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ABSTRACT

SYNTHESIS AND INVESTIGATION OF FOTENTIALLY
AROMATIC 10 nw-ELECTRON SULFUR HETZROCYCLES
by
SHOU-NAN UENG

Advisor: Professor Klaus Grohmann

It was believed that the inclusion of heteroatoms only

slightly perturbs the (4n+2)w system, and Huckel's rule also

applys to heterocyclic as well as carbocyvclic molecules.20

The formal replacement of carbon~-carbon double bonds by sul-
fur atoms in a given aromatic system results in the formation

of the isoelectronically heteroaromatic system.

24 25

The three analogues of tropylium catior, 6, 7, and

§26 are known and shown to be aromatic on the basis of their

proton NMR spectra.
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This thesis deals with the synthetic approaches towards

several 10 m sulfur heterocycles such as I, II, III and V.

S

S —
(+) [\ ©) o
s®s’! __ .S
I i It v

These compounds are of interest in order to test the validity

of Hlickel's rule for 10 r sulfur heterocvcle:.




The synthesis of I has been attempted via the key inter-
mediates 52-cis and 52-trans through the Diels-Alder reaction
between 55 and 57, through the (2w+2r) photoaddition between
55 and 70, through the nucleophilic attack of xanthate to benzene

oxide-oxepin mixture and through the dehydrobromination of 66.

0 0
_5__2_-Cis ’ _S—Q_trans
2N\O0 ClL — B s
B - o o
55, 57, 70, B* 5° 66

The 1,2,5-trithiepin II is the first neutral 10 w-electron

——

sulfur heterocyclic aromatic system has been synthesized. The
key features of the synthesis involve the construction of 81,
followed by successive introduction of the two double bonds.
The introduction of double bonds were performed by the Pummerer

81

reaction = of 82 and 94 or by chlorination of 81 followed by

dehydrochleorination.

Q. QD O D

—_— -—-— -—n— .— —....

With reference to table 6(page 73), while introducing a
second double bond into cyclic sulfides changes the olefinic
proton chemical shifts only slightly, large downfield shifts

of the protons were found in II(downfield shifts for H, and

HB are 0.58 and 1.07 ppm, respectively) which are consistent

with the presence of a diamagnetic ring current in II.




-

Therefore, based on this observation, II may be considered
an aromatic neutral 10 w-electron sulfur heterocycle.

The routes to synthesize III via 104 and 105 were described.

OO O OO

OCH3 105, 6, 107 CH3 108
Unexpectedly, decomposition and polymerization took place

during the dehydrochlorination of 107 and the Pummerer reaction
of the sulfoxide of 106 and 108. Also, an unexpected g-elimi-
nation followed by fragmentation was found when 106 was
treated with n-butyllithium. All these factors made the syn-
thesis of III not possible.

Starting with 134 followed by the nucleophilic attack of
sodium disulfide or of benzyl mercaptan, debenzylation and
oxidation was expected to give V, however, at 10°C only naph-
thalene and sulfur were isolated, indicating a low thermal

stability for V (10w), which is comparable to that of 133 (8y).

2 T s
l
QL By

The attempt to synthe51ze 1,4,7- trlthlanl 142 via 151

was also described.

& D& oY o

152 42 156 162
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The Pummerer reaction of 151 gave 1:1 mixture of 152
and 156. The formation of 156 from 151 is due to a trans-
annular interaction followed by B-elimination as shown on
page 113. Further oxidation and Pummerer reaction on 152
and 156 resulted in polymerization and the formation of 162,
respectively.

In summary, among the 10 w-electron heterocyclc system,

1H-azonin 1Oa,28 the potassium salt of azonin 12,30’31

1,2,5-trithiepin II(this work), and 1,3-dithiepin anion ;;?1
are known and shown to have aromatic character in agreement

with Huckel's rule.
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INTRODUCTION

The controversial term "aromatic character" was intro-
duced by Kekule last century in order to explain the rather
unexpected properties of benzene vs the hypothetical mole-
cule cyclohexatriene.1 R. Willstatter's failure to prepare
cyclobutadiene the lower homologue of benzene and his syn-
thesis of cyclooctatetraene2 which behaved as a typical very
reactive polyolefin showed that cyclic conjugation is not
sufficient for a molecule to be "aromatic".

