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[ON

INTRODUCTION

Various aromatic acyloins have been shown to display characteristic
colors in an aerated basic solution; for example, furoin gives a blue
color (1), benzoin a purple color (2), and 2,2'-thenoin a green color
(3). These autoxidation reactions have been reported to produce the
corresponding diketones, Later work showed that benzoic acid and benzie
lic acid are also formed in addition to benzil in the oxidation of
benzoin (4, 5).

Michaelis and Fetcher (6) suggested that the colored species in the
antoxidation of benzoin is C6H5:g=8-06H5 (I) radical anion, which is
akin to the well-known semiquinone, The suggestion was based on their
colorimetric dilution experiment on the anaerobic mixture of benzoin and
benzil in basic solution, The presence of this radical anion (I) was
first demonstrated by Venkataraman and Fraenkel (7) and further substane
tiated by Russell, Janzen, and Strom (8) using electron spin resonance
(e.s.r,) techniques, The existence of this paramagnetic species was
also proved by susceptibility experiments (9),

Doering and Haines (10) repﬁrted that autoxidation of propiophenone,
butyrophenone, and acetophenone in t-butyl alcohol containing potassium
t-butoxide gives benzoic acid as the main produect, Under the same cone
ditions cyclohexanone gives mainly a tar from which the expected cleavage
product adipaldehydic acid was not isolated, However, under the same
conditions carbon-carbon bond cle&vage products have not been observed
from a number of steroidal ketones, Thus, a diosphenol is obtained frOm



a ketone present in the citrus bitter principle limonin (11) and dike= -
tones in their enolic forms have been isolated from sevoral 3-ketosteroe
ids by this autoxidation (12),

Evidently, autoxidation of ketones having x-methylene protons occurs
widely, Since autoxidation of desoxybenzoin gives siwilar products as
that of benzoin {10), it would be predicted that similar paramagnetic
species can also be detected in the autoxidation of ketones; but, prior
to the investigations of Russell and Strom, no work has been done cone
cerning this problem,

There is no doubt that the two phenyl rings of (I) stabilize the
otherwise aliphatic radical anion by delocalization of the unpaired
electron or the charge into the ringa'. The importance of this factor
has been demonstrated by comparison of the equilibrium concentrations of
the two radical anions, (II) and (III), generated from their diketone
and x-ketol (9). (III) with a fixed coplanarity has an equilibrium cone

QO O- ‘Q O-
SO5
(1T) (II1)
centration of 31-l4% whereas (II) exists at an equilibrium concentration

of only 3%. .
Although aromatic substituents are important in stablizing radical

Q O
anions, the mixed type of arumatic and aliphatic, C6H5-8=¢-R (IV), can



be obtained without difficulty, Radical anions with R = methyl (IVa),
ethyl (IVb), and t-but;l (IVe) are formed, respectively, when prepiophene
one, butyrophenone, and phenylpivalylcarbinol are oxidized in dimethyl
sulfoxide (DMSO)-t-butyl alcohol (80-20) solution containing potassium
t-butoxide with a trace of air (13), However, acetophenone can not be
oxidized in the same fashion to give *the radiocal anion, 06H5:g=g:ﬂ (Iva)
or any other bye-product that can be detected by e,s.r,. Since the hypere
fine splitting constants (h,.f,.s.c,) of ¢=hydrogen atoms in the alkyl
groups of (IVa) and (IVb) are always the largést, it was thought that
the stabilization by hyperconjugation with alkyl groups is exiremely
important, Nevertheless, (IVd) can be obtained by a modified Kornblum
reaction by treating phenacyl bromide with potassium t.butoxide in

DMso (1),

The greatest surprise came from the detection of the radical anion
of cyclohexaneel,Z2.dione which was obtained from the oxidaticn of 2.hy=
droxycyclohexanone with oxygen in DiSO-t-butyl alcohol (80-20) solution
containing potassium t-butoxide (13, 15), Cyclic radical anions
(CHz);CHz:g:g: (V) with n = 1 to 8 and 10 to 12 have been generated by
o:d.da;ion of the corresponding cycloalkanones under conditions just desa
cribed,

Cyclohexanesemidione, in contrast to 4.t-butylcyclohexanesemidione,
does not possess conformational stability in terms of the spectrometer
frequency (10% Mo,/sec.), For example, the spectrum of the oxidation
product of qyolohexanone has four equivalent d«hydrogsns whereas the



spectrum from oxidation of U=t~butylcyclohexanone has two pairs of equie
valent protons, indicating that the latter has a frozen conformation,

Acyclic semidiones, CH3(CH2),—,.1;&;‘.0.(CH2)“-CH3 with n = 2 can not
be prepared readily by oxidation of the respective ketones in the usual
manner, whereas, the semidione ((‘!H_B)SCL?:AQ;C(CHB)3 can be obtained with-
out difficulty (16)., The latter does not possess X~hydrogen atoms, One
may infer from these oontrasting results that acyclic ketones with & <hye
drogen atoms which are less hindered are prone to undergo corndensation
and hence fail to give a semidione, A better method for formation of
semidiones of simpler type involves the treatment of appropriate x~bro-
moketones with a basic IMSO solution (i4), By employing this method .
with the ald of a ﬂaﬁr system, a semidione of the simplest type Cﬂé&gz
so far, has been dstected from x-bromoacetone in basic DMSO solution (14),

Therefore, by proper choice of method of preparation a varisty of
semidiones can be produced and deteoted, Clearly, the delocalization of
the unpaired electron or the charge in :&2: alone is sufficient to im=
part stability to the radical anion in aprotic solvents at room tempsrae
ture (16), Resonance stabilization from substituents is important but:
is not required for the formation of this class of radical anions,

There are four general methods for preparation of semidiones. The
four methods are classified according to four different ketones from
which semidiones can be prepared, The four kinds of ocompounds are ke=
tones with an adjacent ¥ «methylene group, d-hydroxyketones, g_-diketones.,

and X«bromoketones.



The most generally used method for cobtaining a semidione is to oxie
dize a ketone having an d-methylene group in DMSO containing potassium
t-butoxide with a trace of oxygen (Method I) (13, 15), The availability
of ketones makes this method the first choice, Unfortunately, this
method has its limitations, It can not be applied to generate simple
aliphatioc semidiones (16) or some steroidal semidiones whose parent come
pounds are oxygenated with difficulty (14), During the present investie
gation this method was also found inadequate to prepsre samidiones fronm
‘norcamphors lacking a syne7-methyl group, Thls method often gives:a
wixture of semidiones when the starting ketone is unsymmetrical.and has
two different xemethylene groups, The mechanism of formation -of semidi-
ones from ketones is probably complicated and may involve three pathways,
which are shown by the following equations:

(1) RCOCH,R + B~ RCOCHR* + BH
+

(a)
(2) RCOCHR= + O, 2R Rcom(m(oon)
b

(3) RCOCHR(OOH) + B"———= RCOCOR + BH + OH"

(e)
0 .
(4) RCQCOR + RCOCHR™ ——= R%%; + RCOCHR (4)
d
(5) RCOCHR(OOH) <+ RCOCHR - =H' 2 RCOCHR(0™)
(6) RCOCHR(O") + B ;&%a?;. + BH
(-]
(7) R&g;t + O 5&2; + o; (B)
=0 0
(8) RCOCOR +:RC=CR ———= 2 R ' (€
(9) ﬁ&g;z + 0, RCOCOR + o;



The pathway (B) illustrates the second method by which semidione
can be obtained in rather high concentration, This method involves the
oxidation of an X~hydroxyketone in IMSO containing potassium t-butoxide
with a trace of air (Method II), This is a favorable method for obtaine
ing a semidicns whenever an -hydroxyketone 1s available, In two cases
it was reported that an irradiation wdth light of suitable wavelength
1s necessary to produce semidiones from y-hydroxyketones (17). By this
variation Heller was able to obtain isobutyril and pivalil anion radical
by irradiation (3130 X) of basic sclutions of butyroin and pivaloin, ¢i-
ther without or with a sensitizer (benzophenone),

Pathways (A) and (C) illustrate another method of preparation of
semidiones starting with d.diketones {Method III), In the absence of
oxygen, a semldione can be obtained immediately when a mixture of ol Gl
ketone and its X«ketol is mixed in a basic medium, This method is dofi.
‘ nitely the best way to prepare a semidione when both the x.diketone
and «ketol are available at the same time be@se it gives a high cone
centration of semidione in the absence of oxygen which means that a
higher resoclution can be attained, <-Diketones can also be reduced with
other electron donating carbanions such as enolate anion of propiophene
one (8), with potassium metal (18), and electrolytically (7). However,
reduction of biacetyl in e basic solution does not afford butane-2,3-
semidione but forms 2, 5edimethylsemiquinone instead,

Treatment of an ol~-bromoketone in IMSO solution containing potassiun
lebutoxide presents the fourth method of preparation of a semidione (Mee



thod IV) (14), This ﬁzethod is noted for its ability to form semdldiones
wiiich are not obtainable by other methods, For example, semidiones;
é&gz-z with R = R'= methyl; R = phenyl, R' = H; and R = methyl, R' = H;
are obtained smoothly from corresponding bromoketones, o-Bromoketones
may undergo a reaction of the Kornblum type and form ¢-diketones or o=
ketoaldehydes which are reduced by some carbanion as desoribed in the
third method, to give semidiones, However, thls mechanism is rather
doubtful because it can not account for the failure to prepars butanew .
2,3-semidione and phenylglyoxal semidione from reduction of the preforv
ed biacetyl and phenylglyoxal if they are indeed the precursors for the
formation of these two semidiones, The alternative mechanism probably -
is that a portion of the ¥~bromoketone is hydrolyzed in basic IMSO solu=
tion to the o~hydroxyketone which then ylelds the semidicne by electron
transfer to the slower formed «-diketone as in the former mechanism,
This is true only if one can assume that the electron transfer reaction
is faster than the condensation reaction, Although the mechanism of.
this method is not clear, it provides a useful method for preparing
semidiones from some stercidal ketones which are not readily oxygenated
in basic solution (110). For example, 6=, 7=, 1le, o 12.ketoeS¥= or 56=
steroids fail to form stable semidiones by air oxldation in basic solue
tion, whereas 6d=-bromoe5¥-cholestan-7-one in DMSO contaiﬁing potassium
t-butoxide is converted easily to the expected semidione, In most cases
the isolation of an X-bromoketone is not necessary, since it can be
generated in situ by treating a ketone with an equivalent amount of bro-



mine in t.butyl alcohol containing potassium t-butoxide and subsequently
mixing with a RS0 solution containing the same base to give a semidione,
However, by this method ¥ «bromocamphor fails to give the camphorquinone
radical anion which will be discussed later,

Radical anions of the type, i.'(&gl;, have been named as semiquinone -
(6-8), acylil (14, 17), and semidione, Among them, semidione is the most
appropriate one because the radical itself is aliphatic in nature in cone
trast to a semiquinone, Acylil usually indicates a diketone and is in-
adequate to name an unsymmetrical radical anion, Throughout this. thesis
the name semidione will be used to indicate & molecule having the :&g
function, The molecule is then named after its parent hydrocarbon sccore
ding to Geneva system, The position of the functional group is indecated
by two consecutive numbers used in the same manner as in the naming of

diketones, A few representative examples are given below,

90- |
CH 3C=CCH3 neButane-2, 3-semidione

1,7,7=-Trimethylbicyelo/2,2,1/-
heptane=2, 3=gemidione

O_

Biayclo/3,2, 1/ectene=busenidicne=-
2

_A0O- 3
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Cyclohexane=2, 3=gemidione

