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. | . < | ABSTRACT -
- "L' C e ;oo
Part One of thié thesis ‘describes a.étﬁdy ofvﬁhe
photoéhemistry of 4-aryl-l,2-dithiole-3-thiones. Irradia-
tion of 4-p-substitut d—phenyl—l,2—dithiole-3—thionés at

\>

1>420 nm gave couplilg photoproducts: 3,3'~bis-1,2«’
, . Iy .

dithidio-[3,4—b]—benzo£ phenyl derivatives. When 4-p-

ftof§féffé—dithiéle-B%thione was irradiated at ¥(>¥20 nm in

,QV'*;Ff’ the presence of olefins, vinyl 3-(4-tolyl-1,2-dithiolyl)
' sulfides were obtained. .°. .
! v

Part Two of this éhesis describes_woik done on the
—  photoaddition of 4,5-benzo-1,2~dithiole-3-thione to
cyclopentene ﬁnd'tetramgfhylethy%ene,to form 2-[2-(dithiole-
o . 1,3—ylidene)]—3,5—cyclohexadiene{i—;hione. The orthothio-
quinonés were fo&;d to react with stahaard dienophilés to |

give 4+2 adducts. The deep blue orthothioquinones are in .

‘"2 -~ thermal equilibrium at ambient temperature with the corres-

ponding colorless aimers (a l,2:5,6—dibenzo—3,4—d;thia—
) c&élobé%a-l,s—dieng ot l,2:5,6—dibenzo—3,7ig}thiacycloocta;
,"' ‘ﬁ;;¢5=di§ﬁ§:de:ivative) forfied B; 414 additign. The equi:i-
- bfié are sensitive not only to temperature but also to
light and the n;ture of the sol&ent. Thermodyﬁamié studies
have yielded energy parameters for the equidibria.
Y Part Threévof this thesis describes work déne on thHe

. '  biels-Alder reaction between a,f-unsaturated thioketones

iid
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‘and various aliphatic thioketones to form lf3jeithianes,.‘

The 1,3-dithianes obtained in this'study exhibit geometri-
v : »

cal isoﬂgfisation about, the 1,3-dithiolane ring. The

isomerisation was studied by means of nmr spectro;ZOpy and

Ll
L]

was féound to be acid catalysed.
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. PART 1: PHOTOREACTION OF 4-ARYL-1,2-DITHIOLE-3-THIONES
- CHAPTER 1 . )
N ) ' \/ ‘
, . INTRODUCTION ‘ s

Compared with the amounpt of work orn c¢arbonyl

c0mpounds7ithe phptochemistry of thiocarbonyl compounds may

be considered to be unexplored. One of the earliest .

investigatdions involving thiocarbonyl compounds was . .

Schonberg's -study (1) on the photodimeriiation of thiophos-

L 4 3

.t

‘ ' gene, i The photochemistry of aromatic:thioketones was

LI

i}

L@ he

' 5 ct. 4 cr
. s //JJ\;\ » hv g .
' ™~ . ““‘T‘fﬁ* >7<2* :><: .
cL . cl o a1 s & .

.

. I
s =

-
<

begurf approximately tén years later when the same group (2)

' .

,ipvestigated the photOeoxidation_of substituted_thiébenio-
phenones and related compounds. -

. The 'phot.ocycloadd;'.tion was in‘vesti:gated.by Kaiser

| ~ and WUlferS'(3), in 1964, when thé§=i££adiatéd ﬁhiobenzo-

phenones in the presence of olefins, Since then Ydntensive .

A

[




/

. ) a ae
. ‘vé

and systematic studie’ in this fielé have been carried out
in Tsdchihashi.;nd Ohno's laboratory as well as in our own
(4) with séora&ic contributions from other groups. S
We were iﬁtefested.to learn whether in an_alicyélic
ring system, an:a,B—unsaturated thione, or equivalent,
would react at the thione funcgion or at thefethyl;nic
,linkaée (as usually occﬁré with a,B—unsaturéted‘ketoneé),

The. system 1,2-dithiole-3-thione, 2, was chosen for our -

studies because it fulfilled the requirement of being an

-
- ’ ¢

a,8-unsaturated thione, and was readily accessible, ®

. L]
{ .

Photdgxcloaddition

The cycloaddition of enones to multiple bonds is a

well-documented reaction (5) and the usefulness of this

'reaction in organic synthesis has been widely investigated

: and'applied (6)s On the other hand, the corresponding

reaction with a,B-unsaturated thioketones has not yet been
reported. 'Thuq, when thiocholestenone is irradiated in the

,presgnce of olefing, it does not give any product which

1



©v

4

-~ .
appears to be derived from the addition of the olefin to {‘

the olefinig.linkage.in the thiqgetone (7).' A mixture is
obEained involving, apparentiy,%addition to the thiocarbonyl
group. A similar result is obtained when thioisophorone is
irradiated (8):'the addition og¢curs at the thiogﬁrbonyl

-

function only. Ishibe et al (9) have reported that the
‘ ~ ~ . .
irradiation of pyran and thiopyran-thione 3 leads to the

S
hv ~
360 nm - <
¢ X ¢
X=S, 0 :
3 . s
: ' )

formation of 4 in high yield. They did not isolate any '
' p
- dimeric preduct and the mechanism is unestablished, but it

would appear that the photochemical reactiQe site is again
the-ﬁhiocarbonyi funétion; v ; |
F;u{fey and cowotrkers (lO) 1rrad1ated 4-thiouracil :
der}vatlves, 5, in the presence of unsaturated nitriles to
obtainfa mixture of isomers 6 and 7. They proposed the
unstable thietan 8 as an intermediate which then decomposed

to the products isolated, Thus, all the o,B-unsaturated

'thlones here discussed reacE‘photochemlcally with multlple




o
f - :
H "CN’ ‘ 2
+ )
N '_
g [
H y
K4 . 5 hv ,,
. _. b
. . \/ '
. .
y .
. Y
< . B
- .O\\“
~ ( ’ »
Yl
CN CH.SH. ' L=

2

Fey Ry

e
L 0 N R

‘ .

.

bonds by means of the'CﬁS linkage: that ié, i
analogous to that of saturated thioketones. ’ .

. ‘ " It has been found that the mode Of.cycloaddition of

y ]



< )

olefins to the C=g'group of thiobenzophenone varies with

-

the.olefin substituent used. In addition, the reaction is
<; in« some cases Qavelength dependent. When the substiktuents

are not electron withdtawing, 1:} (thietane) or 2:1 (1:4 ~
dithiane} adducts are formed. With electron‘wiéhdrawing
'groubs only 1:1 ?thietaﬁe) adducts are obtained (11, 12). »

With the alicyclic thioketone, adamantanethione, the

thietan g'is the major producg (13). It has a}so been

hv

\%

olefin

found that when adamantanethione is.irradjated in the

P

absence of olefins, the head-to-tail dimer, 10, is obtained

9

13

' 7 ’
. - -
g
. _hv :;
v * 'S -
- . “,
Ve .
10 -




PN R “» ; . )
‘q¥antitatively. Similar reactidn products have not yet M

been observed after irradiation of aromatic thiocketones.

When an arcmatic thione such as‘ll, which has -the pdsition
v eri to the thiocarbonyl group vacant, is/irradiated, it
cyclizes to give derivatives of  thiophane 12 (14) in a v

.
- .

moderate yield. An ionic speciQs has been proposed as an

intermediate im the reaction. Here again, as is.so often
N ' [ .
- B the case with thiones, no example of such a fearrangemenp

is known in the ketonic series. It is interesting that

Pedersen and Mgller (15) have shown that the thiocarbonyl
v ¢ ~
¥ function in 4-phenyl-1,2-dithioles3-thione, 13, cyclizes to

—t——




.. ' N - v
: r

givg,ki underielectron’impéct id'ﬁhe mass spectrometer.
. ! N N L ]

. t ] ' '
The proposed structure 14 was ‘supperted by labelling
experiments, In‘4-pentadeute;id phenyl-1,2-dithiole~3-

* thione, an M-2 peak was present instead of an M-1 peak,
¥ These cyclisations, which resémble the photocyclization of
- ~ ‘ -

lé to the benzofuran detivatiyelig (16), are relevant to

T - ~

OAC" o ‘ .
RN

A
) —>
_MeO 4 o '
s— 16 . .
the work to be discussed. After the present studies had
begun, Okazaki (17) reported that S-phenyl-1-2-dithicle-3-
. [y . :
Jthione, ll,’undergoes.ﬁhotoaddition with various olefins to
give a 1:1 adduct of tybe 18 whep 254 nm light was used.
. - ~ * ) A
’ ")'a &.
: . “‘.‘ahv \
- olefinfr
. ’s 4 n '
’ . - .
177, ! 18 )
f = P
. L
[-E] - L4
’ » e~
- n
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CHAPTER 2 . . '
1 ' '1‘
RESULTS AND DISCUSStoN
C
. = )
2.1 The Electronic Absorption Spectra of 4-Aryl-1,2- ‘
dithiole-3~-thiones ' . e
\ - e ' .
4-Aryl-1,2-dithioje-3-thiones were prepared accord-
v N . ‘ - v
* ing to Field (18) and Thuillier (19). The synthetic ooF
sequences are shown in Scheme 1. . DR X
] . - 7. .

' 1. M : | - B '
A Ar-Br 5 —> Ar\\J//Q§§. IR .

19 ~
| e
1. Nai ' : e
2.4S - ’ " SN
Z 2. Ar s .- -
< . W T ST
3. MeI . . e .
-2—— r o
N A Y

Scheme 1




The uv spectra of 4—aryl—l,2-dithiolgv3~tﬁionés in
cyclohexane are shown iq.?aﬁle 1. These observations are
similar to-those reported by Littringhaus (20) as well as
those reported by Mayer (21). Lozaéh (22) concfhded th;t
the absorption band at 420-430 nm which is characteristic
o£ all these spbstances béiongs ﬁo the Ehione group, but.
did not d&scuss the nature of this band. Later on, it was

“pointed out by Johnstone and.Ward (23) thét thié absorptioh

band is a m-w* transition. The position of the gbsorption

ﬁaximum of this band is solvent dependent, and yndergoes a

¥
~

hypsochfomic shift as the polarify of ghe solvent is
inéféased (see Table 2). This observation is consistent-
with previously reported data (21).

The absorption.spectr% of all the 1,2-dithiole-3-
thioﬁes, measured in con?entrated benzene solution, show,
in addition, a shoulder at around 520 nm which has not
prgﬁiously been réported.‘l The estimatked position of’the
sHoulder and its absorption coefficient in the various

-

"compounds are shown in Fig. 1 and Table 1. Th%f this low
.ipteﬂéity band was not noted earlier may be due to the fact
that the .spectra have been me&sured'only at wavelengths
shortgr than 500 nm (21). To leérn more about the nature
of this'weak absorption band, the effect of solvent was
studied and the-results arg, shown is Fig, 2. . The?é'is a
blue shift on changing the solvént from cyclohexane to
methanol whicﬁ is about 30 nm, In view of the lo@

intensity of the- band and the large hypsochromic shift on -
~ -~ . e \' .

¢
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cases of 23a and 23b, their chemical degradation.

> , ) ‘ \
increasing the polarity of the solvent it is tentatively

assigned an n—ﬁ‘.charagﬁef.

-

2.2 Structural Determination of the Photoproducts Derived
. o B
from the 4-Phenyl-l,2-dithiole~-3~thione Series

Prior to the investigation of photocycloaddition
n J

.
)

reactions, 4-aryl-1l,2-dithiole-3-thiones were irradiated

) ' . - -

alone in an inert solvent to examine their photochemical -

S o . T .

behavior. Irradiation of the 4-aryl~l,2-dithioles, 22, in '
A ,

benzene using light *>420 nm gave the substances 23 as the .

-
-~

major products. The structures of these compounds were

*

deduced from their mass spectra, uv spectra and, in the

> \ -
>420"nm 7
- \. y‘ ! A

~a =H, - ’ a =H f
b R=Me b R=Me g’
c =c635-o— c RQCSHS—O* . L
d. R=CF3 . d R=CF3 _

‘e s R=F ' e R=F .

22 . 23 - '
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The molecular weight of 23b in pyridine was found to

) be 490 using vapor phase osmometry. The calculathd valué

for 23b 'was 446*. The mass spectrum confirmed;this mole-
cular weight’by giving a molecular peak a£ m/e=446, In l
addition, all the photoproducts gave a strong ﬁggimét m/2~
in the mass spectrum. This could arise from 23, by aleavage
of the ceﬂ!fé! a}lylic C~C bond. BAside from the bond

weakening because of stabiliséti&n of a radical and a

charge by delocalisation and vicinal sulfur, the cation

~

. formed might be expected to be particularly stable since it

ié, in effect, a dithiolium ion 24 (24). A Similar facilev

5

cleavage in 2- and 3- methylbenzothiophéne to give, in this

.cdse; a benzothiopyrylium 25 has been’ reported by Porter

(25) and Djerassi (26).: ‘

—

+

*The poor result may be attributed to the low concentrations,
necessitated by low solubility, used in the measurements, ‘
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The carbop skeleton of the photoproducts was deduced

- from partial and complete desulfurisation experiments using
‘Rane;E;;;;;IT\\Tﬁus total desulfu;isatioﬁ'of 23a gave 2;5- .
diphenyl-n-hé§5n¢[ ggffﬁhiféf—baftiéi desulfurisation of

23b gave three products. 'That which contained the most

L ¥

hydrogen was assigned the structure 27 which was, deduced

from spectrogcopic data. TQF‘mass spectrum of 27 showed a

molecular peak at 322 and the 100% peak at 161.

spectrum indicated that the molecule is éymmetrical,for it
' ~

ne group

gave anly two singlets for the methyl and methyle

at 2.47 and 3.21 ppm' respectively. Uv ébsdfbtion spectra

i

. in both methanol and isococtane provided the best evidence .’ .
for thf structure since all the,absorption maxima (see.

Table 3) corresponded with those 'of 6-me'thylbenzothiophene

L] .
»

en. -, -

The stﬁ%éture;Aof the other two proﬁuéts, presumbly -

v,

The nmr

18

IS




Uv Absorption Spectrum of 27

3

6-Methyl benzothiophene . ' -

in isooctane (27)- 27 in isooctane .
Amax. (nm), ’ e‘ , Amax. (nm)*ﬁ,. €
302, - .2100 . 301 - 4030 .
292 ° . 2100 - 294 " 2960,
289 1850 ' 290 - 4030
. 282 1650 < 283 (s) - 6450
267 7200 * - 271 i2s20
260 7800 | . 265 " 12980
228 . 365Q0 * 233 73380
\ -
¥
J ) :
- .
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'N, o |

1 )

23a ' ———————E} ,/l\\//x\T// 26
¢ .

. & -
)
, CH;—CH .
) ' CH, 5 “H H S CH,
. : . !
‘. | ’ -]
: L . CH =CH o
Ni \
23p ——— > ,@_J[ B ,@ 28,
‘ CH, s”TH H S CH

28 and 29, are uncertéin; Mass spectra of compounds 28 and

—

29 showed the 100% peaks at'32bAand 318 respectivély. The

nmr spectra of both édmpbunds Showed proton signals in the

b

aromatic région and .also singlets for methyl éroups at 2,46

and 2.50 ppm iéspectively.‘ - .
. RS A
This evidence suggests the carbon skeleton of the

[ okl

photoproducts, and.indicates that they are coupling

preducts. The decision between type 23 and the alternative

P

T 20



allylic coupling products‘of type 30 and 31 is based upon

the uv and nmr spectra. Every one of the photoproducts,

23, éhowed a signal in/éhe_region frbm,4;94 to 5.13 ppm

.

(see‘Table 4) . This signal cannot be attributed to a

vinylic'péoton. For in styrene itself, the corresponding .
vinyi‘proton gives a signal at 5.21 ppwr (28). Thé substitu-
tion effect of an alkyl suifide group at the gem;position
will shift the s'ignal ~0.54ppm_QCWn filed (29) and so it *
may be estimated that the‘signaL'of the vinyl pfoton for 30
. %ﬁould apbear at 5.7 ppm,-that is about 0.6 ppm aown field
from the obsérved sigﬁ;l. Tﬁis @oqld appear to exclude -
structure 30. Structure 31 for the ;hotobrOduct cannot be
excludéd‘on the basis of nmr spectral data onl&. it isg

rejected for the following reasons., Firstly, it is




- , - \w -
© 14
- . .
b
' ‘ & " TABLE 4 ‘
. * Chemical Shift of Photoproduct 23 Derfved From
L ’ " - 2 )
R . S "
. .
CH3 4.94 .
. H 5.03
. CF& 5,13
.
$=0- . 4.98

2L - » . '
wonot available*

N -
» -
' ’ ‘.
.

, "
* It was too insoluble for nmr. measurement
A
> - ‘
. )
L4
; -
&
. , ik .
- <
»
4 - o )
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difficuLt to visualise the fprmagion‘of EL; Sécondly, a
1;3ihydrogen shift of 23 leading to the formation of 31,
seems to be energetically improﬁable. Such/a\product may
be formed by the coupling of two vinyl radicals, but such a

. \
radical gg,~i? itself, seems most improbable. Its

’

Scheme-Zv '
. ! - ' ) ' '
generation would involve the loss of the resonance energy

of its precursor, quite aside from othe?’éhermodynamic and

mechanistic considerations.
. y

Furthermore, the uv absorption spectrum of 31 is
. Lt 2L

» s
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J

L4 -

éxpected ‘to be very similar to that of 1,4-diphenyl-1,3-

®

butadiene Because both compounds contain the same carbon 7-
system. The absorption maximum for the latter compound was
determined to be 347 nm (e=34000) (30). The values of

s
. ! . . . . s
maximum absorption and extinction coefficient for the

4 .

photoprbducts obtained are too small for this chromophore

-

to be present. Hencé 31l is excluded. : o o
The uv absorption spectra of all the photoproducts
are &ery similar and are instructive (see Fig. 3). The

absorption maximum at 340 nm absorption qdhnot be accounted

“for by and&psubstitdted benzothiophene: this has a maximum

A -

at 297 nm (31). But the maximum at 340 nm is cbnsistégz
with the assigned. structure 23. 'Thes shift of the maximum

from.297 nm to 340 nm cotild be accounted for by the

-

:présence of a disulfide linkage in the system, It has been

-

?hown that attachment-of a disulfuryl §roup to a m-systém

results in a red shift of =30 nm'in,the-absorption spectrum

. -

, compared with the absorptibn spectrum of the parent

L]

compound. For instance, the absorption maximum of diphenyl

disulfide occurs at 304 nmrwhile that of benzene occurs at

: )
~270 nm (32). A red shift of about 40 nm by the disulfidey

linkage in the photoproduct 23" is' hence very reasonable.
. v
Thus baséd on the uv and nmr spectral data reported here,
A N ‘ Y N

together with the chemical transfgogmations noted, the

éssigned structure for 23 appears to be conclusive,

.

2.3 JrradiatiqQn of the 4-N§phthyl—l,2—dithiole-3—thiéne
— L & K .

S

24
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. . Systtm W .
i. ‘ In the reaction just described the cyclisation of the
thione function on to the aromatic ring bears a superficial

-

’ resemblance to the thione photocyclisation mentioned in the

-~ introduction: in both cases the excited thione attacks the

. a{ome}c ring with tbe for;;Z::;lpf a five-membered sulfur
'contaiﬁing ring. s

The resemblance is, however, superﬁiciai. The
products obtaﬁnedlby Lapouyade were monomeric whereés thé
substances observed here are cdupling pfbdycts. The latter
N have the appearance of being the result 6f radical processes,
whereas the, former appear to involve ignic intermediates as
was inhicated by the incérporatién of deuterium f?om D,0.

It haé been sho&n by Lapouyade k%;) Fhat in‘thé
appropriate substance the thione cyclisation could fornt a_
six-membered riﬁg. 1t was, therefore, interesting to find
: out whether in the pfeéént system there was any preference
between tﬁé formation éf a six or a five membered ring »
since both types of cyclisatiop.were cOnsidered possible
theoreticélly._ In view of this? 3- (a-naphthyl-) - l 2-
dithiole-3~thione, 34, ‘and 4-[1- (4—methyl—raphthyl )1-1,2-
dithiole-3~thione, 35, were gxnfhesised.‘ Owing to their
loQ solubilities, these substances could only be irradiated
gg;a low concentration in.benzene (3x10"3 mole/liter).. The
g ?éactiqgs were not clean 6neé. The only isélable'products

;were 36 and 37 respectively. Many other products of higher

- polarity were also observed by tlc but 'since®the mlxture




A]

34

14

.

was complex, no further attempt was made to separate these

products. B .

i ' ' The structure proof for 36 (37)'is based on the fOllOW“

ing mass, tpmr and uv spectral data. Compound 36 gave a mole—

'a [

cular ion at m/e 260. . A strong fragmentatlon peak at m/e 259

indicated the loss of a hydrogen Wthh corresponded to an

a—cleavage. Since the compound gave such a strong peak at\\dz-d

/<m7e 259, it is safe to say'that the compound is a.deriva—

-

- \

N ’ F I
’ *



also observed, in the spectra of 23a-e though here ‘the

-

tive of thiophene with a substituent at position 2- or 3-
of the thiophene riné. A sharp singlet at 4.63 ppﬁ was

observed 'in the nmr spectrum of 36. A similar signal 'was

]

. absorption occurred at about 0.5 ppm further down field. We

1

believe these to! be protons in similar environments. The

difference in chemical shift is probably due to the fact

-—

.that a proton attached to.a tertiary carbon atom frequently .

shows a signal approximately 0.5 ppm ddwnfield éBmpared
with that of a similar proton attached to a secondagy

carbon atom. The ratio of these proton(s) constituting’

this signaljt&kthat of the aromatic protons was 1:3, indicat-

ting the preseng% of 3 eégquivalent- aliphatic protons in the

molecule. This led to two possible structures 36 and 38

for ‘the apprupriate -photoproduct. '

*

g




could be made on the basis of- uv absorptlon spectroscopy.

The'compound 38 is a derivative of 39, l-thiaphenalegle,
which is a light orange to.brkﬂﬁ:yellow substance (38, 39).

< - -
.Compound 40 of which 36 is a derivative is colorless. The

T photoproduct obtained was almost cdlorless. The uv spectra

’ »0of these compounds together with that of 4l (40, 41) are

*

compared in Fig. 4. The spectfa of the photOproducts of 36

-“"and 37 con91st of major absorptlﬂh maxima at 245, 285 and

335 nm, correlatlng well with the uv absorptlon spectrum of

-

- * '
4 .
-
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40 in which the maxima occur at 243, 291 and 330 nm.

- .

Structure' 38 is ruled qut immediately since a maximum is

expected ‘at no less than 407 nm. Thus it)is concluded that

*

the five membered ring is favored upon cycllsatlon.‘

It. has been shown that the phenyl series of compounds
does not give any (no more than 0.5%) bf the monomeric
product upon irradjiation ie“benzene at a higher concentra-

tion (2.2x1(/)_l mole/liter). The difference in type of
¥

-reaction product obtained between the phenyi and naphthyl
series may well have been due- to a concentration factor: To

. test thlS p6551b111ty, the lrradlatlon of 22b was carrledF

v

out in benzene at a concentratlon of laﬁXlO 3 g@le/llter.
The,lrradiation was also carried out in isépropylf alcohel

at a concentrationliof Z.Zﬁrb-3~mole/liter‘tofdetermine_

which conditions facilitated the formation of the monomeric'
’ »
product. prever, no correspondlng monomeric products were
’
obtalned thé major product again belng the dehydrogenated

coupling product 23b. .