E. Huckel,3 in 1931, performed molecular-orbital cal-
culations which predicted that regular monocyclic planar
con jugated polyenes would have a closed-shell configuration
of w-electrons if they contained 4n+2 p-electrons, where n is
a positive integer or zero. Molecules possesing this closed-
shell electron configuration are predicted to have a certain
stability, characterized as "aromaticity".

An unsaturated cyclic or polycyclic molecule or ion
may be classified as aromatic if all the annular atoms parti-
cipate in a regular planar conjugated system such that, in
- the ground state, all the w-electrons are paired and accommo-
dated in bonding or non-bonding molecular orbitals(closed-

shell).




E | ecee- | S & S I D, I
S S S
11 11
Planar regular Planar regular
CgHg (10 n'e) CgHg(8 m'e)

Molecular-orbital energy levels for a closed-shell and an

open-shell sgystems containing 8 and 10 w-electrons

The stability, "aromaticity" associated with these
closed-shell molecules can be detected by comparison of
their heats of hydrogenation and combustion with those of
suitable models. It is also exhibited in their chemical
reactivity such as substitution vs addition etc. The
validity of Hlickel's rule ﬁas been beautifully demonstr-

ated in the syntheses and characterizations of CSHg 4

and C7H; > and the whole series of annulenes.6
A more useful criterion for the "aromatic character"®
was introduced by Pople? Elvidge and Jackman8 as the dia-

magnetic ring current. It stated that a planar cyclic

conjugated molecule containing 4n+2 tw-electrons is pre-

dicted to sustain a diamagnetic ring current in an applied




magnetic field, causing deshielding for the protons outside
the plane of the ring and strong shielding for the protons
within or above the ring. The magnitude of the shielding-
deshielding contributioh from the induced ring current in
different aromatic compounds has been estimated by using

the relationship

a
1
= 0.63 K_(—)2 1T (1)
b' a 1
b
Where Kb is the shielding constant value given in the table

7,

of Johnson and Bovey9 for the appropriate separation between
the center of the ring and the hydrogen nucleus, a; is the
radius of the ring in question, ay, is the radius of the ben-
zene ring, I1 is the ratic of the ring current intensities
for the compound and benzene and 0.63 is an empirical con-
stant found by Jonathan and co-workers}o This has been
demonstrated in the case of the carbocyclic conjugated poly-
enes, called annulenes, the higher homologues of benzene.

In the proton NMR spectrum the vinylic protons of non-
conjugated cyclic olefins usually absorb in the range §4.6-
5.7; and the protons of cyclic conjugated polyolefins absorb
around 65.4-5.8{ The protons of the non-aromatic cycloocta-
tetraene, for example, absorb at §5.69. With benzene, how-
ever, the protons are stroﬁgly deshielded by the secondary
magnetic field, and absorb at §7.19. Other annulenes and

aromatic ions have also been studied by proton NMR, and the

results are summarized in Table 1.




Table 1 Proton NMR spectra of annulenes and aromatic ions
Compound n'e 8 Remarks
Cyclopentadienyl 6 5.34 Aromatic 4
anion
Benzene 6 7.19 Aromatic1
Tropylium cation 6 9.09 Aromatic5
Cyclooctatetraene 8 5,69 Not aromatic3
(10)Annulene 1'&1" 10 isomer 1' 5.67 Not aromatict?
isomer 1" 5.86 Not aromatic
1,6-Methanc(10) 10 7.2(outer) Aromatic13
annulene 2
-0.5(methylene)
(14)annulene 14 A. 5.58; B. 6.07 Two isomers at rT14
A. 7.6(outer) At —60°C, aromatic
0.0(inner)
(18)annulene 18 8.9(outer) At RT, aromaticl?
-1.8(inner)
4.55 at 110°c
Cyclooctatetra- 10 5.62 Aromatic16
enyl dianion 4
16
Cyclononatetraenyl 10 6.18 Aromatic
anion 3(all cis)
AY
Cyclononatetraenyl 10 -3.52(inner) Aromatic
anion 3'(t,c,c,c)
7.27(outer, 2H)
Bicyclo(5.4.1)dode- 10 8.3-9.6(ring H) arcmaticl’

