mode of an oxime (cf.
1653 cm + in 8). There were distinct differences in the

"fingerprint' region.

The n.m.r. spectrum (Fig. 21 and table 2)
showed three methyl groups as doublets very close to
their positions in the epoxy-oxime (8). Other peals in
the n.m.r. spectrum (which is discussed in detail on p.88)

show the compound to be the gyn-isomer (9) of the parent

epoxy-oxime (8).

The second fraction (Rf (a) 0.60) crystallised
from cold ether as colourless platelets 0151{2104019 Moo

130° (decomp. ). This compound was unstable and turned



Figure 20.

The infra-red spectrum of 3-gyn-oximino-

5510~ (0i~epoxy )~18, 40~hexahydrohyposan tonin (9).
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Tigure 21,

The n.m.r. spectrum of 3-gyn-oximino-
5,10~(0~epoxy)~-18, 40~hexahydrohypo-

sentonin (9).
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brown on standing. The infra-red speetrum (Fig. 22) had
a strong OH absorption band at %430 cm"l, and two carbonyl
bands at 1763 et (lactone) and 1705 cm“l9 (saturated
cyclohexanone). There was also 2 bend at 682 cm”l, agsigned

to the C—Cl stretching mode.

The n.m.r. spectrum (Fig. 23 and table 2) showed
two coincident methyl groups as doublets at 1.12 PoPolo
and a mcthyl group doublet at 0.99 PePollo, & complex
multiplet integrating to 3 protons at 3.25 P.p.l.y agssigned
to the protons at -2 and ¢-4, G- to the carbonyl group.
The ultraviolet spectrum showed no absorption peak above

200 mp, confirming the absence of any double bonds g- to

the carbonyl group.

De~oximation has apparently occurred with
concurrent cleavage of the epoxide ring to give the

chlorohydrin (10). This product was not studied further,

A J
P —

due to a shortage of material caused by its decomposition.

Ho—N



TMigure 22.

Phe infra-red spectrum of the chlorohydrin (10).
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Figure 23,

The n.m.r. spectrum of the chlorohydrin (10).
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(b) At 200° For 4 hours.

When the epoxy oxime (Q) was refluxed for fouw
hours with levulinic acid reagent, a different crystalline
compound 015H1803 wags obtained, m.po 108-—1090p which gave

a single spot on t.l.c. analysis (Rp (a) 0.75).

The ultraviolet spectrum showed two peaks (kqu

232.5 mu, € o 3,800, and Amax 288 mm, €. 11,100) strongly

indicating a di-ungaturated ketone for which the structure
1l is proposed. This was also indicated by the infra-red

spectrum (Pig. 24) which showed two carbonyl bands, one at
1780 cm™t (lactone) and a second at 1660 cm"l, assigned to
an unsaturated ketone. A medium intensity band at 1620 c:m_1

is assigned %o a C==C stretching vibration.

The n.m.r. gpectrum (PMig. 25) showed one olefinic
proton as a broad peak at 5.32 p.p.m., one methyl group as
a sharp singlet at 1.94 p.p.m., and two methyl groups as
doublets at 1.15 pepems, (J = 6.00 c.p.s.); and 1.02 p.pom.,
(J = 6,50 c.pog.).

The value of‘?\max in the ultraviolet spectrum
calculated from Woodward®s rules (31), for a compound of

formula 11 would be 303 my, in fair agreement with the



TN

Tigure 24.

4,9
The infra-red spectrum of 3-oxo-AT?7.

1B-dihydrohyposantonin (11).
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Tigure 25,

The n.m.r. spectrum of 3~oxo=l&4°9-

1@-dihydrohyposantonin (11).
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value found (288 mpoo The discrepancy may be due to +the
presence of the lactone ring, as Woodward®'s rules are

based on studies of typically hydrocarbon models.

The reaction probably proceeds by initial
cleavage of the epoxide ring, followed by de-oximation

and g-elimination of water as shoun below.

If de-oximation had taken place first, then

B-elimination of the epoxide would be expected as shown,
followed by the energetically more favourable dehydration
in ring A to give the compound XXX, in which ring A is
aromatic. In fact, no phenolic products were detected

under these conditions, though the closely related

62




desmotroposantonin was formed under more drastic conditions

ag described in the next section. (The compound XXX
decomposes readily to give (-)a~desmotroposantonin (12),

and hasg only been isolated as its acetate (32)).

(¢) At 100° for 15 hours.

More prolonged treatment of the epoxy-oxime (8)
with levulinic acid reagent, for 15 hours at 100° gave a

different crystalline compound, appearing as a single spot

63



(Rf (a) 0.65) on t.l.c. emalysis.

Recrystallisation gave a 50% yield of white
needles, m.po 1940, identified as (m)aﬁdesmotroposantonin
(1it. mep. 194° (33)) by mixture melting point, ond
ultraviolet spectrum (Am 289 muy, € 5,800) and infra-

ax mnaix

red spectrum (OH absorption at 3,400 cmﬂl9 shorp aromatic

bands at 1600 and 1492 cm‘lg Pig. 26). The optical rotation
2 5 0 A o s U e

([Oﬁ]D = 1407) and n.m.r. specitrum were algo identical to

those of an authentic specimen.®

The reaction probably proceeds via the unsaturated

ketone (11) discussed above:

(-)o-Desmotroposantonin has the same stereochemistry at

C~1l1l as santonin, so that epimerisation at this centre hag

“*Kindly supplied by Mr H, Alper, of these
laboratories.



TFigure 26.

The infra-red spectrum of (-)0-desmo-—

troposantonin (12).
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not taken place at any stage in the reaction sequence

=31 —>8—>11—>12,

To Nitroso Derivative of Hydroxylaminosantonin

Oxime-@ (18).

Hydroxyleminosentonin oxime-g (13) was treated
with nitrous acid as described above for the Preparation
of the 40~isgomer, cxcept that glacial acetic acid was
uged as the solvent. The product was obtained from the
reaction mixture as a yellow precipitate, giving large
bright yellow needles on recrystallisation. These, even
on repeated crystallisation gave a double gpot on t.l.co
analysis (Rf (b) 0.30; 6°40)9 and melted unsharply over
the range 168-172°. On standing the prodvct decomposed
slowly, a new spot appearing (Rf (b) 0.70) on t.l.c.
analysis. The new gpot had the same R_f value as the

products 19 and 20 described in the next section.

The infra-red spectrum (Fig. 27) of the nitroso
compound was very similar to that of the 4¢~-isomer 1
though the N=0 gtretching band was at shorter wavelength
-1 3
(1375 cm™ ™). The ultraviolet spectrum (kmax 246, €pax 72300)

was also similar to that of the o~isomer.



i

Pigure 27.

The infra-red spectrum of the nitroso derivative

of hydroxylaminosantonin oxime-g (18).
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(2) 3~Oximin0nlﬂmll4”9ﬂdihydrohvposantonin (P1),

When the nitroso compound (18) was heated in
50% acetic acid on the steam bath for ten minutes, nitrous
oxide (identified by its infra-red spectrum) was evolved.
On cooling the reaction mixture to room temperature, two

crops of crystals were obtained.

The firsgst crop consigted of three compounds as
shown by t.l.c. analysis (Rf (a) 0.503 0,585 and 0.80). The
second crop had R (a) 0.80 and was almost pure. This
compound was much more soluble in common solvents than the
other two. Two crystallisations from methanol gave the
unsaturated oxime (21) as colourless prisms, m.p. 255°

(decomp. ).

The formula 21 (chart 1) of this compound follows
from the ultraviolet spectrum (%max 276 mu, Epo . 24,870)
which indicated an extended system of conjugated double
bonds, and the n.m.r. spectrum (Fig. 28 and table 2) which
showed a broad peak (1 proton) at 5.65 p.p.m. that can be
assigned to the olefinic proton at C-9. In this and other

regpects, the n.m.r. spectrum showed marked similarities

to that of the corresponding ketone (11). A singlet



Pigure 28.

The n.m.r. spectrum of 3—oximino—@§’9—lﬂ~

dihydrohyposantonin (21).
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70

(3 protons) at 2.17 PoPom. may be assigned by virtue of
its chemical shift and multiplicity %o the C-4 methyl

group attached to the double bond, and doublets at 1.23
and 1.0l p.p.m. are assigned to the ¢=1 and C=11L methyl

groups. There was one proton exchangeable with D 0,

2
assigned o the oxime OH group.

The infra-red spectrum (Pig. 29) had OH absorption
at 3400 cm"lg olefinic hydrogen stretching abgorption at
3035 cm’lg and two weak bands at 1602 and 1590 em™ T asgsigned

to C==C and C=N stretching vibrations.

This oxime (21) on treatment with aqueous ethanolic
godium bisulphite (as described for the de-oximation
experiments on p.33) gave a quantitative yield of the di-

unsaturated ketone (11)9 identified by its infra-red spectrum,

(b) 3=8y0-0ximino-5,10~(g-enoxy ) =18 , 4@-hexahydro=

hyposantonin (19).

The other two compounds in the reaction mixture
had very close Ry values in solvent (a), (0,50, and 0.58).
and were coincident on a plate eluted with solvent (b),
(Rf (b) 0.70). They were partially separated on a long
silica gel column and finally purified on silica gel plates

(solvent (a)).



TFigure 29.

The infra-red spectrum of Bnoximino—éﬁ’g-lﬁn

dihydrohyposantonin (21).
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The more polar one (Rf (a) 0.50) crystallised
from agueous ethanol as needles 015H21N04 MoPo 1860509
igomeric with 8 and 9. Therc was no absorpiion pealt

above 200 my in the ultraviolet spectrum.