Because of the siﬁ&laiity of the absorption spectrum
of all the 1,2- dlthlole -3~ thlones stud:es, 1t is assumed
‘that the reaction in both of the phenyl and the naphthyl- o

'1,2—d1th1hie:3—thlone_senles occurs via a nm* transition, -
p .
state which is responsible for the photoreaction in most of

thioketones (14, 42). Although the high ihtensity nT* band

at 420 nm absotbs most of- the absorbed light, a fast .

internal conversion to the nr* state may occur'due to the
] . -

very small energy gap separating.these'two states, The




rd

) H
»

mult1p11c1ty and the reactlon mechanlsm were not- 1nvestlga-
[ ’

ted. But it may be assumed that thE’eleCtrOphlllC half—

" vacant n orbital of the sutfur atom of the n-m* state of

the thiones attacked the electron rich phenyl ring to form

a diradical intermediate, 33, (see Scheme 2). This inter-

mediate ﬁay.couple or extract Hydrogeﬁ to form a coupled, or

cyclised prpduct depending on the substituent at the 4-

<" . _‘ ]
position.
L J

-

3.4 Rhotofeacfion between Olefins and 4-p-Tolyl-1,2-dithiole

3-thione - ) ‘ N
—— .

y It was one of our orlglnal purposes to see whether

" . olefins would cycloadd to the 1,2-dithiole=-3~thione system

to form a cyclobutane derivative. Although a number of
diffeient/olefins was used in this study, none of them

reactec cieanly with 4-p~tolyl-dithiole-3-thione.

-~

‘o
.

A. Addltlon of 4-p- Tolyl -1, 2-d1thlole—3 thlone to 1,1~

]

Dlphenyl ethylenek

Irradlatlon (A>420 nm) of 4-p- tolyl l 2 dlthlole 3-

‘thione 1ﬁ the presence of-l’l—dlphenyl-ethylene gave a

complex reaction mlxture. No cycloaddition product-was .

isolated. -

' '

The major isolable product was the adduct 42 (60%)

"whosge structure was establlshed on the basis of spectro—

I3

‘scopic measurements and chemical transformatlons. The, mass

spectrum of the product showed the expected molecular 1on
<

32




4 N \ .
. IR Me
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-
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~ » ’ et ) *
peak at m/e=404. The Amr spéctrum showed two singlets at
- ® ""4,40 and 6.50"ppm each singlet corresponding to one prdton:
. . " neéither was exchangeable for. deuterium with D,0. These >

s

observations excluded the alternative structures 43 or éﬁ. -

" The excluéipn of'éé‘is,based on the number of protons each

singlet’ contains. TFor 43, one of the singlets must
integrate for 2 protons. , The elimination of 44 a5 the

- ) ° . \




that the protons

‘4

correct structure was due to the fact
\ B ~ L]

. ) :
were not exchangeable and there was no absorption peak at

1

. around 2750 cm ~ in the ir spectrum. These are two, .

s » ’ ’
distinct”characteristics of a thiol group. The vinyl

-

proton .in the five membered ring appeared in the aromatic

.

Pegion and could not be seen at all. Its piesehce was . .
revealed by integration,

Upon'ozonolysis, 42 gave a carbonyl cdmpound'together'
)’ -

with some other, qnidentified products. The carbonyl

©

compound was shown to ke benzophenone by compargson of its
. + ir spectrumand m.p. of 'the 2, 4-difitrophenylhydrazone * ; =~

o = ‘" derivative with those of an authentic specimen. W3rRaney‘5
nickel reduction “in methanol yielded 1,l-diphenylethylene

. "in 20% yield. When the reduction was carried out in
- - -

benzene with & more active W3 Raney nickel, it gave i,l*

-

a




L

'diphenylethylené, 1, 1-diphenylethane and l,l—diﬁethyl-p-
terphenyl in 15, 3.5 ahd.SS yieids<respectively. ‘

The different results obtained from the desulfuriza-

2 -

ftign may be attributed to the different réactivity of the
Raney;nickel ﬁsed. It.seems that when a higher hydrdgen

content nickel is used the desylfurisation proceeds at a

»

P . : ‘
much greater rate. At the same time reductiom takes -

precedence over coupling. .
. !

-

\ ’ .
Thermal. decomposition of 42 under vacuum at 178° for

12 hours afforded the starting 4=p-tolyl-I,2-dithiole-3-
- - \
thione in 46% yield. The mechanism of the transfer of the

ﬁydrogén atom to form the thione group is not clear. It
may be assumed that a 1,3-=hydrogen shift followed by ﬁhé‘
cleavage of the vinyl-sulfur bond occurs as shown in the

¢

drawing.k;Unfqrtunately, such a rearréngement has not yvet

“

Y

been repogted. -However,'an analogous fragmentatipn of h
anisole in a mass gpectrometer via a four-memberaed cyclic

-

transition state has been postulated (43).

v
iy
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B. -Addition of 4~p-Tolyl~-l,2-dithiole-3-thione to a-MéEhyl

When a benéene solution of.4—p—t6l§1-l,2—dithiole-3—
thione was irradiéted‘(k>420 nm) in thg presence of a-
methyl styrene, the 1,1;€dduct 45 was produceq in 16%
yieid.' The structure of the adduct was determined from

spectroscopic data and by comparison of its physicél data

with that of 42. rft showed a molecular peak at m/e=342.

The nmr spectrum showed a‘doublet of 3 protons at 1.88 ppm




A ...
<

with a coupling censtant 1.0 Hz, a singlet of 3 protons at

"2.34 ppm, a singlet of 1 proton at 4.30 ppm, 3,quartet of 1
,pfbton at 6.21 ppm with é‘coupling‘constant ;f‘l.o Hz and

- 10 protons in the region of 7.07-7.15 ppm. ,

| The qgthyl group on the¢ double bond was assigned to 1

be trans to the hydrogen [i.e. E-isomer (44)]. The assign- |

’

ment cannot be derived from the magnitude of the coupling

constanF with the adjacent proton alone. The Qalue
" obtained in the present case (1.0 Hz} is inconclusive
althoﬁgh cisoid coupling constants are us;ally greater than
this. The trans relation between the prstbn and ﬁethyl
group was swyggested by the actuai chemical shiff of the
proton, using the méthod of chemical shift estimation
estaplished by Pascual and his coworkers (29). This pethod
is based on the fact that ;ubstituents on a double bond
induce different chemical shifts when cis or trans to™a
particuiar olefinic protbn. It is’ possible to estimate the
chemical shift for the cis (2) and trans (E) configuration
using the value 5.28 ppw for the chemical‘shift of an
v ethylene pfﬁton and appropriate standard vglues derivéd‘.
from substituent coefficients for the phenyl, ﬁéthyl and
sulfide groﬁps: The values estimated gy this method are
5.92 ppm.for the Z—iéomér and 6.32 bpm fqQr the E—isome:,

. the latter value agreeing bettef.ﬁhan the former with the

¢#xperimental value.
- - K

C. Irradiation of 22b in the Presence of Electron Rich

— ®




. "Olefins

When 22b was irradiated (A>420 nm) in the presence

L)

of electron rich olefins, namely: cyclohexene and ethylvinyl
ether, the reaction proceeded at a much faster rate than
that with 1,1-diphenylethylene or a-methylstyrene. Unfor-

tunately, thé reaction was. so messy that no definite spot

‘could be seen on tlc. The reaction was not further inves-

tigated. .
»

ﬁ. Irradiation of 4—§JTolyl—l,2-dithiole—3—thione, 22bs in

Jr—

cis-1,2-Dichloroethylene

When 22b was irradiated (A>420 nm) in cis-1,2-
dichloreethylene, ggg‘waé formed. The rate of‘formation of
ggg in the presence of cis-1,2-dichloroethylene was faster
than that in benzene solution. Tlc showed only ‘the
presence ofvthe starting materials and 23b. .

The resﬁlts may be explaiﬁed by the electrophilic
nat&?e of the nn* state of the excited\C=S‘group. When

benzene is used as solvent, the electrophilic sulfur atom

" may- react intermoleculérly with the solvent to form the

' $
diradical 46 or it may attack the toly{ggroup intra-.
molecularly to form 33 (see Scheme.3). *

'The diradical 46 may revert back to the starting

-

"thione and benzene. An analogous reaction route has been

-~

suggested as the major path of deactivation of carbonyl
. 14

triplet states with nm* electronic character (45-47). 1In

our case, with benzene as solvent, the intermolecular
|

-

38




-

process may compete successfully with the intramolecular g
pathway and this may account for the_slow rafe in fhe
formation of 23b. ’ N .,

An oversimplified mechanism. of - reaction between 4-p-
tolyl—l,2—dithiole;3—thione and different olefiﬁs,is
presented in the following sequence. Upon irradiation, an
eicited state of the C=S group of the.l,2*dithiole—3—thione
is produced. The-excitéd state is nm*, a state also

responsible for fhe'coupling and cyclisat}on'reactions (see

+ ' ‘




-

. ® ' - . 4 %

sections 2.2 and 2.3). Addition to the olefins through the

electron deficient sulfur site of the n7n* state may occur,
in the same way as the addition of adamantanethi&g@/{o
- P
. - Lot . . . .
olefins (42), to form a diradical. This diradical inter-

mediate may be represented by two resonance fo;mé‘il and 48.

'When the intermediate possesses an aromatic substituent at

the 5 position (R'=Ph) cleavage of the-disulfide linkage
occurs with the formation of 2-thiobenzoyl-methylene-1,3-

dithiolanes (path a) (see Scheme 4). 1In the absence of the

Scheme 4
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phenyl group at the 5-position, hydrogen transfer takes
.precedence, with the formation of adducts of type gg_ahd
45 (path b) & g »

<
+

2.5 Summary

Irradiation of aryl-l;2—dithiole'p-thidnés results

in the fofﬁation of the coupling products, 23, and the

——
’

naphthothiopﬂenes 36 (37). This observation parallels thé
cyclization of thiobenzo?l polycyclic aromatic coﬁpounds
reportéd by Lapouyade and de Mayo (14)Y. Irradfation of 4-
p-tolyl-1,2~dithiole-3-thione with oleffhs*}ééZs only to a
vinyl 3-(44p-tolyl-3K-1,2-dithiolyl)-sulfide (42,45) and
not to a cycloadditipn product. From these results’, it hay

be conc%ydedvthat an o,B-unsaturated thioketone 6r its:

derivative behaves differently from an encne and that the

-~ preferred .site of photoreaction is the thione ?ioup.




e ‘ EXPERIMENTAL

- GENERAL . ' .
All melting points were measured on i'Reichert
.», apparatus and are uﬁcprredtea. Infrared spectra (ir) were

obtained using a Beckman IR-10 or ‘IR-20A spectrophotameter.
. T

‘Ultraviolet spectra (uv) w%re recorded on a Cary model 14

~

3"/’ " ' spécfrophotometer and“the unit for the molar -absorption
L o .

‘ : extinction (g) is liter x mole x cm ~*. Proton nuclear

magnetic resonance (nmr) spectra were measured on a Varian

. >

. T-60 Oor,a Varian HA-100 spectrometer unless otherwise

-

specified. - Chemical shifts are reported és’d values in /.

parts, per million from TMS. . The cojaipling constants (J) are
given ip cycles per secopd (Hz) and the multiplicity of - -

-gfch absorption is denoted as follows: s=singlet, d=
doublet, t=triplet, q=quartet‘aﬁd m=multiplet. The 13C

spectra were taken on a Varian XL-100-15 instrument. . THe ~

- .

. ‘peak positions were measured using internal TMS as

¢

- - reference. Mass spectra data were determined on a Varian  ®

M-66 spectrometer. The first m/e values are given for the

* 13 ' 13 r ‘ : ) ) e -‘ ’
molecular ions while the ‘other values are for thé major -

“fragments in the spectra.?¥ Elemental gnalyses were -

performed by ﬁﬁe Gygli Microanalytical Laboratory, Toronto,
Ontario. Precise mass determinations werekcarriéd out on a - ®

Varian M-66 #¥pectrometer4(multiple "determinations} using

” .
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» ¢

¢® appropriate halogen compounds as internal calibrants,

?

°  CHEMICALS e ) A
L. : . ] - .
a-Methyl styréne (Eastman) and 1,1~diphenylethylene

(Eastman) were distilled under nitrogen on a 40 cm _spinning

o * .
Jpand columna ' : .

’

Gyclohexene. (Aldrich) was refluxed under nitrogen

over sodiudm for 1.5 hou) g then distilled through a 301cm

Vigreux columﬁ. It.was passed~th;oﬁ§h a column ‘of alumina’

JWoélm'neuffgly p%ior'to use; .
% --‘fEthyl QiﬁYl‘ether (Aldrich) was refiuxed under

. - >

nitrogen ana §§er.sodium for'2.hburs, then distilled
.;hrough.a 10 cm Vigrelx column; ‘ ‘ o &

Maleic anhydride (Baker) was recfystallised from

b ] « - - .n
ether. 1,1-dichloroethylene (Pfaltz and Baper) was “dis-

. ~ ‘ e \ *
"tilled once. l-Bromonaphthalene (Aldrich), 1,bromd-4-methyl

naphthalene (Pfaltz and Bauer), p-bromophenyl phenyl ether

(Pfaltz and Bauer), 4-bromobenzotrifluoride (Aldrich), 4- .

bromofluorobenzene (Pfaltz and Bayer) were used  without
éurification. - Cumene’ and p-cymene (Aldrich) were distilled
ohqe.. Benzeéne (Fisher) (fbr preparative irradiation)’was

- T, B ]

’

purified by irradiation of-spectroanalyed benzene with'

)

¢

sé%loranil_for_?—days'a'nd subsequent. distillation :sz£:>
Slumn .

. ——

using'a Vigreux .column. Silica gel for

AW . R
chfomatography was supplied by British Drug Houéqiwhilé

~ nitrecgen

that for tlc was supplied by Mondray'.




. c, -

Prebarétion of o-~Isopropylnaphthalene

l—Brbmoséphthalene (30 gm) was reacted with
, \ <
magnesium metal (3.5 gm) in ether (50 ml). After 3 hours,

the regction mixture was coolgd and an ekxcess of acetane
was added. The reaction mixture was theh stirred for 4
hou -at room temperature. At the end of this time 10%

sulfuric acid (20 ml) was added to the mixture which was '

heated on a ,steam bath for one hour. It was then extréc?;@

with benzgn? and washed with sodium bicarbonate solution.

- -

- ’
The organic layer was dried and %Slvent was removed. The

,jfﬁidue was heated with 85% phosphorié acid (5 ml) at 140° -
B3

- for thirty minutes’. This mixture was extracted with

»,
®

pa—

. . r
benzene (50 ml), washed with sodium bicarbonate solution’
and water,. The crude product was hydrogenated in methanol .
. f . . T ) .
using platinum oxide- (100 mg) as catalyst. After the -

. : - 3\

uptake of hydrogen had 'ceased, the solution was filtered -
. . ¢ -

and solvent was removed. The product was distilded at

; . . o i

135°/12 mm Hg [Lit. -132°/12 mm 'Hg (48)] in- 20.1% yield; nmr

>

, . . .
”ﬁcc14), 1.00 (d, J=3.5, 6H), 3.20 (m, J=3.5, 1H) and .

’ ” .. -/

) . AN
i ‘ .
Pfeparation of l-Methyltgrisogrqpylnaphthalene,

-

- s . B )
aromatic protons. ~

4

The procedure  for preparing ‘a-isopropylnaphthalene
.\ ) ) . [ . N - v .
was followed. Hence, l-bromo-4-methylnaphthalene (10 gm)

gave l-methyl-4-iscpropylnaphthalene (6.5 gm, 78%), b.p.

140°5°%/12 mm Hg';%iﬁi 135-43°/12 mm Hg (49)].
- " ~ ! ‘ -




» : ) . | ' R |
Preparation of 4-Aryl-1,2-dithiole-3—-thione ~—

. Compounds A-D were prepared according to the method
of Fields (lé). A mixture 5f 2~ary1propane'(0;03 molesl,:
sulfur (0.04 moles)‘gnd guinoline (0.5 ml) was refluxed for
24 hours. The mixture was kep% at 0° for .24 hours to_a?low

the thione to crystiallize. The red Eolid was colleCted

S~ et ' : t .

and éhromatographed'on 200 gm of siiica gel (BDH)} using

,petroleum-kgO—SOO)—benzene (4:1) .as eluent. The resulting

3

" orange sqlid was recrystallized from an appropriate solvent.

The spectral data obtained for the aryl—l,2—dithiole—3—-

-

. L, ¢
thione are given as follows:

.

A. 4-p-Tolyl-1l,2-dithiole-3~-thione (22b)

Yield = 25%; m.p. (cyclohexane) 100-102° [Lit. 122-3°
(18) or 1029(50)]; ir (CECL,) 3050, 3000,°1335, 1315, 1145,
1pio, 850 cm—l; nmr (CDCl ) 2.40 (s'\g%), 7.0- 7 4 (q, 4H),'“

8.20 (s, 1H); uv (see Table 1); mass spectrum m/e 224 (90),

I
*

223 (100). ' .t

B. 4-Phenyl-1,2-dithiole-3-thione (22a) .

N " . - .
Yield = 30%; m.p. (cyclohexane) 120-1° [Lit. 123°

(18)T; nmr (CDC13)7 3-7.6 (m, 5H), 8.3°(s, lH), uv (see

Table 1), ‘mass spectrum m/e (%L 210 (85), 209 (100)

-

- L]

c.’ a~Naphtﬂy171,2—dithiole—3-thione (34)
gy ¢ —t

‘l’- Yield = 108; m.p. - (benzene) 204-6° fLit. 198° (51)1;

nmr (CS,) 7.32-7.93 (m,".7H), 8.28 (s, 1H)} uv. (see Table 1);

mass spectrum.m/e (%) 260L(95), 259 (100).




259.9788. Found: 259.9765 a3

Calcd. for Cl3HSS3: '

r

D. -4-[}(4-Methyl-naphthyl)] -1,2-dithiole-3~thione (35)

-
L

Yield = 7%; m.p. (benzéne) 195—60; nmr (CSZ) 2.62
(s, 3H), 7.20-8.00 {(m, 6H), 8.20 (s, 1lH}; .uv (see Table 1) ; .
mass spectrum m/e (%) 274 (90), 273 (100).

273.9945. Found: 273.9949.

- »

Calcd. ﬁor Cl4Hlos3‘

. Compounds E-G were ﬁrepared according to Thuillier

and coworkers (19) in the following sequence of reactions

~
+

_(shown in Scheme 1) :

i. ﬁreparation of Allyl Arene, 19

L

This was prepared by a coupling reaction between"
allyl bromide™ and the corresponding Grignard reagent. The

pure product was obtained by vacuum distillation,

¢

ii.” Preparation. of Aryl—acgtaldéﬁyde; 20, from Allyl Arene .

C " 4 . !
‘Ozonolysis of the allyl arene, 19, was carried out .

-

in methylene chloride at -78°, The ozonide was decomposed
by stirring with zinc dust in acetic acid to give the
aldehyde which was distilled at reduced pressure under a

-

nitrogen atmosphere,

iii:A-Preparation of 2-Aryl-3,3-bis (méthyl&hio ) f2-propenal;

-
3

The reaction was carried out under nitrdbgen and it
-

'mas-protected from moistu}e by a calcium.chloride tube.

‘
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( »
. Sodium hydride (0.13 mole) was added to dimethylsulfoxide

(50 ml) . The aldehyde, 20, (0.065 mole) was added to the

Y

stirred mixture over a perloa of 20 minutes and the

&

__// temperature was kept at 20° Carbon disulfide (0.054 molg)
was then added and the mixture became dark jred. Methylation
was performed-after'30‘minute§ by adding me{hyl iodidegw

(0.f3‘mole), the stirring being continued for hours. The

S

‘reaction mixture was taken up in water and extracted with -

»

benzene. The organic portion was washed 10 times with salt
L ' ' \ ‘
water and.was dried. Thge yellow ;esidué\pbtained was

separated by preparative tlc using benzene as eluent,

iv. Preparatioﬁ of 4-Aryl—i,2-dithiole—3—thione, 22

rs

A solution of 2—aryl—3,3—bis(methylthio-—)-2-‘p1iopena1'

21, (5 gm) in xylene was added over a period of 20 minutes
£= ’ i

4

to.a stirred suspension of phosphorus pentasulfide (25 gm) -
in boiling xylene fSOO ml) . ' The reaction mixture wasg
: refluxéég:;?ionethour. It wa?ldecanted whiie hot, was -
® . {

. ‘ ; .
diluted with ether and allowed to stand for 5 hours before
. o

it was filtered. The filtrate was:washed, with dilute’
-

sodium hyarpxide solutioh and brine. After evaporation of

solvent, the residue was recrystallized. - S

. .
- -

E. 4—p—F1uoro—phenyl—l,2—dithioie—3lthione:(22e) <

1. the allyl arene, 19e

yield = 69%; b.p. 156-160° [Lit. 157-160° (52)1.

2. the acetaldehyde, 20e
* { .

)




-

yield = 79%; b.p. 64-66°/6 mm Hg [Lit. 63-5°/
5-6 mm .L;(53)]; nmr (cCl,) 3.48-(d, J;l.S, R 3
2H), 6.8-7.1 (m, 4H)a 9.50 (d, J=145, 1H).
3. .the propenal, 2le - T \ : »
yield = 42%; b.p. 175°/2 mm Hg; ir (CCl,) 3040,
1878, 1643, 71480, 1257, 1220, 1020' cm™L; nmr
(CDC14) 2.03 (é, 3H), 2.38 (s, 3H), 7.0-7.3 (m,

4H), 10.2 (s, 1H); *°F nmr (CDCl,) 2544;

{methanol) X 327, 253 nm (e= 11100, /4500) ;

max.

mass spectrum m/e 242. -

4. the 'thione 22
¢ L=

yield = 50%; m.p. (hexane) 152~39; ir_(pHCl3)=

3020, 1610, 1314, 1200, 1135, 850 cm *; nmr

(CDC14) +7.08 (m, 2H), 7.50 (m, 2H), 8.2 (s, 1H)
(CDC1l3) 2540; uv (see Table 1); mass spectrum
m/e (%). 228 (82), 227 (100).

Calcd. for C H.FS,: 227.9547. Found: 227.9547. b

F. 4 -p-Perfluoromethyl-phenyl-1,2-dithiole-3~thione (22d)

1. the dllyl arene, 194

yield = 74% b.p. 166-70° [Lit. 168-70° (52)1.