O 5d8-Androstane-2, 3=semidione

There is little information concerning the stereochemistry of semi-
diones which can exist in trans and cis forms, Cyclooctene has been
found to exist in both forms but not cycloheptene and smaller cycloal. .
kenones which can only have cis structures, By analogy cyclic semidiones
with ring sige larger than eight carbon stoms could have both forms just
as acyclic semidiones, Bauld (18) found that addition of excess of ben-

.- 20yl chloride to the dianion, prepared from two stage reduction of benzil

with potassium metal in bolling benzene and tetrahydrofuran yielded
predominantly the cis stilbenediol dibenzoate isomer, Therefore, di-
phenylsemidione must exist predominantly in cis form under these condi-

0} 0} .
g_o K C“OK n CD?OK zcndl OBz

O 50 ook of N_—
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tions, However, he also found that by increasing the polarity of the
solvent and by reducing a benzil homogeneously, the amount of trans form
increased, Nost of the samidiones dlscussed herein were prepared homo-
goneously in DMSO which is much more polar than benzene and. tetrahydro-
furan and is known to solvate the cation strongly, In this medium semi~.
diones may well exist preferentially in trans forms as would be predicted
on the basis ef the nonbonding and the Coulombic repulsions, Unforiue
nately, experiments similar to those of Bauld (18) cannot be performed
in DiS0 to confirm this assumption because IMSO and an acyl halide react
explosively,

The existence of_a wide variety of oyclic and acyclic semidiones
not only provides opportunities for theoretical studies but also lends
itself .to many practical applications for conformational and structural
studles,

Cycloalkanesemidiones with rings larger than six carbon atoms pose
sess considerable conformational stability with the exception of the
cyclooctyl derivative, The four d-protons are no longer equivalent as
in cyclohexanesemidione (13, 15), They generally show two pairs of equie
valent protons, It has been proposed that the hyperfine splitting cone
stants for protons attached to a carbon atom adjacent to another carbon
atom carrying a free electron should satisfy ths equation, g.,H—- BFCosze.
where 6 is the dihedral angle between the H«C =Cx and the Cy=Cren orbital
planes and p the spin density on Cg (19), Since two splitting constants

. are known, Bfand © can be calculated, From two equations there are



11

obtained two sets of solutions, By discarding the unrealistic value of
BP >58.5/2 and by assuming that the same B that holds for alkyl radicals
also holds for the cycleoalkanesemidiones, both dihedral angles for axia:
and equatorial protons and the spin densities can thus bo obtained for
cycloalkanesemidiones, The value of €gyia]1 for the «-hydrogens of the
botebutylcycloheXane-1,2-gemidione is in good agreement with that found
for cyclohexene by n,m,r, (20),

The splitting pattern of an e.s.r, spectrum of a semlidione can often
be used to prove structure of position isomers, The assignment of struce
ture can be made from first principles on the basis of the number of
semidiones formed and the number of magnetically different hydrogen atoms
in each semidione without refersnce to model compounds, Application of
e,.8.r, techniques to the proof of structure of the three isomeric methyl=

cyclohexanones is illustrated below (21), Oxidation of (A) and (B) by

O QU 00
-0~ -0
(&) (B) (c) (v1) (vII)
¥athod I give (VI) and (VII), respectively, Since an alkyl substituent
imparts conformationsl stability to a cyclohexene ring in terms of e.s.r,
frequencies, there are three magnetically nonequivalent d=hydrogen aioms
ia (VI) and it would be expected to give a spectrum which has 22 lines

with equal intensities, In (VII) there are two .pa.irs of almost equiva-
lent protons, and it would be expected to possess 32 lines (triplet of
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triplets) in its spectrum, Oxidation of (C) gives a mixture of (VI) and
(VII) (1:3), resulting from oxygenation at 2 and 4 positions, Thersfore,
these three ilsomers can be distinguished clearly by examination of the
e.6,r. spoctra of their oxidation products,

This same technique can be used to distinguish between i-.decalones,
and cise and trans-2-decalones (21, 22). These rosuli;s have baen: extend-
ed to the related steroidal ketones (21, 22),

By Method I, 1-decalone (cis or trans) gives semidione (VIII)., In

O O-
0
(cls or trans) (VIII)
@) *O .
E—— + (VIII)
-0
(IX)
O e
- + (VIII)
-0
(x)

the case of {he cls isomer a base catalyzed epimerization at C-10 occurs,
Under low resolution, the e.s.r, spectrum of (VIII) shows a- sextet, which
indicates two equivalent axial protons and ene equatorial proton, cis-
and transe2«Decalones form mixtures of (IX) and (VIII), and (X) and



13

(VIII), rospeotively. in which (VIII) decays faster and thus dies out
first, Both semidiones (IX) and (X) have four &-protons, yet (IX) gives |
& 13 line spectrum, whereas (X) gives a 7 line pattern, In (IX), the
two methylene carbons. are different because C.5 and C-10 are differently
substituted, One equatorially and one axially, while in (X) the two
methylene carbons are equivalent because C.5 and C-.10 are axially substi.
tuted, - Of course, (IX) is necessarily in a frozen conformation, It is
thus clear that these decalones can be distinguished readily by an anoe
lysis of their e,s.r, spectra without reference to a model compound,
Although steroidal A-~ or Dering ketones are mumercus and complex in
their struotures, if one considers only their partial structurese=ths .
part containing the decalone-skeletone=most of them can form only one or
a mixture of the following semidiones by Method I (14, 21, 22)*

O~ O~
i -0 g
H

(XTa), R = 3 (XIIa), R= ()CIIIa.), R = CHg

(X'Ib), R= (am), R = (xx1Iv), R=H
-0 -0

H

(XIVa), R = CHg (XVa), R= CH3 (xVIa) R = CH,

(Xxvw), R=H (X<¥b), R=H (IVIb).R=H

G, A, Rassell and E, R, Talaty, Ames, Iowa, Stmcture-proof of
steroidal ketonss by e.s.r., Private commnicstion, 1965,
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Semidiones, (XIbj, (XIIb), (XVIa), and (XVIb) are similar in struce
tures and they should give similar spectra (6 lines) as found for the
semidione derived from l-decalones, Sterolidal ketones, 17y-methyl-19-
nor-Sg-andmstane-Bﬁ. 17é-diol-h-one and i&mmD-homo-Sé-ar.drostane-Bfi_.
olei7a-one which form semidiones (XVIb) and (XIa), respectively, gi.va‘ 6
‘line spectra. The same spectrum is the predowinant one in the oxidation
of 5£-andmstan-17/§_-ol-3.one, 5£-androstan-3,1?-dione, SA-cbolestan-B-one,
5f-pregnan~3-one, and 5£apregmne-3‘,20.diono all of which have a cis A/B
ring juncture end form predominantly {XVIa), However, 3-ketosteroids
with a trons A/B ring juncture form (XIITa) predominantly and give 1%
line spectra as shown by the following steroids: ?_-mdros‘c.ane-i?/é—ol—}
one, S5Xeandrostane-3,17-dione, S5¢-cholestane3-one, and 5%-pregnan-3,20-
dione, Thus, the nature of initial A/B ring juncture of 10f-methyl«3-
ketosteroids can be easily defined by e,8,r., spectroscopy.’

19-Nor-3-ketosteroids and 18-noreD-homo=-17-ketosteroids whose par-
tial structures have the same A/B and C/D rihg juncture respactively,
can be consicCared as enanliomers, They do not possess an angular methyl
group and are similar to 2-decalones which do not form semidiones selecs
tively but give @ mixture of two semidiones., These two series of
steroids with trsns ring fusion form more (XIIIb) than XVIb) and with
cis fusion form more (XVIb) than (XIVbj., In both mixtures (XVIb) is less
stable and 'decays more rapidly, Even when formed in minor quantity the
e,5,r, spoctrun of (XIVb) is sufiicient to show that the initial stercide
al ketone had a cis ring Juncture, 19-Norw5¢, log-androstan-l'?ﬁ-ol-}one



5

17£-aoetmw¢19-non-5ﬁn, 1Cj_8_-andmstan-3-one, Fenethoxy=Dehomow18, 19=bi s
norandrosta-1,3,5(10)wtrien-17=-one, and 3¥=, 11X wdiacetoxy=Dahomow18-rior=
Sﬁ-androstan.-i?-one. and Bgﬁ‘hydmxy-D-homo-l&nor-ﬁﬁ"-andmstane-ii.17-di-
one all have trans ring fusion and form semidione (XIIIb) which shows &
7 line spectrum, On the other hand, 1'(ﬁ-aoeto:qr-19-non—5£', 10f-androstana
3=one, i7¢-ethyleiF=nom=58,10f=-androstane17f«ocl-3=0n8, 3-methoxy-Dehoroe
18, 19~bisnore13¢-androsta=1,3, 5(10)=trieno=17-0ne, Dehomo=18-nom5p,13%.
androstane-3#, 11f-diol-17-one, 3¢-hydroxy=D-homo=18-nor=5p, 13%«andro.
stane-11,17-dione, 17/-acetoxy=19-norw5%, 10d-androstan=3-one, 17«=othyl-
19-norw5¢, 104~androstans17f-0le3-one, and 17f-hydroxy-5, 94, 10419-nor=
androstane3-one all have a cis ring juncture and form semidione (XIVb)
which shows 13-16 line spectrum, Once again, iJenor-3-ketosteroids and
18<norwD-homo=17-ketosteroids with cis and trang A/B or C/D ring junc-
tures can be distinguished, without refersnce to a model compound,

Tnis e,.s.r, technique in connection with oxidation Pruvides an elew
gant alternative method to optical rotatory dispersion in assigning cis-.
trans configurations to decalones and related steroids, This method does.
not require an optically active ketone and consumes only a few mg, of
the ketone,

Purpose of the present study was to investigate semldiones derived
from bridged bloyclic ketones and to extend the knowledge to the chale
lenging problems that remain in the study of the semidions derived from
camphor (13, 15)., The spectrum of this semidione has been shown to be a

quartet with some unresclved fine splittings,’ The quartet was thought



Lo arise {rom one of the three methyl groups in the camphor molecule,

It had been assuried to be the one at 7-gym pos’it.ion because of its prow
ximity to the semidione system, It was also“assumed that bridgehead
protous, although X to the diearbonyl system, would not couple with the
~unpaired spin density, since it has been reported that semiquinonos prow
parced from 2, Sedihydroxytriptycene and lemethyle2,Sedihydroxytriptycene
fail to show a coupling between the bridgehead proton and methyl protons
and the unpaired spin density (23, 24). The results deseribed herein

show that both assumptions were erronecus,
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RESULTS AND DISCUSSION

The e.s.r. spectra were obtained using a Varian V4500 spectrometer
equipped with 100 Ke,/sec, field modulation and with Swin, magnets, A
flat fused silica cell (Varian V4548 aqueous solution sample cell) in
connection with an inverted U-tube (8) (Figure 1) was uéed for all
experiments, Typically, 0,5 ml, of D¥SO solutions containing 0.1 M.of
potassium tebutoxide and 0,05 M of a ketone (or an «<diketone and a
donor, an %X-hydroxyketone, or an d-bromoketone) were deoxygenated sepae
rately in the two legs of thé I;-tube by introducing prepurified nitrogen
through two 5-in, hypodermic needles extending below the surface of each
solution for 15«20 mimites, The exit was stopped before the hypodormic
needles were withdrawn, The two solutions were mixed and shaken into
the flat cell, In case oxygen was required, it was introduced by open
ing the stopper and one of the rubber septa for 10«15 seconds with a
gentle swirling action,