The infra~-red spectrum (Pig. 30) was very similar
to that of 8, having sharp OH absgorption at 3560, and a
peak centered at 3200 cm'"l9 indicating strong hydrogen
bonding. The band at 1660 cm™ ig agsigned to the C==N
stretching vibration. There were distinctk differences in
the "fingerprint" region between 8 and 9, and the new

compound (19).

The n.m.r. spectrum (Fig. 31 and table 2) showed
three doublets at 1.54 p.p.m. (J = 7 copes.), 1.10 PoPolle
(0 =6 copeso)y, and 1.07 p.pem. (J = 6.5 CoPo8.), assigned
to the methyl groups at C-4, C=1l, and C-11 respectively.
There was one proton exchangeable with D20 at 9.87 popoMo,
asgigned to the oxime OH group. The spectrum was similar
in many respects to that of 8 and 9 and is ccnsidered in

detail later (p.8ss).

(c) S-anti-Oximino~5,10~(0=cpoxy)~1g, 4g-hexa~—

hydrohyposantonin (20).

The remaining compound Re (a) 0.58, obtained by

12



Figure 30.

The infra-red spectrum of 3-syn-oximino-

5,10-(0i~epoxy )-18 , 46-hexahydrohypo-

santonin (19).
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TMigure 31.

The n.m.r. spectrum of 3-syn-oximino-

5,10-(0l-epoxy)~-18, 48-hexahydrohypo-

santonin (19).




SO 0
<H—A

P

§—2—8-2

(2074

L |

s

09

C?.&

o€

0¢C




75

chromatography of the de-nitrosation reaction products

ag described above was crystallised from aqueous ethanol

[}

as white platelets, C]5H211\IO49 MePo 196.5° and appeared

to be the fourth stereoisomer (20).

Thus, its ultraviolet spectrum had no abgorption
peak above 200 . ILts infra-rved gpectrum (Figc 32) ghowed
OH stretching at 3460 cm"l9 but with less broadening of +the
peal due to hydrogen bonding then in (Lg)p a lactone
carbonyl band at 1760 cm%lg and a wealk band at 1630 cmml9
assigned to C==N stretching. The n.m.r. spectrun (Pig. 33),
had doublets at 1.45 p.p.m. (J = 7.0 CoDoBe)y Lo20 popom,
(J = 6.0 copes.), and 1.12 PePele (J = 6.5 copos.) assigned

to the C-4, C=1, and C-11 methyl groups respectively.

The presence of three compounds in the reaction
mixture, instead of one, as Irancesconi and Cusmano believed,
explains the wide melting point range reported (3) for their
product. We have found that the readily available mixture of
19 and 20, when refluxed with 50% acetic acid foy one hour,

was converted in 60% yield to the di-unsaturated oxime (21).

() Decomposition of Nitrosgo Derivative of Hydroxyle

aminosantonin Oxime-@ in Levulinic Aeid,

When the nitroso compound (18) wag heated with



M gure 32,

The infra-red spectrum of 3-anti-oximino-
5,10~ (0l-epoxy)-18, 48~hexahydrohypo~

santonin (20).
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igure 33,

The n.m.r. spectrum of 3-anti-oximino-
5,10-(0~epoxy)-18, 4B~hexahydrohypo-

santonin (20).
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levulinic acid reagent on the steam bath for six hours,

it afforded a complex mixture of products. Extraction with
ether removed & yellow syrup wvhich on standing, deposited
santonin as colourless crystals. It was identifiecd by its

meléing point (171°) and ultraviolet spectrun (N

24.0 1wy,
nax 240 my,

13,400, and A\

¢ max

i z 5
max 200 My, ¢ .. 10,650).

Other spots detected on a t.l.c. plate Rp (2)
0065,'and Rp (2) 0.80) indicated the presence of (=)0~

desmotropogantonin (12) and the di-unsaturated oxime (21.).

8. The Stercochemistry of the Oxime Function and

Methyl Group at C=4.

(2) Hydroxylaminosantonin Oximes and Their

Derivatives.

The U.V., I.R. and n.m.r. spectra of the 0~ and
p-hydroxylaminosantonin oximes are so similar that no
stereochemical conclusions can be drawn. However, on t.l.c.
analysis the q-isomer (3) behaves as a single pure compound,
while the @-isomer gives a double spot and so is probably

a mixture of gyn- and anti- oximes (13).

The de-oximation studies (p-33% ) indicated that




N

hydroxylaminosantonin oxime«m,(é) had the more stable C-4
methyl configuration, and gave a stable ketone (6) on de-
oximation, while the hydroxylaminosantonin oxime-g (13)
had the less stable methyl configuration and gave a
ketone (15) that isomerised rapidly in basic solution 4o
give (6). It follows from this that the configuration of
the C-4 methyl group is @ in the g-series of compounds,

and @ in the @g-seriesg.™

Both the o~ and f-igomers can exist in either
the chair or boat conformations. The boat conformation
may be particularly favoured by the g-isomer as this
felieves the considerable 1:3 diaxial interaction between

the two methyl groups at C-4 and C-10 (%34) as shown below.

F

ST = A

HO—N/ HN\b HIt S

13

*The symbols ¢ and @ have two different meanings
in this sentence. The isomeric hydroxylamino-
santonin oximes were differentiated as @ and 8
on & purely arbitrary basis by Francesconi and
Cusmano (3). By chance it happens that these
correctly describe the methyl configuration
at C-4 of the two compounds, following the
couvention developed by TFieser for indicating
conformations of substituents in steroids.

179
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The dibenzoyl derivatives (4) and (l4) both give
rise to a single spot on a t.l.c. plate and are evidently
single geometrical isomers of the oxime grouping, even
though the starting materisl in the case of the g-isomer
was a mixture of gyn- and enti- isomers (13). The dibenzoyl
compounds, having the bulky benzoyloximino group might be

expected to have the more stable anti- configuration ag showm

below. The boat conformation would be particularly favoured

?/cOPh

L AR =

— —b
N v
/™0 Nad
o (I:/O\o

by the derivative (14) of the g-series, for the same reasons

described above for the parent hydroxylaminosantonin oxime-g

v e ——, " e ~



~
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Table 1.

The n.m.r. spectra of compounds having a

C-10 methyl group.
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COLIPOUND  SOLVENT C-4 C=4 OXIIE  C=2 C=10 (C=11 C-=6 OTHER
CH3 H H methylene GH3 C“B H
1. CDCl3 2,13 1.34  1.27 4.88 6.225 6.75
2. " 2.16 9.60 1,27 1,27 4,80 6,043 6.87
3o (CDB)ZSO 1.22 10.42 1,07 1,07 4.10 7.07
4o CDCl3 1.62 3035 3,355 4.60 1,31 1,15 4,17 3.25
5. " 1.42  3.11 9.43 2,055 2,19 1.23 1,23 4.12
6. i 1.33 2.55 2,65 1.28 1.22 4,00 5.93
13 " 1.22 10.42 1,13 1.07 4.22 7.10
14, " l.62 3.52 3,425 4.60 1,31  L.15 4,17  3.15
16. " 1.35 3.58 9.83 2,10 1,31 1.15 4,22




The major difference between the n.m.r. spectra
of the two dibenzoyl derivatives (4 and 14, Tigs. 7, 8 and
table 1) is the position of the gquartet due to the proton
at C=4, which occurs at %.35 P.po.m. in 4 and at 3,52 popoli.
in 14. This is consistant with an axial assignment to this
proton in 4 and quasi-axial agsignment in the boat form of

14 above.

Other pealks of interest in the n.m.r. spectra of
4 and 14 are the broad peaks at 4.60 po.p.m. in both isomers,
not exchangeable with D209 which were assigned to one of the
protons at C-2. Models show that the -2 cguatorial proton
of 4 and the quasi-equatorial C-2 proton of 14 are close %o
the plane of the —N—0—CO0~-~Ph and —N-—(COQ—Ph groups; this

may account for the remarkably low chemical shift observed.

The broad peak at 3.15 p.p.m. in the spectrum of
the p-isomer, integrating to one proton, is evidently due
to the proton at the C~1 bridgehead, to which nitrogen is
attached. The signal for the correéponding proton of the
a~isomer (Fig. 7) is part of a multiplet of aree protons

that also incorporates the axial C-2, and C-4 protons.

(b) The Oxime Configuration of Epoxy-oximes 8, 95

19, and 20,

It has been shoun by the de-oximation experiments



Table 2.

The n.m.r. spectra of compounds having a

C~1 methyl group.




COIPOUND  SOLVENT  C-4  C=4  OXIIE C=2 =1  C=11 GC=5 OTHER
CH3 H H methyliene CH3 CH5 H

8. (0D5),S0  1.28  2.83 10.13  2.75 1,17  1.05  4.31

9. t 1.10 3.61  10.20 2.45 0,95 0.85 4.26

8. CDC1 1.35 3.0  8.75 3.01 1.25 1,09 4.18

9, i 1,37  3.60 2.82 1,24  1.06 4,22

XXVIII u 1.45 3.28 5,28 1,18 1.05 4,15 2.90
10. " 1,12  3.25 3,25 1,12 0.99 4.50 5.40
11. u 1.94 2.72 1,15 1,02 4,50 5,32
12, L 2.17 10.40  3.11 1,23 1,01 4.70 5.65
19, i 1,54 3.50 10.20 2,60 1,10  1.07 4.37

20. h 1.45 3.20  9.87 2.60 1.20  1.12  4.30




discussed earlier and by relation of all four epoxy-—
oximes %o (=)0~desmotroposantonin (12) that the stereo-
chemistry of the lactone ring at C-5, ¢-6 and CG=11 is
the same in both the ¢~ and @- series of compounds. It
follows therefore that the four epoxy-oximes arise by
stereoisomerism at C-4 and at the oxime grouping. The
formulae 8, 9, 19, and 20 are based on a study of +the

N.M¥. specira described below.