]

2. the acetaldehyde, 204 RS : -~ J

yield = 62%; b.p. 84-88°/8 mm Hg [Lit. 81.5-
g 82.5°77.5 mm Hg (54) L:
3. thé propenal, 21d

hd -
-

e r tpm——— s

)
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yield = 90%; bsp. 120-29/0.5 mm Hg; ir (CCl,)
3080, 2945, 1667, 1615, 1335,.1177, 1109, 954,
848, 710-em™"; nmd (CCl,) 2.12 (s, 3H), 2.45

(s, 1H); uv (methanol) xmax. 327, 280, 250 nm

(e=10900, 5300, 5500); mass, spectrum m/e 292.

v

4. the thione, 224

. yield = 52%; m.p. 144-145.5°; ir (CHC1,) 2998,

1610, 1318, 1299, 1277, 1128, 995, 822 cm *;

-

nmr (CDC1;) 7.63 (s, 4H), 8.33 (s, 1H); uv
(see Table 1); mass spectrum m/e (%) 278 (85),
277 (100).

Anal. calcd. for C10H5F3S3f C, 43.18; H, i;Bl;
F, 2049; S, 34.51. Found: C, 43.11; H, 2.01;

F, 20.24; s, 34.77.

G. 4—p—PLenoxy-phenyl—l,2—dithiole—3-thione (2&;:

It was obtained in 22%, m.p. 123—40; nmr (CDC13) - A
6.92-7.50 (m, 9H), 8.20 (s, 1H); uv (see Table 1); mass
, Spectrum mwe (%) 302 (160), 301 (80). ' .
'Anal.'caldﬁ for c15H10§3o:.c, 59.61; H, 3.34; s, 31.76,
Found: C, 59.55; H, 3.49; s, 31,78.
P:eparation of 2,5-Diphenyl-n-hexane (26)
2,5—Dihydroxy—2,5—diphenyi?n—hexane was prepared
) accoriing to Freeman '(55). Recrystallization from n-hexane
D - ~'gave white crystals,_m.p.‘l35—40°'[Lit. l35v50°]; ir (CC14)
. iy . ] . .

3600, 3400 cm™*; nmr (cCl,) 1.5 (d, 3H), 1.77 (s,-2H), 2.35

.




* spectrum m/? 238.

L] . . . » . '
v M - '

(s, 1H), 7.2 (s, '5H). 2.5-Diphenyl-2,5-hexadiene was
R : . \\ - .
prepared_accoqding\tp‘the method of Shvartsberg and coworkers

(56) . Hence, l.j'gm 2,5-diphenyl-hexa-2,5-diol gave 0.8 gm

2,STdiphEnyl-Z,S—hexadiene (m.p. 136-8b). Hydrogenation of

this diene over platinum oxide gave a colorless oil, 2;5-
dipheny}-n-hexane, in 50% (0.4 gm) yield, ir (CCly) ‘3100,
3080, 1600, 1493, 1450, 1375, 1325, 905 cm~l; nmr (cCly)

1.13 (4, 6H), 1.50 (m,/§§>, 2.50 (m, 2H), 7.0 (s, 10H); mass

-

] I

Preparation Qt\;:\EaﬁEy—Niekéfﬂﬁv/\\\‘J

- Sodium hydroxide (5 gm) in wate? (20 ml) was placed
. )

'in a 250 ml flask equipped with a magnetic stirrer and a

. thermometer. The sollition was cooled to jSQ in a salt-ice

'Y "

"bath. Raney nickel aluminum alloy (4 gm) was added in

sma 1 portlons over a perlod of thirty mlnutes.,‘During the
addition the temperature never rose above 5° The ice bath"
was then removed and the temperature was ralsed to 50° over

a period of 50 minutes on a steam bath. The sodium |

hydrox1de solutlon was then decanted and the Raney nlckel

divided 1nto two equal portions. Each was put 1nto a

v

- centrifuge tube and was washed 40 times with water, 5 times

.
Ly

with ethanol and 5 times with acetone. The-Raney nickel

was refluxed in acetone for 6 hours. The acetone.was ~

decanted and the Raney nickel was' washed 4 times with

etharol. ' i I NN ’




Preparative Irradiations

A typlcal example was the irradiation of 4-p- tolyl-
1, 2-d1thlole 3-thione (22b) in benzene at room temperature.
(1) Irradiation of 4-p—tolyl-l,2-dithiole-3—thione‘

] . »

A solution of 4-p-£olyl—l,2—dithiole-3—thione

(0.0015 mole/l}ﬁerNand 0.22 mole/liter, l,e; 33 mg/100 ml
and 1.1 gm/20 ml) in benzene was degassed by the.%reeze—
thaw)me;hod (three cycles) in a pyrex tube. The solution
was irradiated ln the sealed tube through a Corning 0-73
fllter (420 nm cut off) for 6 days. The §ellow solid (0.5
gm) 9’5651ted on the wall of the 1rrad1atlon cell was
collected and washed with benzene (20 ml). It was
recrystallized from chloroform (250 ml) to 'give pale yellow.
crystals, 23b, in 44% (0.48 gm) yield; m.p. 252-4° (dec.%;
ir (Cs,) 3040, 2930, 1345, 1328, 1218, ld98, 1005, 1049,
975 cm™}; nmr (CS,) 2,43 (s,” 3H), 4.94 (s, 18), 7.17 (d,
J=8, 1H), 7.40 (s, 1H) 7.67 (4, J=8, 1H), uv (2-propanol)
Amax. 340, 309, 262, 225 nm (€=,1160; 3800, 9200, 15200);

»
‘.

mass spectrum m/e 446, 233, 218. Molecular weight
}
determination: the molecular welght was found to be 490

~e

~

{determined in pyridine using a Hewlett Packard 310 Vapour -

Pressure Osmometer and benzil ‘as calibrant) wHile, the value
for 23b is 446.

Anal. Caled. for C,H,,S.: C, 53.82; W, 3.16:"S, "43.02.

Found: C, 53.68; H, 3.16; S, 43.07.

L]

Tlc aﬁaly;es of the filtrate showed that it coritained

a complicated mixture, oﬁe~of~phe major components being 23b.

1




No further analyses of the méxture were undertaken.

Réney Nickel Desulfurization of 23b _ -

A solution of ggé (333 mg) in ethanol (600 ml) was"
added 'to Raney nickel (2 gm)‘{prepared,ffbm 4 gm Raney
nickel aluminum alloy) in ethanol (5 ml) . Tﬁgféélution was
arefluxgd for 3 days, after which time the ethaﬁol was -
filtered through Celite and "the Raney nickel was wahsed
twice with two 30 ml portions of hot ethanol. The.ethanoi

. was evaporated agd'the'réSidue,was chromatographed on 100
gm sili&agel.ﬁsing petroleum (60-80) as eluent <o give’
three compoénds. |

mé) yield; m.p. (chlorofdfm) 139—400; nmr (CDC13) 2.47 (s,

. K
3H); 3.21 (s, 2H); 6.89 (s, 1H); 7,09 (4, J=8, 1H); 7.55
(d, J=8, 1H); 7.58 (s, 1lH); uv (see Table 3); mass spectrum

m/e 322 and 161.

Analt.calcd. for‘pzoﬂla 2% Cy 74.52; H, 5.65; S, 19.83. -
Found: C, 74.06; H, 5.98; S, 20.00. -
e .

The second compound was also a solid, 28, in 8.6%
(26 mgy yield, m.p. (chjproform) 157-9°; nmr’ (CDC1,) 2.46
(s, 6H), 7.0&8.0 jmi 10H) , mass spectrum m/e 320. -

20716°2%
Third compourd was.a white 501id; 29, obtained in

¢ 2.2% (8 mg) yield, m. -p- (chlofoform) 285-95°, (sublimed) ;

-

Cot nmr (CSZ) 2.5 (s), 7 5-8,2 (m); uv &MeOH) Anax . 342, 318,
307 (s), 294,°283, 262, 259, 255 253, 247,¢244 nm (e=231,
< Ca _

-~

" The first compound was a white solid, 27, in 21% (57

(3

Calecd. for C, H, S,: 320.0693. Found: 320.069k. .

-




*

“

1880, 1388, 1938, 1215, 1700, 1780, 1866, 1909, 2490,
2580) ; mass spectfum m/e 318. :

Calcd. feor C20H1482: 318.0536-. Found: 318.0421

(2) Irradiation of 4—Phenyl—1,Z-dithiolév3—thione (22a)

This thione .(1.25 gm) gave the product, 23a, (350 mg,

30% yield) m.p. (chgfoform) 234-6°; nmr (cs,) 5.03 (s, 1H),

13

7.13-7,95 (m, 4H); uv (CH2C12) A 340, 310, 298, 283, .

max.
262 nm (e=2470, 9100, 10100, 11200, 19500) .

* 1

Anal. talcd. for CygH,4Sg: Co 51.63}/ﬁ3 2.41; s,,45.90.

Found: C, 51.90; H, -2.28; S5, 46.22.
. L ] (

Dgsulfurization of 23a

The procedure used for the reduction of 23a was

identical to that for 23b except that the Raney nickel was .

. -

not deactivated. When the ethanol was evaporated, an dil

was obtained which was shown to contain only one component.

The product 2,5—diphehyl—n—hexane,-gg, was a colorless :>
¢ . M ‘

oil and/;!E\obtained in 78% yield. The retention time, ir,

nmr and mass spectra were identical with those of 2,5-

- . -

dipHtenyl-n-hexane, 26.

(3) Irradiation of 4-p-Fluoro-phenyl-1l,2-dithiole-3~thione

-

) (22e)

Irradiation of this thione (85 mg) in beﬁzene (20
. . .
ml) gave compound (20 mg), -23e,-m.p. (CSZ) 340—50; uv
7 - ’

(CH2C12) A

max.'342' 309‘(9), 282, 258 nm-(eé 1000, 5200,

-

- - .
. , -~ .

1



C

7800, 17500; mass spectrum m/e (%) 454 (1), 388 (100) and
358 (7), 192 (16). | |

Anal.—calcd. fLGESHBFZSG: c, 47.59; H, 1.77; S, 42.26,
Found: C, 47.64; H, l.?7; S, 41.84.

- ¥

(4) Irradiation of 4,p—Perfluo;omethyl-l,2*dithiole—3—thione

(22d) A ’

Irradiation of this thione (100 mg) in benzene (20
ml) gave’'23d, ip 25% yield (25 mg), m.p.. (CS,) 250-2°; ir
(cs,) 1320, 1241, 1165, 1129, 1089, 1068, 818 cm™Y; nmr
(cs,) 5.1S(Ls, 1#), 7.53 (dd, J=2 and 0.5, 1H), 7.80 (4,

256 nm (e=_

J=0.5, %H) 8.02 (4, J=2, 1H); uv (CH2C12)kmax.

2706, 7360, 9500, 11300){ mass spectrum m/e ‘(%) 554 (2),
488 (100), 458 {(20), 444 (20), 426 (32), 278 (25).

20HBFGSS: Cc, 43.34; H, 1.45; S, 34.64.
Found: C, 43.21;'H, 1.37; S, 34.64,

Anal. calcd: for C

-

(5) IMradiation of }}p—Phenpxy—phenyl—l,2-dithiole—3-thione

'] ]

(22c)

- Irradiation of the thione EIOO mg) in benzene (20-ml) .

yielded 23c (35 mg), m.p. (MeOAc) 200-2°; nmr (CS,) 4.98 (s,

1H), 6.78-7.20 (m, 8H), 7.76 (d, 1H); uv (CHZClZ) Amax 345,

290, 260 nm (£=2060,- 1200, 22600); mass spectrum m/e 602,

Anal, calcd., for C30H180286: c, 59,80; H, 3.01; s, 31.87,

Found: 59.75, H, 3.36; S, 31.77.

'(6) Irradiation of 4-o-Naphyl-l,2-dithiole-3-thione '(34)

54
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A solution of the thione (78 mg) in benzene (80 ml)

was irradiated for 2 days. The coﬁplex reaction mixture®
wae.separated on a preparative tlc plate to give 36 as the
only isolable product in 20% yield, m.p. (beqfene) ]:89--91O
nmr (csz) 4.63 (s, 2H), 7.30-.7.80 (m, 5ﬁ7j:§.30 (m;)1H) ;
uv (CH,CI, ) Amax. 334, 282 nm (e=4450, 4150); mass spectrum

m/e (%) 260 {(100), 259 (70), 228'(25), 22» (28) angd 192

(10} .
(

Ccalcd. for C,.H_.S_.: 2%9.9789. Found: 259.9777.

1378737

(7) Irradiation of 4-[1-(4-Methyl-naphthyl-)]=1,2-dithiole-

U
.

4

3-thione (35)
A solution of the thione (40 mg) in benzene (15 ml)

!

was 1rrad1ated for 3 days to glve 37 (8 mg) separated from
preparative tlc, m.p. (CHZCl ~CeHyp) 192-5°; - nmr (Cs,) 2.80

(s, 3H), 4.75 (s, 2H), 7.5-8.2 (m, 455[ 8.60 (m, 1H);-av

(CH Cl ) A ag' 365, 337, %36, 248 nm (e= 3300, 3600, 3700, °

14400), mass spectrum m/e 274. - - °

w3

Calcd. for Cl4H1053 273,9945._ Eound: ?73.9966.~

[

(8) Irradlatlon ofA}np—Tolyl -1, 2 dithiole-3-~ thlone in

- Pl - -

ISQpereno s S -

A’ solutlon of the thlone (2. 241»:10'3 mole/llter) in
’ .- . ’ LI R
1sopropanol was degs§Sed and was irradiated, in “the usual

\

manner for 3 days. The nmr spectrum of the ude reactloni

product showed that there were no. other peak in fhe.regioh 4

between 450—6.5 ppm except the one. at’ 4.956 The only S




“

saturated with nitroger and irradidted with light of wave-

-lengths greater than 420 rim for 3‘days. .The reaction

hexane/chloroform) 188~ 9 ir (CHC13) 3060,v3040, 3000,_ L‘

3H) 7 4.40 (s, 1H), 6.50 (s, 1H), 7.10 (m, 15H); uv (CcH,,)

-

isplable product was 23b. ' . ‘ -
, , . . o

(9). Short Wavelength Irradiation of 4 -p-Tolyl-1, 2—d1thlole—

\ . v "’\ A 4

.* 3-thioné - - \ ) .

- 4-p-Tolyl~-1,2-dithiole~3- t?lone (100 mg) in cYclo—
| 4
hexane (40 ml) was»degassed in a quartz tube. The resultlng

solutlon was irradiated at. 254 nm with & Rayonet'neactér:at
. , N

room temperature for 6 days. There was a layer 3f_insolub1e
4

substance attached to the wall of the quartz tube. The

-
solutlon was concentrated and chromatrograghed on’ a

preparative plate to give 35 mg of the starting thione and
N - -~ A A “

5 mgs» 23b. - . ' oo

b Tt

Irraﬂlatlon .of 4ﬁp—Toly1 -1, —d1th101e-3 thlone and 1, l—
o .

S

D1phenyl~ethxlene .

L)

“A solution ?f 4—p—tolyl -1,2- dlthlole—ﬁﬁthlone (740 .
o
mg) and 1,1- dlphenyl ethylene (8 ml) in benzene (10 ml) was

~

- K3 L. , ‘ ) . . g S, L2 : T i
yielded a complex mixture (tlc) which was separated on -

. [

N
5111ca gel (200 gm) u51ng petroleum (60~ 80 ?-benzene as ¢ .
eluent Apart from+-the unreacted 1,1- dlphenylethylene,
the 1,1 adduct 42 was obtaq.ned ‘:Ln 64% yleld m, p. nv-'

»

1610; 750, 730, 700, 675 500 cm 1 nmr (¢pCly) 2.35 (5, . , -

X pax. ?lm,.zag (s), 230 (s}, nm"(ex13230, 12000, 159?°)i

mass spectrum m/e (%) 404 (1), 390 (40), 224 (100), 223

AL - -

. Cod . . . 5




. » . N . o -
v ”~ L - . ) ’ -
~—

<

S “ g - :
\_‘ (95),- 212 (93), 211 (90}, 209 (85), 18Q (15), 179 (20).

>

‘20
‘# Found: ‘C, 71.27; H, 5.27; S, 23.77. : ‘ .

Anal. caled. for C,,H, Sy1 C, *71.26; H, 4,99; S, 23.74

-
.

L]

-

- -~

b Thermal Decomposition of 42 -. .

y
Compound 42 (6.6 mg) was sealed dﬁde; vacuum (0.1 mm

- ﬁg) in a pyrex tube and was heated at 178° fo% 12 hours.

The reaction mixture was thén dissolved inm chloroform. - .

p-Tolyl-1,2-dithiole-3-thione was separated by preparative

tlc in 46% yield. It had a melting point 100-1°,which did
. . _— ‘
gét depress that of an authentic sample. ' .

+ »
3 . ~ o g ’
. . ' - . -

v . ’ .
Raney Nickel Desulfgrisation of 42 - . - f

'R ‘ ) ' YN - . . .
A suspension of 42 (100 mg)-and Raney nickel (l:'gm,
@ K - k]

previousl& deactivated in gEgtonehfor 6 hours) in ﬁgthanol

h 7

(20 ml1) was rgfluied fag 1?lhours, The oily residue was

vacuum distilled to give £§Q fractions, thg1fraction with
v . N \/

a lower,boiling point ngﬁg 1,l~diphenylethjlene in 20% (12

" . Egjlaiiid.’ The nmr spectrum and the rétention time of this
. - produc were'ddentical with those of an authentic specimeh.

‘)The higher boiling point fraction wag obtained in 5
K , : ..
#g yield. ' The nmr showéd peaks at 2.4, 5.2, 5.5, 6.4 and

i the aromatic region. No further investiéations were / a
L4 , - .

PR}

- made. . . , _ .
- . - .

. When' the desulfurigation was carried out in ‘benzene

i

) . )
N ‘using a fhrge amount of Raney nickel (deactivated for only
. . J .
2 hours), the reaction mixture contained more than 2 ‘
. : . B L ‘.




) . o ' - 58

[y . ’ ) L . ’
’ compounds. The crude product, on standlng,\ésgy-a,solig,

-

4 4'-d1methyl-p—terpheny1 in 5%’ yleld _m.p. 253<7° 1Lit.

S ~255 7J(57)], uv. (MeOH) kmax, 283 ‘nm (log!e—4,3) [Lit. Amék.

(EtoH) 283 nm [log €= 4, 0 (58)1." The residual liguid was.
,‘separated by vpc;(lb% SE" 30, 165°%).  The first compound ‘ -%F
emerging fn6a}the column'ﬁas’l,l:diphenylethane in 3,5%

. . . -
yield. [Identification-was by comparison of. its retention ’

time ‘and mass spectrum with an authentic sample. The
second_compouné‘uaé 1, 1-diphenylethylene in 15% yield. The

retention time and the nmr spectrum were identicall with
y . L4 v

that of an authentic sample. * . .

- . <>
‘

+

Ozonolysis.gf 42 S .- : :

~

“r A solutlon 42 25 mg) in chloroform (lb ml) was
ozonized at -20 ©until the solutlon turned blue. 50%
Aqueous ecetlc acid (5 ml) and zinc ?ust (20 mg) were added
to the solution which was gfadually warmed up jto room
/f~€f\, temperature (usuglly too£i3q;miﬁhtes). The solution was
| then stir;ed for 12 hours,; The. rgaction mi%ture;was
g filtered and the chlbroform layer was separated and washed

successively with sodium bicarbonate solution and water. .

* -. “The-residue obtained after eVapoerioh.of the 'solvent’ was

RN o T . -
separated on a preparative tlc plate using petroleum (60*80)

& .
. . . =+ -~benzene (1:1) as eluent. The band w1th.Rf value 35 0.4 was
- \ - b ‘
-t \\~.cqalected to glve’S mg benzophenone m. p. 46-7° [Lit. 48;; ’
48 5° (59)], ir (cCl,) 1660 cm "1 the 2 ,4-dinitrophenyl- .7

» -

hydrazone derivative melted at 238-9° and gave no depression

»

a - o ) * ry




(\,A.
N s

.
\- ‘
.- [oa

in'melting point with an.awthentic specimen.

A

Apart from benzophenohe, there were at.least four
more spots on the plate; No f&bther attempts w?jixmade to

identify them.
* -

-

Ifradiation'of\Afp—Tolyl-l,2—di£hiole—3—thioﬁe and o-

Methyl-styrene

+A solution of 4—p—tolyl -1, 2vd1th1?}e—3—thlone (0.65
gnm) and u—methyl styrene 13 ml) in benzeée (75 ml} was -
b
1rrad1ated in a pyrex- tube for 3 days. - *he reaction

v 1]

producE was chromatographed on, silica. gel column using'a

. L

éetroleum (60-80) -benzene mixture as eluent. The only

- L
isolable product was-45 (10% yield) m.p. 168-9°; mmr (CDCL,)

1.88 (4, J=1.0, 3H), 2.34 (s, 3H), 4.30 (s, 1H), 6.21 (q,

*

J=1.0 Hz, 1lH), 7.07 (s, 5H), 7.15 (s, 5H); uv (cyclohexane)

Mpax. 275¢ 225 hm {e=8950, 12700) # mass spectrum m/e 342,
Anal, calcd. for C19H18 3t C, 66.66; H, 5.30; S, 28,@4.
Found: C, 66.76; H, 5.04; S, 28.04, )
» : - , A
' \v/ .

Dichloroethylene

Irradiation of 4-p-Tolyl-1,2-dithiole-3-thibne in cis-1,2-

I

¢
A degasséd solution of 4-p—tolyl -1, 2-d1th101e13—

" thione (634 mg) in cis-1 Z—dlchloroethylene (20 ml) was

Ib‘,

" irradiated {A*420 nm) for 28 hours, Tlc showed that no

[y

s;anting thione was left.- The’ otherWEpdt apart from cis-

1,2-dichlozoethylene was 23b; m.p. 250-2°




' PART 2: THE SYNTHESIS AND THE. THERMOCHROMISM OF A METHYLENE

MONOTHIOQUINONE SYSTEM

*

CHAPTER 1

. N~
Yy INTRODUCTION
N R ‘
Compounds contalnlng*an ortho qu1n01d moiety in the
- ' molecule are usually 1nterest1ng to both theoretical (60)

-~

and organlc chemists and are frequently proposed as inter-

mediates in. thermolytic and photolytic reactions (61-64).
. s ' ' [

. Such intermediates are usually too‘réactivqcto be isoléted'
bot'oan be trapped as adducts by suitable reagenfs (gl, 63)
or ‘else they may react inter- or intra-molecularly' to form
dimeric (65, 66) or monomeric proﬁucts-(G?, 68) . Apothor

interesting feature associated with some. ortho quinoid
) _ .

systems is that they exhibit reversible photochroﬁism as

represented by the equilipfium between 49 and 50 (68-71).

2 | .




W

‘The gquinoid 50 has never Been isolﬁted and this may be due

to the fact. that the extra double bond servesas an ingré—
‘molecular dienophile which undergoes ao;eléctrocyclic
reaction revertin§ back to 49 when the irradiating light
is removed,

Nasiélski‘and—his coworkers (7é 73) photolysed the’
thiolactone 3,3- dlphenyl -2~ (3H)—benzo[b] thiophenone, é;,‘
and obtained 52 via the proposed qulnold intermediate 53. ‘ .

- [
The formation of 52 was suggested to go. through an electro~’

4

cyclization of . 53 foilowéd by o;sigmétropic'rearraﬁgemen%,

When the non—substltuted 2—benzo[b] thlophenone 54, was

[

é;%otolysed only polymerlc materials were formed The

| MR L

adduct 55 was formed if 54 was photolysed in the pgeéence

4 , ‘ R .
P of N-phenylmaleimide. .Again the thio-quinoid intermediate,

. . .