Oxidation of bicyclo/2,2,2/octan-2-one with a trace of oxygen in
dg=xiS0 containing potassium t-butoxide, reduction of bicyelo[é,Z,Z]—
octane=2,3=dione by the propiophenone enolate anion in IS0, or trcate
ment of 3-bromobicyclof2,2,2/octan2-one (generated in situ) with potas-
sium i-butoxide in IMSO produces a semldione which is stable for hours
at room temperature and is shown in Figure 2, It consists of a simple
guintet with peak height ratios, 1:4:6:l31, It indicates that there ars
four equivalent hydrogen atoms (af = 2,09 G) interacting with the up-
paired electron, In this semidione, there are two bridgehead, four syn



Figure 1, Apparatus for preparing semidiones prior to mixing and inserw
tion into the cavity of the e,8,r. speotrometer,
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Figure 2. First derdvative e.s.r, ~ spoctrum of bicyclo/2,2,2/octane=2,3-senldlone prepared by
roaction of a trece of oxygen with bicyclo/f2,2 2]octa.n-2-ona (0,05 M) in dg-D¥iSO
cortaining potassium t-butoxide (0,10 M) at 25° or by reduction of bicycle/2,2,2/-

\ octane-2,3-dione (0,05 M) by propiophenono (0,05 h) in the presence of potassiun
l t-butoxlde (0,10 M),
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and four anti methylene protons, The two bridgehead protons not only
are insufficient in number but also situated in the nodal plane of the
carbonyl-carbon gé-orbitals and thus can be ruled out, Furthermore, a
five line spectrum (Figure 3) was obtained upon oxidation of l-methylelr
methoxyoicyclo/2,2,2]octane2-0ne (25), which does not possess any bridge-
head protons, as indicated in (XVIII), The spectrum of (XVIII) shows

| O—CH;
. / O Y o .
.\‘\ O - CH3

() (ozany O
some line broadening as expected for four hydrogen atoms (QH = 2,14 G)
that are nearly but not exactly equivalent,

The hyperfine splitting is believed to be due to the four hydrogen
atoms zntl to the dicarbonyl system in both (XVII) and (XVIII), because
oxidation of endo, ondo=5,6-dimethylbicycle/2,2,2/octan-2-one in DRSO or
Gg=LtS0 ylelds a semidione with hyperfine splitting by two pairs of
equivalent hydrogen atoms as shown in Figure 4, This spectrunm is only

consistent with anti hydrogen splitting in the semidione (XIX),

cH,
CH 5

o

(xax)



Filgure 3, First derivative e,s.r., spectrum of 1-meth:,'1-.’+-metho>q,rbicyclo[2.2,2]octane_2,3=semi-
dione prepared by reaction of a trace of oxygen with i-rmethyl.lt-msthoxybicyelo/2,2,2/-
octan-2-one (0,05 ¥) in D30 containing potassium t-butoxide (0,10 ¥) at 25°,
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Figure B, First derivative e,s.r. spectrum of endo, endo-5,6-dimethylbicyclo/2,2,2]octane-2,3-
semidione prepared by reaction of a trace of o oxygen with ends, evxdo-,,é-dimethyl-
bicyclo[Z 2,2/cctan~2-one (0,05 M) in XSO containing potasaium £ f-butoxide (0,10 M).
at 25°,
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Tho above ordo, endowdimethylketornie was prepared from bicyclo[f?,Z,?]-
octeno=5=cndo, onco-2, 3=dicarvoxylic anhydride, a Diels-Alder adduct
ostablished to have ondo,endo structure (26, 27), by the following transe

formations, The endo,ondo configuration of the methyl groups was also

O LIAI'HG P rldlﬂe
T Efher CH,OH o Tl H:0Ts
CH,0Ts

La'AlHQ
Ether

/. NaBHs
Cro 3}'; Ef;
HOAc cH, s A NaoH CcHs
O C‘H Ha 0y CH3

proved by n.m,r, walch showed twe different doublets centered at 0,97
pP.p.m, and 0,75 p.p.m, from tetramethylsilane due to the anisotropic
effect of the keto group, It will benefit later discussion to note here
that no splitting is observed for methyl protons,

The zantd ox cxo splitting by hydrogen atoms in respect {o the car-

bonyl carbon p,-orbital is consistent with the quartet splitting, o =

2,20 G, observed for the semidione prepared by oxidizing the atisine

3 7

(Xxa) 7 = By, 8 =0
(XXo) 7 =0, 8 =H, OAc

(XXc) 7 and 8 =°9\_/

(xx)
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derivatives (28), (XXa) in dc-DitSO and (XXb) in DMSO, (XXb) may have
been hydrolyged-to the y~hydroxyketone by a trace of moisture present in
L¥SO or on the surface of cells, This is & variation of Method II and
shows that a semidione ocan be obtalned from an y-acetoxyketone in addi-
tion to the four types of ketones discussed in the introduction., Under
high resolution the spectrum (Figure 5) shows additional fine splitting
probably due to two additional é-hydrogen atonms,

Since only anti or exo hydrogen atoms in bicyclo/2,2,2]o0tane2, 3-
somidione are interacting with the unpaired electron, e,s,r, spectrve .
scdpy appears to be a convenient method for essigning structure to sube
stituted bicyelo/2,2,2/octanones, For example, oxidation of 1,5edie
mathyl-#-motho:vbicyclo[z,2,2]octan-2-one (25) glves a semidione whose
e.5.r., spoctrum (Figure 6) indicates a quartet (QH = 2,10 G) and a
doublet (_u_.H = 0,93 G) splittings, Thus the S-methyl group in this kee
tone is assigned the syn structure,

| Among five bicyclo[z,z,z]oews.z-onés examined, only the parent
~ bicyelo/2,2,2]octanw2-0ne and the 8-keto derivative (Xia) form different
radical anion species in DMSO and gé.m@c upon oxidation, Ths spectimuz
of the forwer in DNSO (Figure 7) clearly requires hyperfine splitiing by
two sets of four equivalent hydroger stoms, &' = 1,5 and 1,09 G, This
radical anion is believed to be (xxg? having a dimeric strusture, A



Flgure 5, First derivative e,s,r. spectrum of semidione (XXe) prepared by reaction of a trace
of oxygen with atisine derivative (IVa) (0,025 M) in d,-D}SO containing potassiun
t-tutoxide (0,05 M) or by mixing (IVb) (0,025 M) in IS0 conatining potassium t-
butoxide (0,05 M) at 25°,
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Figure 6, First derivative e,s,r. spectrum of 1, 5-dimethyl—h-meﬂxo:§ybicyclo[2,2,2]octans-2,3-
semddione prepared by reaction of a trace of oxygen with 1, 5~dimethyl-liumethoxy-
bicyelo/2,2,2/octan-2-one (0,05 M) in DiSO containing potassium t-butoxdde (0,10 M)

et 25°,






Figure 7. First derivative e,s.p. spectrum of semidione (XXI) prepared by reaction of a trace
of oxygen with bicyclo/2,2,2]/octan-2-one (0,05 M) in DMS0 containing potassium
t-butoxide (0,10 M) or by mixing bicyelo/2,2,2/octan~2-cne (0,05 M) with bicyclow
712,2,2/0ctan~2,3<dione (0,05 M) in DMSO containing potassium t-butoxide (0,10 M)
at 250,
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conjugated diketone probably results from the condensation of the care
banion of the monoketone with the diketone formed in the oxidation
reaction which then accepts an electron to give semidicne (XXI), This
is confirmed by the fact that an identical spectrum was obtained from a
mixture of bicyclo/2,2,2/octan-2-one and bicyclo/2,2,2/octane-2,3-dione
in NSO containing potassium t.butoxide in the absence of oxygen, Oxie
dation of (XXb) in DMSO gives a seven line spectrum as shown in Figure 8
which is consistent with 6 fortuitously equivalent protons, g._H =1,45 G,
Therefore, this radical anion probably exists in a dimeric form analogous
to (XXI). This kind of dimerization was not observed in any of the
other biryclic systems studied, It provokes three interesting questions,
Why does the dimerization only occur in the bicyclo/2,2,2]octane system?
Why do two out of five bicyclo/2,2,2/octan-2-ones form dimers butnot all
of them? Why does the dimerization not take place in dg=10iS07

To answer these questions roguires a better understanding of the
mechanism through which a semidione can be formed by oxidation of the
monoketone, It has been shown in the introductory section that there
are possibly three pathways for the formation of a semidione from a monoe
ketons, If reaction (5) is faster than reaction (3), it is impossible
to have Gimer formatiop because any diketone (c) formed will dispropore
tionate immedistely with the dianion (e) to give ssmidiones (pathway C).
This represents all the bridged bicyclie éystems except .the ﬁicyclo.
[2,2,2]octane where reaction (3) is faster than (5), For exampls, the
maxigum concentration of semidione obtained by mixing equivalent amounts



Figure 8, First derivative e,.s.r. spactrum of the dimeric serddione prepared by reaction of a

trace of oxygen with atisine derivative (XXa) (0,025 M) in DMSO containing potassium
t-butoxide (0,05 M) at 25°,
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of camphorquinono and camphor in Li30 containing potecsiua tebutoiido in
Wie cosonco of owygen is enly oot honvn of that coblained by oxidation of
e como amount of campnox with oxyzea, Considording the amcunt of dikee
o that will o formeod actually by oxidetion end {the cmsunt of oxygen

iriicduesd, tho ratlo could have a valuo well under 1/1C00, Tais answors
the first quosticn, Murdhormors, no dimeric semidione was observed whon
cimzhor and caxphoivwinono wore mincd together, This indicutes that a

condoencation reaction is slow in sterically hindored detones cinco those
tarcs bicyelof2,2,2] nctan-Zonos waich do not form dimor ame all hizhly

sadcuivated, Tho tind guestion con be ancwened by isotope effect since

D)

tac foruation ol a diketone involves the absiraction of proton with sube

O ,
oloind 0 i
RCC—R - R&ER + BH +OH

i

(Dl

Ny AN ~pe v o 3 <% S o T T 3 TR 4.
cozeent loss c’ a hururoxy gxoup o gzivo tho lkelone, in =030 the
o~ — - e - e - PR, B A Py B T )
reooeticon involwes the soction of a doutorium and hence Juvexs the
noasts ™ = . D I
reaction (5)., Taerofore, dimcidzaticn is not .bDssaved in ¢:-Il30,

=t ¥ ) Ayt A3 e .~ % - LA -t 3.