The signal due to the C-4 proton in each of
the epoxy-oximes gives rise to a quartet (J = 7.0 CoePoSe ),
as it is coupled to the protons of the C-4 methyl group.
This quartet occurs at lower field (3.60 p.p.m.) in the
epoxy-oxime 9 than it does in 8 (3.0l p.p.m.) from which
it was derived. It is known (35) that protons having a
Syn~ relationship with the OH group of oximes resonate
at lower field than the corresponding anti- protons. The
epoxy-oximes 8 and 9 accordingly have the oxime configurations
as shown (chart 1). Moreover, the signal assigned to the C-2
equatorial protons which are multiplets at 3.0l PepPom. in 8

and 2.82 p.p.m. in 9, show similar behaviour.

Both 8 and 9 can adopt two half-chair conformations,

or a boat conformation in ring A,as shown below.
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The chair form is likely to be favoured by 8,
but due to the proximity of the oxime OH group and the
C-4 methyl in the syn-oxime 9, the boat form is more
likely, in which the proton and not the methyl group at
C=4 is eclipsed with the oxime grouping. The sharpness
and regolution of the C-4 and C-2 proton signals in 8
and 9 indicate that the conversion from one conformation
to the other is slow and that the equilibrium concentration

of the less stable conformer is swmall (34, 35).
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In the same way, the epoxy-oxime 19 is assigned
the gyn~ configuration and 20 the anti-~ configuration.
Thus the C-4 proton is at lower field in 19 than in 20
(3.50 pepeite VS 3.20 Popolo, table 2). Neither of the
C-2 protons in these two dsomers gives rise to well resolved
peaks. The half-chair and boat forms of these two igomers

are shovm belowrs

HO\h l
s b o

//OH

(

19
HO—~N \od\ < :é\< |

\\O

The chair conformation is favoured in both 19
and 20 in this case; the boat form of 19 would have the
C-4 methyl group eclipsed with the oxime group thus adding

to the uvsual factors that render boat forms less stable
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then chair forms. In the half-chair form of 20 the inter-
action between the C-2 axlal hydrogen and the C-4 methyl
group would not bhe expected to be as great as the 1:2
hydrogen non~bonding interactions typical of boat conform-
ations., Confirmation for these observations comes from the
fact that the n.m.r. peak for the C-4 methyl group is at
higher field (table 2) in 19 end 20 than the same peak

in 8 or 9, indicating the axial assigament as shown in 19
and 20 and the equatorial and quasi-axial assignments in

8 and 9 (36).

As the epoxy-~oxime (§) is the sole product from
the decomposition of the nitroso compound (7) it is evident
that 7 and its precursor, hydroxylaminosantonin oxime=-q, (Q)
must be homogenecous compounds (confirming the conclusions
drawvn from t.l.c. studies of 3 and 7) and they both must

have the anti- configuration.

In the same way, the simultaneous formation of
the syn- and anti- epoxy-oximes (19) and (20) from the
nitroso compound (18) confirms the fact that hydroxylamino-
santonin oxime~g (13) and its nitroso derivative (18) are
mixtures of syn- and anti- oximes, as concluded earlier

from t.l.c. studies.
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The isomerisation of 8 —> 9 is remarkable, since
one would have expected the anti- isomer 8§ to be slightly
more stable. Apparently this is not the case in this

instance.

jc) The C=4 lMethyl Configuration of +the Ipoxy-

oximes ..B.f) ,9.9 J<9.Q_ 20;

Purther evidence that the C-4 methyl group is
O~ in the 0~ series and B- in the P- series camne from &
study of the chemical shifts of the n.m.r. peaks on going
from deuterochloroform to benzene solution. It is Ilmown
(37, 38) that methyl groups O~to carbonyl show either an
upfield or a downfield shift on going from deuterochloroform
to benzene solution, and that these shifts depend on whether
the methyl group is axial or equatorial. The effect is also

obgserved for methyl groups ¢-to the carbonyl of lactones

(39, 40), and might be expected to hold for methyl groups

O~%0 oxime funetions.

The upfield shift of axial methyl groups is
usually 0.20 = 0.40 p.p.m, and the downfiecld shift of
equatorial methyls varies from zero to 0,30 PopP.1l, The
shifts are small if the methyl groups are quasi-axial or
quasi-equatorial, (e.g. the ¢-11 methyl group of santonin

(39)). The mechanism of this differential solvent shift
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TABIE 3

Solvent shifts in the n.m.r. spectra

of compounds 6., 8, 9, 19,

C=4 C-=1. C-11
methyl methyl methyl
1.35 1.23 1.09
(=0.16) (+0.33) (+0.21)
1.37 1.24 1.06
(-0.26) (+0.34) (+0.29)
1.54 1.10 1.07
(+0.37) (+0.10) (+0.27)
¢-10
methyl
1.%3% 1.24 1,06
(+0.36) (+0.78) (+0.29)
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is 8till in dispute but nevertheless the method has

useful applications.

The C~-4 methyl group of 8, 9, 19, and 20 is
adjacent to an oxime function, but nevertheless distinct
solvent shifts are observed. In table % the shif+ts on
going from deuterochloroform to benzene are shown in
porenthesis and are expressed as parts per million
(+ or -) depending on whether the peak is shifted upficld
or downfield. The results for the cpoxyimino ketone (6)

are also included (see also TFig. 34).

The different behaviour of the two epoxy-oximes
8 and 9 of the 0~ series compared to that of 19 from the
B~ series is dramatic, and the shifts are equal to or
greater than those observed for many a~-methyl ketones in

the literature (37).

The epoxy-imino ketone (Q) showed the greatest
shiftv(+ 0,78 p.p.m.) for the G~10 methyl group, well
removed from both the oxime and lactone carbonyl groups.
The C~4 methyl showed a shift of + 0.36 PoPoloy in spite
of the fact that this methyl is certainly equatorial.

These facts are consistant with other observations (37)
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that angular methyl groups can reduce or alter solvent

shifts for equatorial methyl groups.

Other peaks of interest (Pig. 34) in the n.mor.
spectrum (CDClB) of the epoxyimino ketone (6) include one
exchangeable proton as a broad peak at 5.9% pP.p.m. due 4o
the NH group, and a well resolved triplet (1 proton) at
3030 PoPolloy (J = 3.0 CoPoFo)o ”hé latter is assigned o
the bridgehead proton (X) split by the methylene protons
(A, B) on C=2, the three protons forming an ABX system.
The AB part is evidently centered at 2.65 p.p.m., but as
the chemical shift between them is small, the expected
eight lines arce condensed, and also overlap with the
guartet expected for the proton at C~4. Because the X

proton appears as a triplet and not a quartet, J (AX) may

be equal to J(BX) (41, 42). It is apparent from a study
of molecular models that the epoxyimino bridge must be

linked to the carbon skeleton by two axial bonds, with




Migure 3%4.

The n.m.r. spectrum of 5,l-(0i~epoxyimino )-

40~tetrahydrohyposantonin (6).
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respect to the cyclohexanone ring. The proton at the
bridgehead must then be equatorial, end its bond axis
bisects the angle between the bonds of the ¢-2 methylene
hydrogens. The Karplus relationship (36, 43) would predict
a coupling constant J(AX) and J(BX) of 3.5 cycles, in

good agreement with the observed value.,
g g

The Iketones 6 and 15 are probably intermediates
in the reaction of santonin with hydroxylamine. When
excess hydroxylamine hydrochloride is present, the
hydroxylamine attacks the double bonds first to give 15,

the boat form of which can be oximated to give the
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B-isomer 13. When excess sodiuvm methoxide is present,
as in the preparation of the a~isomer, the intermediate
(15) is epimerised to 6, and then reacts further with

hydroxylamine to give the o~isomer (3).

The high degree of stercospecificity in the
addition of hydroxylamine +to the double bonds at lower
PH to give a @~ C=4 methyl and an @~- C-4 hydvogen can
only be interpreted by assuming that the hydrogen comes
not from the solvent but from the hydroxylamine OH group,
which, as showmn above, is much closer to CG-4 in the
proposed intermediate than any solvent protons in the

solvation shell.

9, Reaction of Hydroxylaminosantonin Oximes-g,

and @G- with benzaldehyde.

Assuming that the two isomers of their
"hydroxylaminosantonin oximes" (I) contained the -NHOH
group, Francesconi and Cusmano (3) reacted them with
benzaldehyde in an attempt to prepare the corresponding

aldonitrones at that time represented by XXXI.

NHOH N——CHPh

XXXI



They isolated two crystalline derivatives that
had the correct elemental analysis (022H26N204_)° It is now

knovm that nitrones have the structure XXTITI, the reactions

H H T
l
R—~CHO =  HON—R' — mm?r—mi\efr_--mR’
OH O-
XXXIXT
—— R==CHz=f| =R’
XAKIIT

and spectra of which are described in a recent review by

J. Hemer and A. Macaluso (44). The wltraviolet spectra
observed for some typical nitrones are shown in table 4.
The shorter wavelength band is due to transitions within
the benzene ring, and the longer wavelength band to
transitions involving the benzene ring and nitrone grouping
in conjugation with it (45). These data preclude the

Oxazirane structure such as XXX for pure freshly prepared

nitrones.