capentaenyl cation
5'

-1.8- -0.3
(methylene H)




Two systems isoelectronic with benzene are cyclopenta-
dienyl anion4 and tropylium cation.5 Both of these have
been synthesized and shown by proton NMR spectroscopy to
have aromatic character. The observed chemical shifts for
the protons in these ions are affected by both the diamag-
netic anisotropy and the charge. A positive charge caused
a general downfield shift, while a negative charge causes
a general upfield shift.

Variation of chemical shifts with charge has a linear

1 studied

relationship with the charge density. Gunther
the observed chemical shifts for five aromatic ions, C3H3T
g, c.u.¥, c.H.T and C_H, , and indicated that

CsHg » CoHy', CgHg 99 *

5
40 = 10.7 AP (2)

The quantity A4 ¢ represents the downfield or upfield chem-
ical shift(ppm) difference from benzene and 4P represents
the difference in the w-electron density per carbon atom
in the ion relative to benzene. The d}screpancy between
equation (1) and (2) could be explained by the fact that
the charge density has a greater effect on the proton chem-
ical shift than the variation of the ring size current.
Among the [10J]Annulenes, the parent molecule has been
isolated at subzero temperatures in two distinct geometric

forms, 1' and l".lz




“ centered

65.67 at 65.86

1 1 1"

The proton NMR spectrum of 1' remained temperature inde-
pendent over a range of -40 to ~160°C(sing1et, 65.67).

The proton NMR spectrum of 1" was temperature dependent
between -40 and -100°C(centered at § 5.86) and demonstrated
that 1" was frozen in a conformation at -100°c and that
all the protons achievéd equivalence at around —a0°c.
Above —40°C, both 1' and 1" were thermally converted into
cis and trans-9,10-dihydronaphthalene, respectively. No
ring current is indicated by their proton -NMR spectra.
Therefore, [10]Annulene is not aromatic. [10JAnnulene
with the all-cis relationship has 135° bond angles. If
two trans-linkages are present the angle strain disappears,
but severe steric interactions between the hydrogen atoms
within the ring forces the ring out of planarity.

Although the two "internal" hydrogen atoms in [107]-
Annulene would prevent the molecule from reaching a planar
configuration, models indicate that near-planar systems
result if these two hydrogen atoms are replaced by a meth-
ano or hetero-bridge. Several bridged compounds 213 have

been synthesized and on the basis of their proton NMR shown




to have aromatic character.

HH  8-0.5 ' centered
{] X= 0 at §7.48
“ v = NH centered
t §7.62
centered H at 8
at 67.2 2 2

Isoelectronic with cyclodecapentaene are cyclonona-

16 16

tetraenyl anion 3 and 3° » cyclooctatetraenyl dianion 4
and cycloundecapentaenyl cation 5. The anions 3, 3' and 4,
unlike the neutral molecule, have been shown to have aro-
matic character and posses a definite ring current. Al-
though 5 is still unknown, its bridged analogue 5' has been
prepared and is aromatic17 on the basis of its proton NMR

spectrum.