——

56, escaped isolation.

’

N

polymeric materials

- . :

For some‘time, we have been engaged in the study of,
the photochemlstry of thloketones (74, 75) and their
derlvatlves (76, 77) - We betame 1nterested in synthesizing
an o, B~un$aturated thioketone in an ortho guinoid system 7
During this perlod Inamoto J‘d his ceworkers (78, 17)

generated a stable substi;pted a,B—unsaturated thioketgne

57 by photochemical means. Since the result was very

encouraging and the reaction was very similar to the one

de ha been studying (see Part l), the<photo—reiction :

between 4, 5—benzo 1,2- dlthlolekaepﬁione and ‘olefins

*

(cyclopentene and ‘tetramethylethylene) ‘was 1nvéstlgated

because ' in thlSASYStem, a thioortho-quinoid system may be ,

pfoduced Thé results obtalned are. descrlbed in the

follow1ng sectlons.




-

-
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e CHBAPTER 2

' ' T y
g T ' RESULTS AND DISCUSSION
2.1 The Ultraviolet Absofption Spéctrum of 4,5-Benzo-1,2-

> - R

; . dithiole-3-thione - 8

LY

4,S—Benzo—;,2—dithiole—3—thione, 58, belongs to the

fém}ly of 4-substituted 1,2~dithiole-3-thiones described in
) o
2 Rart 1. The whole spectrum (Fig. 5) agrees well with that

reported by ﬁayer and collabordtors (21), except for an’ - .
N

extra absorption at 527 nm with an extinction coefficient
of 109. It is quite reasonable to assume that this weak -

absorption is of the same nature (nm*) as that shown at
. .
this wavelength by the 4-substituted 1,2-dithiole-~3-thiones.

2.2 Structure Determinatjion of Photoproducts Derived from

thstAddition of Cyclbpentene and Tetramethylethyleﬁe

with 4,S-Benzo—l,2-dithioler37thione'
T . J 4
Irradiatign (through a pyrex tube) of an ether

,solutlon of 4, 5 benzo—l 2~dithiole-3- thlone in the- Ey}sence
- of cyclopentene and tetramethylethylene under nitrogen gave
adduqts S8 and‘gg respectively. These two ractions did

» . ) . N ’ ’
not occur in the absence of 1light, A
. r

' ’ ' i t
. * \
* . . When 59 was\refluxed-in a solution of carbon
A ~ Yy _
‘tetrachloride fcr 12+hours it gave back the starting 4,5-

’ ' . 5 cy

' ’ t- —
hd ( d ' : [
. . .
. .

o
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——
AJ ‘ -
gg 22 Rl—H, R532=—(CH2)3— 59a .
’ h 60 Rl=R2=Me 60a .
—~ . o -

-’ , .
benzo-1,2~dithiole~3-thione in 50% yield. @ This indicates

that the addition was thermally reversible. .
-
The adduct 59 wges obtained as-a colorless solid

,wﬁT{9 60 was'blue. ‘Both solids gave blue solutjion at

P

room temperature in benzene. In the case of 59, the color

!
of a solution in benzene became lighter as the temperature

+ was lowered and eventually was lost at about 59, The same

intensity of color could be restored if' the solution was.

‘warmed up to rooﬁ temperature. The cycle of this color
change couia be\repeaged‘éor many:times without aﬁy i
deComposition, as shown by. tlc. The same change éould éot
be 6bserved,visua11y in 60 but thé change of\the intqpsity
of the blue coio. wi.th temperature could Ee ea‘s,il‘y shown by
absorption measurement at 585 nn Again, the cycle cbuld

[ I PO

be performed repeatedly. This clearly indicated that an



)

, >
14

equilibrium of some sort was present in the system. The

nature of this equilibrium will be dealgﬁwith in_the/

4

-

following section. . o _ 2

op
-

The molecular weight of 59 in chloroform mgasuréd by
. osmometry was concentration dependent (Fig. 6). Cryoscopic
determination of the molecular weight 'in benzene gave a

value of 496+10 showing that the eéu%librium involved an
N L 3 B
association which wak dimeric. *The theoretical value for

the dimer was 502. "The molecular weight of 60 waz also
. ) > - ~ .

measured by osﬁometry at one concentration (5.8 mg/ml) in
chlorofofm with a resulting value of 498 (calc. value for
the dimer was 536).

An optical method for measuring the conceftration of
monomer was used (see section 2.3) and the‘equilibrium

constants at 24.5° determined over a wide range of concen-

-

Eration using various possible equilibra. Only for the
" system A, === 2A was the equilibrium constant constant (see
Apbendix 1,2) indicating‘that this was the n§ture‘of the

equilibrium existing in solution. The values for the
7

equilibrium constants for the cyclopentene and tetramethyl-

" ethylene adducts are indicated in Table 5 & 6. Hence, a

1

process of the type A, == 2A was conclusivel§ proven by the

r
+

results of these observations. ] y

*
s,

+

(A)‘Thé.Structure of the Monomers

- ) .6‘ ¢ . ~
Diels-Alder addition of 59 to N-phenylmaleimide apd
t@ acetylene dicarboxyli¢ acid dimethyl ester gave the:

adducts 61 and 62. The structure of adduct 61 was' deduced

* ' 4
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TABLE 5 | AN
Equilibrium Constant of -59'in Chloroform at 24.(50(‘.6
- Conc. (mg/50 ml) ’ Equil.-Conét. (mole/liter)
¥ - Lo ’ . ’ Y .;,, - ; R
. , Lo . te - . , .
338 8.45x10 .
2.08 - 8.83x107¢, A :
0:406 - | - 'g.75x107° <
.o * 0.161 . . cos.sex107b g T
o ) . - . . i .7 - - . -
; t 0.027. . -/ - 8.46x107° g
_ 0.00108 . - 0.14%x107°
0.000065 | o " 6.50x107" ;
6 . ’

. Average . - 8.43x107° Ry




. S TABLE 6. = °

. ) - T e —

Equilibrium Constant -of 60 in.Benzene at 24.5%.

-
»
v
*+ -

P . ..C'onc. (mg/50 ml) S Equil.-Copst. jmole/litqrq

. -

‘ Sy 3 | ' ,‘ e S
- 3.4% - e

v l..é9xlb-: <

: o ‘ 2.05 ) 1.90x107% L
: . T 1,23 1.87x167% . .
0.37 . ' © 3.02x1074
e .o - ¢ ~

’

0.074 o 1.73x107° (. -
. « S
‘ . ‘ ' g
. .- . 4 . « Average . +1,88x1C0 L




.from spectroscopic data and the result of Raney nickel

. was consistént with the structure of a 1:1;

.
~ .
L
~ .
B U GO U S G

. - . =

reduction: 'integration of the.nmr'Spéctrum sﬁowéd that 61

dduct between

59 and'N—phenYlmaleimide, The integrati 'ﬂaiCated that

’

there were nine’ aromatlc protons, a s;nglet at 4 93, ppm of

2 protons which could 'be resolved into 2 doublets w1th a

R b . i ' . v,




. ) .
(Y . - *

. coupling constant of 9 Hz wnen'Eu(fod)3 was addéd,ga

’

multiplet of 2 protons;between 4.1-4.4 ppm‘and a multiplet

of 6 protons between 1.5 and 2.4 ppm. The mass spectrum °

-

confirmed that it was a 1:1 adduct. The absence of ‘any
14

absorptlon in the 500 600 nm reglon 1nd1cated the absence )

of any thlocarbonyl group. Thls reaction was, therefore,

\
b

analogbus to the already described (55)trapping of an ortho
) ' , : “ B & - ':' Y o
guinoid intermediate with N-phenylmaleimide. The structure °

assignment of the adduct 61 was . further confirmed by Rarey

nlckel reductlon to give 2-benzyl~N-phenylsuccinimide; m.p.

V4

~—

128~ 30 C. The 1r;ind mass spectra of this prodgct-were

. identical to that,-

Qe
from 2- benzylsucc1n1c acid and anlllne.

f 2-benzyl-N-phenylsuccinimide sythesised .

Adduct 62 was obtalned as a gummy solid. The fact

that it could not be 1nduced to crystallise s&ggested é%at

‘

it mlght be a mixture. Indeed " two geometrical isomers are

possible fox 62" (assuming only as fu51on) " In one isomer

the,cyclope tyl ring fs bent towards the phenyl ring

(structure 62a) while it Eurns away from tﬁe‘phenyl ring in
the other isoﬁer 62b." Attempts to separate these two

4 isomers by vpc and tlc’ methods were unsuccéssful. The

$
¢ v -

strudtﬁre of 62, however, was determined in the same way, as
‘ ———| ) - . . P . N -
that of 61. The ir spectrum showed an o4B-unsaturated

‘ester absorption at 1721 cm™t.  The mass spectrum'

Y

demonstrated that Eg_was a 1:1 adduct. This was confi?med
by the Raney nickel desulfurization to,dimethyl bénzyl:-;jé/

 succinate.




v,

— —— -

. ° ' . * . -‘ ~
Similarly, the determination of-the structure of the

“

.

- v
racetylene dicarboxylic acid gimethyl ester, N-n-propyl

. maleimide apd N-phenylmaleimide to fo¥m adducts 63, 64 and
- ‘ : o 220 22
65 respectively.  The structure of adduct 63 was shown to

N , .
. _ be consistent with that of a 1:1 adduct by analysis of the

., nmr data. The nmr spectrum showed a multiplet of 4 protons.
.‘* . . . - )
, in‘fhe aromdtic region (phenyl protons), 2 singlets of 3
L 4 ’ .
. protons each at 3.75 (—COOCH3) and 3.78 ppm‘(—COOCH3) and
' + » ' . A :

12 si%glets of 6 protons each_at 1.44 and 1.32 ppmi‘

—f ——— - e

\ “',} [-C(CHB)Z-C(CH3)2j]. Tﬁgﬁir ?pectiﬁm shpdgg‘gﬁha/EQ

' th unsaturateﬁ/kstér absorptiwn peak at 1721 cm‘l

. The.carbon ,

‘jskeleton of‘@é_was determined by‘desﬁifurisation with Raney '

.nickelita dimethylbepzylsuc¢inate5 ‘L A ' -
.Thé‘structure o¥95§duét 64 was dedgé;d from its

.
~

- . .o M . Y ‘ . -~
.spectroscopic properties. Its ir spectrum showed a

, . : . . . ‘ ' ' 'f -
G0 MR - ) - o . ‘;' »







carbonyl absorption at 1724 cm"1 and its mass spectrum

»

showed the molecular ion peak“at m/e 40;. Th® nmr showed
that 64 was a‘lu& adatct. Th;yﬁethylene'groups of the - -
normal propyl chaln gave signals at 3.20 and 1.1 ppm ;
respectlvely: The termlnal methyl group absorbed at 0.4

ppm. A chemical shift for this methyl-group at such high
field is gnﬁsual. however, a similar chemical shift (0.7
ppm) has been reported, without explanation, for N-nybutyl-
‘sue:i;;mide (79) . . The existenée of a special.rind CE%T%Q(

in alkyl sub%tltuted succ;nlmlde rlng has been demons-

t

'trated by Matsuo (80) Nonetheless thls, in itself,. is
insufficient explanation sinoff/in anyalikely conformationb
 the terminal meth;} group is~fgr away from the succinimide

ring. Thé& interpretation remains unknown and no detailed

study has begnmade. ;. . (, . ]

-

The elhc1dat10n of the. structure of 65 was the same

(

aslfor the adduct derived from 59 w1th the same d&enophlle.

The nmr spectrum ofvgg shawed that 1t wasﬁé 1:1 adduct.

3 . ¢ %

Compound 65 .was desulfurised by freshly prepare aney -l:‘.

o

nickel to glve ﬁ—benzylrﬁ—phenylsuccinimide.

Attempted desulfurisation of 65 by a four—year—old ».

. .
.Raggy nlckel sample resulted 1n partial 1somerlsatlon to 66

Compound 66 was 1dent1f1ed by. compquson of the spectro-

scoplc data w1th that of 65.. Both 65 and 66 had the same

4
molecular ion and ir sbectrum However, thelr RE ‘i%ues

;
¥

and meltlng p01nts were dlfferent : The a551gnmen; of the
®

,

?




,' -— - - — .
. - . o > 4 . ' . .
¢ , A . i .
. based on nmr data Thacoupblng COgstant of the. methlne ‘ ' &
protons was Q/Hz in 65 "and 19 Hz in 66." Thé values of
e . v
\y o these two coupling constants W?re 1n,good agreement witq v
c A o . . . ‘ -
¢ the values for the cis-'and trans relatienship of the two ‘\EL-

methine protons ?ﬁ the1wu>isomers of the 1actone o% 3%(2-
hydrokycyclohexyl)—propionic aqid in which the ¢coupling

constant is 7 5 Hz for the c1s isomer and 18 Hz for the

s -

trans isomer (81) Moreover, the DIels—Alder.reactlon -
~ " always gives a cis adduct which is'!onsistent with what we.
' -

R - had obtaingd.. The mechanlsm of lsomerlsation i# not .
- certain, but presumably,.a trace amount of base in the

Raney nlckel aqted as c;talyst. IR e,

’ f re

S The nmr spectrum of all the ‘adducts 64, 85 and 66

4

v
t

" ‘ . gave 4 51hglets for the 4 methyl groups whlle it showed

only 2 singlets in 63. Ip the flrst three compodnﬂs, it is ~

obviOus,that.all of the methyl groups are‘hon—equivaleht. an




'In 63 the molecule exists in a boat-like conformation in

A

which the four methyl groups ere also different from each

other. However, this boat-like conformer is in equilibrium
. -
with another identical boat conformer. Thése 2 conformers

“ t

are represented as 63a and 63b, ° .
€ 222 222

. i
S ' ) ' . .

- . - y > ’ . . P .‘ )

- . The interconversion between these conformers is

rapid in the fAmr tlme scale at roig temperature. The net

4
LA

» result 1s that éhe 4 dlfferent methyl groups on the 1, 3— b

dlthlolhneirlng are seen as 2{d1fferent sets of-progons 1ﬁ

' ! : . s . ) . .
~the spectrum. -+Indeed, it was shown by the variable

-

.

temperat&re ngr technique that the intefcoqyeréion could be

‘ . -
stopped at, low temperatures The .nmr spectrum (see Fig, 7X
» \ e
‘ . of 63 was measured 1n carbon disulfide ‘between- +30° and
.o .
. —lBOo the two signals correspondlng to the four, methyl

’

groups beldﬁ broadened as the temperatlire went down + Afte

77
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passing through the coalescence teméerature (-70+5°%), four

signals appeared, as expected. Unfortunately, owing to.the
' b

high viscosity of the solution, the signals did not become

. sharp even at -110°. The ac¢tivation energy, AG+, for the

P2

s

boat—to-boat flip was calculated as follows (82, 38). The

~

rate of fliPP.ing K' .alﬁ*”‘the‘"‘tempera’{ﬁfé" oF “Chb:é{l'escence Tc )
) L RIS ‘ ‘ ‘

PRSI

~ . . was calculated from equation (1)
-

k'=mAv/vV2 - o 1)
~ ~ I Y L

where Av is the frequenqy separation of the resolveg
5 \

- signals at low teﬁperatdre. The value of Aé* was derived

’w

from the Ey‘r’ing equation (2) . ‘ - )
KT 1- : V a
c ~-AG
k'=k—— expl{—gy) | B o : (2)
c;x -5 , ‘ - o .

where k is an unit transmission, R is the gas constant h

1]

is ‘Planck's constan k is %&e Boltzmann. constant. Eguations

(2) is transformed to (3) for the purpose of calculation.

AG+;2.303 RT€(10.319—§og '+log Téf ' o (3

Thus the activatﬂon'enargxrfor this flipping was found to be

.

about 9.3 Kcal/mole -at the ooarescenCe temperature specified

\w above. .o P . B .

-
- N “

We haVe thus proposed that the’ monomers be of.

s
™

“thioortho "quinoid structure’67. ThlS mlght 'howeVer, be an

over- 51mp11f1ed represehtatlon 51nce another sPec1es may be
: r

possible. There i$ the possibility of a, tautomerisation ’

‘ o

between 67 and the thjgtene 68 shown' i'n Scheme 5. A similar

.
n B}
1 "

-

79
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i i : ‘\ -
valence tautomer 70 and 72 had been postulated in 7 .
keteniﬁine, gg,;g84) shown in Scheme 6 as well as in

ketenthione, 71, which is shown in Scheme 7 (85, 86). !

r

S
——
,Cﬁ#lv—
. SN

~ L] 6

—

E::jﬂr.i échémo 7

(B) The Structure of the Dimer 59a and 6fa

'From the molecular weight.measurement and the nature
of the equilibrium (Sectioh 2.2), the assooiated species

whith forméd from the monomer had: to be a dimer. ’

., A number of pos§ibilities could be envisaged for the
structure of the dimers. The Di€ls-Alder reaction 4+2 hdb

. " been demonstrated with alicyclic:thiones (see Part 3).
. L ‘ '

ek Hewever, the'strﬁcture for a compound arising from suchs a

-

reaction could be ellmlnated because theﬂultraV1olet

-

‘ absorptlon ‘0f the q}mer was beLow 300 nm,, The uv spectrum

' of 59a in ether at -15°C (?1g4 8) showed an absorptlon r .

- - -

essentlally below 300 nm. Any 4+2 or 2+2 adduct must leave
4 .

. ’

. ’ -
- N e -

[\
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v
4 .

either-an extendedﬂponjugated system, Zi,'absorﬁiﬁg above

350 nm .(87) \?\should contain a spectroscop1¢a11y recognl—‘

. sable thiocarbonyl g:ggkf 4+2 adducts were also excluded
. \S * .
»
73 L 4
by the“lH and 13C nmr spectra (see Experimental and Fig. 9)

which ciearly indicated symmetry and no other unsatuqbtion‘
apart from the aromatlc ring. The 13C nmr gave only 13
carbon ‘atom signals Whlch was one half of the -total carbon
‘atoms in the molecule. This led to the conclusion that the
v/\.moleeu‘le was symmetrical. The most probable structure for

the dimer‘ié a 4+4?;eight membered ring dimer 59b ‘(60b) or
\ .

S~

- 59¢ (608). -
, —— — 4

0]

On desulfurisation with Raney nickel at “a relativelyA
low temperature, the dimer derived from cyclopentene (59a) |
gave a small yield (4%} of bibenzyl. Tbe'finding suggested
’ a heed-to—t.xead dimer‘(@_}g, 60b) was the right structure. o

However, Chapman and McIntosh {85) suggested a transannular .
. - ’ . . Al L] } .

coupling;might occur during the desulfurisation bf\lﬁ to

*A similar 4+4 system has been reported on the- dimerisation
' of -dithietenes. Equilibrium between monomer and dimer in
this system.was also demonstrated but at a much higher
temperature £88) .

4 ¢
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. \

59b

»

Al
. 4

1 *‘2 2 1 2.2

R =H, R°R =—(CH2)3— 59c R'=H, R°R f—(CH2)3—
RY=R%=Me . &0c R'=R%=Me -
. . ‘\,)

L}
¢ L] M

-

givé benzil. -Although the systems ‘are not analogous —_—

59 and 60 do not have sp2 carbon in the élght membered ring

\___

- .

compllcatlons prevented us from draw1ng a deflnlte

84
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MY

.condlusion from the desulfurisation result. - ‘ -

rd

Sinee dimer derived from tefjramethylethylene (60a) -

showed 4 methyl 51%nals in the lH nmr speCtrum, it follows
)
‘that conformatlon equmllbratlon, necessarlly possible via

[}

the mofiomer if not in the dimer itself is slow™ on the‘nmr

time scale at 32° C. It was shown by Dreiding polecular

e
models that fllpplng befween the two possible conformatlons,
< -
namely- the tub form and the chair form must go through a

very high energy barrier in ‘the head-to-head dlmer since 1‘
there is serious interaction in- the transition state.

. It was found ‘that the free energy change in the

~

monomer-dimer interconvsysion was not the- same for %he
<

two equlllbrla and d;ffered by-3.3 Lcal/mole (see ‘Section

N

2.5). This l%rge dlfferenpe is probably steric in orlglg

because it seems unlikely, on chemical grounds and from a

consideration of bond en%rgies, that the twd dimers could

differ. in regiospecificity. -Such a steric effect is hard

to rationalise with a head-to-tail structure (59c¢, 60c) N

for the dimer. This taken with the desulfurisation

result leads us toﬂaccepf the head-to-head structure.
’ * . s L

Vv,

- \

- -

2.)3 - The Vvisible and Ultravidlet Absorption Spectra of 59

L)

" and 60 . ' I

f . * —— B [

Since the mgonomer was in equilibrium with the dimer

‘in solution, to measure the absorption maxima and the




* te *
-~ / N

4

molar absorgﬁion‘coéfficients of &the individual species™-.__
. . N . . ' i I

posed problems. However, the absorption, spectrum of the

,

dimer, 5%, could be measur€d atelow temperatire in ether,
as’ shown in Fig, 8. This absorption is attributed to the .

dimer by the fact that it did no't give any- absorption at

¥

585 nm_which was characteristic for the monomer. .
The.spectrum of the pure monomer could not be

obtained. Nevertheless, fhe spectrum of the equilibrating

solution of the addict derived from cyclopentene showed a
broad peak centered at 585 nm togethef-withtg/peak‘at 346 )

nm and a shoulder at 260 nm in a wide range of solvents.

These absorption bands were assigned to the monomer only.

It was important to meas\re the molar absgorption
' \

extinctions for the monomers in order to study some of the
thermqaynémic pfopééties of fhe equilibrium. This was doﬁe
by thé‘methqd developed.by Kéus§le; and Liuttke (89, 20) for
the monomef~dimer equilibrium in aiylnitréso compounds.
Fér the équilibzium . |

.

‘A-2 = 2A - - ‘
.

we may define the dimer dissociation constant
2
Ke=Cn/Cq o
: I . :
where C_ and Ea are the molar ¢6ncentrations of the mohomer

" and dimer, respectively. The total molar concentration of

the compound computed as monomer is

’ N . . [

C=C_ + 2C4




§

\ '

If o is the fraction of the adduct present as mononmer, &on
»

-, 0.=Cm/Q & C Ve ~

. _ . ) . : 1

»

and it follows that '

K =2€a’/(1-a) = @

If Ai is the absorbancy of the solutlon at a total adduct
concentration: C and L is the, path length, we may deflne an
» [ 4

- efféctive molar absorbancy index

4 . e=Al/%c .
It follows that . -
: t y ot
e=aem+(l-a)ed/2' | (5) .

-
a

where € ahd €.” are the abseorption extinctions of the

-

monomer and dimer respectively. Since the absoXbance is

monitored at 585 nm a; which the dimer does not ébsorb, the

equation (5) becomes

L]

A

Equation. (4) may be transformed to give

o, E 2, €
KC—ZC ('E":"') / (l—-é—.—)

m m
E:2' Lo . b
(e,~€)K =25 .