However, on exposure to sunlight, both the
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TABLE 4

The ultraviolet spectra of gome aldonitrones.

R R® [ C_
' Amax max max max

phenyl phenyl 227 9,850 315 14,000
phenyl methyl 221 6,932 288 16,540
phenyl cyclohexyl 22% 6,904 291 17,597

R——CH::. ——-R'

>

io—=
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N~alkyl and N-aryl nitrones are isomerised to the

oxazirane structure (XXXIVs 44-46)

- ' hy '
R=~CH=z=:N-——R t_;"':"“”’;\" R==~CH==N—R
0 == O
LXXITX LXATY

This isomerisation isg accompanied by the disappearance

of the two original bands in the ultraviolet spectrum, and
the appearance of a new band near 235 my. The oxazirane

is itself isomerised +to an amide, XXXV, by the action of

heat or light (44, 45) thus accounting for the band at
235 myy.

Re—Cll=eN—R' =~ s R =-NHR'
C\O/ i
0
XXXIV XXXV

If a ketone is used instead of an aldehyde in
the original condensation reaction, and the reaction
mixture is irradiated, the oxazirane XXXVI can be isolated.

Both types of oxazirane give not only amides on heating,



%8

but also some of the original nitrone (44).

. .
>Cmmm o R /
R N

~0
XXXVI

A literature survey did not reveal any work on
the reaction of OQdeisubstituted hydroxylamines with
benzaldehyde, but it might be expecied not to yield a
gtable cdmpoundg hence, the facility with which this
reaction proceeds with the hydroxylaminosantonin oximes
gave rise to some doubts that they could contain an epoxy—

imino grouping as shown in formula So

The two compounds were accordingly prebared

using Prancesconi’s procedure (3). Hydroxylaminosantonin
oxime-g was refluxed with one molax equ;valeﬁt of benz-
aldehyde in absolute ethanol until t.l.c. analysis showed

all the starting material to be consumed;.After concentration
at reduced pressure, the product crystallised from the
reaction mixture and had the properties quoted by Irancesconi
and Cusmeno (3) m.p. 215—2170° The compound gave a single

spot on t.l.c. analysis, (Rf (b) 0.65),

The product from the reaction of benzaldehyde and
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the B»igomer (13) was similarly prepared, but did not
have the melting point quoted (1it. m.p. 100-140° (3)).
Our compound had m.p. 219—22009 mixture melting point
with the product from the G~isomer 190-200°, However,
I'rancesconi and Cusmano stated (3) that their compound
crystallised with "solvent of crystallisation" from
methanol, which may have resulted in the lower meliting
point observed. Our material was dried at 80° under

vacuum for 24 hours.

CHPh CHPh
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The spectral properties of these compounds
immediately excluded the nitrone formula A. The intense
band at 1662 em™t in the infro-red spectrun (Tig. 35)
of the O.~isomer, and 1665 cm™ ' in +the G-isomer (Fig. 36)
lics outside the range normally quoted for nitrones (a7),
but could be agsigned to the C==0 sitretching vibration of
an emide (Amide I band), or %o a conjugated C==1 gtretching
vibration. The region of the spectrum above 3000 cw™+
showed several broad peaks due to hydrogen bonded OH
stretching vibrations. It was not possible to essign any

of these bands unequivocally to an NH stretching vibration.

The n.m.r. spectrum of the O-isomer (Pig. 37)
showed the C~4 methyl group as a doublet (1.42 p.p.m.)
and the C-6 proton resonating at the same position as in
s indicating the absence of the double bond at C-4. Only
one proton, the oxime OH, was exchangeable with D20° There
was no absorption near 6.0 p.p.m., the region where the

original benzaldehyde protons of aldonitrones normally

absorb (48).

The foregoing evidence excludes structures A, B,
and C for these compounds. Apparently, a cyelic structure
is again involved, with a rearrangement of the epoxyimino

bridge.
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Mi.gure 35,

The infra-red spectrwa of 5, L=(0l~cpoxy=
phein,ylme1:]0.(31(10:@.:1'tjezi.lo)-=4-@L-»='i;e‘i:rah:,rdl]c*(J-=

santonin anti-oxime (5).
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Mipure %6,

The infra-red spectrum of 5,1-( -@POXY~
phenylmethenonitrilo)=4 =tetrahydro-

santonin syn-oxime (16).
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Tigure 37.

The n.m.r. spectrum of 5,1l-(a-epoxy-
phenylmethenonitrilo)m4@stetrahydro~

sentonin anti-oxime (5).
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The mogts Llikely poaosibility is the benginidate

geructure 5, ond 16, possibly ovising by cyclisasion of

the ingermediote C. The prescence of a benginidate grounping
vas confimined by the ultwraviolet absorpsion of the compovmds

in nouwtral ond ecid goluwion (Figs. 58, 39), vhich conparcs

well with volues weportsed in vthe Literoture Fow

[~

Q Uh /

Denzinddate (49). Purthermonc, the DRyt oX the o conpounds

(4.65 and 4.70) devermined f£rom the chonge in aboorpyion
vith pil fwom Figs 38 ond 39 by the uguald mothod (50) von in

good agveenent with the czpected values (51).

The mechanism of this remarkeble reaction remains
obscure. A possgible mechanism nmight involve the formation
of the free hydroxylaminosantonin oxime I from 3 ox 13,
followed by the secauence I-—vA-——tB—=3C—>545=0.6, Thig
mechenism can be excluded beecause it would wequive hydroxyle-
aminoseantonin oxine-@ to be igomerisced to the g-isomer in
refluxing ethanol (via the intermediote I) under the conditions
of the reaction with benzaldehyde. No such isomerisation ig
obgerved. Furithermore, the presence of the nitrone inter—
mediate (A) could not be detected during the reaction. Thug,
ultiraviclet spectroscopic examination of the reaction mixture
showed an absgorption pcak at 235 my, but no peak in the
250 ~ 350 mp region. The same result was obtained when the

reaction wag conducted with complete exclusion of light.
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Figure %9,

The wliraviolets absowpibion spectrivn of 5y ke

(@&@poxyphenylmethenomitxilo)m4@wtetfahyarom

santonin gyn-oxine (16) in buffers of vorious

Curve, pIl.
(a) 8.9
(b) 6.6
(e) 4.5
(a) 3.7
(e) 1.0
(£) -1.0
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If a nitrone intermediate is formed at all in
these reactions, it must be formed in such small amounts
as to be undetectable by ultraviolet spectroscopy, or it
must be thermally decomposed before it can accumulate in
solution. The latter is not very likely as meny aldonitrones

can readily be isolated (44-46).

A possible mechanism is the following, in which
the initial condensation of benzaldchyde with the epoxy-

inino groups of % and 1% assists the elimination of oxygen
» =2

-y

e LN e ) B sy
HO / /m“;)/b:z’ HONZ Hég HO@Iij
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B to the oxime group to give the unsaturated species E-G,
(which is required in any plausible mechanism for formation

of 5 and 16).

If this mechanism is correct, then both the -
and B-isomers must proceed through the intermediates E, I,
G, and must therefore have the same (-4 methyl configuration.
The compounds would therefore be identical, except that the
configuration of the oxime group may be different in the two

isomers (5, 16).

A comparison of the n.m.r. spectra of 5 and 16
(Figs. 37 and 40, and table 1) indicate that the O~igsomer 5
has the anti- oxime and the g-isomer the syn- oxime config-

uration.

h

Ph
5 16

—a

Por the same reasons as discussed for the epoxy-
oximes (p. 86) the o-~isomer probably has the chair conform—

ation and the @-isomer the boat conformation as shown above.
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Figure 40,

The n.m.r. spectrum of 5,1-(a~epoxyphenyl-
methenonitrilo )-4¢~tetrahydrosantonin-

gyn-oxime (16).
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The mejor difference between the two n.m.v. spectra is +the
pogition of the quartet due to the C~4 proton. It is at
higher field in the spectrum of 5 (3.11 p.p.m.) than in

16 (3,58 pepome ).

This 1s consistent with the fact that the 541~
(o~epoxyimino )-40~tetrahydrosantonin oxime (3) was assigned
the anti~ configuration and the 4@-isomer was considered to
be a mixture of gyn- and anti- oximes, though the relative

amounts were not knovmn.

10, Reaction of Santonin with O-Benzylhydroxylamine.

The reaction of santonin with O-benzylhydroxyl-
amine was investigated in the hope of obtaining the di-0-
benzyl ether of I. The reaction gave thé substituted oxime

of santonin in 90% yield. The product melted at 15109

HN=0~CH,Ph N
>
PhCHs~0— N#

8 e
XXXVII

(1it. 151° (52)), and had no OH or NH stretching bands in
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- the infra-red spectrum. The n.m.r. spectrum showed the
bresence of two olefinic protons and the C-4 methyl group

as a singlet similar to the spectrum of santonin oxime (2).

O-benzylhydroxylamine apparently attvacks the
carbonyl faster than the double bonds, hence only the
simple oxime was isolated. Wo compounds resulting from
attack of the double bonds could be detected, since t.l.c.
analysis of the reaction mixture showed the oxime (XXXVII)

ag the only product.