H §-3.53(t)

]!lllll;: o (:::)
85.62
86.18 46.4-7.0 ‘

H, H
/ 6“1.8- 6-0-3
“ @ (methylene protons)
68 - 3‘9. 6

(ring protons)

jw
[

5 (unknown) 5°¢




Once the predictive value of Huckel theory was recog-
nized, application of the 4n+2 rule was naturally extended
to heterocyclic systems as well. The well known hetero-
cyclic compounds furan, pyrrole and thiophen are isoelec-
tronic with benzene. Considering the bonding orbitals
( s and p for the N and O heterocycles, s, p and 4 for the

18

S) and the relative electronegativities, nm-electron de-

localization and aromaticity are expected to increase in
the order furan, pyrrole and thiophene. This indeed

to be the case.19

¢N 4N N\
0 % S
ELECTRONEGATIVITY 0o N S C
(3.44) (3.04) (2.55) (2.52)

Schomaker and Pauling,20 comparing bond lengths, re-
sonance energy valuest and dipole moments in pyrrole, furan
and thiophene, concluded that in thiophene the sulfur app-
eared to expand its valence shell to some extend to ten ele-
ctrons in place of the usual octet characterizing oxygen
and nitrogen. Thus, the following structures are conside-
red important contributors te the resonance hybrid of

thiophene.

* & L]
Resonance energy: The difference in energy between the actual

molecule and the structurally related model of lowest energy

which contains alternating single and double bonds.21




3 — L —

I (70%)

II(20%) l ITI(10%)

o 0

v
(10%)

The structures III and IV involve the sulfur 4 orbitals.

The added stabilization resulting from this delocalization
accounts for the close similarity of this compound to benzene.
This essentially gqualitative valence-bond representa-

tion of thiophene was translated into a gquantitative study

22 in 1949 with the aid of the M.0. method.

by Longuet-Higgins
The model of thiophene is presented below. The x and y
axes are shown, the z-axis being perpendicular to the plane
of the molecule. The 2pz atomic orbitals of the C atoms
were denoted as ¢, and 3,0 the three atomic orbitals 3pz‘

dez and 3dxz of the S atom which are conjugated with ¢a

and ¢, are denoted as Bt Bg» and @, respectively.
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By a linear combination of ¢_, ¢d’ and ¢, it was demons-
trated that the 3pz orbital and two 3d orbitals of sulfur
could be hybridized to give three hybrid pdz orbitals, Pes
¢g’ and ¢,, two of which(¢f and ¢g) have the proper energy
and symmetry'characteristics required for entering into
conjugation with the sz orbitals of the neighbouring ring
carbons. Since, moreover, these two sulfur hybrid orbi-
tals are defined to be mutually non--orthogonal,z2 the analogy
with benzene becomes clear; both are systems in which six
electrons are associated with six atomic orbitals. The

third pd2

orbital(¢h), which is orthogonal to the other
two is mainly 3d in character and is of too high energy for
it to be occupied in the ground state. Due to the numeri-

cal calculations within the HMO framework, the P e aﬁd Bq

orbital may simply be replaced by carbon 2pz orbitals. The
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atomic orbital model for the benzene analogue of the thio-

phene is shown below.

Denote the atomic orbitals ¢é, B 95 corresponding to B0
¢b’ ¢r and the 2pz orbitals of the two C atoms which replace
the sulfur may be denoted as Bes ¢é. A very close simila-
rity in resonance energies, bond orders, bond lengths and
dipole moments has been found through further MO calculation?‘2
Hence, based upon this model developed by Longuet-Higgins,

the Fformally bivalent sulfur atom(atoms) can be considered

to be electronically equivalent to -CH=CH- group(groups),

and formal replacement of a carbon-carbon double bond in a
given aromatic system should result in the formation of an
iscelectronically hetercaromatic system.

So far, only thiophene and thiapyrylium cation §,24
the 1,2-dithinlium cation 7 25‘the 1,3-dithiolium cation

8,26 are known example of this postulation.
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ttempts to prepare sulfur analogue thiacyclobutene anion

of cyclopentadienyl anion has not succeeded 23 so far. The

24 1,25 26

three analogues of the tropylium cation, 6, and 8
have been synthesized and shown to have aromatic character
on the basis of their proton NMR spectra. The proton NMR
data for 6 y-electron sulfur and related system are shown

below (Table 2).