Zlcyclof2,2, ifheptance2, T=scmidiono can not be prepared by oxidie
ERC IR /‘ 2 X pmen - - e rmenin oy (AP R 2~
wCal OX D*\._{C-O ,.—Jﬂup lelwCnd 10 T MSNaL LS, L0328 L5 430

P — ——it - £ s N 2 . -
tac for tho lemcinyl, 1,7 snii-dimcihyle and 5,6-Cimeinyldicyclof2,2, 14

heplan-2-cnes walch all lack a C-7 svm methyl group, Coxphor, Lpccine

- Omicpu

4

shox, cné /5_ -s2ttenono whica have a C-7 & mothyl group form scmiducenes
iodily upon oxdation, Thus a syn methyl group at C=7 in bigycice
@,Z,Jhcptar.-z-ono is required to form the semidione by MNethed I,

Lpparently, the mathyl group blocacs the uppar-front sice of Ca2,3 and



39

prevaents slde reactions, which may lead to the destruction of t;he interw
mediates in the processes forming the semidiones, This view seems reae
sonable since bicyclo@,z,i]heptanesemidione once formed is quite stable,
Beclmann and Mezger (29) reduced a large number of bicyclo/2,2, 1/heptane
2-cnes with lithium aluminum hydride and found that those ketones withe
out a C-7 syn methyl group gave almost exclusively the endo alcohols,
whereas those with a C.? syn methyl group gave the exo alcohols, They
also found that a methy group at the bridgehead does not slter tho reduce
tion product, Thus Il-methylnorcamphor gave the corresponding endo alcow
hol, This observation supports the reasoning given above.
Bicyclo/2,2,1/heptane~2, 3=semidione can be prepared from bicyclow -
/2,2, 1/heptane«2, 3=dione by reduction with propiophenone enclate anion
and also fromy-bromonorcamphor by treatment with a basic IMSO solution,
ard its spectrum is shown in Figure 9, It consists of a large doublet
(¥ = 6,54 G), a quintet (a = 2,43 G), and another doublet (o = 0,41G)
These cplittings are assigned to the anti C=7; the C.1, CH, exo C.5,
and exo C=6; and to the C-7 syn proton(s) respectively, These assigne
ments undoubtedly seem ambiguous to the reader at the present tin_xe.
However, by keeping in mind the splitting of anti hydrogen atoms in
semidione (XIX) and by comparison of (XX(I) with 7,7-dimethylbicycloe




First derivative e,s.r. spectrum of bicyelo/2,2,1/heptane=2,3-semidione in D¥SO
solution prepared by reduction of bicyelo/2,2,1/heptane=2,3-dione (0,05 M) by
propiophenone (0,05 M) in the presence of po*assium t-butoxide (0,10 M) or by
dissolving & ~bromonorcamphor in DMSO containing potassium t~butoxide at 25°,

Figure 9,
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[2,2,1]heptane=2, 3-semidione (XXIII), 1,gyn-7-dimethylbicyelo/2,2,1/~
heptane-2,3-semidione (XXIV), and 1,?,7-trimethylbicyclo/2,2, 1/heptane-
2,3-semidione (XXV), the reasons for the particular assignments will be=
come clear, .

Semidione (XXIII) is obtained by oxidation of apocamphor and its
spectrum is shown in Figure 10, The spectrum ;)f (XXIII) is interpreted
to bs due to three pairs of equivalent protons and one methyl group
interacting with the unpaired spin density, The two pairs of protons
are assigned to have hyperfine splitting constants of al = 2,90 and 2,07
G, respectively, Then, each of these 9 overlapping lines are further
split into quartets by the three methyl protons, & = 0,53 G and te
triplets, gH = 0,26 G, by the two endo hydrogen atoms, The methyl group
is assigned to be the one at the antl C=7 position on the basis that the
smae splitting is observed in (XXV) but not in (XXIV), These assignments
are tmtative; therefore, the h,f,s.f, for the two laige doublets can
well be exchanged,

Under low resolution, a quintet is shown in the spectrum of semidie
one (XXIV) prepared by oxidation of B-santenone, With higher resoluticn,
the two wing pesks are further split into heptets and the three center
peaks into decets as shown in Figure 11, This is interpreted as follows:
there are two overlapping quartets each of which is split into a heptet
by the two methyl groups, Moreover four lines of one heptet overlap
with four 1lines of another hept:et giving the 10 line pattern in the three
center peaks, A synthetio spectrum using gl = 3,05 G (doublet), 2,55 G



Figure 10, First derivative e,s,r, speotrun of 7,?-dimethylbicyclo[§,2,1]heptane-2,3-semione
prepared by reaction of a trace of oxygen with apocamphoxr (0,05 M) in D}MSO con-
talning potassium tbutoxide (0,10 M) at 25°,
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Figure 11, First derivative e,s.r, spectrum of i, m—?—dimethylbicyclo[2.2,1]hepta.ne-2,3-
semldlione prepared by reaction of a trace of oxygen with g-santenone (0,05 M) in
DMSO containing potassium t-butoxide (0,10 M) at 25°,
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(quartet), and 0,18 G (heptet) is also showm in Figure 11,

The semidione derived from camphor by oxidation, or from camphors
quinone by reduction with propiophenone, has been reported to give a
four line spectrum with 3H = 2,66 G and the splitting was suggested to
be due to the syn 7-methyl protons (13, 15). At higher resoluiions,
each or the four peaks further splits to atleast 12 lines as shown in
Figure 12, The interpretation is that it involves doublet (a” = 2,08 G),
triplet. (2 = 3,01 6), quartet (a = 0,55 ), doublet (2" = 0,22 G), and
quartet ’(g_H = 0,15 G) hyperfine splittings, These splittings are assigne
ed to the proton or protons at C.k; exo C-5 end C-6; anti C.?7 methyl;
ende Ce5; and Cei methyl, A "blowneup" wing peak and a composed spectrum .
of (XXV) based on ths lagi three splitting constants is shown in Figure
13, Apparently, ondo splitting 1s no longer negligible in the presence
of the anti C~7 methyl group as shovn in semidiones (XIII) and.(XXV),

The assignment of the major hyperfine splitting in (XXII) to hydro-
gen atoms at Ce1, Colt, anti Ca7, and exo C=5 and exo C-6 is thus based -
on (a) the analogous anti splitting by bydrongen atoms at C=5 and C<6 in
(x1X), and (b) the fact that the major splittings (as shown by low resoe
Iution spectra) of (XXIII), (XXIV, and (XXV) are by four (quintet), four
(quintet) and three (quartet) hydrogens, respectively.

Oxidation of bicyelo/3,2,1/octan-2-one or 3-one in DMSO forms the
same semidione (XXVI), the spectrum of which is shown in Figure 14, It
consists of five major d;:ublets, 2H = 13.5; 8,69; 3.45; 2,13; and 1,42 G,
and szall triplets, a’ = 0,28 G, The triplets coalesce into singlets -



Figure 12, First derivative e,s,.f, spectrum of 1.7.7-tr:\.methylbicyclo[2,2,ﬂheptane-z,}
: : semldione prepared by reaction of a trace of oxygen with camphor (0.05 M) in DHSO
containing potassium tebutoxide (0,10 M) at 25°,






Figure 13,

A '"blown up" wing peak of semidione (XXV) and its synthetic
spectrunm,
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Flgure 14, First derivative e,s.r, spectrum of bicyclo[3,2.ﬂoctane-z.B-semidione prepared
by reaction of a trace of oxygen with bieyelo/3,2, t/octan.3-0ne (0,05 M) in DiSO
containing potassium t-butoxide (0,10 M) at 25°,
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under moderate resolutions as shown in Figure 15 which includes a syne- -
thetdc speci_‘.rhm based on the five doublet splittings, The doublets are
assigned to C-4 axial, C-4 equatorial, C-i, exo0 C-7, and anti C-8 hydroe
gen atoms; the last three assignments are by analogy with the assigne .
ments already made for the bicyol/2,2,1/heptane and bicyel/2,2,2]octane
semidiones, The triplet splittings probably arise from ths small interw
actions of endo Ce7 and Antl C-8 protons, The two largest splittings
‘are assigned to X~hydrogens at C-4 based on the fact that they are re-
placed by deuterium atoms in d-DiS0 with a resultant change in spectrum
width (Figure 16), The spectrum widths caloulated (using a® = 1/6,% af)
(39) and found are 14,49 and 15,6 G, respectively, Attempts to. analyze
this spectrum have not been successful because of the extensive averlape
ping in lines caused by the near equivalence of values of g..H and g._D.'
Semfidione (XXVII) is obtained by oxidation of homocamphor and gives
a smiple spectrum (Figure 17), The interpretation is simple, There are
three different hydrogen atoms interacting with two linesg overlapping in
the center, These splittings are assigned to C-4 axial, g_H = 12,5 G;
C-4 equatorial, g_H = 8,4 G; and gxo C-7 protons; respectively. The wid-
th of spectrum obtained in dy~DSO is 11,9 G (caled, 10,63 G). The
spectrun obtained from <_16.mso is shown in Figure 18, Replacement of
three of the hydrogen atoms in (XXVI) by methyl groups to give (XXVII)
recuced the nmumber of interacting protons from seven to three rather than
four, This indicates that the i.methyl group oan retard the neighboring
endo proton from interacting _ﬂith the unpaired spin, The same affect



Flgure 15, A less resolved e.s.r. spectrum of (XXVI) and 3ts synthetic spectrun.
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Figure 16, First Derivative e.s,r. spectrum of bicyclo[3,2,goctane-2,3-semidione prepared
by reaction of a trace of oxygen with bicyclo/3,2,1/octan~3- or 2-cne (0,05 M)
in dg-DMSO containing potassium t-butoxide at 25°,
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Figure 17, First derivative e.s.r, spectrum of 1,8,8-trimethylbicyclo/3,2, {Joctanew2,3-
semldione prepared by reaction of a trace of oxygen with homocamphor (0,05 M) in
DMSO containing potassium t-butoxide (0,10 M) at 259,
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Figure 18, First derivative e.s.r., spectrum of 1.8,8—tr1methyigicyclo@.2.ﬂoct&ne-z,j-
semidione prepared by reaction of a trace of oxygen with homocamphor (0,05 M) in
dg=DMSO containing potassium t-butoxide (0,10 M) at 250,
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is found when (XXIII) and(XXV) are compared,

b B

(xm) (xxvn) (XvIII)
(xidation of 8-thiabicyclo/3,2,1/ootan-3-one fails to yield
(XXVIII). The following reaction probably takes place under the influ~
enco of base, Otherwise, (XXVIII) would serve as a model compound for

(xxvI), S
Be (S S©

Semidione (XXIX) (Figure 19) was formed readily when bicyclo-
[3.2,1]-6=0ctene-3-0ne was oxidized in the usual marmer, It shows extene
sive long range couplings involving all eight hydrogen atoms with -
h.f.s.0., &0 = 8,74, 7,70, 2,66, 1,20, 0,71, 0,49, 0,14, and 0,14 G,
Apparently unpared spin density can be transmitted from C-2 to C-6 and
C-7 by interaction of the peorbitals on C-2 and C=7. Unfortunately,

Jo Ay

(XxTX) (Xxx) (XXxT)



Figure 19, First derivative e,5,r, spectrum of bdcycl’o[B,Z,1]0ctene-6-seud.dione-2,3 prepared
by reactlon of a trace nf oxygen with bicyelo/3,2,1]~6-octene-3-one (0,05 M) in
DMSO containing potassiim t-butoxide (0,10 M) at 25°,
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related semidicnes of bicyclo(2,2,1/heptens (XXX) and bicyclo/2,2;2]/oc
tene (XXXI) cannot be prepared from the corresponding ketones by oxida-
tion, Apparently formation of tricyoclenes (XXXII) and (XXXIII) took
place before axidation leading to (XXX) and (XXXI) oould occur. Howsver,

£y

(XXXII) (XoIII)
it may be possible to prepare (XXX) and (XXXI) by reduction of the corw
responding diketones, In fact (XXXIV) is readily prepared by reduction

of the corresponding diketone by the enolate anion of propioﬁhenone.
Figure 20 gives the spectrum of (XXXIV) which is composed of an overlape
ping quintet of quintets, a® = 0,96 and 0,31 G, Again spin dansity has
been transmitted from the carbonyl carbon p, -orbital to the p-orbitals
of the benzene rings, It is like]y that (&IV) and (XXXVI) will show
interesting long range ocouplings, |
Bicyclo/3,2,1/octanc5-ane, which has one more methylene carbon than