11, Reaction of Hydroxylamine with some other Cyelic

Dieneones.

() With 4-Methyl, 4=trichloromethyl cyclohexa-

2,5~dieneone (XXXVIII).

When 4-methyl, 4=trichloromethyl cyclohexa-2,5=-
dieneone (53) was allowed to react with excess hydroxylamine
in methanol, the only product was the simple oxime (XXXIX)
m.p. 134° (lit. m.p. 134° (53)), Mpay 252.5 my, €. 18,000.
T.l.c. analysis showed no other products in the reaction,

the oxime (XXXIX) being obtained in 90% yield.

The same result was obtained when 0.%0 moles of



112

sodium nethoxide wag added +to the reaction mizxsure, and
CH, ¢ CCl
3 S CQl, ©
\~\\ s 3 \Q/ 3

// .
”/\H S ]

LXXVIIT XXXIX

also vhen 0.30 moles of hydroxylamine hydrochloride \Wiaks!
added. The reaction was complete within three hours in all

cases.

{(b) With Cholesta~1,4~diene~3-one (xn).

Vhen cholesta-1,4~diene-3~one (XL; 54, 55) was

XL ILI

refluzed with a three molar excess of hydroxylamine in



methanol, the product was mainly the oxime (XLI), R, (¢) 0.50,
obtained ag minute crystals from aqueous methanol. The mother
liguor contained the remainder of (XLI) and +two othew
compomnds, (Rf (¢c) 0.30 and 0.25). The latter were separated
from XLI by column chromatography, but could not bhe crysvalle
ised. The infra~red spectrum of +the 4wo component mixture
showed bands at 1730 cm - () evidenily a soturated carbonyl
abgorption, and bandg at 1605, 1580, 1490 (m), 1280, 1120
and 1070 (s) em™ L, There was no OH ovr NH absorption, ond the

mixture was not soluble in dilute hydrochloric acid, asg

might be expected if the -NHOH or =NH--O- groups were present.

As the compounds were present in minor smounts
(< 10%) and the mixture turned brown on standing, they were
not studied further. It appears from these preliminary
investigations that santonin has a much greater tendency

than other cyclic dieneones to add hydroxylamine and form

bridged epoxyimino compounds. No blausible reason for this

can be advanced at the moment.



EXPTERIMENTAT,

General Methods.

HMelting points were determined using o Gallenlkamp
electirical apporatus, and ave corrected. Infra-red spectra
were obteoined with Perlin-Elmer model 357 and Perkin-Tlmer
model 521 spectrophotometers. Ultravioled spectra were
obtained using a Unicam model S. P.=800 recording spectro-
photometer and are for ethanol golutions unless otherwise
noted. N.M.R. spectra were obtained with a Varian Associates
A-60 instrument, Optical rotations were determined with a
Carl Zeiss automatic polarimeter at 2509 using a I.0.dm,
cell, and concentrations of about 8% in ecthanol. Mnalyses

were carried out by Dr. C. Daessle, Montreal.

lass spectra were taken by lMorgan Schaffer Corp.,
Montreal, on a Hitachi Perlkin-Llmer R.M. 960 Mass Spectro-
meter. Molecular weights of samples sent for mass spectral
analysis were confirmed by osmometry using a Mechrolab Inc.
Vapour Pressure Osmometer model 501A, with purified benzil
as the calibration standard, and methenol as the golvent.
Silica gel G and caleium sulphate were used for prepara-
tive thiclk layer chromatography and for t.l.c., and silica
gel'(Grace Davigon Chemical, grade 923) for column chromatog-

raphy. Santonin waa supplied by MacParlan, Smith, Itd.,

-

~



lMontreal. Unless otherwvuise noted, three solvent mixbtures

.

vvere used o0 elute t.l.c. plates and R, values are
}‘ L

indicated ag Ro (a), R (b), R (¢), vhere (2) wefers to

50% bengene, 50% cthers (b) to 45% benzmenc, 45% cthewr,
10% cthanol and (¢) to o mixturce of chloroform (15 ml),

evher (10 ml), methylene chlowide (15 nl), methenol (2 nl).

5, L= (@=Bpoxyinino ) -Ag-tetrahydrosontonin onti--

(a) Ivom the Reaction of Santonin with Hydroxyvlamine.

The general method of Prancesconi and Cusmono (3)
wag used, with slight variations that achieved somewhat
better yields. In a typical run, a gsolution of sodium
methoxide prepared from sodivm metal (46.6 g., 2 moles) and
methanol (1 1) was mixed with a solution of hydroxylamine
hydrochloride (140 oy 2 moles) in metheanol. After removing
the sodium chloride by filtration, more sodium methoxide
(from sodium metal (7 Boy 0.3 moles))was added, and the
golution was concentrated to 1 1. Santonin (1l; 120 g.) was
added, and thevsolution refluxed wnder nitrogen until all
the santonin wag shown by t.l.c. t0 be consumed, (about 24

hours). The solution was concentrated to & volume of 150 ml
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mwder reduced pressure, ond water (100 ml) was odded. The
clear solution at room temperature deposited fine white

needles (30 g.) showm by t.Ll.c. 0 be a mixtuve of sentonin

oxime (2) and 5,1-(0~epoxyinino)-4d-tetrahydrosantonin onbi-

oxime (3), which gave no colour with ferric chlowide solution.

The solid was suspended in hot methoanol (50 ml), ond filitered.

The regidue (15 g.) was alnost pure

¢
]

o L {0l~cpoxyimino ) -4

v

etrahydrosantonin anti- oxime

iy

5
3). Bvoporation of the

{
~
A}

)

iltrate gave only santonin oxinc,

Ivaporation of the mother liquor from the first
crop gave a second crop of 5,l-(0-epoxyimino)-4o~tetrahydro-
santonin anti- oxime (15 oy total 20%); further concentra-
tion of the filtrate gave only santonin oxime. The 5,1-(0C-
epoxyimino )-A0-tetrahydrosantonin anti- oxime crystallised
from methanol in fine white prisms giving a single spot on
t.loc. analysis and turning brown at about 20009 nelting
with evolution of gas at 230°, [oz]]235 + 46.5% (1it. m.p.
229-230%, [0t 37 + 47.44° (5)), v, (KBr) 3550 (s), 3250 (s)
1750 (s), 1650 (w) and 1630 (w) em™t. The ultraviolet

spectrum showed no absorption peak above 200 4.

Anal. Caled. for 015H2204N28
€,61.205 H,7.535 N,9.52; mol. wt. 294..3%4.,
Pounds €,60.665 H,7.285 N,9.403 mol., wt. 297 * 1%

(osmometry), 294 (mass spectrum).



(b)_From the Reaction 0f 5,1-(0=Cnoxyiming )-40-

setrohydrosantonin (6) and hydroxvloninc.

The ketone 6 (0,192 g.) was treated with hydroxyl-
amine in ne 0l (5 ml). The meaction as complete in three
houwrs at 1007, T.l.c. omalysic showed the gradual dinappear-—
anece of the ketone (l () 0.24) ond the appcorance of o spot
having the sawme R. valwu (wn (a) 0.453 R. (b) 0.50) ag 5,1
(O-cpoxyimino )=Ag~tetrahydrosan sonin ggiie cime (3).
cooling the weaction mixmture, colourless prismg wvere obsained,
identified as 3 by melting point (229m2300)9 mixture melting

point, optical rotation Qkx]%B + 46,5), and I.R. spectrui.

52 1l=(@-Epoxyimino)-4g-tetrahydrosentonin syn- and

anti- Oximes (13),

The following procedurc is an improvement over
that of Francesconi and Cusmano (3). Santonin, hydroxylamine
hydrochloride and sodium methoxide were allowed to reacti
under the conditions used in the preparation of the O~igoner,
the mole ratio of hydroxylamine hydrochloride to sodium
methoxide now being 1.15: 1.00. After 24 hours refluxing
the solution was concentrated o about 200 mls on cooling,
gantonin oxime (30 g.) crystallised out. On addition of

water (300 wl), a further 35 groms of santonin oxime

1

v,



precipitated and was wemoved by filtwation. The filivate

¥

Gave 610

o
®
[#2]

1 viole

et

colourx with fewryic chloride., After
being washed geveral $imes with chloroform ©o x»cmove
gantonin oxime, the agueous golution was boiled for 15
minutes. On cooling, 5,L(0~cpoxyimine)-4g-tetrahydrosantonin

gyn- and onigi- oximes (15) separa

(25 oy 16.5%)

;ed. as colouvvless needles

These were crystalliged from agueous dincthyl
sulphoxide, and gave two overlapping'spots (Rf (b) 0.50)
on & Gt-loc. plate. The compound turned brovmn at abous 20009
and melted with evolution of gas av 232—23303 mixture
melting point with the oO~isomer (3), 210°;ﬁ}x]%5 0,0° (1it°
m.p. 232-233°,[a] ]]32 - 3,0° (3)). The infra-red and wltra-
violet gpectra were gimilar to those of the o-isomer.

Anal. Calecd. for 015H22N204 2

C,61.203 H,;7.535 N,9.52.
Tound: C,60.545 HyTolds N,10,07.

Levulinic Acid Treatment of 5,1 (0~epoxyimino )4

tetrahydrosantonin anti--oxine (3).