Compound 8 w-e' Comment
p—S
(:)l _____ 6 Unknown
S
ﬂ:s:ﬂ 5.99 8 Antiaromatic ?
H 7.04 .
, \ 6 Aromatic
H 7.17
I H 5.55 ---------
I H 5.90
9,20
H 8.90
@ 6 Aromatic
H 10.0

o

10.57(d4,J=5 Hz) 6 Aromatic

10.25(s)

Aromatic
9.07(s)

PO O

6.18(t,J= 1.7 Hz)

e
m ;
a

W

¢
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While it is relatively easy to detect diamagnetic
ring current 6 in carbocyclic system and possible to

11t

assess the effect of the charge on aromatic ions, he

measurement of ring current in heterocyclic system poses

a considerable difficulties and is not free of ambiguity.28
This is because the specific influence of the heteroatom,
sulfur, on the chemical shift.

Further complication in separating the factors affect-
ing proton chemical shifts arise from the investigation of
the heterocaromatic ions. As indicated before, three factors
-can be identified a) diamagnetic ring current b) effect
of hetercatom(diamagnetic anisotropy, electronegativity)
¢) charge distribution.

Therefore, only the chemical shift comparison of closely
related system will provide the experimental data concerning

the effect of hetercatom vs the diamagnetic ring current vs

charge distributions.

The synthesis and investigation of 10 w-electron hetero-
cyclic systems has met with only limited success so far.
As stated previously, replacement of carbon-carbon double
bonds by heteroatoms(S,N, or 0) in a given aromatic system
should result in the formation of isoelectronically hetero-

aromatic system.
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Among the 9-membered ring heteroaromatic compounds,

the analogues of cyclodecapentaene, aza(9)annulene ;Q,ZB

28 ana thia(9)annulene 12 are potentially

oxa(9)annulene 11
aromatic species. In terms of their possible aromaticity,
compound 10, 11, and 12 have an advantage over the (10)-
annulene is that a planar 9-membered ring is less strained
than a planar 10-membered ring. Table 3 showed the proton
NMR spectra of 9-membered ring heterocatom systems.

Compound 11 has been synthesized by Anastassiou and

Masamune 26 and was shown not to be aromatic on the basis

of its proton NMR spectrum. By contrast, 1H-azonin 10a 28
shows aromatic character based on comparisons of proton NMR
and UV data for 10a to that of 11 and cyclononatetraenyl
anion. Compound 10b demonstrated only a small degree of
aromatic character; this could be arise from unfavorable
steric interactions between the substituent on the nitrogen

29

atom and the g-protons. Compound l10c¢ shows no apparent

ring current presumably because the lone pair is less avai-
lable for donation into the y-~system. Masamune 30 and
Anastassiou -1 claimed that 13, obtained from the treatment

of 10c with potassium t-butoxide, is aromatic and planar.



Table 3 Proton NMR spectra of 9-membered ring heteroatom systems

Compound

[ ]
e
" a

ring proton
p v+

7 N\ ¢

H

CH

g
7 N\ (7
N\ /N
2 ' 2

* %

N COOEt

5 = 5
7 NN 7 N 7 N
\ A\ N/A WY,

* %

*%

K+

©

* Spectra determined in CDC1

4 value
10 7.07(4,J=11.0 Hz)

10 5.85(d,J=10.5 Hz)

10 6.37(4,3=9.6 Hz)

10 6.25¢(4,J=7.0 Hz)

y {1 J—

10 8.64(m)

3

* % Spectra determined on acetone-d.,

6

8 value 6 value
6.00(br d4,J=11.0 Hz) 7.97-6.70(m)

4.88(dd,J=10.5,4.3Hz) 6.13-5.94(m)

5.32(4,3=9.6 Hz) 5.87(m)

5.10(dd,J=7.0,3|2 HZ) 5.92-5-76(“‘)

. —— — —— - —

6.63(m)

Aromatic

Not
aromatic

Not

aromatic

Not
aromatic

Unknown

Aromatic
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Among the 8-membered ring heteroaromatic systems, the
1,4-dithiocin 14 was first synthesized by Voge133 and
shown to be an olefinic compound by its proton NMR spectrum
and its chemical behavior; it undergoes polymerization and
hydrogenation easily and equilibrated with syn-benzene di-

oxide at 60°C.