Figure 20, First derivative e,s.r, spectrum of dibenzobicyclo/2,2,2/octadiene-2,3-semidione
prepared by reduction of dibenzoblcyclo/2,2,2/octadiene-2,3-dione (1 mg.) by
proplophencne (2 mg,) in 2 ml, of DMSO containing 4 mg, of potassium t-butoxide
at 25° in the azbsence of oxygen,
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norcamphor, readily forms semidione (XXXVII) upon oxidation, Because
there is a plane of symmetry (XXXVII) shows a much simpler spectrum
(Figure 21) than that of its isomer (XXVI)}. It consists of.triplet

(! = 5.51 G), doublet (a" = 4,03 G), and sextet (aff = 0,53 G) hyperfine
splittings, They are assigned to hydrogen atoms at exo Ca2 and Co4; exo
C-8; and the five fortuitously equivalent hydrogen atoms at C.1, C-4,
endo C-2 and C-%, and syn C-8; respectively,

~
>- <

(X0VIT)

The effect of symmetry in simplifying a spectrum is clearly demone
strated in semidione (XXXVIII) (Figure 22) which was obtained by oxida
tion of bicyolo/3,2,2/nonan-3-one,’ It indicates that there are two pairs
of equivalent hydrogen atoms in (XXXVIII), _a_H = 10,57 and 2,21 G, which
are assigned to hydrogens at C.4 and g_n_t_:'_n_ hydrogens at C.7 and C=8, The
equivalence of these two pairs of protons can be explained by rapidly
interconverting asymastric i.:wis‘t. conformations in view of the reasonabls
flexibility of the molecuie, However, the absence of bridgehead proton
splitting suggests that (XXXVIII) has a static conformation since iime
averaging cannot make the dlhedrel angle betwsen bridgehead carbonehydroe
gen bond and the carbonyl carbon gg-orbital equal to 90 degrees, Houw
'evér. this dihedral angle is very close to 90 degrees in these two tuwist



Figure 21, First derivative e,s.r. spectrum of bicyclo[j,z,Uoctane-é,?-senﬂ.dione preparsd
by reaction of a trace of oxygen with bleyelo/3,2,1/octan-6wone (0.05 M) in DMSO
-containing potassium t~butoxide (0,10 M) at 25°,
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Figure 22, First derivative e.s,r, spoctrum of bicyclo[3,2,2]nonane—2,3-s’cmidione prepared
by reaction of a trace of oxygen with bicyclo/3,2,2/nonan~3-one (0,05 ¥) in DMSO
containing potassium t~butoxide (0,10 M) at 25°,
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gsoiformations and hyperfine spiitting by the Cel hydrogen atom may not
have experimentally detected, The speotrum obtairned by oxidation of
bicyelo/3,2,2/nonan-3=0ne in dg-DMSO is shown in Figure 23, The spece
trum widths galoulated and u:l'.A‘::m.nd are 10,96 and 10.6.G, respectively,

The semidione (XXXIX) represents the only example of bicyclo/3,1,1F

heptane-2, 3wsemidione now knosm, (XXXIX) can be obtained by oxidation .

- (X0IX) (xL)

of nopinone., The spectrum (Figure 24) involves three doublets (tws of
them are nearly identical) and a sextet splittings, They are attributed
to the Cu¥ "axial" (a = 9,46 G); C<l "equatorial® (afl = 9,04 G); C-7
anti (QH = 3,88 G); and fortuitously equivalent C=6 anti methyl, syn C-7,
and C-1 hydrogen atoms, respectively, A spectrum of (XXXIX) is also
recorded in dg=DMSO (Figure 25) which has a width of 11,6 G (caled.,
11.75 G), The semidione of the parent biqyclo/3, 1, 1/heptan2-one would
be predicted to give a beautiful 27 line spectrum involving three pairs
of equivalent protons with quite different splitting constants since the
nonequivalency caused by the methyl groups is removed and the bridgehead
protons will be in the nodal plane as in the case of (XXXVIII), .

Semidione (XL) can be obtained readily by oxidation of bicycloe
[3.3, 1/nonan-30ne, Its spectrum (Figure 26) shows 31 lines which indie



Figure 23, First derivative e.s.r. spectrun of bicyclo[j,z,g]nona.ne-z,3-semidione prepared
by reaction of a trace of oxygen with bicyclo/3,2,2/nonan-3-one (0.05 M) in dg-12S0
containing potassium t-butoxide (0,10 M) at 25°,






Figure 24, First derivative e,s.r, spectrun of 6,6-dimethylbicyclo~/3,1, 1/heptane-2, 3-semdione
prepared by reaction of a trace of oxygen with nopinone (0,05 M) in DMSO containing
potassium t-butoxide (0,10 M) at 25°,
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Figure 25, First derivative e,s.r. spectrum of 6,6-dimethylbicyclo/3,1, 1/heptane~2, 3=semidione
Prepared by reaction of a trace of oxygen with nopinone (0,05 M) in gé-DHSO
containing potassium t-butoxide (0,10 M) at 25°,
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Flgure 26, First derivative e,s.r. spectrum of bicyclo/3,3,1/nonane2,3<semidione preparsd by

reactlon of a %race of oxygen with bicyclo/3,3, 1/nonan-3-one (0.05 M) in DMSO
containing potassium t-butoxide (0,10 M) at 259
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cates that there are five different hydrogen atoms interacting with the
unpaired spin with hyperfine splitting constants of 12,74, 6.93, 3.35,
1,96, and 0,56 G, They are assigned to C-# axial, C-It equatorial, exo
C-8 or anti C-9; aati C-9.or exo C-8, and C-1 hydrogen atom, respective-
1y. The spectrum of (XL) obtained in dg-DMSO is shown in Figure 27, and
has a width of 12,3 G (caled,, 12,01 G),

In the previous paragraphes, some of the assignq;ents of hyperfine
splitting constants are tentative, A considerable amount of work such
#s replacing the specific proton with a methyl group, a deuterium atom,
or other suitable groups is required before rigorous assignments can be
made to all hyperfine splitting constants,

However, all bridged bicyclic semidiones show strong interactions
of Puhydrogens which are exo or anti to the carbonyl carbon p -orbital
in a Weplan or zigzag arrangement as shown in the following diagram,

1 2
6 @) O-

This Weplan interaction has been rigorously established in (XVII) and

has been used satisfactorily to interpret splittings of cther bridged
bicyclic semidiones, This consistent observation of strong interactions
in bridged bicyclic semidiones is indeed surprising since in acyelie,
monoavelie, and other bicyclic (with 1,2 ring fusion) semidiones, only



Figure 27, First derivative e,s,r. spectrum of bicyeclo/3,3, 1/nonane-2,3=semidione prepared by
reaction of a trace of oxygen with bicyclo/3,3, I/nonan<3-one (0.05 M) in _c_lé-DMSO
containing potassium t-butoxide (0,10 M) at 25°,






those hydrogen atoms & to the dicarbonyl system show strong hyperfine
splittings and in no cases do 8 hydrogen atoms display unusually large
h.f,s.c, (that is no larger than 0,5 G),

This type of interaction may be not wmusual. at all considering the
inherently rigid structures of bridged bicyclic moleculss, since analoge
ous long range spinespin. couplings between protons similarly situated in
a large number of bieyeclic ccmpounds have been widely observed in n.m,r,
A few examples are given below with their ooupling constants (31-36),

Aﬁhﬁb@

7 Cps 1Cps 3-4cps 1

H (r} O 4cps

O. 8c:ps 1, 4c ps s

Meinwald and Lewis (31) have suggested that the two hydrogens couple by
-a diract interaction inwvolving appreciable overlap of the "rear lobes"
of the hybrid orbitals, Alternatively, Barfield (37) has proposed that
the long range coupling ic due to non-perfect pairing of bonding elec-
trons and showed taht the maximun long-range coupling constants require
the two interacting protons in a planar zigzag arrangement,

Although the mechanisms of longerange ooupling of e,s.r, and n.,nm,r,
may differ, the analogy is interesting for two reasons, It not only
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supports our assignment that strong interactions are due to exo or anti
é_—hydrogen atoms, but it also ilmplies that our results can ba used to
facilitate the analysis of n.,m,r, spectra of bicyclic compounds having
similar structure,  Therafore, it would be predicted that exo Ce5 and
C-6 hydrogen atoms will couple with C-2 and C-3 hydrogens in 7,7=die
methylbicyelo/2,2, 1/heptene-2,

The classical resonance structures indicating the splittings of
hyﬂmgen atoms X to the carbon carrying the free eleotron by hyparconju-
gation are no longer applicable to the bridged bicyelic systems, .Struce

ﬁ&a&&

(XVII) O- (X1IT) o=
(XLIIT) (XLIV) H an

tures (XLII) and (XLIII) are excluded because they would predict a hypere
fine splitting by bridgehead protons in (XVII), In addition, (XLII).
also viclates Bredt's rmle, Structure (XLIV) is also excluded since it
predicts eight nearly equivalent hydrogen atoms in the spectrum of
(XVII). Even in semidione (XXIII) where both the exo ani endo protons
interact with the unpaired spin their interactions are different in mage



nitude that structures of type (XIIV) can be excluded, Only the homocone
Jugation~type structure (XLV) accounts for the stereospecific long range
interaction of four equivalent protons,

The lack of bridgehead splittings in the semidione (XVII) where the
dihedral engle is exactly 90 degrees is in agreement with Heller and
MeCornell (19) equation and indicates that of splitting is indesd through
hyperconjugation and which shows a stereocelectronic restriction,

To explain the splittings caused by bridgehead protons, one is
compelled to draw partial double bonds for semidiones in which the die
hedral angle of tha proton is not 90 degrees as exemplified by (xLvI).

(xLvI)

The splitting of C-7 gyn hydrogen in semidione (XXII) is the most
difficult to explain, The strong splitting of C.7 anti hydrogen atoms
(6.5% G) probably “induces%a spin density at Ce7 which then interacts
with C7 syn hydrogen by spin polarization, The observation of C-7 sym
methyl protons of semidione (XXIV) can be similarly explained,

The I’ splittings of methyl protons of semidiones (XIIT) and (XXV)
can be accounted for by structures (XLVII) and (XIVIII), The choice of
the anti over -the sym methyl group as the cause of the splittings is
based on the facts that the anii methyl splitting is consistent with
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O
CH
- 3 0O —
(XLVII) (XLVIII)

Weplan zigzag arrangement, In semidione (XIX) the two endo methyl
groups do not interact with the p,-ortdtal of the free electron irrese
pective of thelir close pmd.mity.- Quartet splitting of about 0.5 G is.
not observed in semidione (XXIV) but are observed in (XXIII) and (XXV).
To substantiate this choice, semidiones (XIIX) and (L) should be pre-
pared, The latter can also be used to verify the assumption made above

A A

(XLIX) L)y . (11)
that the C~7 antl hydrogen aton is responsible for the splittings of the
C~7 syn hydrogen atom and the C«7 syn methyl protons,

Structures similar to (XIVI) e.g. (ILI) can be used to account for

the bridgehesd methyl hydrogen atom splittings in (XXIV) and (V).