.m
. L] . 2 N ,
s e . e=Ke C+em . . ' )
' -

@ [}

q e -

87




’ ] : 88
‘ . . - "
- ‘\J' © yhere K=—2 | |
P . 0 N ‘ e EmKC - . ' 'Y
€n at{585 nm qﬁﬂld be obtained by plotting € vs €“xC at
. ) L3

d{ fferent concentrations followed by ext¥apolation to zero

L ]

concentration. -‘The molar extinction ceefficient were

determined in benzene and chloroform at 24.5°C. The results

which ar¢ obtained by the least squares methods are' shown in

<

.~ i Table 7-% as well as Figs. 10—1?. '
Owing to.the low degree-of dlssogiation of the dimer,
p— S 'fi '~ 59a, in benzene, a reliable valuelw uld be obtaingd onfy
. whén the spectrum was measured at a very low concentration.
, This wasffoug&'to be impdssible to achieve with our
appaiatus:~ However, the molar absorption extinction of 60a
at A=585 nm in both solvents and that'of 59a in_cﬂﬁofofdrm
were very s{hilar (see Table 7-9) . 1t was ;ssumed that the
mp%éi’abSQrRtion extincfiqn of 59a. in ?enzgne and that in
/ . chloroform would be similar. 'Thus the value of the .
absorétion extinction for §2§ in ben;ene was_obtained.as
- .5256 by using a conversion factor 52000:5000.
| The absorption band in the viéible regién for bath.

59 and_gg“seems quite interestindg because of its high
- e 2 TR : >

o

=7 T~ intensity. Most of the aliphatic (9I-93) and aromatic

thiéketongs (94) show a low intensity abéorption at lond'

»

wavaléﬁ%ﬁh. The value on extinction of this absorption

- Y . . ¢

is less than 100 ‘in the ¢ase. of aliphatic thioketones

9 whilé’it is in a maénitude of hundreds in the aromatic

"

- - . o«
- thioketones. Such absorption has been attributed ‘to a

}




TABLE 7

L . -

b

.t

Concentration Dependenf{ Molar Absonbanty Index for 59 §n

*\ L Chloroform at 24.50C at 545 nm

n

-

Conc. (mole/liter)
: {as monomer)

» . . .
2. 48x1074
i Y s 1.ewx107t

3.22%107°

’ e . -
“'1.28x107°>

5.36x10"°
2.14x10"°

8.58x10

- 5.14x107%"

0.00 (extrapolated)

54
-

A}

Mola; A'}‘oso‘rbanéy Index
652
' 832
1675 |
2427 - . | -
. 3060 |
4020 . -
4730
5440

5456+150

89
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' TABLE 8 Q
. . . N ) LY

Concéntraﬁion Depehdent Absorbancy Index of 60 at 585 nm

. 9 : o
in Benzene at 24.5°C

-

conc! (mole/liter) ‘;‘

(as monomer)’ Molar Absorbancy Index

-

2.56x10" %" 2269 ,
L 1.53%10‘4 2690
9.21x107° ' , 3105 @
.2.76x10’5 4097
o -~ 8 ‘ .
 5.53x10 . 4705
¥ ~ e
o '0.00 (extrapoldted 5004+100
~re v o
- ”
» - ¥ )
N )

)




. TABLE 9

Concentration Dependent Absorbanéy Index 'of 60 in Chloroform

.‘ . ' 4
at 24.5°C at 585 nm ‘
Gonc. (mole/liter) S .
- (as monomer) : Molar Absorbancy Index -
s 2.47%107% - o 4635
4.94x107° - 5101
. 2.47x10°°> , ° 5180
9.88x10°° : . 4959
0.00 (extrapolated) ' 52544100 -
. . »
R R ] "
¢ ' ’ '
.o ' ‘
- ‘ "‘-'
ey
) . - Y
»
. ' " . - . !
y
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1

‘that the effect of such a sulfide group is roughly

-
nm* (singlet) transition (54), This low intengity band is
not compatible with the high inteAsity band observed in 59
and 60 in®which the absorption ekéinétion_was about 2 to’3
‘oiders of mag;i%uée larger than that of an ordinary'thio—

ketone. However, high inv¥ensity bands of this type are not

uncommon in some a,8-unsaturated thioketones (17, 95).

.Becker (96) also reportgd a -high intensity absorption band

centered\st 570 nm for 75 and sﬁbsequently this absorption
band was assigned to an 7T7* transition. Since the band we

obtained for the adducts was quite similar. to that reported

£

Y

for 75 and since its absorﬁfion maximum was not much’gpifted

by polar solvents (see Table 10) it seems p}obable that this
. \ .

might also be a 77* transition.

’ Ty

' It is interesting to point out that both the com-

' {
pounds 75 and the adducts obtained in this study gave

Similar absorption maxima for the C=S group although they

.~

differed in one conjugated C=C bond. This may be due to

the presence of a sulfide group which is conjugated with

the m~system in the‘molecuie. It has been demonstrated

-equivaient'to that of a C=C bond (97). In general, it ,

seems that the "effect of a second sulfide.group is about

-
- -
'
.

ey



i . - ‘ \‘ -
TABLE 10

o
.

Solvent Fffect on the Uv Absorption Maximum of the C=S g )

., Group in 59 s ‘ o, e
. : -
: , , ,
Solvent Xmax.(nm)‘ '
B n‘ w .

- [ ] !

acetonitrile K 580

methanol * \ 583 '

. 1

chloroform X 585

methylene chloride 585 | %

benzene 585 “

methylene chloride/ 585 .

n-hexane |, :

A > T.:..(
. . methylene chloride/ : 583 i
"acetonitrile (3:2)
L 4
.
4 ) .
. 4 L d = L4
- - '

~ ’ L] |

-




-

one half as much as that of the first group (98).

-
[

a

2.4 Solvent Effect on the Equilibrium 59a and 59

The ultraviolet and visible absorption séectra of 59

in solvents of different pdlarity,have been determined.

Those in methylene chloride hexane mixture are shown in Fig, .

13. It may be Seen that the extinction of the band at 585

-

nm, Sblely at%ributéd to the monomer, decréaseS'with

' | )
decreasing polarity qf the solvents. This indicates that

the monomer is more polaf than the dimer.

The displacement of-the equilibrium in favpr of the:
yad . .

monomer 59 at higherltempératures in methylene chloride is
shown in Fig. 14. The same displacement could also be
e - .

obtained on irradiation with short wavelength (254 nm)

light. Upoh'irradiatécn, the absorbance at 585 nm increased

and reyerted slowly to its original value after the light

source was removéd (Fig. 15). This showed that'the shift .

of egquilibrium from the dimeric form to the monomeric form

' -

could be effected by light. This photochromic phenomenon ’

-t
L3

was not_Aurther pursued. L
2.5 Thermodynamic Parameters -
; e C
Equilibrium constants were measured by means of

ultraJﬁolet spectroscopy at 585 nm in both benzene and

, chloroform over a temperature ranéé of at least 42°C., The

absorption at this wavelength was converted.into the molar

,absorptiga extinction € (absorbancy iﬁdex). The percent

- B

97



3

|uexay gog ‘SpP1aoTys duaTAyfou wo.w _
) N . 3 ————————

.

=)
uexay -wm\ﬁvﬂuoﬁco SUBTAYIQW 30p == —mmo

duexay g9 ‘epraOoTYD Wcmﬂhnvws wom ————

» @pTIO
‘ e mcwgﬁwf 300T

-

S

*




1.5

10}

0
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. - Figure 14. 'Temperatufe éffe_ct on the uv absorption‘
of 59 in methylene chloride. - :
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f.- .
of, the monomer was obtained by the relationship;

. -
‘ N

, €
% of monomer = i
'\ . ‘ eo ’

~

‘where € is the molar- absorption extinhtion at zero concen-:

tration. The concentrations of the monomer and dimer were

obtained after calculation of the weight .of each component:

A :
Wm= percent of monomer x Wo

-} Wd=WO—Wm ' “' - I'4

Ny
where Wo, Wm and Wd are the weight of the total, monomer . -
and dimer respectively. The eqﬁilibrium constant, K» is

defined as o
(a2 S R

K=. D ’ T 6
R | s ©)

, o ‘
' AG=-RT1nK - (7)
for an equilibrium )
\
A ’ Az ssSE=—== 2A . . v 4
- 'O .

s ’

. The concentration

where A,y and A denote dimer‘and monomer.

used in these studies was about 3.4'mg,(10.05.mg)-in 50 ml

: o « ‘ .
than +.2°C); the absorbances of the sample at different ,

%

- k]
temperatures were measured. The error in absorbance is

highly dependent on the nature of the adducts. Owing to



the low degree of dissociation of 59 (especially at low

»

P4

temperature), the error in absorbance for #9 is about 5%..
In the case of 60 the error is around 1%. The values
obtained for the equilibrium constante K. and free eneréy
ﬂ(AG) are given'in Tables 11-14. 'A plot of InK _ 3gainst

~

the reciprocal of the absolute temperature gave a good

straight line (see Figs. .16-19). Frdm.theslogeof the plo£~

the standard values of the.equilibrium entnelpy,~AHo, for

the proces_s?i2 == 2A together with the entropy change, ASO,
N R - - -

were cbnpﬁted by the least and squares methgds.“The‘results
are shown in Table, ld. . SN

The AHC of 59a m=m 59 which is about 2 Kcei/mole
Emaller than that of 60a === 60 is probably due jo the
steric bulk. of the eight methyl groups causing crowdln; in

the dlmer. The .same effect has been demonstrated by

A~
Stewell (99) in the nltrosoa%kane

»shown that the AH® of nltroso te t-butane equlll rium is 9
Kcal/mole smaller than that for the nitrosocyclohexane.
.This was explained by the steric:inte:action in'tﬁe\dimer.
Tne impor;ance of the steric factor in controlling tﬁeuje\
- ¥

.equilibrium position in aromatic nitroso compounds has.also

been .shown (90). "

. . . - — «
. .

iper equlllb ia. It was |

e
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” . TABLE 11
Equilibrium Constant and Free Energy of 59 in Benzene at
Various Températures at a*Concentration .of\3.49 ng/50 ml
/ . of Soltvent *
° ) ’ i,q ) ’
. Temperature (K°) Equil. Const. AG*in Cal./mole
- (mole/liter) , .
v . ’ , » ’
, o | -7 e
o 289.0 4.43x10 . 8436
293.5 7.05x10" 8321
: . -6 » . '
) 308.0 - R 2.54x%10 ) 7950
T Y . -6 ‘
) N 313.0 , 3.82x10 7821
) - Vi -6 ’
319.0 . o 6.06x10 7668
) -6 o
' 324.0 . 9.40x10 = - 7540 -
- S o
331.6 © 1.46x10 , 7360 _
- "’. ) ‘ * v
. ' 7
Q - ) -
, ‘ ‘ i
' 1
.-
' .
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. L S « TABLE 12
> ) .
A |

Equilibrium Constant and Free Energy of 59 in Chloroform at
N ~ ” R

Various Temperatures at a Concentration of 3.38 mg/Sb ml of

' : Solvgnt . \\\
T Temperature (x°) Equil, Const.’ AG in cal./mole
{ ' : (mole/¥Witer)
- . o ' a ’
249.2 7 . 2a86x£Q:1v‘ © 7498
) 254.4 ©5.11x1077 7415 )
259.8 7.30x107’ 7328
269.4 ¢ 1.64x107° 7173
27308 2.42x107%. 7102
279.2 . L 3.60x107° 7015 '
1 289.0 - 7.49x107° 6885 -
o 291.8 - g.39x1078 6812
. B _ . - .
' 299.0 - 9.15x10" ¢ 6696
- ®307.4 .\ ¥ 2.38x107° 6561 -
318.6  4.93x107° . 6381
323.4 6.53x107>. 6304 .
- ‘ 7/ ‘
‘ o
’ L]
f ) ¢ .
e ¢
» — >
' -
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) * . TABLE 13 N A
- .. i ¢ : Y
» N N
Equlllbrlum Constant and Free Enerqy of 60 in Benzene at
l rJ
. ' Various Temperat\ﬁes at a Concentr.a'{n.on of 343" mg/50 ml'
P % { & wr - .
.. . of-8olvent -
[ Py T : : ’
L . ‘ R "_ [T . p.
' * ’ . ° c [} . »
. Temperature (K°y Equil. Coénst.. AG in cal.{g\ole
: : - (mole/liter) o .
R Eed
282.2 A 8.38x107° 5368
286.6 1.19x10”% - 5168 =
293.8 " 2.09x1074 5007
293.4 - 1.97x107% 15012
A\ . ’ ' ¢ : - . . -
| | 297.8 0 20731078 4883 ' | |
304.2 .. a.42¢10" 4684 °
311.4 7.43%x1074 ‘ 4460 ..
315.2 BECIN: /2T R £ VS
o : =3 .
321.4 . < 1l.54x107° . 4149 .,
, 326.6 © 2.20x1073 3987 °
[ 333.3 ©3.04x107° L 3778
v \‘ ’
¢ _ ‘ .
. - . »
. . . .
. ,“
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TABLE, 14 :
. et . e
Equilibrium Constant and Free Energy of 60 in Chloroform at .

‘! .
Various Temperatures at a Concentratiocn of 3.31 mg/50 ml of

» 1

T Solvent’ _ L . *
Temperature (Koi EQuil. Const. AG in cal./mole
. ) (mole/liter) L - ‘ -
245.8 2.65x1074 4052 .

) ‘ - ’ - ,Q. ‘ ~z
256.2 o suesx10”t . T 3825 .
264.4 ' 1.06x107° o 3647 o
271.4 1.52x1073 3894 .

. 2. . ' . '.( .
277.6 2.34x1073 3359
285.4 - 3.48x1073 3189wt . o

: > ' o - &
\ 292.0 5.94x%o‘3’ 3045 e '
» ) S .
® .- .
q’ ] .‘ i
™ ‘:. ‘e cos
y .
v a‘ ' .
h . -~ e . L)
e
-« . . .‘ ‘ .
’ , s . * v -
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. -Figure'18. Plot of 1nK_-of 60 in chloroform as a function .
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of the reciprocal absolute temperature, T.
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2.6 Summary - .

Two o,B-unsaturated thioketones which are part of an

-

. A . ) - - /‘ ) .
’ ©  orthoquinoid system have been sqccessfully,sﬁnthesised.by

- the phétoéhemical'aﬁdition_of 4LS;benzd—l,Z*dithiole—B—
A . ' - P . ' - L )
thione to cyclopentene and tetramethylethylene., These

«.. thiones are in thermal equilibrium with the corresponding

- ' dimers fofmed‘by a 4+4 addition. The structure of the .

T
PUPP 4

. ) t . X .
*monomers have been assigned while_ the stereochemistry of
) : ./.( s

- . the dimer has not béen conclusively proven.- Some thermo-
* L [ 4 ' - . N ' €
dynamic parameters for the dissociation of the-dimers were

obtained. 'The_difiference between the parameters obtained

- i c
¥

A}
[

3 . \ N
for these two addgdﬁﬁ\rasvexplaiﬁed by the i}eric factor. .

-

14




 EXPERIMENTAL .
» ) * ‘ / ! .

CHEMICALS . o .

. Cyclopentene and fetramethylethylene were reflufed
S o

over zinc dust for 1 hour, then distilled through_é Vigreux

«column. Acetyleﬁe dicarboxylic dimethnyester was distilled
1 : - N ’ |
under reduced pressure. Benzene for thermodynamic studies
was purified in thé same way as that for irradiation (see

Part 1). Chloroform~(Fieher, epectroanalysed) for&&he‘

thermodynamic measurement was distilled throuéh a 50—cm

Vigreux column. Only a middfe’fraction'was used., Etﬁer

(Malllnkrodt), methylene chlorlde (Fisher), n-hexane

(Flsher) and acetonltrlle (Flsher) were used without further

5

purification..

,Preparatlon of ¢, 5-Benzo—1 2-dithiole=3-thione 58 T

T
N

(_ The 1,2~dithiele-3 —thlqpé 58, was prepared accofdlng

to the method of Lozadh et al (100) O*Benzoic sulflmlde

”(35\gm) (Aldrlch) and phosphorus pentasulfide (35 gm)’were

ground togetﬁer. The mixture .was heaﬁed ‘to 140°.in an ell
bath. After all the mlxture Egd turned an. orange—red, it

was. heated to 160° for 10 minutes and waS thepn allowed to

UD

‘cool, It was dissolved in 50% aqueous’alcehol solution -

(500 ml) and the ‘alcoholic solutioh wéas extracted with -

three 100 ml portions of benzege. The benzene extract was
/- : : : . o '
. * . " v

2! ~

113 T -




dried over anhydrous potasélum carbonate and the solvent
was removed. The residue was chromatographed on 51llca gel )

‘(500 gm) using petroleum.(60—800)—benzqne;(2:1) as eluent.

.The orange—red-solid isolated was recrystallized frdﬁ

ethanol to give. 58 (7 gm), m.p. 93-?0;.nm§ (Cpcl,) 7}25—
7.60 (m, 1H), 7.60-7.83 (m, 2H), 8.17 (m, 1H); uv (cyclo-
e Ry ) 2

: X
‘'nm (e= 4730, 4400, 3230, 3170, 3320, 8200, 8150, 6770,

450'AE§OLW§24’ 320, 319, 283, 274, 245, 225

max.,

6250) ; mass spectrum m/e 184.

»
¢

Pregaratlon of 2- Benzyl—Ndphenylsucclnlmlde v

2-Benzyl-N-phenylsuccinimide was prepared accordlng
to Arcoria and. coworkers (101). Hencg 2-benzylsuccinic ac1d
(0.4 gm), which &as:érepa;ed according fg Moffett (102), .
Weizmann (163), énd'Cohéh~(lO4):iana aniline_ (0.18 gm) we;e{
heated at 180° to give the imide'j79é_yiéld) m.p. 123330°f
ir (CHCl;) 1778, 1714 em™l; mmr (CDC1;) 2.60-3.40 (m, 5H),
| 7.0—7.6 (m, 10&0. '

C : . ' .> .10 .
alcd for C17H15N02 265.1102 Founds 265 1099

-~

Preparatlon of N-n-Propvl-maleimide .. o /

-n—Propqumalelml e was prepared accordlng(Lo Mehta

et al. (105). Thus, n-prppylamine (6 gm) and maleic

aqhy&:ide (13 gm) gay 2 gm ‘N-n-proyl maleamic acid (m.p.

-

97-99°) which was cllzed in acetic anhydride to glve

N-n -propylmalelml e (10 2 gm) ; m. p. 79-80°; nmr (CCl4)‘

0.82 (t, J=3, 3H), 2.50 (m, 2H), 3.40 (t, J=3, 2H), 6.95




(s, 2H); mass spectrum m/e 139. . & R

-

N~

.Stability of 4,5-Benzo-l,2«dithiole-3-thione in the Presence

2

of Olefin

“A. With Cyclopentene ! : .
A solution of 4,5-benzo-l,2-dithiole-3-thione (2.8
- ’ '

* mg/ml) and cyclopentene 100 mé}ml in 'ether was kepf in the

dark .at room temperature. The absorbance (700-470 nm) was

-~

followed up té 4.5 hours. The data obtained is as follows:

1

. "Relative, * Relaéive, Relative
Time Absorbance Absorbance Absorbance
(hour) at 585 nm at 530 nm at 490 nm

0 0. . 0.24 0.52
1 o 024 6. 52
—1.5° . 0T 7 T gl24 . 0.52 .
4.5 - 0 0.24 : 0.50

A

B. With'Tetraméthylethylene
* A solution 01’4,5-benzo—1,2-dithiole-_3-‘-thione (5 mg/

ml) and tetrémethylethylene 100. mg/ml in ethexr was kepf in -

‘the dark at room temperature. The absorbarice' (700-470 nm) .

' was followed. The result obtained i§faé followed:
- . - 4 .

- -

Time 585 nm 520 nm 490 nm . -
0 0.01 ., 0.56" ' 0.86
2.5 hrs. 0.02 ' 0.55! “0,85
20 min.  0.035 0.09 .  0.12 ’ '
(room light) ] - .
80 mlno 11"10.04 ' 0!08 O.ll 4

(room light).

[ B »
»

115



Py

5

At the end of 12 hours in room light, the solution bé&came
deep blue.’

] \ ®

&

-Irradiation of 58 and Cyclopentene

¢ A mixture of §é‘(99 mg) , cyclopentene (1 ml) and
ether (30 ﬁi) wagrirradiated with a 450 watt ﬁanovia‘medium
bgessure lamp ug£i1 the.solugion turned,dee? blue which
usualiy toék 2 hours. Aftef the solvent had evaporated,

the solid residue was chromatographed on silica gel (9 gm)

*

wiEh petroleum (60—800)—benzene (2:3) as eluent to give 22

which w§s obtained as a white solid after it was
recrystallized from a mixture of methylene chloride and
methanol, in 80% yield {112 mg), m.p. 158-60° (dec.}; nmr

(CDC13) 1.93 (m, 6H, the ﬁethylehe protons of ﬁﬁe cyclo-

pentyl ring), 3.95 (m, 1,5H, -S-CH=CH-S-), 4.40 (m, 0.5H,

jS—CH-tH—S—); 6.83 (m, 2H, the aromatic protons), 7.20 (m,

14, the aromatic protons), 7.52 (m, 1lF, the aromatic

3-~mole/1it§ar,‘ A =585,

proton); uv (benzene) c=5.24x10"
, . max.

351 nm (e=24.8, 139),. facetonitrile) c=6.61x10 " mole/liter,

Apax. 580, 346 nm (e=348, 620), (methylene chloride) &=
5., 02x107 3, xﬁax 585, 347, 260 nm (c=97, 245, 136, 3590);

mass spectrum m/e (2), 284\(1.7), 252 (1.0), 216 (9.3),

1184 (100), 120 (51j,;76 (30.3), 68 (58.2) and 67‘(77;9).

Moleculér weight determination of 59: Method (1) =~

The olecular weight of 59 was detefmined in benzene by

‘means of a freezing poiht lowering method. The molecﬁlar

L 4 . ‘
weight was found to_be 496+10 at a conceritration of 2.04

-
-
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and 3.01 mg/ml of solvent. The value required for the
dimer,. 59a, is 504. Method (2) - The moleéular weight of
732 was found to be concentration dependent}(it waé deter-
mined in cﬁlorofdrm uéing a Hewlett and Packéfd 301 Vaper
Pressure Osmometer‘and benzil as calibraat). The value
(conc.) were: 428:20 (4.9x10™° mole/liter), 471%20 {6.4x

1073 mole/liten), 49545 (7.4x10 >

-2

mole/liter) and 532+30 (1l.7x%

1072 mole/liter) .

Thermal Decomposition. of 59

-

A,solution_ofugg (20 mg) in carboﬂ tetraéhloride (5.
ml) was réfluxed for‘12 hours. Only one spot'éppeared én :
tlc. - When, the solvent was evaporated and the residue. was
reérystallized fromiﬁeggne,pompéund 58 was optaiﬁed in
quantitative yiela, |

_. Théwthermél décomposition was also cafried out in a
sealed tube without solvent at 130° for four hours. Decom-

.position was completé but tlc showed about seven spots in
addition to tpat from compound 58. No -further investiga- .
‘tiqns were made, : | . i

—

Desuiﬂurizatipn’of 59a- .