5, 1~ (a~Bpoxyinino )-40-tetrahydrosantonin anpi-

oxime (33 1 g.) was heated on the steam bath with levulinic

113
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acid veagent (15 ml) for Ffour hours (18). Neutralisation
with sodium bicarbonate and exivraction with chloroform
removed a vhite crystalline product (0.78 g.), found by
mixture melting point, I.R., and n.m.v. spectra 0 be

identical with sentonin oxine (2).
The seme result was obtoined when 5,1=(0~epoxy-
imino)-4@-tetrahydrosontonin oxime (Lﬁ) vag refluxed with

levulinic acid.

5,1~ ( g~Epoxyimino )=4a-tetrahydrosantonin (6).

(a) Prom 5,1-(g~epoxyimino)-48-tetrahydrosantonin

oximes (1.3).

591—(arEpoxyimino)=4ﬂ—teﬁrahydrosantonin oxinmes
(1.5 g.) in ethanol (20 wl) was treated with a solution of
sodium bisulphite (2.8 g., %.5 equivalents) in water (10 ml).
Partial precipitation of both reagents occurred. The mixture

was refluxed on the steam bath with vigorous bubbling of

“nitrogen to keep the solids in suspension. After half an

hour all the reagents had dissolved and t.l.c. analyéis
showed the starting material (Rf (a) 0.35) and three other

spots, the first of which was of low intensity and had the



same Rf value as santonin (0.70); the second spot, approx-
imately 40% of the reaction mixture, had Rf (a) 0.24. The
third, (RF (a) 0.00) accouwnted for 50% of the reaction

mixture., After four hours all the starting material was

consumed, and t.l.c. analysis showed a new spowt (Rf (a) 0.55).
The solution was concentrated to 10 ml, transicerred to &
geparatory funnel and acidified with cold dilute HCL (50 wl),
and extracted with chlorvoform (2 x 50 ml). Bvaporation of

the solvent gave a yellow oil (0.250 g.) which crystallised

on addition of ether and cooling as white platelets, m.po

171°, identvified by its I.R. and U.V. spectra as santonin.

The aqueous layer from the extraction was neutralised
with solid sodium bicarbonate and extracted with chloroform
(2 x 50 ml)., Evaporation of the solvent gave a yellow crystall-
ine product (0.50 g.). Two crystallisations from 96% ethanol
gave colourless needles, (0.20 g., Re (a) 0.24), m.pe 1900509
iﬁx]%S + 13.9% kmax 294 mpts Cpay 173 Vyay (kBx) 3260 (&),
1775 (s), 1710 em~ L (8).

Anal. Calecd. for 015H21N04:
C,64.49; H,7.58; N,5.01.
TFound s C,64.%393 H,7.555 N,5.10.

The wmother liquor showed the spot (Rf (a) 0.55),




as well as sambonin (R, (a) 0.70) and 6, (R, (a) 0.24).

Vhen the mother liguor wasg made alkaline with a trace of
godium methoxide, and allowed t0 stond at oom tomperature
for three minutes, the spot (Rf (2) 0.55) was showm by

GCaloCo amalysis G0 have completely disappeared.

(b) From 5,1l-(g~ecnoxyinino)=-4g=tctrahydrosanionin

anti~ oxime (3).

5,1~(0-Bpoxyimino )-4o~tetrahydrosantonin anti-
oxime (0.5 g.) was allowed to react under the conditiong
described above for the g-isomer. Santonin (C.125 g.) was
recovered by chloroform extraction of the acidified reaction
mixture. After neutralisation with sodium bicarbonate,
chloroform extraction gave a crystalline product (0.225 go),
ePo 19009 identical by mixture melting point, I.R., U.V.
and n.m.r. spectra with the product (6) from 5,1l-(a~epoxy-
imino)-4@-tetrahydrosantonin gyn- and anti~ oximes (13).
The mother liguors from which this compound separated showed
only santonin and 6 (Rf (a) 0.24), but no spot with Re (a)
0.55.

5, 1=(0~Epoxyphenylnethenonitrilo)-40=tetrahydro-

gantonin anti- Oxime (5).

The method of Irancesconi and Cusmano (3) was used.
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5 o L= (Ol-cpoxyinine )-Ag-tct ahydvosantonin angi-oxine (33

1.0 g.) and benzaldchyde (1 ml) were wefluxed in ohsolute
cethonol (10 ml) wntil $.l.c. ghowed +the reaction o bhe
conplete (36 hours). The pale red solubvion was concentrated

and cooled. A precipitate was renoved by filtration, washced
wvith a 1little cold cether, ond reerystalliced fron agueous
mnethanol. The necedles obtained (0.75 @.) gave o single apPoh

(Rf (b) 0.65) on a toloc. plate, Mepo 215-2 Anqv 235 ny,
Gz 102303 U (KBr) 3550 (v), 3200 (s), 3080 (z), 1790 (s)g

1662 (s), 1600 (w), 1615 (w), 1510 (1) ouad 1490 (m) cwm =L,
Anal., Caled. for 022H26N204 g
C,69.08;5 Hy6.85; M,7.33.

TFound: Cy69.363 Hy6.893 N,7.54,

5;,1v=-(tx‘zL-—Enozc,yjﬁ:vhcemlmetlzzem.on:i.'tzc';i_lo)=-4©z,«-1:etJ:nfp;h.,vchco-==

santonin syn~Oxine (16).

The above procedure, applied to the f-isomer (13)
gave colourless needles (0.75 g.) docomposing above 170°,
MoePo 219—22003 mixture melting point with the product from
the a-isomer, 190==200°;‘>\max 235 my, €, .. 10,6003 v . (KBr)

3450 (w), 3250 (s. broad), 1787 (s), 1655 (9), 1612 (w),
1592 (m) and 1505 (m) cm .
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Anal. Calecd. fox 022H26N204 5
¢,69,085 H,6.855 W,7.%5.
TFound s ¢,68.805 H,7.055 W,7.126

Determination of Bagic Strength of Cyelic

Inidates 5 _and 16,

Steandord spectrophotonetric procedures vere used
(50)., Pow the dilutions 1 ml of a stock solution, prepared
from the imidate 5 (0.0121 g.) in methenol (25 wl), was
added to a 50 ml volumetric flask and made up to 50 ml with
agueous buffer solution. The pH of the mixture was determined
before the U.V. measurement wag mnade. The PKBH+9 calculated
from the absorption curves at 245 and 255 my was 4,65 % 0,20,
The pKBH*‘ for the imidate 16, determined in the same way,

was 4.70 & 0.20,

0,W=Dibenzoyl=5,1~(g~epoxyimino )-40-tetrahydro-

santonin antie Oxinme (A).

To 5,1-(0~epoxyimino)=40~tetrahydrosantonin anti-
oxime (33 1 g.) in pure pyridine (0.75 ml) in a stoppered
flask at room temperature was added benzoyl chloride (1 ml).

The reaction mixture was poured into dilute agueous hydro-

chloric acid, and the precipitate taken up in ether. The
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ether solution was washed with 5% sodium bicarbonate
golution, water, ond dried (MgSOA)o M oily product was
I
obtained, very soluble in ethonol and methanol, from
vhich nothing could be crystallised. The product wasg
dissolved in ether and placed in the reirigerator. Alter
two weeks minute crystals (0.030 g.) separated, M.po.
61700
L75-1787, v,

- (XBx) 1785 (s), 1750 (s), 1640 (s), 1600 (m),
and 1505 (w) cm™ L,

Anal., Cealcd. for 029H30N206 g
0,69.303 H;6,025 N,5.57.

Pound: ¢,68,103 H,6.05;5 N,6.0L.

0,N-~Dibenzoyl=5,1=0=epoxyinino )-48-tetrahydro~

santonin anti— Oxime (L4).

This compound was reported previously (3); however,
the proceduré reported above for the 40~isomer was conglder-
ably more convenient. The product (0.80 g.) was recrystallised
from methanol ags needles, giving a single spot on a t.l.c.
plate (Ry (b) 0.75), mop, 185-186°, N . 233.5, € . 25,000,
and N 273, € . 4,785, (nethanol)s v . (KBr) 1785 (s),

1750 (s), 1640 (s), 1615 (m), 1582 (m) end 1505 (m) cm Y.



Anal, Calcd., fox 029H30H206 H
¢,69,503 H,6,025 My5.57-

Tounds C,69.425 H,6.1%3 W,5.96,

5 5 1={@=~Tpoxyni. 51r050inine ) ~Ag-tetirahydrogantonin

anti-Oxine (7).

The procedure of Prancesconi ond Cusnono (3%) wos
followed. 5,1=(a~Bpoxyinino)-4d-tetrahydrosonsonin anbi-
oxime (33 5.0 g.) in wobew (50 ml) containing HCL (0.65 go,
1 cgaivolent) wap treated with sodiun nitrite (1L.15 go) in
water (5 ml). A pale yellow precipitate formed, which was
digested in hot ethanol (25 ml), and then filtered off to
give 5,1=(@~epoxynitrosoinino)=-40~tetrahydrosantonin anti-
oxime (7). A portion was recrystallised from methanol and
obtained as minute needles, very faintly yellow, giving a
gingle spot on t.l.c. analysis. The needlesg turned brovm at
160° and melted at 164-»165o with evolution of gasgf@ﬂ%5 -
112.9%, A 246 my, ¢ 76503y (KBr) 3425 (s), 1775 (s),

AT
1630 (w), 1570 (w) and 1350 (s) cm_lo

Anal. Calecd. for 015H21N305 2

09550723 H:g60553 1\59130000
TPound s ¢,55.89; Hy,6.293 N,12.86.
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Vo n.moxw., spectrum could be obtained due to the compound®sg

low solubility, and faecile decomposition in solution.