However, the observation that nane of the three methyl groups of (XXVII)

interacts with the unpaired spin remsins as a perplexing problenm, |
Thé inconsistency of the splitting of endo hydrogen atoms in semi-
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diones of the bdqyclo[é,z,ﬂheptane system is rather difficult to
account for, By comparison of the following formulas it appears that

Ay dy Ay Ay

(XXII) none  (XXIII) two (XXIV) none (XXV) one
the two methyl groups at C.7 alter the geometry of the seﬁd.dionas teo
such an extent as to force the two endo protons into positions that will
cause an interaction with the gz-orbital of the unpaired eleg}ron.' A
methyl group in the bridgehead :eems to insulate th:'nts kind of inter
action which is why only one of the endo protons interacts in semidione
(XXV), This also explains why the C+7 endo proton in (XXVI) interacts
but does not in (XXVII).

A similar type of direct interaction probably operates in the semiw
dione(LII) which was prepared by the oxidation of the ketone derived

(LIT) (1III) (1xv)
from decahydro=1,2,5,8«ex0, endo~dimethano-exo=2=naphthol, Its spectrum
(Figure 28) consists of eight lines of equal intensity with ab = 8,22,



Flgure 28, First derivative e,s.r, spectrum of semidione (LII) prepared by reaction of a trace
oxygen with 1,4,5,8.endo,exo-dimethano-2-decalone (0.05 M) in DMSO containing
potassium t~butoxide (0,10 1) at 259,
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5.29, and 1,42 G which could be attributed tc the three hydrogen atoms
indicated in (LII), However, the lack of triplet splitting from the
hydrogen atoms at 4a and 8a carbons as would be expected for (LII) toge-
ther with the failure to prepare the analogous semidiones (LIII) and
(LIV) points out that the interpretation is rather doubtful, These
three interesting semidiones probably can be prepe}red from their respeo=
tive diketones by reduction, However, the diketones are presently une
known,

In future studies should be extended to larger and smaller bicyclic
systems, for example, semidiones (LV) and (LVI), to see the effects of ‘

O. .
/ (rv) O- {LVI) g-

ring size on the splitiing of bridgehead hydrogen atoms and the strong
interaction of B hydrogen atoms in the Weplan arrangement. |
Besides preparing those additional semidiones previocusly suggested,
the following semidiones should be preparzd to gain more information so
cH3

Hy
» CH3 .

ch

A Ay
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as to obtaln a concrete assignment of splitting constants to the right
protons,

_Another group of radical anions that display long range W=plan
couplings are the semiquinones with bicyclic substituents, In the
course of this work semiquinones (LVII) and (LVIII) were prepared, These

O- ’j .
O~ ;_
(LvII) (LVIII)
semiquinones, whose e,s,r, spectra are shown in Figure 29 and 30, are
readily formed by dissolving the corresponding hydroquinone acetates in
DISO containing potassium t-butoxide, The spectrum of (LVII) shows
triplet and quartet splittings; a® = 2,50 and 0,70 G respectively.
These h.f,s.c are assigned to aromatic hydrogens, exo hydrogens at C=5
and C-6, and to the anti hydrogen at C-7, The spectrum of (LVIII) shows
triplet, doublet and quartet splittings; a = 2,34, 0.80, and 0,40 G;
respectively, They are assigned to aromatic hydrogens; syn hydrogen at
C.7; and two olefinic hydrogens and antl hydrogen at C-7; respectively,
Regardless of the fact that long range interactions are influenced
strongly by subtle changes in geometry of the bicyclic semidiones, the

extension of this work to the assignment of structure of derivatives of
bicyclic ketones of gynthetic or natural origin is obvious and in certain



Figure 29, First derivative e,s,r, spectrum of semiquinone (LVII) prepared by dissolving
5,8-diacetoxy-1,2,3,lktetrahydro=1, b-methanonaphthalene (0,05 M) in D}SO containing

potassium t-butoxide (0.10 M) at 25°,
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Figure 30, First derdivative e.'s.r.: spectrum of semiquinone (LVIII) prepared by dissolving
5,8-diacetoxy~1,4=dihydro-1,b-nethanonaphthalene (0,05 M) in DISO containing
potassium t-butoxide (0,10 M) at 259,
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cases an assignment can be made without a full assignment of all hyperw
fine splitting constants,
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EXPERIMENTAL

endo, endo-Bigxclo(?..2.22-2-octone-§:&dicubo&lic anhydride (26).

To a solution of 51 g. (0.52 mole) of maleic anhydride in 150 ml, of
benzene chilled in an ice bath was added with stirring 41,7 g. (0.52
mole) of 1,3=-cyclohexadiens, A yellow-green color developed immediately

. and dissappeared after 8 hours at room temperature, At the end of this
period there was obtained 59.2 g. of a needle, mp, 140.144°, After two
recrystallizations from benzene, the melting point was raised to 14:6-147°
The mother liquor gave 23,2 g, of a second crop, The reaction gave the
anhydride in 88,7% yield,

endo,endo-jL&DimethxlolbigcloZZ.Z,ZZoctene-Z (38), Ina1l,

three necked round bottom flask equipped with a mechanical stirrer, a

stopper, and a Soxhlet extractor with an efficient condenser was placed
10 g, of lithium aluminum hydride and 500 ml, of anhydrous ether, In
the thimble was placed 34,3 g. of g_mi_o_._e_r_x_dg.bicyclo[z,2,27-2-octene-5,6-
‘dicarboxylic anhydride, The solution was heated to reflux till all the
anhydiide was added to the flask, Water was added dropwise to the cold
mixture to decompose ‘I;.he excess lithium alwminum hydride, The mixtuxe
was poured into an ice-hydrochloric acid mixture and extracted three
times with ether, The combined ether extracts were washed with water,
dried over anhydrous sodium svlfate, and concentrated to give 12,6 g, of
endo, endo-5, 6-dimethylolbicyclo/2,2,2/octene-2, m,p, 92-94°, vhich was
recrystallized from ether at =5° to give 10,4 g, of pure diol, m,p, 93~
94°, From the mother liquor, there was obtained 2,6 g, of a second crop
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of the diol (total yield: 48,2%),

Ditosylate of endo, endo-5, 6-dimethylolbicyclo/2,2,2 octene=2
endo, endo-5,6-Dimethylolbicyclo/2,2,2/octene-2, 10.4 g, (0,062 mole),
was dissolved in 120 ml, of freshly distilled pyridine (over barium
oxide) and chilled in a salt-ice mixture to =5°, To the cold solution
was added 30 g, of p-toluenesulfonyl chloride-(recrystallized from pens
tane prior to use) in small portions over a 30 mimutes period, The
solution was kept in a refrigerator for two and one half days, lhence
the ccntents were poured into 1.5 1, of ice water, A white solid appear=
ed after scraping the wall of the flask, It was colleoted in a funnel
by filtration and washed with oold dilute hydrochloric acid solution to
remove pyridine, The solid was dried over anhydrous calcium chloride in
a vacuum desiccator overnight, then recrystallized from benzene and pen-
tane to give 20 g, (69%) of the ditosylate, m,p,99-101°, Further recry=-
stallization from cyclohexanefl':enzene mixture raised the melting point
to 102-1046,

endo, endo=5, 6-Dimethylbicyclo/2,2.2]octene-2 (39)., In a 500 ml,
round bottom flask equipped with a Soxhlet extraction apparatus was
placed 8 g, of lithium aluminum hydride and 300 ml, of ether., In the
thimble was added 18 g, of the ditosylate which was added to the reace
tion flagk by solution in refluxing ether, 'i‘ha'mixhlm was heated for
20 hours with magnetic stirring, At the end of this period, water was
added cautiously to destroy the excess hydride, The mixture was filtere
ed with difficulty, The solid was dissolved in 6 N hydrochloric acid
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solution which was extracted with ether, The ether extraots and the.
filtrate wore combined, washed with dilute potassium. hydroxide solution
and water, and dried over anhydrous sodium sulfate, The ether was re-
moved by distillation to give 4,2 g, of a liquid which was distilled to
give 3,14 g, of endo,endo-5,b-dimethylbicyclo/2,2,2/octenew5, (57.5%),
b.p, 145-148%/749 mn,, Apoy 2,79 4 (cis ~CH=CH-), n,m,r, vinyl to methyl
protons =2 to 6. |
endo, endo-5, 6-Dimethylbicyclo/2,2,2/octane2-0l (40), To.a mixture
of 2,87 g. of endo,endo-5,6=dimethylbicyclo/2,2,2/octene=2 and 0,5 g, of
sodium boronhydride in 15 ml, of diglyme was added dropwise 2 g, of
boron trifluoride etherate in 5 ml, of diglyme with stirring over an
hour period, The mixture was allowed to stand for an hour before 2 ml,
of water was added to destroy the excess hydride, .Then, 5 ml, of 3 N
sodium hydroxide solution was added, Finally to the mixture was added
5 ml, of 30% hydrogen peroxide solution at.such a rate as to keep the
mixture refluxing, The mixture was extracted with ether, washed with
water, dried over anhydrous sodium sulfate. Removal of ether zave
3.64 g, of a semisolid which was filtered to remove some oily material,
sublimation of the solid yielded 1,96 g, of pure alcohol, m,p, 94=96°,

(69.5%).,
endo, endo-5, 6.Dimethylbicyclo/Z,2,2/octane2-0ne, To 1,52 g, of

endo, endo=5, 6=dinethylbicyclo/2,2,2]octan~2-0l in 2 ml. of glacial
acetic acid was added dropwise 0,65 g, of chrordum trioxide in 3.5 ml,
of glacial acetic acid and 0,9 ml, of water, The mixture was stirred
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at room temperature for 8 hours, The mixture was poured into water and
extracted with ether, The ethereal solution was washed with saturated
sodium bicarbonate selution followed by water and dried over anhydrous
sodium sulfate. bRemoval of ether gave 1.5 g. of a solid, which was sube
limed under vacuum to yleld 1,14 g, of endo,endo~5,6-dimethylbicyclo=
[2,2,2]octan-2-one (75%), m.p. 67.5268,5°, Npay 5.81 p#(CCL,;). The n.m,r,
spectrum showed two different methyl protons centered at 0.75 and 0,93
P.p.n, from tetramethylsilane,

Anal, Cacld, for CygH160: C, 78.90; H, 10,66

Founds c, 78,78; 4, 10,82

Norcamphorquinone, A mixture of 5 g, of norcamphor and 5 g. of
selenium doxide in 15 ml, of xylene was refluxed and stirred for four
hours, The selenium was filtered off, The filtrate was distilled to
remove xXylene, The red residue was distilled under vacuum to give a
semisolid, which was sublimed under vaccum to give a yellow solid with
some oily material, It was resublimed but failed to give a well defined
melting point as reported, 112-113° (41), . _

Isosantene (exo and endo) (42), A mixture of }meﬂvhomamphane-

2.methanol (50 g.) and 8 g, of sodium in 60 ml, of toluene was refluxed
for 23 hours, The excess sodium was removed from the cold solution and
then was diluted with 120 ml, of ether before 30 g. of carbon disulfide
was added 'aropd.se to it, Thirty minutes after the addition of carbon

disulfide, 50 g. of methyl iodida was added, The mixture was refluxed

for four hours, The cold mixture was poured into water, The arganic
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layer was washed with water, dried over e.nhydrdus sodium sulfat,e, and
distilled under vacuum, The higher boiling fractiom, b,p, 129-130°/2,1
m,, was pyrolyzed between 260-280° to give a liquid which was distilled
over sodium twice to yield 27,2 g, (62%) of isosantene isomers, b,p,137= |
140°, |

Santenol (¥and f) (43), Isosantene (23.81 g,) was heated with 48

ml, of glacial acetic acid in the presence of 24 drops of concentrated -
sulfuric acid over a steam bath for four hours, The mixture was poured
into water, extreoted with ether, The ether extracts were washed with a
107 sodiur hydroxide solution and then with water, and dried over anhy=
drous sodium sulfate, Removal of other and distillation under vacuum
yielded 27,8 g, (73.3%7) of the acetate; with predominant I.R, peaks at
5,750, 8,044 Tne acetate was hydrolyzed with excess potassium hye
droxide in 40 ml, of 954 ethanol, The santenol isomers was distilled
under vacuum through a short and wide coulumn into a receiving flask
chilled in ice, The reaction gave 19,37 g. of santenol isomers, m,p.S8i=
87°.