B

A mixture of 59a (f.08 gm) , active Raney nickel (10
gm) and benzeng‘(15 ml) was heated to 40° for 20 hours.
After this time starting material was still present, The -

reaction temperature was raised to 60° and the reaction was

*

<
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completed after 4 hours. It was worked up in the usual.way./

The“ﬁeSLdue was separated from preparative tlc u51ng , '
petroleum ether (60 800)—benzene (20:3) as eluent Tess

{ .than\l mg of materigl wasstolated‘from the band w1th the
1argest~Rf value and no investigation was made on this

) N *
compound. The second compound was dibenzyl in 4% yleld m.

p. and mixed m.p. 49-50°; nmr (cCl,) 2.90 (s, 4H), 7.04 (s,
10H), mass spéctrum m/e (3) 182 (54) and 91 (100). The
third comoound was benzyl alcohol in }3.5% yield. The ir.
and nmfispectra of,this'ﬁroduct and that of an authentic
semple were identical. - | N

o

., Trapping 59 by N-Phenylmaleimide

. o A soiution o: 59 (39 mg) and N-phenylmaleimide -(29
mg) in ben;ene (10 ml) was stirred athroom temperature for
four hours in the dark. The 1:1 adduct §l_§as separated
'by preparative tlc using chloroform-benzene (1:4) as eluent
and was obtained in 80% (53 hqg) yieid..‘It was recrystalliz-
ed from ethyl acetate to give white crystals, m.p. 93- -95°
ir (CHClB) 1770, 1710 cm “l; nmr (cpcly) 1.5-2.4 (m, 6H, the

. methylene protons of the cyclopentyl ring), 4.1-4.4 (m, 2H,
~S-CH-CH-S~-) , 4‘.'9.3 (s, 28, =~S-CH(CO-)-CH(CO-)-C-), 6.80-
8.13 (m, 9H, the aromatic_protons); when‘S} mg Eu(fod)3 was
"added, the singlet at'4.93 ‘shHifted to lower field and
became a pair of doublets (J=9Hz), each doublet was-i

lntegrated to be 1 protOnL uv (MeOH) Apay, 283 nm (s) (e=

'300), mass spectfum‘m/e 425,

’




ta
-
. w

¢

Anal. calcd. for C22H19N0253: cC, 62.1}; H,f4f505 N, 3.2?.~

Found: C, 62.11: H, 4.56; N, 3.30.

¢ ‘ -

Desulfurization of gljby.Raney Nick;l

4

'l

A mixture of 61 (300 mg), Raney nickel (3 gm) and
benzene (10 ml) was refluxed for 24 hours. When the

solvent was evaéorated, a solid was-obtained. It was

-

recrystallized from ethanol-water (l:1) to givé 2—behzyl—ﬁ—
phenylsuccinimide (142 mg, 77% yieid) m.p. and mixed m.p.

128-30°. The ir, nmr and mass spectra of the product and

. . ' - =
those of an authentic sample were identicalves

id ?

Trapping 59 with Acet&lene Dicarboxylic Acid Diﬁethyl Ester -

- .

A solution of Egyﬁ;gp mg) and acetylene dicarboxylic

3

dcid dimethyl éster_(loouéﬁxzin benzene (lo,mlj was stirred

in the dark for 20 hours. Tﬁgixesuiting mixture was separated

by a prebarative tlc using benzene as .eluent. A gummy ’ .
solid, 62, was obtained id 75% (120 ,mg) yield. It seemed’

that it might contain more than one compound which ceould
A}

not be separated using tlc. Attempts to sublime this solid

at‘O:l‘mm Hg. at 100° resulted in decompositfon. The gummy

'solid had a m.p. 39h40°; ir‘(CHClé)~l7§l cm—1l; nmr (CDC13)

1.6-2.2 (m, 6H, the methylene protons of the cyclopentylene

-

L

‘protons of the e¢clopentyl ring), 3478 (s, 3H, -COOCH,).
3.80 (s, 3H, 4coocH3)-§.o-4.5 (m, 2H, -—SeCH-CH-S-), 7.720-

1,

8.20 (m, 4H, the éromaﬁic pfotons); uv (CHClZ) Amax

119



. 253 nm (€=3900, 8400); mass spectrum.m/e 388. 62 (95 mg) }_:
was desulfurized by Raney nlckel to give an oil which was
dlstllled at 125= 32°/mm Hg, g1v1ng dimethyl benzylsucc1nate
in 25% (20 mg) yleld The ir and mass spectra of this

. product-and those of an authentiC\ghmple were idefftical.

.
4

Irradiation of 58 and Tetramethylethylene >

v

‘The irradiation was similar to .the irradiation of 58

and cyclopentené. The reaction product (from 90 mg) was

,F“"’

crystallized from a methylene chloride—methanol:m{xture te -
‘give pale blue crystals, 135 mg, of 60 (90% yield) m.p.
1136-8° (dec.),, nmr (22 Hz) (CD,Cly) (ata=50°) 1.20 (5, 31,

the methyl protons), 1.33 (s, 3H, the methyl protons), 1.59

(s, 3H, the methyl protons), 1. 80 (s, 3H the methyl protons),
' 6.94 (1H, the phenyl proton), 7.02 (1H, the phenyl proton),
7.67 (the phenyl protog), 7.90 (1H, the phenyl proton); uv

(benzene) C—Z 59x10 —4 ) mole/llter, A —585 nm, (e=2270), = ?

‘max.

(chloroform) C 2.4x10 ~% mole/liter;.nmr ( C) (CD2C12ﬁ1148v6(S),;

139.40 (d), 134.19 (s), 129.52 (d),'1é8;67 (d), 128.07 (s) °

-

(these are the 6 aromatic carbons), 77.60 (s, -S-C-S4), //f

“- 66 23 (s, -8-C-C ), 66.12 (s, S-C-C ), 28 32 (q), 26 93 (q),
23.48 (a) , 23.31 (q), (these four" quartets are the methyl

carbons). : " !

3 —

‘Anal: calcd. for CjjH; S,: 268.0409. Found: 268.0405
(Anal. calcd. C,,58.20; H{ 6.01; S, 35.79. Found: C, 58.33;
‘M, 6.19; S, 34.88). . = Sy




v  J=9 Hz, 1H) appeared. Uv (CH2C12) A

- :
Molecular weight of 60: The molecular weight of 60 was
. measured at 5.8 mé/ml at 38° by Vapour Pressure Osmomefry

. .and was found to be 496. The calculated percentage of
4 .

monomer present at this concentration using this method
, FREEEES

was 7.4& whereasya uv absorbance method led to an estimate

of 9.7%.

i
-

Trapping 60 with N—Phenyl—maieimide

by

A solution of. 60 (500 mg) and N-phenyl-maleimide

’ /?ZOO mg) in benzene (50 ml) was stirred-in tﬁ;,dérk at .
- <

room temperature for 24 hours. A light yellow solution was

: .
“obtained: The solid obtained after the removal of solven

was recrystallised from ethyl acetate t6 give the 1:1

adduct 65 (700 mg, 85% yield); m.p: 242-5°; ir (CHCl,)
t - . A | ’ T

- 1775, 1710 em™%; Amr (cPCly) 1.36 (s, 3H, ~C-CHy) 1.46 (s,

3H’ _C-CH3) r 1-58.”’(5, ‘“; —C_QH3) 7 1070 (S, 3H' :‘C"CHB) ’

4.405 (s, 1H, -CH-CON-), 4.415 (s, 1H, -CH~CON=),.6.75-8.3

(m, 9H, the aromatic protons). After 28 mg Eu(fod)3 had -

-«

been ddded, the signals at 4.4l disappearéﬁ completely

| | - v
while two new doublegs at 4.83 (d, J=9.Hz, 1lH) and 5.9 (4, -

max. 286 nm (£=2600);

. mass spectrum m/e 441.79 '

. ' . - -
~A?al. calcd. for C23H23N0283: C, 62.58; H, 5.25; N, 3.17;

S, 21.75. Found: C, 63.28; H, 5.55; N, 3.20; S, 21,55.

4 . - . .
Atgf?pted besulfurisation of 65 by an 0ld Raney Nickel

X * A _mixture of 65 (163’g) and a foure~year old sample

0l
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P

-

of Raney nickel (stored in absolute alcohol) in absolute
alcohol (20 ml) was refluxed for 22 hours. :A solid was
obtained upon the removal of solvent and thiéuéciid‘was
separated using preparative tlc Fo‘give twa products.: The
first one consigted of yhite solids of 66 (119 Ag; 73%
yield); m.p. 225-7%; ir (CHC1,) 1775, 1710 cm ~; nmr

(cDC1,) 1.46 (s, 3H, -C~CHg), 1.55 (s, 3H, ~C=CH,), 1.60

(s, 3H, -C-CHj), 1.66 (s, 3H, -C-CH,),3.34-¢d, J=19 Hz, lH,
—cnlcoy—), 4.11 (4, J=19 Hz, 1H, -CH~CON~)3 7.06<7.7 (m, 9H,

the aromatic’protons); uv (CH

2

Clz) kmax. 298 nm ($=2500);

mass spectrum m/e 441.

Anal. Calcd. for C,4H,,NO St C, sz.sg;’a, 5.25; N, 3.17;

»

S, 21.75. Found: C, 62.62; H, 5.13; N, 3.27; s, 21.72.
\ o _ . 1
The second product‘was the starting material 60; m.p.
: & >
242-4°, - R : L

The adduct ﬁg (500 ‘mg) was eventually desulfurised,

under the same conditions but with freshly prepared Raney

-

nickel (12 gm) to give 2-benzyl-N-phenyl-succinimide (230
mg); m.p. and mixed m.p. 128-300. The ir and nmr spectra
of the product obtainea and those of an authentjic sample

were identical. .
‘ * A ' . R
. ~\ .' d
Trapping 60 with N+n-Propyl-maleimide

Y [

A solution of 60 (100 mg) and N-n-~propyl~maleimide
. — 7 L ‘ .

(50 mg) in benzene (30~m1) was allowed to stand in'tAe dark

at room temperature for 30 minutes. The solvent wvas
N -~

_ removed and the residue was separated using preparative tlc

-




A

N 4 5 | | 123

,

with benzene as eluent. The 1:1 adduct 64 was obtainéd in

79% yield (128 mg); It had a m.p. 213-4°; ir (CHCl,) e
1724 cm '; nmr *(CDC1,), 0.4 (t, J=4, 3H, -N-CH,CH,CH,),
0.9-1.3 (m, 2H, -N-CH,CH,-),. 1.26- (s, 3H, -C-CH3), 1.46 (s,
34, -C-CHj), 1.53 (s,-3H, -C-CH;), 1.70 (s, 3H, -C-CH;),

3.20 (t, J=4, 2H, -N-CH,-), 4.20 (s, 2H, -CH(CO-)~-CH(CO-)-),

7.20~8.20 (m, AH, the aromeﬁic protons); mass-spectrum m/e

[

—.

407. ' : ™~

Anal. calcd. for \&gs,H,cNO,S,: C, 58.96; H, 6.18; N, 3.44

s, 23.56. Found: C, 58.96; H, 6.09; N, 3.41; s, 23.79.

L4

Trapping 60 with Acetylene Dicarboxylic Acid Dimethyl Ester

7
L Y . ' L4 L] -~

A solution df 60 (100 mg) and acetylene dicarboxylic -
N

-

acid dlmethyl ester (0.5 mMl) in benzene (10 ml) was stirred
at room temperature in the dark for 12 hourst Separation was
achieved on a preperative tlc to gave the 1:1 -adduct é};in
67% yield (95 mg). ThlS was recrystalllsed from methanol to
give whlte crystals, m.p. 94 7 4. ir (CHC1l ) 1421 'cm l; nmr
(CDC1. ) 1.40 (s, 6H, the met;>i\proﬁons}, 1.54 (5, 6H, the
methyl protons), 3.94 (s,;3H:"-éstﬁ;3ﬁ 3.96 (s, 3H,

-COOCH3), 7.5-8.5 (m, 4H, the aromatic protons). The

. variable temperature nmr of 63 was done in carbon disulfide

in 3 temperature range from +30 to -110%, It was found

that the frequency separation of the resolved signals at
. . , N 5

low temperattire was 160+15 Hz, The results are shown in

-

Fig. 7.

-

. . .‘ " .‘m_‘
Anal. ealcd. for CygH,,0,4S5: Cf 55.61; H, 5.40;.8S, 23.39:
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Found: C, 56.10; H, 5.70; S, 22.88,
. ggz(iAS mg) was desulfurised to give dimethjf 2- “-
succinate in 15% yield k14 mb). The i; and mass spectra of,
: : the product and®Mose of an authentic specimen were

"identical.

F t
i

Molar Extinction Coefficient of 59 and 60 -

- ‘ The spectrophotometric measurement was carried out
with a Gilford Spectrophotometer 240 equifpped with a double

set of thermospacers through which wéte Trom a constant

AN *

temperature bath was circulated. Matched 1.0 and 10.0 cm
{ - .

quartz cell wére used and the temperature was maimtained at
24.5+0.2°., oOptical depsities were determined at 585 nm,

the wavelength of maximum absorption. Optical densities

were‘reproduciblé to within #0.5%, The molar extinction

(Y

.coefficient, €, was determined by linear extrapolation of
-2 - : +
g VS e?,c plots°(90, 91) (where c is the concentration of

total ég or 60, all figured as monogers) to zero‘éohceﬁ—

tration: The resulting values of € were then used in the

*

- L ~ calcujation of'equil;brium cénstantg.- The data for.§2 in
chloroform is given in Table 7 and Fig. 10. The data for
60 in benzene and ghlor&form are given in Tablés 8—9.and
Figs. 11-12 respectively..

/7 .
The uv absorption spectrum of 59 was measured omnr the

-

. - Y

e  cary-14 instrument using a spectrophotometer cell which

LI could be thermostated: The Haake model KT-62 served as a
e . éoﬁstant‘temperature circulator. The absorption spectrum |

L ¢ S




> mole/liter)

v of 59a was measured in ether at ~15° (c=8.4c10”
' and is skowfi in Fig. 8.
\\0 . . M n -
o - . ' : . ' &
.. The Uv Absorption Spectra of 59 in Different Solvent Mixture

-

The measﬂg;ment were carried out on the <ary-14 in

 solvent mixtures of n—hexane/meﬁhylene chloride (c=3.6x
- - 10—35 at .room temperature, These are shown in Fig. 13.

~
- . . L)

- r

B . ’ : - ‘t
Thermodynamic Measurements of 59 and 60 :

[

Tﬁermodynamic measurements were carried odf by means
. of uv techniques. Uv absorbances at 585 nm were determined
by the Ca£y-14!ﬁpéctrophotometér using a sQeCtrophotometér
cell whiéﬁ could be Ehefmostated. The KryotheYmat Haake
. model KT~62 was.usegkas‘a constant’temperature circulator._

“The temperature reading of the spectrophotometer cell was’

Q

N ¥
~- - . measured by means of an iron-constantan thermocouple using

an ice-water bath as*a reference, A digital voltmeter, Dgna
«

- - . 5330 model, was used to'méasure the differences in voltages:

e [

which could be converted into temperature readings. The uv

- ) L
absorptipn spectrum was taken a!tér constant temperature

<

. ‘had beer attaingd, equilibration usually requiring at least

e i ' one houx. \ The thermodynamic parameters were determined in
benzene and chloroform at 7 to 12 different temperatures..

. _ The data obtained are shown in Table 15 and Fig. 16-19,

- " +
3 4

- S

* Temperature Effect on the Uv Absorption $pectrum of 59

2 " ‘. A

r 2




< -(-\\

" 9.8x107° mole/liter) was measured at 4 differe tempera-

. The same setup was used as for the thermodyfiamic

measurement. A solution.of 59 in methylene chloyide (c=

*

tures between -16 and +33°, Results are-shown in Fig. 14.

J

Effect of Light on'the 59a === 59 Equilibrium :

K3

-

The absorbance o® the solution of .59 in benzgne
- 4

1 mole/liter)~was‘meésured at 585 nm at 250. The

(2x10°
solutionsawas then irradiated'with a 450 watﬁ Hanovia medium

pressure mercury arc lamp for 5 minutes. The absorbance at”
585 nm was measured over a period of 15 minutes after the

y .

irradiation had stopped. The absorbance increased from

P A

0.060 to 0.235 .during the irradiation and returned to about

0.09 at the end of the measurement. This is shown Qﬁ Fig.

A d o

15.
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PART 3: THE CYCLOADDITION OF THIOKETONE TO a,8<~UNSATURATED

oS

°

- THIOKETONES | . .

~ -

,CHAPTER 1 . ~—-

- 4. ~INTRODUCTION . S ,
In the study of the structure of the monomers

bR derived from cyclopentene and tetramethylethylene with 4,5- --
benéo—l,2—dithidle~3ethione, we employed trapping reactions

- . M b .
with' standard dienophiles to form a Diels-Alder type of ,
. & & .
adduct (see Part 2). Alicyclic thioketones were also usedy -,
[y 1

: . =
since it was'thought, at one time, that they would give £
y

adducts resembllng the structure of dimer via a Dlels~Alder
* -

reacti:;T?\ﬂEfér\QnLﬂit was_shown that the dimeiswere 4+4

p - : adducts instead of 4+2 adducts. . However, it was noted that

-

-

&

tﬁe addition between thiones and the moénomer, 59, (an E,B— » ’
- > — N

unsaturated thione) was proven to be irrelevant to the.

structure elucidation of the dimer, and we thought it might
be worthwhiie to investigate the reéétion in more—dd%all

. .'Surprlslngﬁ& the mutual addition of an a, B—unsaﬂhfated
* »
T thione to a th1one function has not been reported in the

. ‘literature.‘ d ) ' o R
. R ] . L3 i M . " -
e T The use of thioketones and o, Brunsaturated thlo— , T

ketones as pdtentlal dlenophlles and dienes in a Dlels—

Alder reaction was not studied untll recentl%., ‘The

) 127
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earliest work repprted ifr this field was the addition of
. ~ ,‘ -
perfluorothioketones to dienes (106), At about the same
time, aromatic thioketones;were also shown to be good B

‘déenophlies. Schonberg and Konlng (107). mlxed tthE

¥

fluorenone with 2 3—d1methy1—1 3-butadiene and obtained the
spiro cycloadduct 78. It was demonstrated by Tsuchihashi
and coworkers (108) that both thlobenzophenone and Eh&o~ .
acetophenone reacted smootHly with - £—methyl—1 3—buted1ene’ "j~
in the dark to glve the blcycllc adduct 79 and 80O 1n~good
yleld v .

) —

L" .. . ‘ . . .
= ¢ qr CH3 . .
[} : L] 4 ] ) '

Sugiyama' and coworkers (109) also found'that thio-

benzophenone couldfunéérgo both 1,2 and 1,4 photochemical -
(™ : : ’

-

addition with diene, 81, to give préducts 82, gg_and'gi;
Recently, Cantrell‘(llo) showea that thioben;opheﬁone added

‘photqchemically to cyclooctatetraene solely at the 1,4

position. In thesfe cases, a, radxcal re.actioxi J.s3 assumed v

-t -

Examples of a,B—unsaturated thloketones serving as

4

the diene in a Dlels—Alder reaction are scarce. Na51elsk1's

4 " .




[
3

(73) observation as %elf~as results from our laboratory

o

(see Part 2) have demonstrated the addition of the

thloortho qu1n01d 85 w1th N-substltuted malelmlde and ace-

-

vtylene dicarboxylic acid dimethyl ester to give adducts 86

and gl,lrespebtively.
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»

¥

Agyclic d,B?unsaturated thioketones ‘also undergo <
v similar reaction with dienqphiles. THe addition .of
aéetylene dicarboxylic acid dimethyl‘estér to‘gg‘:gsu%ying

in 89 has been reported by Leaver and coworkers (111).,

e

Quiniou and his collaborators (112, AlB)succeedéd in™

-reacting ketene and sulphenes to amino-substituted o,8-

. . A [y ' o f -
) - unsaturated thioketone 90 ‘to give 93 and 94 which were
. ‘ Ty = . - '
: deaminated to 91 and 92. \\ . A
. , MeOOC ~ COOMe  °
Lo ‘ S R S < ~COOMe
. - S~ coome ———> Il .
o : )l -5 N coome
- H 's—~ cooMe T
’ 88 | 89
\ .

.. -

. " In the present work, the formation of 1,3-dithiares

from aliphatic thioketones and o,B-unsaturated thiokesones




. - : v
were investigated and the results are described in the

following section.




‘4

[

. were separated as one fractio

CHAPTER 2

RESULTS AND DISCUSSION

. _ , g .
2.1 'The Diels-Alder Cycloaddition betweén a,B-Unsaturated’

“ Thiones apnd Thiones .

»

A. The Cycloaddition of Thioketones to 59

. L . ) :
The thloketones-chosén.ln this study were 2~
! . - \
adamantane-thione, 2-thionorcamphor, cyclohexanethione and

thiocamphor. The pure adducts (95a, 95b, 96a, 97a and 97b)

of the first three compounds with 59 werg\greparedqby
mixing 59 with the thioketones in a molar ratio of 1:1.1 in 7

benﬁbne. -The solution were képt in the dark at room

- temperature for 24 hotrs. Isolatonwas.achieved by two

successive preparative tlc. 1In the first tlc, the products

from the reaction mixture.
separated into 2

compounds by éno?her'tlc eluting af least 4 timé;'éith
cyciohexane. .fhé yieldé, mass and nmr spectral data of the
adducts are listed in Table 16. ;Their:groof‘of structure
will be dealt with in the following section.

In théfcaéeldf Z;ﬁhionorcamphor, inyian% adduct was -
isolated from the reaction. The‘second fractionnwas an
oily material which could.nét_be induéed.to c:ystall;se‘éndl7
probably contained stereoisomers; This point was cohfirmed

by the nmr spectral data of this oily material which showed

132 P
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more than one éfgnal in‘the 4.§~4.4.ppm region, This is
the regién_af which the hydrogens. a- to the sulfur atoms
absorb. Since two ab§prptions were obsérved'at 4.0 ang 4,4
ppm, this oily material was not a single compou;d. ‘The
mixture of isomers could not be sebarated by preparative
-tlc. 3 . R .

. wThe rate of cycloaddition was sIowest in the case of
thiocamphor. Three days passed before tbe purple color of
the thione disappegred."Unfortunately, the adduct
décomposed.aé the solvent was being Eemoved at 40° at o
ré@uced pressure. The resulting red sublimate was shown to

be thiocamphor while the residue was the o,B-unsaturated

thione 59. L

thiones ~
) 7

13




L]
. B. gyc%géddition of Thioketonés ‘with 60

o~

The thlones in this study were the same ones used
P

- with the a, B-unsaturated thloﬂé 60. Oonly cyclohexanethlone

reacted to give an adduct, 98, which was stable enough to

be isolated. Repeated tlc showed that the adduct was a

single compogiib‘

‘s S - 2 S
. _A , .
+ —
’ ; S
60 . 13 28 -

4 .

In the case- of adamantanethi®he and 2-thionorcamphor,

Cad

the products which were formed after 3 days decomposed to
fhe starting thiones auring re@oval of the solvent at room
temperatu;é. With‘thiocamphor, no cycloaddition reaction
occurred, as judged by the persistence of the purple color=
) R .

of the thiones even after keeping the reaction mixture for

- *

4 days in the dark.

C. The addifion of 99 to adamantanethione

The reaction between the a,B¥unsaturated thioketone,

99, with adamantanethione gave a mixture of 1:1 adducts

10Qa,b, in 25% yield. The nmr spectrum (see Table 16) of

, the mixture showed 14 protons at 146-2.3 ppm and 6 protons .