591m(mmEpoxynitrosoimino)mfﬂmtetrahydromantonin

Oximes (18),

~

as described above for the @-isomer (3), except that glacial
acetic acild was used as the solvent. The product crygisallised
from methanol ag large bright yellow crystals, gave a double
spot on t.l.c. plates ('Rf (b) 0.30, 0.45), turned brovm at
16009 evolved gas at 168°9 and melted at 172°; nixture melting
point with the e~isomer 152-154%3 N___ 245 uy, €. oy 753003
Vinay 3425 (8)y 1775 (=), 1630 (w), 1570 (w) and 1360 (m) en™t,

Anal. Calecd. for 015H211\T.505 H
Cy,55.723 Hy6.553 NW,1%.00,

Found: Cy56.855 H,6.71l; N,12.37.

On standing it decomposed slowly, and after a few
days another less polar cowpound was shown by t.l.c. analysis
to be formed (R, (b) 0.70), the same Re (b) as 19 and 20.

The poor analysis was probably due to decomposition to the
compounds 19 and 203 a 12% decomposition would lead to the

analytical figures found.,
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Famnbi~Oxinino-5,10{a-enoxy J18, 4g-hexahydrohypo~

sentonin (8).

The 4o-nitroso compound 7 (1L.025 g.) was suspended
in 50% acetic acid (L0 ml), in a round howvtom flask connected
vio a wefluxz condenser 0 o trap ccoled in liguid aix. The
apparatus was flushed out with nitrogen, and the flaglk was
heated on a water bath. The golid slowly digssolved, and +the
gas cevolved was collecited in the btrap, as a vhite solid. On
warming to room temperature, the gasg was allowed to £ill a
previously evacuated I.R. cell. The gas had Upay 3840 (w),
3487 (s), 3460 (s), 3370 (w), 3340 (w), 2790 (m), 2470 (s),
2450 (m), 2210 (s), 1300 (s), 1270 (s) and 1265 (m) em T,

identical to the spectrum of NZO in the literature (27).

.The pale yellow solution from the reaction flagk,
on addition of water, gave a white precipitate (0.683 8o )
vhich crystallised from agueous methanol as beautiful prisms
giving a single spot on a t.l.c. plate, (Rf (2) 0.50), m.p.
199-200% [@]3° + 220° (1it. m.p. 199-200% [0] 25 + 219° (3)).
The ultraviolet spectrum showed no absorption pealk above

200 mys v, (KBr) 3440 (s), 1760 (s) and 1653 (w) cu .

Anal . Caled. foxr 015}1211\104 S
C,64.493 H,7.58; N,5.01.

Pound: C,64.785 H,T7.323 N,5.05,




Fean ti=Benzoy Loxinino=5,10-(@-enoxy )=1a, 40

hexahydrohyposantonin XXVITI,

The bengzoate (XXVIIIL) was preparced in the usual

way from 8 (0.526 g.) in pyridine (5 wl) ond benzoyl

chloride (0.75 wml). The wveaction was complete aifter 15

minutes at room temperature; the reaction mixture was

poured into water (20 ml). After extraction with ether, and

TWOo
was

(R

max (KBr) 1775 (s),

o

Anal., Caled., for 022H25NO5 H

C,68.913 H;6.575 N,%.65,
Tounds: C,68,71; H,6.10; N,%.81,

Levulinic Acid Treatment of 3-anti-Oximino=5,10-=

(a=~epoxy )18, 4a-hexahydrohyposantonin (8).

(a) At room temperaturc.

The oxime 8 (0.5 g.) was stirred for 15 hours in

levulinic acid (18 ml) and 1.0N HC1 (2 ml) at room tempera-

ture. Tolo.c. analysis showed two spots, one the game as the
9
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crystallisations from methannl/ether, the benzoate (0.3 g.)
obtained as plates, giving a single spot on t.l.c. analysis
(a) 0.75), m.p. 134~138° (decomp.); V
1738 (s), 1620 (m), 1595 (m), 1575 (m) and 1250 (s) cm™*
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starting material (Rf (a) 0.50), and a less polaxr one

(R? (a) 0,60), The mixture was poured into water (50 ml),
filtered to remove gome resinous material (0.10 g.), ond
neutralised with sodium bicarbonate. A precipitate formed
vhich was taken up in ether. The ether solution was washed
with sodiwm bicerbonate solution, water, and cecvaporasved GO
yield a white crystalline product (0.330 g.). Thisg product
wag chromatographed on five silica gel plates eluted with

solvent (a).

Fraction 1 (9; Rf 0.50) was recovered as a white
crystalline solid (0,119 g.). Recrystallisation from agqueoung
methanol gave colourless prisms, m.p. 187—19003 mixture
melting point with 8, 17'50° The ultraviolet spectrum showed
no absorption peak above 200 my; v

and 1636 (m) om~ L,

(KBr) 3450 (s), 1750 (s),

WA

Anal. Calecd. for 015H21NO4:
Cy,64.49; H,7.58; N,5.01.

Found: Cy;64.665 H,7.425 N,5.04.

Fraction 2 (103 R 0.60) was obtained as white
crystals (0.084 g.) from cold ether, and gave a single spot
on t.l.c. analysis, but decomposed to a brown solid at about

130O (depending on rate of heating). The compound, on scdium



fusion, gave a positive test for halogen, negative for
nitrogen; V. (KBw) 3425 (s), 1763 (s), 1705 (g8) end
Mcba,

682 (s) em™ L,

Anol, Caled., fox 015H210AC18
C559.995 H,7.0%,

Tounds Cy59.555 H,6,83.

(1) A% 200° for four hours.

The oxime 8 (1.17 g.) was heated with levulinic
acid reagent (30 ml) on the steam bath for four hours. The
product was worked up as above to give white crystals of
3~0x0a.ﬁﬁ’9mlﬁ=dihydrohyposantonin (il) which on recrystallis-—
ation from agqueous methanol had m.p. 108--1090D and gave a

single spot on a t.l.c. plate, (Rf (a2) 0.75); A 288 my,

max
Chax 11,100, and N 232.5, €. 53,8005 v . (KBr), 1780 (s),
1660 (s) and 1620 (m) em™ T,
Anal. Calcd. for 015H2103:
09730143 H97°37°
TPound: Cy73.605 H,T7.12.

(¢) At 100° for Fifteen hours.

llore prolonged treatment (15 hours) of the oxime 8
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(1.0 g.) with levuliniec acid reagent (30 ml) at 100°

followed by woriting up as above., gave a different vhite

Q
{e=ed

zystelliine compormd (0.44 g., R. () 0.65), m.p. 1949,

Tts U.V. spectrum (A 289 nu, ¢ 3,800) and I.R. and
[itohid ’

mnax

NeoM.e @pectra were identical with those of an authentic

savwple of (-)@-desmotroposantonin (12).

Acid Treatment of 5,1-(0-Bpoxynitrogoining )—ap6-

tebrahydrosantonin Oxines (18).

The 4g@-nitroso compound 18 (0.95 g.) was treated
with 50% acetic acid and worlked up exactly as described
above for the O-isomer 1. Bvolution of NZO gas was observed,
and a crystalline product was isolated in two crops. The
first crop was showm by t.l.c. amalysis to consist of at
least three compounds (Rf (a) 0.503 0.58; 0.80):; the second
crop was almost pure (Rf (2) 0.80). This compound (Rf (a) 0.80)
was readily separated from the other two in the first crop by
crystallisation from methanol, in which it was much more
gsoluble. After two crystallisations from methanol, pure white
crystals of 3«&g§§—oximino~IQA’9nlﬁ~dihydrohyposantonin (21)
were obtained, m.p. 255° (decomp.)s Amax s
Unag (XBr) 3400 (s), 3035 (w), 1750 (s), 1602 (w) and
1590 (w) om™t,

276 U, € 24,8703




Mnel., Calcd. fqr 015H19N033
Cg68094‘3 1{970338 I’]gBojGo
TPounds C,69.063 ,7.59;5 W,5.%4.

The ovher two compounds (Rf'(a) 0,50, 0,58) were

e}
()
; 2
e
o)
]
1
c\"l
)

separated on o gllica gel columm, and finally
purified on t.l.c. plates. One, (Rf (a) 0.50), crystallised
from aqueoué ethanol as fine white necdles of 3-gyn-oximino-
5,10~ (0~epoxy )-1@, 4A-hexohydrohyposantonin (19), m.p. 186.5°,
" The U.V. showed no absorpivion peak above 200 R Uﬁax (xBx)
3560 (s), 3200 (s. broad), 1760 (s) and 1660 (m) om™t.

_Ana,lo Calcd. for 015H21N043
C,64.493 H;7.58; N,5.01.
Found: C;64.7%3 HyT7.653 N,5.21.

The second compound (Rf (2) 0.58) crystallised
from aqueous ethanol ag white platelets of Fmanti-oximino-
5,10-(0-epoxy )-16,48-hexahydrohyposantonin (20), m.p. 196.5°.
The U.V. spectrum (methanol) showed no absorption pealk above

200 mps v, (KBr) 3500-3450 (s), 1760 (s) and 1630 (w) cm™r.