(O— (=Y

14

Attempted synthesis of 1,4-dithiocin 15 from the syn-
benzenebisepisulfide 16 via 20-2v isomerization did not
give 15, but instead decomposed to give benzene and sulfur.
Compound 17 is the only derivative of 15 which has been
synthesized. The chemical properties as well as proton

NMR indicated 17 is not aromatic33(see page 18).

s S
N 24 -2 \Y-oae
(== XTJ—-0
g S
15

16 17

On the basis of a careful investigation of the proton

13c NMR of compound 18, Prinzbach 32 in 1975 con-

NMR and
cluded that it maintains a diamagnetic ring current with

flattening of the twist conformation.
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Several benzo-fused derivatives of 14, 15 and 18 have

also been synthesized and investigated. Compounds 12,34

20,35 21,36 ang 2236

do not display substantial ring current.
The UV spectra also imply lack of conjugation and the tub-
shape conformation are suggested. Riley and Park synthesi-
zed the derivative 23 to which they assign aromatic character

lgF NMR spectrum.37

on the basis of its
HMO calcuiations by Allingér38 predicted substantial

delocalization energy* for compound 24a and 24, but the

failure of 24a to isomerize to 24 illustrates the failure

of this prediction. Hence, 24a doesn't have aromatic chara-

cter or the activation energy for this reaction is too high.

R R
.} \
I'\I g - ,{,’ \
—_ 7
R R
24 24a

The proton NMR data for some heteroatom systems are summari-

zed next page.

*
Delocalization energy: The difference between energy cal-
culated for the delocalized model and that calculated for

the localized model.
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The proton NMR data for parent and benzofused hetercatom

systems are summarized below.

86.59

0
[: N s5.12
s6.00 ||
0/)

14

CH
N

3
N

I // 65.63

§6.50

CH,
18

85.76

S
' OAc
/7 86.92
S 86.00

17

S
\\ S
Q /] (S
S

56.02

66.19

15(unknown) 22

O
SRyt

§6.95

o
l j
8§ 5.35
(o] //
19

N 865.65

56.25
S §7.25

+105.4

2
F, ~ +105.9(a,B,)
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Several 7-membered ring heteroaromatic systems are
shown below. If three heterocatoms carrying lone pair
electrons are introduced into a ring along with two double
bonds then it i1s conceivable that a 7-membered ring can be
aromatic by virtue of its being a 10 w-electron system.
All of the parent compounds 25 are still unknown. Allinger

examined 39

a series of the dibenzo-fused analogues 26a-e
and found that their UV spectra were all rather similar,
which suggested a lack of delocalization in these 10 w-

electron systems.

(:/J{\j) x
Y—12 N—=N
H
= 5,0, or NR b = NH
25 c = NMe
d =0
e =S

However, the sulfur compound 26e is a slightly weaker
base than the carbon analogue 26a(pKa's 2.81 and 3.10),
respectively, which Allinger attributes to a small degree
of aromaticity in the former, and indeed an proton NMR study
showed that the hydrazo protons of 26e were somewhat de-
shielded with respect to those in 26a. If all the extra

acidity of the conjugated acid of 26e compared with that
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of 26a is due to the resonance, the pka difference corres-

ponds to 0.40 Kcal/mole(4G=-RT 1n _"-3-16) of extra resonance
107~

stabilization in 26e.