136



. ’ ' " 1 i y ’
_ ‘e
,: 3 S Sﬁ H H ! -
- //n\\4’L\S °
¢
99 4 _ .S 100a,b

22 <
¢ S

at 2.4-2.7 ppm which account for the protons of the
'adamant§l and cyclopentyl skelétons, a multiplet of_2‘
protons at 4;5 ppm, 2 singlets of 1 Vinyl proton at 6.27
ahg 6;59 ppm in a ratio of '1:3 and 5 aromatic protons. It
was concluded that these two products ere isomers similar
to those of the adducts obtained from 59 and thloketones.
'ThlS was based 6n the fact that the sum of the peaks at
6.27 gnd 6.2%/ppm integrated to exgctly one proton while
the peak for the methine protons a 'to thé’sulfu; atoms
(integrated to 2.
‘ , Ow1ng to their instabilities (they decomposed quite
;éadily in solution as well as on th plate), only the
major product was isolafed. Its nmr specErum is shown in

Table 16.

;.2 The Structure Determination of the Adducts




-

. .
€ The structuresof the addutts were deduced from their

13

. spectral data as well as from chemical;transformatiqg on
adducts 95a and 95b. The agqucts 95 were chgsen for study
'because they were comparatively si@ble. With the Ltructures
of adducts 95a and 95b determihed,‘the structures. of ;he
oéher adducts could be inferred by analogy because éll the
adducts héd\very similar nmr spectra and.because their mass
spectra* indicated ‘that they were all 1:1 adducts (see

~“Tabl€ 16). The nmr data for 95a and 95b were conskaiiig)

with "the view that thes;\¥wo cdmpounds were either gedmetri-

cal isomers 95a,b-or 10la,b or structural isomers 95 and

wr

»

H=~=- = wee H
95a,b S5

*100 did not give any molecular ion.’

4

13
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-

The possibility that these compounds were structural
\ ,

isomers was eliminated by the mass spectral fragmentation

.

pattern of the two,adducts (e.g. 95a and 955). The
fragmentation patternsof these two isomers were:identical

and this result is not expected for isomers differing in .(:;2
: o S )
gross structures. It was also shown that the o,B-
. < _
unsaturated thione, 60, reacted with cyclohexanethione to

4

" give only one product. ~In this case, only one geometrical

isomer is possible whereas there are still two possibilities

| S
PR,

- for structural isomers. " ) . Jo
The orientation of this Diels-Alder reaction- may be

-

rationalised by a consideration of the direction of the

. éolarit§?of the thione and the a,B—gnéa;g;ated thione, For
ad;hipc;rbonyl group, the.polgfisation,#g’qu;te éimilaf to °
. that of a carbonyl group 6114%.3 }hus thgccarbon atpm of
"-f;he C=S group in a‘}hioketone is electrophilic in character.’

. 'Oﬁ the other. hand, the po}arisation direction of the a,B- v
unsaturated tﬁiokétqne (representea as 102)‘s£udied here is .
7

4
7)

S‘ A

v
]

v \_,/T
. o ’l . ’ '
90 | . S 102 :
L ) —.
L




¢ -* . analogous to that of a B—émino-a,s—unsatﬁrated thioketone
. . . . ?
90, the lone pair electrons of the sulfur atoms in 102

- : 4 beiné equivelent to-thi electrons of the aminog group infgﬂf

) The polarisation of 90 in a Diels—Alde: reaotion,has been

shown by Quiniou et al (112, 113) as the direction of the

e . : arrows in structure gg:;h}ch is an expected polatisétion
postulated for‘zéiigls-Alder reattion‘(llS)' On +the basis;

of these argume it may be concluded that the ‘adduct has®

a’ 1, 3—d1th1ane rather than a dlsulfide structure, 101 Co
— ’ Unfortunately, 1t is a known fact thatgsubstituents'
,in the dienophile or diene may .change the course of addi-

e . . . i,
tlon ) It has been sﬁown that the orientation of the addi-

L3

- . ’ tlon of 9- suhgtltuted anthracenes is dependent ypon the

nature of these substltuents (l16-119). Valenta and his -

- .

) : ’ .- :
coworkers have also shown that the percentage of the two =~ »
. possible isomers derived from the additioﬁ‘éf‘olefins to p- )
' quinones may be altered when catalet‘ie troduced (120) .

Y . . : ! . . 4
With this complication, the previous assignment of ‘the mode

- - of addition becomes uncertain. -

The distinction between'the,two'structure types was | "~

. - made on the, ba51s olf chemlcal tran formatlons. The adduct

e

,dq{i. Normally, under these condlt'ons a dlsulflde would

n s

- have been reduced to the correspondlng thiwl (121}. -This , °*
suggested-that the disulfide étructure was incorrect. A e

positive structure proof“wés achieved- by Raney nickel

‘

R .
. . .
. ; .
i ' 4 - . .
¢
< . . . . ¢ ’ .
. . -
. R .
. . .
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-
reductlon and by the hydrolysis of the 1,3-dithiane linkage
by mercur}¢ oxide, The Raney. nickel, (W;) reduction of 95

) -
gave 2-adamantanonesand 2-adamantanol in 17 and 21% yield

. '\

respectively. These two'prpducts ére identified by

3

% -

~comparlson of melting points and speéctral data with those’

Wf authentlc samples. h

In addltlon to adamantanone and 2—adamantanol a

small amount of o-tolyl- 2radamantyl sulfide, 103, waﬁbalso

obtalned in about 1% yleld The structure of 103 was not_
r1gorously proven. The 1dent1ty of 103 w1th O-tolyl-2-.

adamarityl sulfide was suggested by a comparison of the nmr
and masg spectral data as well as the Rf value with those -

a— »* o

of an authentic saﬁple which was prepared by heating 2-

bromoadamantané with o-methyl-thiophenol in the presence of
i ’ : ! . .
pota551um hydrox1de. 10 showed-an molecular ion at m/e=

———

' ‘ 3
258. The nmr specﬂrum, apart from the peaks for the ’
* -----
aromatic and adamantyl protons, showed a sLnglet at 2 4 ppm

and a multiplet at 3 4 ppmfi*The former peak could be

S%counted as the methyl protons of the tolyl group and that

of the latter was the proton a— to t?F sulfur atom. These

, ' Me
. N

LD . . L

7

rd




two peaks were superimposable on the equiiglent peaks of an

authentic sample.

N ) N ) ' =~ . . -

The formation of 103 was-unusual.’ However, it,has'
v ' :

been shown that a sulfur atom attad¢hed to an aromatic rin

-

» x

is more resistant towards desulfurisation than a sulfur

" ) ' . ' : » .
atom attached to an aliphatic carbon atom {(see Part 1).

Since 103 was. obtained impure and in very .low yield, a

piaper identification was not possible and an alternative
, 1 ] ekl

proof of structure was sought.

When 95 was stirred with mercuric ox}de'ig the

presence of boron trifluoride at OOC, two compéundS'were

_forﬁéd. The first compound obtained‘by extraction. with
" ' ether ‘was adamantanone in 50%. yield. Tt was identified by

. a compariéon’of its melting peint ‘as well as its 2,4~

¢

dinitrophenylhydrazone witglﬁhose of authentic specimens.
The second, highly insoluble and acidic, compound was o-

mercaptbbenzoic acid which was isolatéd.a§ the mercaptide

’

chloride 104 in 50% yield.
. g ) Y

.




"-below), -and we haye shown that the isomerisation does not .

-

’

The structure of the mercaptide chloride 104 was ‘

r

established from its physical data and ir spectrum. The ir

. spectrum of 104 showed bands at 3400 and 1680 cm™', indicat-

ing the presence of an aromatic ac¢id (122); a sharp band
fdr a four contiguous aromatic hydrogens out-of-plane

bending at 745 em™ ¥

(123) was also seen. ' The absence of
an ipsorption at a;fegion 1610-1550 cm"1 excTuded the
possibility of an anion of a carboxylic grodp in the
molecule (124). The structure of‘lgi was cénfirmed‘py
comparison of the Rf value and m.p. with those of an

authentic sample synthesisedby a different route using

o—mercagtobenzoic‘acid and mercuric chloride (125). The ir
> : : P

spectra of the two sample were superimposable.

'The formation of the o—mercaptobenzoié acid deriva-

tive from the hydrolysis of 95 ‘may be viewed in the follow~-

ing way. The two I, ithiane linkages in 95 weye

‘hydrolysed in a-manner typical of a 1,3-dithiane to give the

-thiolacid derivative Y~-COS-) subsequently hydrolysed in the

-

presence of ﬁydrochloric acid to give theﬂcarbokylic.acid
derizative; viz 195;”Thé alternative structure would not
give_the pgoducts obtained and, moréover, mercuric compounds
do not cleave a &isulfi@e'bondl(IZGL.: Angéltefnative
rafibnalisa£ion could be that the adduct dedgﬁposéd to 59
aﬁd adama@tanethibqé éné'that tﬂe hydrdlysis products were
derived from these; The adduct is hoﬁé;er théfmally stable

) N L4

under these condition except for the isomerisation (see N\
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- involve dissociation. Hence we concluded that the hydro-

lysis results are valid evidence for the presence of a 1,3«’

Ne

'

dithiane,

2.3 The Stereochemlstry of the Isoigrs =

’ It has been p01nted out that éhe.adducts obtained

from the Diels-Alder reaction with 59 were pairs of isomers.

-rs

In this, the cyclopentyl adduct series, the four groups

-+ attached. to the 1,3rd1th101ane rifng were different and so

- * .

‘syn,and anti isomer dre possible: nameiy, the methylene

protons of the cyclopeﬁtyl ringi the two methine hydrogens;
thé-phéhyl ring; and the sulfide group. These are repre-

sented as groups 1,2,3 and 4 in the follow1ng repres ta- -

/
tion. Two isomers "are p0551ble. With adduct 96 4 isomers

’ [4

-

-

are possible since there is-aﬁ additionél cént;g of
asymmetry . ‘ _ |
The dlmerlc form .of 52 showed the methine protons
f'absdrptlon at3_g5and4.401nm1(See(Part 2). This observa-

. : ~ ] .
tion was rationalised since there were two‘'different stereo

, . o
. . L} . -
. . -



environments for the methine protons: syn or angi to the
. D . A

nearby phenyl ring. This is exactly the same situation as

obtained in the cycloadduct of the cyclopentyl serigs. On

"the other hand, the two geometrical isomers
. show different absorptions for the two sets
the two isomers both being at 4.5 ppm: i.e.

shift of the methine protons in 100 was the

on which side of the molecule the protons might be.

field shift of the methine protons in one isomer of 95 (£7)

of 100 did not
of methines in
the chemical

same no matter

The

must be due, therefbre, to the aromatic ring and can only

occur in the ‘syng¢isomer.” Thus the a‘bi isomer was assigned

to the a-series (6=4.4 ppm) and the syn to the b-series (6=

' 4.0 ppm). . : :

-

LLIN

Y




Dimer of 59

§=3.95 and 4.40ppm

L

(3 isomers possible) (3 isomers possible)

(4

.
95a (96a, 9%7a)

§=4.4 ppm

100a,b

.8§=4.5 ppm
v AL

‘e

Figh 20 Assignmeént of -isomers with chemical shiftsof the
methine protons show :

W
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o | CHAPTER 3

~ ISOMERISATION OF THE GEOMETRICAL ISOMERS

-~
.

3.1 Isomerisation of gi»in Deuterated Chloroform

It was }ound that the nmr/égectrgm of a pure adduct
derived from the a,B—unsaturatéa,tthketone gg changed_with
time. A freshly prébared”soiution of adduct 95a in =

. P .
"deuterated chloroform gave only methine proton absorption
at 6=4.4 ppm; Whgn ths spectrum of the same solution was
taken 12'hours later, it showed a new absorption peak at
4.0 ppm in addition to the one at 4.4 EPm' Thig observa-

tion was accounted for‘by the isomerisation of 95a to 95b

since both 95a and 95b were isolatéd‘from,this solution.
It was desired to study the isbmerisation'in more
® ' , ,
~detail by recording the change with time. Pure adducts 95a

iV

and.ggg‘(about O.i M in deuterated chloroform)_wére used as
starting.materials.' Thejisomarisation was mogigored at'32°
'by the increasénin the methine protons absorption dupe to
the newly formed'isomer and ébe decrease -in the absorption
dueAEp the oiiginél isomer., The change wés falléwed until
no more change, was seen (see Fig. 21, 22). The ratio of‘
tﬁe two isomers at different periods of time waé measufed

by integration of the two peaks at 4.0 and 4.4 pbmgand‘the-

résults are listed in Table&*17 and 18. It waSnsh6Wn that- -
. LI [ 3 -

-

the ratio ofcthe two isomers after 40, hours was ~1 in both
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Figure '21, Time dependent nmr spectra of 95b in CBCly. -
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Figure 22. Time dependent nmr
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TABLE 17

Isomerization of 95a to 95b in Deuterated Chloroform

~ T

. [95a]
., Time (min.) .

. . [95a)+{95b]




TABLE- 18 . -

- »

Isomerisation of 95b to 95a in Deuterabé\d\_(:‘hloroform

’

Time (min.) [25b]

N
H

[95b]+(95a]

R ”
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cases¥*.,.

3.2 Isomerisation of 95 in Benzene: ~7 ‘\\;7 . .

The same isomerisation of 95a fo 95b could alsoc be =

achieved in benzene at 80° (see Figy 23). The results are °

El

shown in table 19. It was noted that isomerisation occur-

red at a much siower ratd and required a higher temperature.

3.3 Solvent Effect on the Isomerisation-of 96
. : 2%

sl A 4
The 1somerlsatlon of 96a to the other 1somer was

followed in .earbon: tetrachlorlde as well as. in a mixture of
methyleng,chlor;de—dé—acetonitrile—q3 i%'the ratio of 2:1
at QOOC; It was foﬁnd that isoﬁerisatiﬁn took placé with
20% converéion after 48 hours. Under the same conditions,
96a did not undergo oisoﬁie;:j.satidn in carbon tetrachlofide .
after 4 days. This finding iﬁdicated that the isomerisa-~

tion was solvent dependent, - Since a more polar solVent

favored the isomerisation, it suggested that the inter-

mediate Yii/géaar'in character.

3.4 Acid Catalysed isomerisgation of 97a to 97b

- -

The large difference in the rate of isomerisation of

*This value was different from that obtained in benzené -
during the preparation of 95, Here the ratio was about 3.
However, as will be seen 1ater, the adduct formation was
kinetically «ontrokted and the equilibratjon was Vvery slow.
" The ratLo of.1:1 for the two 1somers geflected stablllty.

Ve
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" TABLE 19

4 o+

Isomerisation of 95b to 95a in éénzege at 80°C

-~ T Y

&

- 195B]

Time (houy)

A [95a] +[95b]




. \J y
95 in benzene and chloroform suggestéd*t et;é trace of acid,
frequently present 1n the latter’solvent, might have been

’respon51b1e. To verify this point, a "carbon tetrachloride

: \ e
prepared and acidified with dry hydrogen chloride gas jy

prior to the nmr measurement. The study was cerried out at

solution of adducts 97a and 97b in a ratio of 4:1%* waggzz

‘\~2}5C and the change in the ratio of the two isomers was

measured 'in the .usual way (see Fig. 24) The results are

shown in Table 20. The change in the ratio of the two
. i K Y s
isomers with time is.shown in Fig-. 25. 1In the absence'of'

hydrogen chloride, the isomerisation did'not occur. The

results showed clearly that 1somerisation was indeed acid

. ~

catalysed. o - =

The mechanism of "the 1nterconvers1on could be
postulated as being (A), a retrogre551on of the addgct to
the two starting- thiones, which could then recombine to
give either isomer, or-(B), a breaking of one C-S bond-of

tHe thloorthoester grOup, and subsequent recombination to

v .

give either isomers after bond rotation. p

"
v -

Since the adduct formation was thermally rever51ble,
it was thought that the 1scmerisation might be a.. dissoc1a—

tion process. In th1s mechaoismu represented by Scheme 8,
S8

breakage of. two bonds is reguired to form the starting

materials. ,[The resulting thiones, which might’be kept in a
. . 1] v
, e e ' e
*It was difficult to obtained a pure sample and it was ¥fot .
absolutely necessary for this study. The ratio was ,
- determined by integrating the two methine. protons' peaks. .

L

-

»

+
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e ‘ Flgyure 24. The isomerisatibn of 97a in HC1l/ CC1‘4. '
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TABLE 20

e

Acid Catalysed Isomerisation of 97a to 97b in Carbon

~ Tetrachloride

I
. - 1:9731
Time (min.)
' 197a}+197b]
q -~ . *' —
. :.ﬂ
.. 0 - 0.800
15 ’ (.o.é%o .
40 0.615 .
140 . 0.590
270 J 0.585
600 i 0.580
1400 -, “ 0.570
3480 S 0.570
e
> ) . !

=

@,
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r" -'. . ‘..
solvent cage, may ‘recombine rapidly to form both isomers.
The mechanism resembles that for the interconvegsion of the

y
—n
. -
5
. |
\ . \ ‘ .
¢ Scheme 8 ‘
g 3
endo te exo isomer-in ‘the Diels~Alder reaction involving
»

. - ~”cyélopentédiene and N-phenyl-maleimide. This reaction

mechanism has been discussed in detail by Berson and his

« -
.
“ .

coworkers (127). - ‘ ¢
e " The isomersation of the adduet could be achieved, in
. principle, by only‘breaking one.of the thicorthoester bonds.

-

 This .is sifown in Scheme 9. The breaking of one of the C-S

‘bonds 15$ﬁ§ to an intermediéte 105 or 106. The‘re-formatioﬁ'
ofifhe C:S boqd may occh after boﬁd.rotgtiég to g;Ge either
.isomer. . . ‘ | |
) . 1
fx‘dilstinc.tion between the two iaalgé'ibilities ‘was made
- as fol;l.\ovgs.Af Thg isomerisation of 96 in benzene at:. ’800 was ’
1 ‘ . : ’

carried out in the presence of thionorcamphor-cad

’ ”~

' 2° The
. ‘adduct which was isolated contained no‘deuterium, as .. 1.

) L4

Hdeéermined by mass spectrometry, ‘and hence it could be -

.
. L}
: . 5ok .- .
o . . . - * 3
* .
.
* *




106 *

] \ : Scheme 9

‘Eoncluded there had been no exchange between the labelled
. " and unlabelled ‘t'hion camphor. = Similarly, ,isc;merisation‘ of

. . ' . 4 .
96a in the presence of the’powerful dienophile, N-phenyl

.

Toeep T o maleimide, ﬁoth in benzene and chloroﬁorm_solutlon, did not=»*

. A

lead to the formatgon of 6l,
- The observed results involving the isomerisation axe ~ -
consistent with ‘the one-bond-hreaking mechanism. Sincé the

&

isomerisation is acid catalysed, it may be concluded that

. - . N
. 1
L] . -
N . ! :
. . . . . ‘ ’




PY n

the isomerisation involyes an ionic intermediatée and not a

 radical. It has been po;nted out that an alkyl.thio groupg
in a cémpoupd having ﬁb;e than -one S—a&kyl group attached
to the same carbon atom, a thioorthoester for instance, cén
act as both an electron donor and an acceptor. Iﬁ'the

presence of acid, the thioorthoester may react with a

'prqt to form a _sulfonium ion, 07, in which bend rotation
>ten moag A |

mayFBccﬁr‘pnd lead to isomerisation (see Scheme 10).

[




‘ : Z o . .

. .., -

L]

-~

Since the isomerisation is acid catalysed, it shoul&

not occur in benzene. . The actually observedsflow ‘isomerdsa-
' +
» * [}
tion in benzene may‘'be attributed to the presence of a
LY - s . - 1Y
. trace amount of acid on the glass ware.

-

~




‘m.p. 114-86° (Lit. 114-7°) (24).

€ . EXPERIMENTAL

CHEMICAL

Norcamphor (Pfaltz*anaeBauer), camEHbr (Eastman) and

.~

.adamantanone (Aldrich) were used without purification.
» ,

Cyclohexanone was distilled, once. All the deuterated

_solvents (acetonltrlle d3, methylene dlchlorlde-dz,

chloroform—-dl and methanol d ) were supplled by Merck Sharpl

and Dohme and were used as reeelved. Boron trifluoride
) $
etherate was purified according to Fieser (128)-
; .

P

Preparation of Sfﬁhehyl—l,2—dithiole-3—thione

X T~hé. title thione was prepare‘d according to Klingsberg
(24;. {Ethyl cinnamate (39 ml) was heated to the boil in a
500 ml wide mouth Erlenmeyer flask and sulfur (9 gm) was
added £o the boiling liquid. The_sulfur dissolved :Eadily
and the mixture w;s boiled gently fox 1 hour, cooled,
dlluted w1th 12 ml of ethanol, chilled~thbrouchl§, and
flltered. The resulting llghf brown solid was Eecrysta1~

lised from ethanol to give S-phenyl-1,2-dithiole-3~-thione,

-

Y

A solution of 5-—ph§:yl—l,2—dithiole—3-one (12 gm)
and'ﬁhbsphorus pentasulfide (18 gm) in pyridine (120 ml}.
. ' .

was refluxed for 4 hours, cooled partially} dilqted with

150 ml of water, chilléd and filtered. The brown crude




product was recrystallised from -n-hexane to give gfanéé'
crystals of thione in 70% yield (9.0 gm), m.p. 125-7°

. {Lit. 125-7°); nmr (CDCl,) 7.4 (s, 1H), 7.4<7.8 (m, 5H) ;
masé spectrum m/e 210, ’ .

o

-

N . . PY

Préparatibn of'Z—Thiobenzoylmethylene-l,3—dgthiolane{.gg

The\difhiolane was prepared according to the method
of Okazaki and eoworkers (17). A solution of 5—phenyl;l,25
éithiole-3—thione (150 mg) and cyclopentene (1 ml) in
benzene (20 ml) was satu;ated’with.nigfogen and irradiated
in avRayonet reactor at 254 nm for'4‘bours. The solvent
Qas evapbrated'and the residue was éubjécted to érépérative
tlc, using benzene as eluent.v A green band was collected to
give 100 mg 99 (55% yield): This was'recrystallésed from a
solvent mixtpre of methanél—methyléné'chioriae to give dark
green crysthls m.p. 123-4° (Lit. 122-3%); nmr 4CDC1,) 2.20

(m, 6H), 4.04-4.5 ‘(m, 2H), 7.3-7.8 (m, 51), 7.9 (s, 1lH);
. ¥

.mass épecf?uﬁém/e 278.
i »

s

*

Preparation of Adamantanethione and Thionorcamphor -

-

Adaﬁantanethione was prepared according to the method

’

of‘Greidanus'(129). A solution of édémantanone {2.5 gm) and

phosphorus pentasulfide (0.9 gm) in. dry pyridine (15 ml) s
was stirred at'90° for 12 hours. The reaction mixture was

: ‘ _ 5 -
taken up in 50 ml petroleum ether (40-60) and ‘was washed

with two 50 ml portions of 2N hydrochloric acid followed by
. . 4 ' ‘ '
two 50 ml portion of water. The organic phase was dried

»




b}

-

over magnesium sulfate and was then\strippéd of solvent on
a rotary évaporator. The residue thus obpained was |
chromatogfapﬁed on silica‘éell(40 gm) péing petroleum ether
(30-60) as elﬁént.- Thé‘orangefred fractions. were collected
to give'l.S gﬁ of adamantanethione (50%) after removal of

\/ M

solvent and Subllmatlon of the result:ng solid (70 /0 5 mm

Hg) . -
'_Ehionorcamphor was prepared‘in the same manner as
that for the prepardtion of adamandanethildpe. Th; finalﬂkam
prodyct was distilled at 55-60°/0.02 mm Hg in 38% yield,
mass spectruyp m/e 126.