Anal,Calcd. for 015H21NO43

C,64.49; H,7.58; N,5.01.
FOUIldS 0964'063; 1‘197083; 1“‘94-0900



Acid Treatment of the lMixture of J-gyi- ond

Pm.HLA“O“LH1ﬂ0=)qlom(@“ODOAV)“ L@ o & f-hexahydro-

The mixture of 19 and 20 (0.20 g.) was xefluxed
with 50% acetic acid (15 ml) fox one hour. After cooling,
ond addition of water, o precipitate was obtained (0,120 go ),
that was identified as the unsaturvated oxime 21, by Lts

meltine point, N, value, ond infra-ved spechbimn,
o 9 - 9

Thevuliniec Acid Treatment of 5,1l-{g-=DBpoxynitroso=—

imino )=4g-tetrahydrosantonin Oximes (1.8

The 5,1(0~epoxynitrosoimino)-46-tetrahydrosantonin
oximes (18; 1.0 g.) were heated 4o 100° with levulinic acid
reagent (15 ml) for six hours. The reaction mixture turned a
dork colour. After dilution and neutralisation, ether extract-
ion gave a yellow syrup, which crystallised from ether, as
colourless plates (0.350 g.), m.p. 171°. The compound, by
mixture melting point, U.V. spectrum (kmax 240 mM9(Emax 1%,400;3

'kmax 260 muy, 'may 10,650) and I.R. spectra, was shown to be

gsantonin.

On a t.l.c. plate, the crude reaction product

showed spots indicating the presence of (-)o~desmotroposantonin




(22), (RF (2) 0.65) end the oxime 2L (Rf (a) 0.80)., They

vere not igolated.

Sentonin Oxime O-Benzyl Bther (XXXVIIL).

Sontonin (2.5 g.) was added o & solution of O
benzylhydroxylamine in methanol, prepared fron O-benzylhydroxyl-
amine hydrochlowide (4.76 g.) and sodium metal (0.85 moles/mole
of hydwochlowide) in me%hanolo Thege conditions thus corres—=
ponded to those for the preparaition of 13 above. After 24
hours, t.l.c. analysis showed about half the reactants to be
consumed. On cooling, beauntiful crystals, m.p. 1510 were
obtained. These proved to be santonin oxime O-benzyl ether
(XXXVII, 1it. m.p. 151° (52)). No other products could be

detected in the reaction mixture.

4-Methyl=4=trichlororethyl Cyclohexa-2,5-diencone

Oxime (XXXIX).

A golution of 4-methyl-4-trichloromethyl cyclohexa-
2,5-~diencone (XXXVIII, 10 g.) waé refluxed for three hours
with a solution of free hydroxylamine in methanol (100 ml)
prepared from hydroxylamine hydrochloride (25 g.) and sodium
metal (6.15 g.). On evaporation end addition of water, 2

white precipitate (9.9 g.), giving a single spot (Rf (a) 0.25)



on & te.l.c. plate, was obtained. Recrystallisotion from

agueous ethanol gave the di-ungaturated oxime ag white

e hete

needles m.p. 134° (1it. m.p. 134° (5%)), AD

1K

252.5 myy,
Gﬂqv 18,000, When the reaction above wag wepeated with
AN

eguinolar amouwnts of hydroxyloamine hydrochloride and

oy

gsodimm methoxide, the same product (10.2 g.) was obtvained.

Cholesta~l,4=dicne=3=0ne Oxine (XLI).

To a solution of cholesta-=l,4=dicne=3-0ne (XT3 0,40 go)
in methanol (10 ml) was added a solution of hydroxylamine (3
molay excess) in methanol. The reaction mixture was heated on
the steam bath. After 24 hours, t.l.c. analysis showed all the
ketone to be consumed. The major product had R, (¢) 0.55, the
paunle as an authentic sample of cholegiba-l,d-diene-3-one oxime.

T™wo minor products (Rf (¢) 0.%30 and 0.25) were detected.

The same product ratio was observed when cholegta-
1l,4-diene-3-one (0.40 g.) was refluxed with hydroxylamine and
a 10% excess of sodium methoxide, or with hydroxylamine and
a 10% excess of hydroxylamine hydrochloride. The three
reactions were combined, and concentrated o0 about 4 wml.
Water (20 ml) was added, and the product separated as an oil.

The oil was taken up in ether, the ether solution was washed



with water and dricd (MgSOA)o On evaporation of the evher
an oil was obtained (0.8 g.), very soluble in hexanc,

benzene, and chloroform, L1 OMm which nothing could bhe

LG

The oil wos dissolved in methenol end waier vag
added. Miaute crystals were obbained (0.60 Ba)o mop0142m145?
Rp (¢) 0,50, identical with cholesta~l,d=diene~3-one oxine.
The mother liquor on concentration gave an oil (0.150 g.),
identified by t.l.c. as a mixture of the oxime above,

(Rf (¢) 0.50), and the two minor products (Rf (¢) 0.30 and
0.25). The mixture was chromatographed on a silica gel
column. The oxime was eluted with benzene 90%: ether 10%,
and the two other products together, with benzene 50%:

ether 50%. Evaporatioﬂ of the solvent from the latter
fractions gave an oil (50 mgm.), insoluble in 10% HCL,

Upay 1730 (), 1605 (m), 1580 (m), 1490 (m), 1280 (s),

1120 (s) and 1070 (s) cm’l, which could not be crystallised.
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SUMMARY AND CLAIMS TO ORIGINAL RUSEARCH

1. The reaction of hydroxylamine with santonin
has been shown to give tetracyclic compounds, hydroxylamine
being added across the two double bonds of santonin to form

an epoxyimino bridge.

2, The position of attachment of the epoxyimino
bridge has been shown to be to the C=5 and C=1 positions of

santonin, and is oriented O~ to the santonin molecule.

3. New gtructures have been proposed for:
(a) The hydroxylaminosantonin oximes -0 and -g8.
(b) Their nitroso derivatives.
(¢c) Their dibenzoyl derivatives.
(d) The compounds formed by reaction of hydroxyl-

aminosantonin oximes -¢, and -g with benzaldehyde.

4. The "hydroxysantonin oximes" have been shown to
have a rearranged structure having the same carbon skeleton as
hyposantonin. The présence of an epoxide ring has been
demonstrated, instead of a free hydroxyl group. Pour stereoisomers

have been isolated and characterised.

5. Mechanismg have been proposed for the addition



of hydroxylamine +to gantonin to account for the formation

of two stercoisomers of hydroxylaminosantonin oxime. A

nechonistic int

®

rprevavion has also been given, where

appropriate, for the other compounds nmentioned.

6. Some other eyclic diencones have been twreated

with excess hydwoxylamine, but no bridged compounds were

obtained,

=
N
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I\'PPT‘N DIX

Nomenclaiuzre,

The fully sgystematic nomes for some exemples of
the compownds discussed ond their method of derivation isg
described below. However, as these names were very lengthy
and were not suitable for rapid reference to the compounds,
a less formal but shoriter series of names was devised, baged
on the carbon gkeleton of santonin ond hyposantonin. The
formulac of the compownds are given first, followed by the
derivation of the shorter names used in this work, and

lastly the derivation of the systematic names, with the

parent ring system from which they were derived (56).

Short name: 5,1-(0~epoxyimino )-40~tetrahydro-

santonin gnti-oxime, derived from santonin (1).




systenatic name: 30, 3a,4,5,60, T-hoxahydro-T0-

Ny droxy—a, 32 B, 8~trine thyl=9-010-2l~3, Taf=propano--1 , 2=

benzisoxazole-b-acetic acid ~Lacitone oxime, derived

from a 2H-3,To-propano-l,2-henzigoxazole (i) showmn belows

7 1
6.2 e O
“C 9 i\’lH
S0
9 s 3
4

)
fmte

The product from the reaction of benzaldehyde

and hydroxylaminosantonin oxime=¢@, is nomed as follows:

Short name: 5,1-(0~epoxyphenylmethenonitrilo )=

40~tetrahydrosantonin anti-oxime, also derived from santonin.

Sygtematic names 40,4a,5,6,70,8~hexahydro~8o-

hydroxy-o., 4ag, 9-trimethyl-10=~o0xo0--2-phenyl-4,8ag~propano-

8al-1,%~benzoxazine~T~acetic acid, “y-lactone oxime, derived



from 4,8a-propeno-8al-1,3-henzoxazine (ii) above.

The epoxy-oxime 9 iz named as followss

HO

Short names 3~-gyn-oximino-5,10-(g~cpoxy)=-1g8,

4o~hexahydrohyposantonin, derived from hyposantonin

(iiis (58)).

Systematic name: 4ag,8ag-epoxy-1l,28,%,4,4a,5,

6,7,8,8a~decahydro-18-hydroxy-o., 50, 80~ trime thyl~7—0x0m=2~

naphthaleneacetic acid, y-lactone oxime, derived from 4a,

8a epoxynaphthalene (iv).



~

In the short names above, the name fox the bridge

@)

results from conmbination of the appropriate prefixes, C.&.

epoxy (~0=), phenylnetheno (w?Hm) and nitrilo (--Gemil-)

from the literature (57). P

In the indexes of Chemical Abstracts, the
systematic names above would all be inverted, the vwnderlined
portion coming first. The compounds are all named as open-

chain hydroxy acids, that have been closed to give lactones.

There are no rules in the gystematic scheme for
asgigning the configuration of groups on bridges or side-
chaing, and as the C~4‘methy1 aad C-ll methyl groups of
santonin in the cowmpounds above are situated on a bridge
and a side-chein respectively, the systematic scheme cannot
adeguately degcribe them. For purposes of description and
structure elucidation therefore, the lesgs formal nomenclature -

is preferred.