Breslow 40 studied the acidities of 27a, 28a and their
open-chain anlogues and found similar acidities for the
cyclic compounds and their noncyclic counterparts{ rate

constants for deuterium exchange in 27a, 28a are k=2.86x10—2

min~} and ]4::3.90}(10"2 min_l,respectively). On this basis,

the author suggested that the anions 27a and 27b are not

aromatic.

27a X= S 28a X= S

——
——

E =0 E = 0

Recently, Grohmann 41

synthegsized the parent 1,3-
dithiepin anion 29. Based on the greater kinetic and ther-

modynamic acidities of 30 than those of the acyclic analogue

w

and the saturated analogue 32, the 1,3-dithiepin anion

13

was claimed to represent a 10 w-electron hetercaromatic
system, although the degree of aromaticity seems to be small.
If all the extra acidity of 30 compared with that of 31 is

due to cyclic conjugation, the pka difference corresponds

-26

to 5.60 Kcal/mole(AG=-RT 1n---§6) of extra resonance stabi-
10~

lization in 30.
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29 30 31 32
pKa 26 30 31

The synthesis of the 1,4-dithiepin anion 33 was

42 and Murata43 who hoped to metallate

attempted by Grohmann
compound 34 at the allylic position. Metallation occurred
instead at C-2 as shown. However, in constrast, compound

35 was metallated at the allylic position as shown.

@ O O

Heteroaromatic systems with 14 r-electron were also
investigated. Attempts by several groups44 at syntheses
of the parent macrocyclic hetero(l4)annulenes of type 36
were unsuccessful. However, the l3-membered ring sulfur
heterocyclic compound 37 has been synthesized.6 Proton
NMR spectrum of 37 showed the nonplanar molecule to

exhibit no ring current.
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By contrast, the tetracyclic compound §§44 clearly has
a substantial ring current associated with the 14 g-electron
system because the ring proton resonances lie at § 6.8

and § 8.2.

Another compound 39 46 trapped as its Diels-Alder adduct
with N-phenylmaleimide has been considered as a peripheral
14 n-electron aromatic compound. However, failure to
isolate 61 casts some doubt on their statement.

In order to elucidate the role of the d orbital of the
sulfur atom, thiophene and its derivatives have been sub-
jected to various experimental studies by UV, IR, and ESR,

45

often with conflicting results.

As an electron-acceptor, sulfur atom is expected to
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stabilize an adjacent carbanion through a pw-dy bond.
Seebach46 reported that the d shell of a sulfur atom can

stabilize lithium ion pairs 41, 42 and 43 by a conjugative

effect.
)
i SR 4+

R-S-CH-C=CZ CH =C;-: H3C S>: Li

= 2 .+

.+ L1
Li
41 42 43

More recently, Bordwell47 came the same conclusion through

a study of the acidifying effects of phenylthio substituents.
However, Stritwieser?® has studied the acidities of

dithianes and pointed out the substituent effects imply a

highly localized carbanion with no significant role being

assigned to sulfur delocalization as would be implied by the

R pPKa
S s~
1*3" S\f CH4 37.1
iR
~% o
- C e S

resonance structure 44; the stabilization of a carbanion

+

by adjacent sulfur is argued to be due to polarizability.
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As an electron-donor, the bivalent sulfur atom can
stabilize a positive charge on an adjacent carbon atom.
It has been shown that electron-donating through-conjuga-

tion via sulfur allowed aromatic character for thiapyrylium

cation §,24 1,2-dithiolium cation 1,25 and 1,3-dithiolium
cation §.26
P
® RO/ @
S -
6 8 7

As pointed out previously(page 11), in a given aromatic
system replacement of double bonds by the bivalent sulfur
atoms should result in the formation of an isocelectronically
heterocaromatic system. Table 4(page 26) shows the poten-
tially aromatic heterocycles derived from carbocyclic comp-
ounds by replacing double bonds successively by one, two or
three bivalent sulfur atoms.