A~ 2nd B~ Santenone, To 3 g. of santenol isomers in 1,6 ml, of

glacial acetic acid was added dropwise a chromium trioxide (1.5 g.)
solution in 0,9 ml, of water and 1,5 ml, of glacial acetic acid, The
mixture was stirred magnetically for 9 hours, The mixture was diluted -
_with water and extracted with ether three times, The eother extracts
were combined, washed with a-saturated sodium bicarbonate solution and
then with water, and dried over anhydrous sodium sulfate, Removal of
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ether gave an oil which was shown to have two major components by g.p.c.
The two components were separated by preparative g,p.c. by discarding -
the overlapping fractlon, The first peak consisted off-santenons, Its
n,m,r, spectrum showed two different methyl groups, a singlet at 1.66
P.P.m, and a doublet centered at 1.46 pP.p.m, Its semicarbazone melted
at 224.226° (1it, (44) 223-224°), The second peak consisted of X=sane
tenone, Its n,m,r, spectrum also showed two different methyl groups, a
singlet at 1,66 p,‘p.m. and a doublet centered at lower field 1.8 p,p.m.
Its semicarbazone melted at 205.210° (1it, 235-236°),
2-Mthyl-2-norborneol, A solution of 33 g. (0.3 mols) of norcamphor

in 100 ml, of anhydrous ether was added dropwise to excess methylmage .
nesium iodide, prevared from 71.5 g. of methyl iodide and 25 g, of mags
nesium in 260 ml, of ether, When the addition was completed, the mixture
was hydrolyzed in a saturated ammonium chloride solution and extracted
with ether three times, The ether extracts were combined, washed, and
dried over arhydrous sodium sulfate, Removal of ether yielded 38,32 g.
of a liquid which was distilled under vacuum to give 31,7 g, (85%) of

2-methyl=2-norborneol, b,p, 72-74°/14 rm,

1-Hothyl-2-norborneol (45). In 60 ml, of glacial acetic acid was
di.ssolved 31;6 g, of 2emethyle2-norborneol, The mixture was heated at
50-60° in the presence of 40 drops of concentrated sulfuric acid for 5
hours, The light yellow liquid was added to water and extracted with
ether, The ether extract was washed with sodium bicarbonate solution
and water, dried over anhydrous sodium sulfate, and concentrated to give'
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a liquid, which was distilled under vacuum, The last fraction was dise
" tilled through a spinning band column to give 16,8 g. of pure lemethyle
2-norbornyl acetate, The acetate was hydrolyzed in 95% ethanol containe
ing excess potassium potassium hydroxide to give 11,3 g, of i-methyle2-
norborneol, m,p, 72=75°, after distilled under vacuum (b,p, 84°/20 m,),
i.Methylnorcamphor, In 10 ml, of glacial acetic acid was dissolved

11 g. of l-methyleZenorborneol, To the solution was added dropwise a
chromium trioxide (6.5 g.) solution in 6,5 ml, of glacial acetic acid
and 4 ml, of wa‘t;er. The mixture was stirred for five hours before it
was diluted with water and extracted with ether, The ether extracts
wore combined, washed with a saturated sodium bicarbonate solution and-
water, dried over anhydrous sodium sulfate, and concentrated to give a
liquid, The liquid was distilled under vacuum to give 7.5 g.. of 1-
methylnorcamphor, b.p. 63=65°/15 mm, X maocde T

8-Thiabicyclo/3,2,i/octan-3=one, A mixture of 6,63 g.' of tropinone
methiodide and 6,63 g. of NayS:9H,0 in 35 ml, of water was heated under
nitrogen atmosphere at 80-90° for three hours, 'The cooled mixture was
extracted three times with ether and the extracts was concentrated, The
crude product was steam distillsd to give 50% of the ketone, m.p. 153.
155° (1it, m.p,.155°) (L),

S<Norborenen-2-one, To a solution of 5 g, of S=norborencne2-ol in

50 ml, of acetone chilled in ice was added dropwise under nitrogen 20 ml,
of chromium trioxide reagent (47) (prepared from 26,7 g. of chromium
trioxide in 23 ml, of concentrated sulfuric acid diluted with water to



a volume of 100 ml,), The addition was finished in 30 minutes to give
a green rixture which was diluted with 200 ml, of water and extracted
three times with ether, The ethereal solution was washed with saturated
sodium bicarbonate solution and then with water, and dried cver anhy-
drous sodium sulfate, Removal of ether gave 3 g, of an oil;) . 5.7H4
semicarbazone, m,p. 2054206°(decomp,) (48) X pure sample was obtained
by preparative g.p.c. which wag used for n.m.r, ana.]y;ia and e,s,¥,
experiment,

cis-Dimethyl hexshydroisophthalic acid, In a Parr high pressure

reactor was charged 5 g, of platinum oxide, 300 ml, of glacial acetic .
acid, and 102 g, of dimethyl isophthalate, which was prepared by ester'.
fication of isophthallo acid with methanol in the presence of catalytic
amount of sulfuric acid, The reactor was evacuated, pressurized with
hydrogen, and kept at 50 psi until no more hydrogen was absorbed, After
the pressure was released, the contents were filtered, The filirate was
distilled to remove the acetic acld to give a fragrant liquid which was
distilled under vacuum through a spining band column to separate the _ga._s
and trans isomers, The higher boiling cis-dimethyl hexahydroisophtha=
late, b,p, 148/20 mm,, was obtained in 50% yield, The diester was hy-
drolyzed to give 42,7 g. of the diacid; which after one recrystallizae
tion from water molted at 156-158°,

ci s-Hexahydroisophthalic anhydride, Under & hood, a mixture of 20
g. of cis-hexahydroisophthalle acid and 26 g, of acetyl chloride was
heated over a steam bath for three hours, Excess acetyl chlordide was
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was romoved by distillation, The residue was allowed to cool and then
filtered to give 15,2 g, of the anhydride, which was recrystallized from
benzene to give 13,8 g, of pure anhydride, m.p. 186-188°,

Half methyl ester of cis-hexahydroisophthalic acid, A mixture of
13,8 g, of cis-hexahydrolsophthalic anhydride and 2,87 g, of anhydrous
methanol was heé.ted over a steam bath for an hour, The reaction mixture

was chilled in an ice bath, then filtered, The solid was washed with a
small amount of pentane to give 15,5 g. of the half ester, m.p, 57=59°,
cis-Hexahydrohomoisophthalic acid (49), The half methyl ester of
cis-hexahydroisopathalic acid (15,5 g.) was added to a chilled solution
of 12,5 ml, of thionyl chloride in 50 ml, of benzene containing a few
drops of pyridine, The mixture was protected =szainst moisture by a dry-
_ ing tube and let stand for 90 minutes at room temperature, The solvent
was removed by distillation, more benzene added a.nd\ the distillation
repeated., The solution was filltered to remove some pyridine hydrochloe
ride and added dropwise to 300 ml, of an ethereal solution of diazomew
thans, (which was prepared from 30 g, of Nenitrosomethylurea), at 0=5°,
'Thirty mimites later, the ether was removed under a reduced pressure ‘bo
give 2 yellow oil which was taken up into 30 ml) of anhydrous methanol,
To the methanol solution was added dropwise 10 ml, of triethylamine cone
taining 1 g, of silver benzcate (50), After nitrogen evolution stopped,
a small amount of Norit A was added to the mixture before it was heated
to reflux, The cold mixture was filtered and the filtrate was distilled
to give an oil, The oil was distilled under vacuum to give 13,1 g, of
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cis-dimothyl hexahydrohomoisophthalate, b,p, 118-121°/3 mm, The ester
was hydrolyzed to the diacid, m,p., 155=-157° (from water),

Bicyclo/3,2,i/octan~6-0one, A mixture of 4,2 g, of cis<hexshydro=
homoisophthalic acid, 3.5 g, of barium oxide, and & ml, of walter was
stirred and heated over & steam bath for three hours, The white barium
salt was dry distilled between 360-370° to give a waxy solid, vhich
melted at 148-150° [lit, 157-158° (51) and 150-152° (52)/ after sublie
mation under vacuunm; %max 5.75 K.

ciseBishomuhexshydroisophthalic acid, Protected from moisture by a

drying tube, a mixture of 10 g, (0,0526 mole) of cis-1,3-hexahydroisos
phthalie acid and 22,3 g, (0.1032 mole) of phosphorous pentachloride in
50 ml, of benzene was refluxed over'night.' Removal of solvent under
reduced pressure gave an oil which did not contain any acid or anhydride
as indicated by its infrared spectrum, The oil (the diacid chloride)
was added to an ethereal solution of diazomethane (prepared from 30 g.
of N-nitrosomethylurea) to give a yellow solid which was taken up inte
150 ml, of anhydrous.methanol, To this solution was added dropulse 20
ml, of tﬁethylamine containing 2 g, of silver benzoate, After the
evolution of nitrogen ceased, a small amount of Norit A was added before
the mixture was heated for 30 mimites, The mixture was filtered after
the solvent was removed to give 0.5 g. of an unidentified solid, The
filtrate was dissolved in ether and washed with sodium bicarbonate solu-
tion, dried over anhydrous sodium sulfate,. and evaporated to give an oil
which was distilled under 'vacuum to give 6,9% g, of the diester, b.p.
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102.104°9/0,65 mm, The diester, 3.1 g. was hydrolyzed %o give 2.1 g, of
the diacid, m,p, 136-138°, This diacid had a neutral equivalent of 207
(caled, ,200),

Bicyclo/3,3,1/nonan-3-one, A mixture of 1,36 g, of cis-hexanydro=
bishomoisophthalic acid and 1,53 g, of barium oxide and 2 ml, of water

was heated in a mortar over a steam bath to diyness, The salt was
ground to a fine powder and transfered to a tube which‘was then sealed
under vacuum, The salt wacthen heated between 360-380° for 2 hours,
There was obtained 400 mg, of the ketone in the cold end of the tube,
The solid melted at 175-177° (1it, 180-182°)(53) after sublimed under
vacwm; Ay, 5.854, 2,4edinitrophenylhydrazone, m,p, 206-208% (1it,
208.209°),

Nopincne (54), E-Pinene, 20 g, in 250 ml, of carbon tetrachloride
was ozonized at Oo. The ozonide was allowed to stand in the solution
ove:miéht bofore addition to a mixture of 100 mi, of 30% hydrogen per-
oxide and 100 ml, of 103 sodiun carbonate solution, The mixture was
stirred for 30 mimutes and then heated for 30 mimutes at 70°, The solue
tion was then washed with water, dried over anhydrous sodium sulfate,
and concentrated to give an oil, The oil was distilled under reduced
prossure to give 8,44 g, of nopinone ( $0% pure by g.p.c.). A pure
sample was obtained by preparative g.p.c., and was used for n.m,r, anaiy..
sis and for e,s,r, experiments, '