Calcd. for C.H..S: 126.0503. Found: 126.0509.

7710

Preﬁaration of Cyclohexanethione ~ .

Cyclohexanethlone was prepared accordlng to Sen
b

/1130) //solutlon of cyclohexanone- (10 gm) i7/absolute

" :
{ i alcohol (20 ml)} was. treated with a current of dry hydrogen

~i chloride and dry hydrogen sulflae. The solutlon slowly ;
‘changed to deep red after:ZO mxnn;es. The emulsion-was -
treated with ice-cold wat€f and extracted with ether. The
etheral solutiéh was washed with water and sodium bicarbon-
ate sblution, and'wés‘dried over sodium suifate. After the
removal of the solvent the red thione was distilled at

+

lS’mm-Hg). The yield wgs'about"

40-4°/15 mm Hg (Lit. 46°

»

0.5 gm. : ST : 3

Preparation of Thiocamphd




3

A8

‘ m.p. 260-2°, nmr (CPC13) an - exchangeab

. 1470,° 1422, 1300, 1270 and- 745 cm 1.

>

Thiocamphor was prepared according to ‘Sen {131). A

solution of camphor in absolute alcohol (20 mlf was treated -

with dry hydrogen chloride and hydrogen.sulfide for 1 hour,.
It was extracted with ether and washed with a sodium bicar-
bonate solution, then water and was dried. The ether was

evaporatgg and the regidue was chromatographed to gave 2.% .
. - . ¢ .

t

gm tﬁiébamphor, m.p. 144—5°(Lit. 145—60). :
' i \

Preparation of 2-Adamantanol . .

: 2-Adamantanol was prepared by the r
~— o
adamantanone .in the presence of liEp&um daminum- hydride.

It was recrystallised from methanol to §ive white crystals,

L 4
proton at 3.85,

mass spectrﬁm m/e 152.

° R . .
*

. . . . S .
Preparation of Thiosalicyclic Acid Mercuric Chloride, 104

Y

-~

.The chloride was prepared according to- Sachs and

- <

Bless (125). To a solution of -thiosalicyclic acid (154 mg)
in absdluﬁe alcohol (10 mlf mercuric chforide (275 mg) wa's
added. The white preciéitate, 104, (420 mg, 99%,yiéld) was
collected and washed 3 times with alcohol. It had'a

melting point 270° (sublimed); ir (KBr) 3400 (b), ¥680 (s),

1 , ol

-

Preparation of Deuter?ted Thibvnorcamphbr ‘_ .
’ o

Sodium metal (0.5 gm) was added to a solution,of ?_

methanol—dl (10 ‘gm) ‘and was stirred until all "the metal had
& }

L




' . . . .
M " ' he
= - . N -~

v & o ’ v - o . .
7 disappeared. . Norcamphor (1 gm) was added to the};p(ﬁzlon.
. » < \ . N
which was then refluxed for 24 hours. Deuterated water (2

-

-~ hd

e ———

. ml} was then added and the mixture was extracted with e:her.

C The etheral layer was dried. The residue, after the removal
“ M L

A R ‘ . . . , . -
‘of éolyent, was converted to the corresponding thioketone by

L . .:vfeaéting'iﬁ with phosphorus.pentasulfide to give‘deuter%;ed

»

Y N ¢ , - a r
’ , . ‘thiongrcamphzi‘(O;SI gm). The Qeuterium qonténg}§as -

‘deil:erm:'qqed mags sp)ectrdnetrlcally. Tha rAat'io of the non-:

’ +
1 ] , ~

* * " mono=: dldeuterated thioketone was 1.1: 3y 071.9.

’ ' = : AN »
' a
¥

-

The Reaction of Thioketones and a,B—UnSéturated~Thioketdn§s,‘
. RN ~

. il \
59, 60 and 99 ' : > _ ‘

b N

’ A typical}eﬁampie was the éadition.of adamantarne-
. - -\;“ thlone to 59 ,fo - . '_ X : R
. . “'_ A Solutidn of 59 (420 ‘mg; l €7 °m. molé) ;;d adaman-
L . tanethione (320 mg; 2.0 m, . mole) in benzene~(2\ ml) yas:v-m"
f’ . .- " kept‘in the‘dafk at rooé tempg;gture for 24 hours. pThe |
b '.‘ solven€~¢as evaporated an‘ therfesldué wastseparated u51n§
. : : : preparatxvevtlc W%E? peérdleum (60 86}—methy1ene chlorlde_:

;“ . (1 1) as éluent. ‘The adduct thu§'obta1nedfusually contalned

“»

two 1somers which could/Be further separated Qy anoﬁher .

L] . v

;, L preparatlve tlc us;?g‘cyclohexane’as eluegt‘(é cycles) to‘) !
o ;.'Z ‘give’ 2 products. ef?’ oty v ‘. & o ’e
’ - o The :gmpound (w1th a’ larger RE V: e),‘;__;\%a;
..:' ;" obtalned as a whlte solld (280 mg, 51% yleld) 'It Was
. Jf/f‘ ) recrystalllsed from ethyl-acetate w1th aqresultlng m,pP. !

" 188w9 i nmr (fresply-prgpa;ed)‘{QDCIB) see\Table 16; uv_ e

»
o - '
‘ . ‘ v
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1

(CH,C1,). Koa, 298 (80, nm (e= 1500),\§ass spectrum a18, 252,

max .
184, lé6, 91 and 67. Nf\“ ’

Ana‘. calcd for C22H2684 -C, 63 15; H, 6.?6; S, 30.59.

. S -Found: C, 63, Pﬂ H, 6-18; S, 30.33. '\ _ ’ _ 4 .

}‘ - The slower compound (with a smaller Rf value), 35b,

* was also obtained as a3wh1te_§9}{d in 22% yield (109 mg)

-—

-ITt was recrystalllzed frpm ethyr acetate with a‘resulting‘
e 'm.p.” 145-6°, nmr (freshly prepared) (CDC1,) see Table 16; |,

'Amax 275 nm (e= 2500), mass spectrum m/e 418, 252,,184, 166,
. o . .

. - b]
N 91 and 6&7- ) o

: P 4 '
' . . ’
Anal. calcd. for c22 2654:-Cr 63.15; H, 6.26; s,,aqfsgl;\L;'

Found: C, 63.64; H, s.4r;\\,,3p,19. o

. . ) a ~ '
. -
. . 4 .
.9 ° ! ‘4
° P 2 : . .
. -
.

Raney Nickel Desulfurization of 95

- "’ / - e ‘ o ) ~/
- o A mixture of 95°(200 mg) and acthe Raney nliﬁel 5

4

v gm) in alcohol (20 ml) was refluxed for 16 hours. It was

; ~~ found that under these condrtlon, no tscﬁgrigation had
-~ occurred. .The reaction product ®was distilled }ﬁublimed) at
. ,. - .‘ - . -
150°/0.1 mm Hg. The sublimate was sSeparated into 3 -

. - ‘compounds by preparative.tlé using a mixture of ether;'
> . . - - ' : - A .
S . ¢chloride{1l-. aseluent. - S ?
; 'merhylegeia - ;Q%—as nt -t
_ | The first compound (hlghest Rf. value) whlch is a Tow
* »,
[ g

4‘

* t

.
. o I 4

meltinz solid was obtalned impure (1 mg). Nmr (ccl,) 1.6~ - .

"2.2,7 204 (s); 3.4 and 7.0; mass sp : m/e (%) 258 (10%),:

135 ° (100) 134 (454, 91 (60)

mhe second compound was adamantanone in 17% yleld

Ce c W.P. 259 60 The mlxed meltlng pOlnt showed no depre591on. N

w~

. . [
4 ‘ !, . . ’ : ! .

L e ' . o N . :

v . [] . ) . Y ) !




B @ . . 4 ‘
g ' . ) . ,
i ‘ The nmr and ir gpectra of this product and that of an

)

-
.

authentlc sample were 1dent1cal.

The thlrd compound was 2eadamantanol in 21% yleld

14

m.p. and mixed point 260 -3° The nmr and mass specéra of

thlS product and that of an authentic sample were ldentlcal

»

H

M , N . . ﬂ '.KQ"A -
Reaction between 59. and Thionorcamphor
. | . The faster compound 96a, was obtained in 63.5% (132

.

mg from 120 mg of 59) yield. It was crystallized from
ethyl acetéle to give white-crystals, m.p. 143-5°; nmr

. 1CDC13) (fr8shly prepared) see Table 16. When the solut}on-

. # o1 . .
was left overnight, 8 new peak at 4. 02'appeared while the

peak at 4 40 decreased in intensity.. The. ratlo q‘ these

_two peaks (4.4/4.0) was about 1/3; uv (CH, 1 5) A max. 300 (s)

R nm (£=1200); mass spectrum m/e 378, 252, 184; 126 and 67.

Anal. calcd for CygH),8,: C, 60.31; H, 5.86. Found: C,
2 S ‘

60.41; H, 6. 10.

L]

- L]
L]

The slower compound was an ofl in 20% (42 mg) yleId
- &
which could not be lnduced to crystalllse. Nmr spectrum of

the oil. showed absorption at 4 0 ppm and 4.4 ppm. ‘It might

——~*-“-fvti&ﬁipe—eontalneé»twe—er—ﬂwna}—&semers;- Noﬂfurtherrefforij_ﬂr

e . . -
, were made to separate thege 1somers. ,
. 3 Mg - _ . LT s e ot

[}
4

3 m( Reaction Between_gg and Cyclohexaneth;one

x
»

¥ _ : The faster compound 97a, was o?talned i yield
(79 mg from 92.mg of é_) m.p. 106—8 MY . (fresh}y prepared)
(CDCl ) see Table 16; uv (CHZCl ) Amax 296 (sS nm. (8—2750),~

L ‘ ) L 0 »~

-

.o E '
roT ’ .




] -
-
mass spectrum m/e (%) 366 19),,'332 (2), 252 (201, 184 (100),

-

120 '(35), 114 (25) and 67 (35 .
035

Anal. calcd. for C18H2254 C, 59.01; H, 6 05, s, 34 94,

Found: C, 59. 45 ‘H, 5.74; S; 35.08,

< The slower compound 97b w#¥% obtained ih 25% yleld

©

Table 16; uv (CH,CL ) Mnax 270 (s) Am §e=4000); mass

spectrum m/e (%) 366 (10), 332 (2), 252 (25), 184° (100),

(31 mg), meltlng point ;143~ 5°: nmr (frezfi?"ﬁrepared) see TN\
4 I

120 (35), ll4 (23) and 67 (35). - -

Analm calcd for C18H2284. C,q§9.01; H, 6.05;. S, 34.94.

Found: ¢, 59.21; H, 6.01; S, 35.02.

A )
Reaction between 59 atd Thiocamphor

-~ .
Three days passed before the blue color of 59 dis-

appeareddl\ﬂhen the solvent was being‘reﬁbved by a rotary.'
- . . ; L
evaporation at about 35°%, some orange solid sublimed which ‘

might be thiocaﬁphoi. The Tesidue gave a bioe'soluﬁion'
. »' '3 . 2 . . ‘ 4‘
- whefl methylene chloride was added and tlc showed the return

‘e

of 59. No a¥tempt was made to isolate a pﬁoduot from the N
Yesidue. ‘. - ' A .
/ ) [ A . ’ C

Reaction between 60 and Cyclohexanethione.
- 22 4 :

This gave the 1:1 adducts98 in 88%‘y£eld (250 mg
from 200 mg of 60)' Tles showed the'bresence of ohly .one -,

compound which was’ crystallngd frdm ethyl acetate to glve

L,

needle 1Lke crystals, m.p. 142 4 ; nmr (CCl ) see Table le,
. . . - ‘/"‘ A

e ‘ . ‘ '~ D ‘4 "‘,‘ . ' . ‘g 4' ':

wy




| N S e .
"=f?~ \\~”‘ o ' 17

< ) . .
» . »
.-+ Uv (CH,C1,) Amax. 270 (s} nm (e=2000); mase spectrumn m/e,
382, 392, 268 and 184, e

Anal. calcd. for C, H, S.: C, 59.67; H, 6.85; S, 33.47. <
= 197264~ . , |

Found: C, 60.20; H, 7.01; S, 33.08. o

. : . - s
" Reaction of gg-with,Adamantenethione, ThioQorcamphor and

Thiocamphor

> P

Al

’ ' With adamantanethione and rhionorcamphor, the reac-
tions toek 3 dayé'ro achieve completion g@s judged by the
disappearance of the blue color of 60. On evaporation of

the solvent at 35°,vreversi0n to the starting materials

, , occurred. With thiocamphor, there was no reaction. e
A )
‘-Y;‘\.' ‘ ) J R . .
Reaction between 99 and Adamantanethione ' 7.
~ This gave twq isomer 100a-ahd'100b in @bout. 25% yield ’
M » ' ) ' LY : : .
<; (10 mg from 28 mg of 99). The nmr spectrum showed thé

¥

- presence of the 2 isomers in a ratlo of 3:1 (100a:100b)

\jtwo 51nglets at 6,27 and 6. 29 in chloroform) One of the \§>
‘N
e

< '

(;»;;;, 1somers (100a) was separated u51ng preparat}ye tlc where~4f

~ : -

. . upon the . compound decomposed partlally. It was crystalllsed
B from ethyl acetate to g ive a whlte solid, the 1:1 adduct, :
. m.p. 136-8° nmr (CCl ) 1. 6 2. 14H), 2.4-2, 8 (m, 6H),

e

4 5 (m, 2H), 6 29 (s,,lH), 7.2-7.5 (m, 5H); uv’ (CH Cl )/

*17 Aﬁa# 298 nm (£=300); mass’ spectrumam/e (8) 278 (61, 210

(80), 166 (100), 145 (60), 91 (#5), 77 (20) and 67 (25),

. Ana}. caléd.,” ror C24 2854" ,.§4u8§,,H, 6.35..‘Found.-C,A “




L

-

~

T tate wd§ flltered.

- that of 99.

€,35. ) , . . '..3-

64. 99, H,
Whep a solution. of lOOa was kept overnlght in »
meth¥lene chloride the solution turned green, the uv

absorptien spectrum of this solution béing identical with

Compound 99 did not react with thiocamphor or

thionorcamphor. : ‘ )
- »

)

Hydrolysis og 95 with Mercuric Oxide

“’/7' A ‘cooled soiution (OOC) of 95 (20 mg) in tetrahydro-
. . - r

< -

faran (5 ml) was Qdded‘tp a stirred‘solutioﬂ'of red mercuric

’

exide (2 mole equivalenqj/(boron'!Tifluoride etherateJ(Z
mole equlvalirmj in lﬁk‘ahueous tetrahydrofuran (15 ml)

After 30 minutes, dlethyl ether was added and the precipi-

-

L4

/

N
L ]

-y ) ~‘-
SR |
’
o

. The filtraté was whshed tO*hedtrality with saturated

17.

<

sodium carbonaté and sod&ium chloride solutions.

dried and the solvent* was removed.

The res‘gi.e

showed ronly one spot on tlc, waé sublimed t

tanone W1th a m.p.’

258-92,

in 50% yield (3 mg).

4
Tt was

» Wh\ﬁﬁ" -

' Y
give adaman-

The

. »-
° . subllmate gave a 2 4-d1n1trophenyll'ryq.razone derlvatlve whlch

had a m. pP. and mixed m. p. 219~ 220

[th

221“221 5 (132)].

o,

)

The precipitate dbtained orlglnally from the
react1on was collected and was stlrred with concentrated

hydrochlorlc acid for 3. hours at room tempera*e. The

- ’ L

) was-collected and washed” w1th water, '
‘®

'whlte SOlld (10




T s '.\,b\ \ \ ..
mercaptide chloride. The value was 0.67%on an Eastman 6060

- e )
silica gel chromagram sheet using a mixture of isopropanol,
[ ’

’ | S
triethylamlne, water (2:1: 1) as developer. The melting

point detemmined in a sealed capilary tube was 270° (sﬁb—

'”” Lt limed). Ir (Kgr) 3400 (b), 1680 (vs), 1410, 1422!‘1300, v
- - * '3 T .
' . 1270 and 745 cm—l. . ’ ‘1 <\

- N

« . Attempted reduction or.§5 Py lithium aluminium:hydride

] . R ——— . . -
[

. . - A solution of 95 (20 mg) in dioxane (1-ml) was added
-] .‘ .\ - “.'—3 ‘ '
,t6 a solution®of lithium aluminium hydride (10 mg) in ° )
- ' < < . -

dioxane (10 ml), and the mixture was stlrred at- '80% for 4

a

" days. TI/Ashowed that no reaction had occurred v
‘- " f’. - R ) —\/( . ‘ . N . 2 ‘
o 0 g tmns . Fa— - -’ . N . i (,?’/ ]
Isomerisation ‘f 95a and 95L - P ),
. . ' . .k ' L .
. - (1) A solution of 95a (12 mg) in deuterated chloro-

form‘(O.Biml) was introduced into an nmr tube.. The nmr

“spectrum‘ﬁas taken at intervals. At the end of 48 hours,

-

it was found that 'both- 1somers QSa and 95b were present in

- a l 1 ratlo.A The results are shown in Tablg 17, and Flg

4
. »

21.' o T .

U S (2) _The 1somq;12at10n of 95b to 95ain deuterated

< » ‘

o chloroform was carrled out in the same way as above. The

- . result are shown in Table 18 and Fig. 22. -

.

PR e (3) Isomerlzatlon of 95b to 95a in benzene was ‘ ~
S, carrled ocout in a sealed nmr “tube at 80°, The résultS'are
. . - Q - q’ -
i shéwn in Table 19 and,Fng 23. ' -

. .. e i -
P




Isomerisation of 96 at 40° - . -

-

The nmr spectra of 396 were measured.in carbon

tetrachloride and a mixture of deuterated methylene

. -

cfloride-acetonitrile (Z:Qrespectively: In the latter

solvent, .the isomerisation was detected after 12 hours. A
. ll . {;
20% conversion was estimated after 48 hours. It was found
A 4
that 191Terlsatlon dld ot occur’ in' carbon tetrachlorlde B

4.
\

aftdr 3 days. - . .

Y
. ‘ I P
d . . . RS coiat]
.

Acid Catalysed Isomerisation Qf 97a . .= % e, ¥ .
_ ¢ :

T

—;-m—n-v-y-" I ] ]
- . :

N

. Two small bubblesﬁgf”ary hydrogen chlor#de were

r

passed 1nto a solutldn of 97a in carbon tetrachlorlde. The

-.’(

‘nmr spectrum was taken’ at lntervals. The results are shown

in Table 20 and Fig. 24, 25. B -

" T 4 @ ~-¥ .-
Exchange Experiments ¢ A , . ot
1. Withe Deuterated Thionorcamphor - : ) .

L ] .
4

~

4 .
A;solutlon of 96a (12'mg) and deuterated tH}onor-

‘camphor (10 mg) in benzene (2 ml) was sealed under nitrogen

"in a'glass tu‘be and 'Was kep‘t at 8Qﬁ for 4 days. It was ..g

» - ) . ] . *
found prev1ously that under these conaltlons the thionor-
. » e

e e s

~v

camphor was stable and “that 1somerlsat10n c6u1d be achleved

a

g The reactlon mixture which contained only the two starﬁlng

. T
materials was. separated By a preparatlve élc and the:band

- LN

corqrsponded to 96 was collected. The mass spectr of

this prbduct 5 wed that the ratio of peaks m, m+1 +2 Qas

100:24317. “ The ratlo for the non-deuterated 96 was‘
o ' I

-




100:24:21. The minimum amounf'bf exchange should -be at

least 4-percent in order to be detected'by;thfé'method.‘

Jmf?rmu'df this product showed absorption at both 4.0 .

and 4.4 ppm. | '
. - 2. With N*Phenyamaleimide : S

(a) A S°l“t1°n of 3¢ (10\mgi‘ana:ﬁfphenylﬁalelmlde~?*"""

,.v)\'" o

(lS,mg)*in chlaroform (1 ml) was kept in the dark atAroom

P -

temperature for 3 days. Tlc showed that there was, no trace

L

of the adduet derived from N-phenylmaleimide.

k2 RN - .

* " (b) A solution 6f 96- (10°mg) and N-phenylmaleimide

¢

>

(15 mg) -in benzene (I ml) was kept in a sealed tube at-80°
. &~ 7 ‘ oq

e T for 3 days. Tlc’shqﬁ%d no trace of the adduct gg) ) .

Cowt

r - W%
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] APPENDIX 1
o oeS T - S P LR .v. e o Pl “_mwm‘ coTmm e o
nET- e Bquilibrium "Constant" of 59 at Different Concentrations
in Different Possible Equilibrium'Pf'ocesses '(Chl'or;oférm)
T e . 4 4
. " at 24.5% v
a ) ]
o Coﬁt;efftration ,} o *
* (mg/50 ml) ‘Type of Equilibrium Process
. ~ * i ' . -
: A S —_ ' K
, \ A=A Ay = 3A 2A, =32,
‘. SO : e a-14 . -7
3.38 , 0.133 1.25x10 6.23x107 ",
2.08 . 0.178 8.35x10° > 9,07x107 "
‘ : . - b A
‘ 0.406 & - -.B.a33 1.13x1071% | - 1.95x%107°
0.161 , . - 0.788 . 472010710 '3.?,5x1_o"5
0.027 2.69 .3.06x10717  1.06x107°
® | o / -21 R '
' 0.00108 .. .. 6.20 7.47x10 3.21x10° )
0.000065 64.0 2.59%10723  2.35x107°
©
. »
N .




- o ‘ v 177
. S j ' a
r « ) '
’
, APPENDIX 2
1}
d Equilibrium 'Qonstant' of 60 at DMEferent Concentrfdtions
‘. * o

with Different Equilibrium Processes (in &) at 24.5°C

Concentration . i ' ‘ ' ‘ :
(mg/50 ml) e of Fquilibrium Process
. . s ’ - - - .
- . N 2= A, == 3 28, = 3K, ’
V4 4
. . . -8 . - _5 .
. 3.43 . 0.82 3.34x10 8.94x10 >,
. | 8 .
. 2.05 | 1.16 - 2.35x10°8 1.22x10"%
: : 1.23 1.§4 1.6 x1078 1.72x103
“©, s b _ T g - . s
| 0.369 - 4.5 7.06x107° 5.44%10 %®
0.074 16.0 1.33%107° 1.57%1073
“ .\» ’i - .- .
: .
- r :\'/"‘/ .
» ' 1) ‘ t
1 4
LY X -
e, R B o . * - ‘77-7 ° . ’
R ! A‘ . 7 - l [
» ! - 5 '
- ’ 3 ; - j' : .l
Y ‘ - * . ’
[ ‘ ,
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