. 1,2,3:4.10, 10-Hexachloro=5,56,7,8,ka, 8awhexahydro=1,4, 5, 8~endo, endo=

dimethano=beexo=naphthol (40), To 52.7 g. (0.144 mole) of Isodrin and
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1.5 g, of sodium borohydride dissoclved in 140 ml, of diglyme was added .
8.5 g. of boron trifluoride etherate in 10 ml, of diglyme over an hour
period, The mixture was stirred for an additional hour before 20 ml, of
water was added to decompose the excess hydride, To the mixture was
added 20 ml, of 3 N sodium hydroxide solution followed by 20 ml, of 30%
hydrogen peroxide solution at such a rate as to maintain a gentle re=
flux, The reaction mixture was poured into 700 g, of ice and extracted
four times with ether, The ethercal solution was washed with water and
dried over anhyurous sodium sulfate, The ether was removed by a
rotarary evaporator to give 62,4 g, of an oil, which show alcoholic (
2,754, 2.8?/1) and olefinic (6,244) absorptions in its infrared spectrum,
This alcohol was used directly in the following reaction without purifi-
cation,

6, 7-Dehydro~1,4, 5. 8-endo, endo-dinethano-2-decalone (55, 56). In

320 ml, of tetrshydrofuran containing 140 ml, of t-butyl alecohol was
dissolved 15.g, of the crude alcohol prepared above, The mixture was
chilled in an ice bath before 18 g, of finely cut lithium wire was added
under nitrogen, The ice bath was removed and the mixture stirred,

After a while the mixture started to reflux, When the refluxing stopped
the excess lithium was removed by pouring the mixture through a glass
wool plug, The solution was poured into one liter of water and extract-
ed with ether, The ether extracts were combined, washed with water, and
dried over anhydrous sodium sulfate, Removal of ether gave 8,2 g, of
an 0il, The oil was chromatographed over 200 g, Woelm alumixga contain.
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ing 8 ml, of water and eluted with Skelly A containing 10% of ether to
give 2,3 g. of the dechlorinated alcohol, m,p., 97.5=98.5%, 1 g, of which
was oxidized with excess chromium trioxideepyridine mixture (57) to give
the decalone in 81% yleld; m,p, 127-129 (1it, 128-130°) (58), A, 5.744
1,4, 5,8-endo‘,endo-Dimethano-Z—decalone. Hydrogenation of 1,2,3,4,"

4a,5,8,8a=0ctahydro-1,4, 5, 8-endo, endowdimethano-2-gxo-naphthol with 109
palladium on charcoal as the catalyst in ethanol gave .a quantitative
© yield of decahydroe1,%,5,8-dinethano=2-exo-naphthol, m,p. 106-107°%;
which was oxidized with chromium trioxide in acetic acid and water mix-
ture to the ketone, m,p, 89-91°, A 5.734

1.%, 5. 8-endo, exo~Dimethano-2-decalone, To 200 mg, of decahydro=

1,4,5,8-endo, exo-dimethano=exowZ=naphthol in 1 ml, of glacial acetic
acid was added slowly 100 mg, of chromium trioxide in 0,5 ml, of glacial
acetic acid and a few drops of water, The mixture was stirred for two
hours and then poured into water, and extracted with ether, The ether
extracts were washed with saturated sodium carbonate solution and then
with water, dried over anhydrous sodium sulfate, Removal of ether gave
an oil which was sublimed under vacuum to give 121 mg, of the ketone,
m.p, 36-37°, M. S.THA

Bicyclo/2,2 2[octan-2-one, Bicyclo/2,2,2/octanyl acid phthalate
was hydrolyzed to the alcohol, m,p, 218-220°, in 95% ethanol containing
excess of potassium hydroxide, The alcohol was oxidized with chromiim
trioxide in acetic acid and water miz.’cure to the ketone, n,p. 175-17?°.

Arax 5:804
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SOURCES OF CHEMICAL

The DiSO used in these studies was obtained from Crown Zellerbach,
The solvent was dried and distilled from calcium hydride at reduced
pressure between 60-80°, dg=-DMSO was purchased from Columbia Southern
and distilled in the above manner prior to use,

Potassium t-butoxide was either made by the reaction of potassium
with t-butyl alcohol or purchased from MSA Research, and was sublimed
under reduced pressure at 170° prior to use,

Mary compounds used in this study were kindly supplied by other
workers and were used directly without further purification. They are
listed in the following table with commercially available. compounds,

Cherrical.. Source
Bicyclog.z,goctanp}one Prof, C, W, Jefford (59)
Bicyclo/3,2,1/octan-2«0ne Prof, H, M, Walborsky
Bicycle/3,2,2/nonan-3«0ne Prof, C, W, Jefford
Bicycl,o{g.z.?%oct .acid phthalate Prof, H, M, Walborsky
Bicyclo/2,2,2/octane=2, 3=dione Prof, P, Yates
1,3-cyclohexadiene Aldrich v )
Atisine derivatives ~ Prof, 0, B, Edwards (28)
1-Methyllenethoxybicyclo/2,2,2]octana .

2-0ne Dr, K, Morita (25)
1, 5-Dinethyl-Yt-methoxybicyclo/2,2,2]/~ ,

octan=2-one Dr. K, Morita (25)
Norcamphor Aldrich
o wBromonorcanphor Dr, L, G, Schnack (60, 631, 62)
d-Bromobicyelo/Z,2, I/-5-heptense2eone  Dr, L, G, Schnack (60, 61, 62)
Apocamphor - Pmf, H, C, Brown
Camphor Geo, T, Walker & company
3-lethylnorcamphane-2-methanol Aldrich
Camphorquinone Alérich

"d=Bromocamphor Aldrich
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acetate
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Aldzich
Ald=ich

Jelsicol

Prof, J. X, Stille (63)
Prof. G. Eiflchi (&%)
Peof, G, Quinkert

Prof, J, Moinwald

X fa Inorganics

Dr, L. G, Schnack (63, 66)
L, G, Sctmack (67)
L, G, Schnack (638)

Dr, L, G, Schnack (69)
L, G, Schnack (70)
L, G. Schnack (70)

Prof, S, J, Cristol

Dr, W, Trahanovsky
.2‘0.1.. N. Ioebel
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APPENDIX

Ketones that failed to yield semidiones upon oxidation and have nof.
been mentioned in the text are 4,5-ethanobicyclo/2,1, {/hexan-2-one, endo-
7-isopropylidene-bicyclo/2,2, 1/heptan-2-one, and endo=7=isopropylidene~
bicyelo/2,2, 1/-5-heptene=2-one,

Attempts to reporduce the result reported for tropinone (15) were
unsuccessful, Oxidation of tropinone in the usual manner gave apparently
a mixture of radical anions since the resulting e,s.r, spectrum was an
unsymmetrical one, Furthermore, this spectrum does net, in anyway,
rosemble the one reported (doublets of a quartet), "

«=Santenone appeared to be pure by g.p.c. but it slowly formed a
mixture of radical anions in low yield upon oxidation as the e,s.r.
spectrum was not well resolved,

Treatment of £ -bromocamphor with a basic DMSO solution failed to
give camphorsemidione, In this case WagnerwMeerwein rearrangement leade

ing to a ketone which could not give a semidione might have occurred,
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SUMMARY

<0
The e,s.r, spectra of acyclic or monocyclic semidiones RC=CR

involve predominant hyperfine splitting by hydrogen atoms & to the dicare
bonyl system, This splitting is a function of the dihedral angle (gnz
Cosze) between the carbon-hydrogen bond and the carbonyl carbon p,-orbi-
tal, Hydrogen atoms £ to the dicarbonyl system interact only weakly
with hyperfine splitting constants (n.f.s.c) considerably less than 0.5
gauss, Bicyclic semidiones derived from decalones and other ketones
with 1,2«ring ﬂsion do not display any umusually strong h.f.s, by £
bydrogen atoms, . However, extremely strong splittings by certain f-hydro-
gen atoms were observed in many bridged bicyclic semidiones,
Bicyclo/2,2,2]octane-2, 3=semidione (1) showed a quintet e.s.r,
spectrum, The hyperfine splitting is believed to be due to the four
hydrogens exo to the dicarbowl -system since a similar quintet is

obgerved for l-methylelemethoxybicyclo/2,2,2/octane«2,3=semidione (2),
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while endo,endo-5,6-dinethylbicyclo/2,2,2/octanes2,3-semidione (3) gives
¢« ' no line (triplet of triplets) e.s.r. spectrum which demands the ine
teraction of two pairs of equivalent hydrogen atoms which are necessarily
in the anti positions., The exo ¢r anti splitting by hydrogen atoms in

a V=plan or zigzag arrangement with the carbonyl carbon Bz-orbital is

H
O-

consistent with the quartet splitting observed for the semidione prepared
from the atisine derivtives (4), E,s.r, spectroscopy thus provides a
convenient method for assigning structure to substituted bicyclo/2,2,27-
octanones, The Semethyl group in 1,S-dimethylnkmethombicyc].o[z,z,z].
octan~2-one is assigned the syn structure on the basis of the semidione
(5) whose e.s.r, spectrum shows a quartet and a doublet splitting,

In. bicyclo/2,2,2/octane-2,3-semidione the dihedral angle (6) of the
bridgehead hydrogen atom is exactly 90 degrees and this hydrogen does
not interact with the unpaired electron, However, hyperconjugation is
not completely restricted for bridgehead hydrogens in other biecyclic

systems where ©<90 degrees, Thus, bicyclo[:'z,z.ﬂheptane.2,3-senﬂ.dione

Hw-H CHy~~CH; H—-CH3 CH H;
H
H . H H '3 H - . H H .
’ H e QRN

(6) (7) (8) (9
(6) showed a more complex e,s.r. spectrum involving doublet, quintet,
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doublet h.f,s, These splittings are assigned to the anti.7-H, the C.1,
C-l, exo C-5, exo C=6, and to the syn 7-H, respectively, These assigne
ments are based on the e,s,r, spectra observed for semidiones derived
from apocamphor (7), B-santenone (8), and camphor (9), Under low resolue
tion (7), (8), and (9) give quintet, quintet, and quartet splittings,
respectively, The only combination of hydrogen atoms that would predict
such major splitting and also be consistent with the spectra of (6) and
(3), would be nearly magnetically equivalent hydrogen atoms at C-1, Cek,
exo Ca5, exo C<6 and anti C-7, Under higher resolution differences in
these hydrogen atoms can be observed in addition to smaller splittings by
methyl groups.[one in (7), two in (8) and (9)/ and by the endo hydrogen
atoms in (7) and (8) with smaller h.f.s.c, |

The W-plan long range interaction and splitting due to bridgehead
hydrogen atom are also observed in bicyclic semidiones (10-15) with addi-

CH CH3 H CH3 Hy

(10) (11) (12)
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tional smaller splittings by some endo and syn hydrogen atoms, and by

methyl groups, Analysis of the hyperfine splitting in semidiones (10-14)
is simplified by the fact that in dg-DMS0 the d-hydrogen atoms, with the
exception of those at a bridgehead, are replaced by deuterium atoms with
a resultant change in the e,s.r. spectrum (al = 1/6,4 al),

It was also observed that an unpaired spin can be transmitted to
p-orbitals which is in the Weplan arrangement with the D, -orbitals of
the dicarbonyl system since all hydrogen atoms in semidiones (16) and

(17) interact with the unpaired electron,

(16) . (17
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