With reference to compounds 6, 7 and 8, the monocyclic
carbonium ions, such as I, and III containing two or three
sulfur atoms, derived from cycloundecapentaene cation 102,
should have electron-donating through-conjugation via sulfur
allowing the y-electron delocalization in the entire mole-

cule forming an aromatic 10 1 cation.
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© ©

I I1

Compounds II and V, analogues of cyclodecapentaene 1,

are expected to have aromatic character.

B ()

—s 11

The investigation of compounds I, II, III, and V
will provide the experimental evidence for the electron-
accepting or electron-donor properties of sulfur in the
cyclic sulfur systems and test the validity of the pre-
diction of Hiickel(4n+2) rule for heterocaromatic system.
Therefore, the aim of the investigation described in this

thesis was the syntheses of compounds I, II, III, and V

in order to examine their possible aromaticity.
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In syntheses of the monocyclic potentially aromatic
sulfur compounds, one should first consider the methods for
the construction of the sulfur-containing ring systems. In
general, sulfur is approximately 1260 times more nucleophilic
than oxygen( For example, the ratio of rate constants for the
reactions of n-butyl bromide with sodium salts of thiophenol
and phenol was determined at 25°¢ with 0.1 mole initial con-
centration in ethanol to be 1260)?9 Therefore, the sulfur
linkage within the ring-could conceivably be generated by the
nucleophilic attack of a thiol or thiolate anion on suitable
substrates under various conditions.

The general routes to construct 1,2-dithia, 1,3-dithia,
and 1,4-dithia ring systems are summarized below.

A, 1,2-dithia ring system

1. s”
I2 N ?
_ S
S
2. SH
FeCl
3 - g
SH
3. s

) =—

1. MCPBA
—_—-—n—_—l—,
>@°CH“3 2. HCIo,
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The 1,2-dithia ring systems can be obtained by the oxidation
of the bis thiolate anion in the presence of iodine50 or by
the oxidation of the bis thiol itself in the presence of

o1 Kishi52 reported that the 1,2-dithia ring

ferric chloride.
system could be synthesized by treatment of the 1,3-dithia

acetal with m~chloroperbenzoic acid followed by HC1l0 The

4l
disulfide ring system can also be obtained by the nucleophi-
lic attack of sodium disulfide on diacetylene.53

B. 1,3-dithia ring system

1. s™ | s
HRCX2 . >-R R=H, OCH3 »Alkyl,Arvl
= S X=Halogen
2. -

i - i>“R1R2 R,3R,= H or Alkyl
s s

Stadler>?

utilized the bis nucleophilic attack of bis thio-
late anion on dihalo or carbonyl compounds to give the 1,3-
dithia ring system.

c. 1l,4-dithia ring system

Schroth>> utilized the bis nucleophilic attack of bis
thiolate anion on dihalo compounds to give the 1,4-dithia

ring system. The 1,4-dithia system can be obtained also by
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the reaction of thiolate anion or 45 with dihaloethylene via

the "elimination-addition” mechanism,56 and by a Dieckmann

condensation followed by decarboxylation.s7

1. S

¢ - D —
2.@ . — »E
O
- 0

All the cyclization process shown above should be per-

4+

w
[~

"
%
7R

-
N,
Nk
¢
0

formed under conditions of high dilution, particularly in
the synthesis of the medium ring systems, in order to reduce
the yield of intermolecular addition and prevent polymer

formation.58

Once the ring systems are constructed, the

molecules may then be functionalized and subjected to sui-

table reactions to generate the potentially aromatic systems.
The following chapters will describe the syntheses and

characterization of the target sulfur compounds I-V,




RESULTS AND DISCUSSION

I. 1,3-DITHIACYCILONONATRIENE CATION I

The 10 w~electron homologues of thiapyrilium cation 6,
1,2-dithiolium cation 7 and 1,3-dithiolium cation 8 are 46,
I and 47. None of them was known. The synthetic target

of this thesis was cation I.

H ©@ ©

S S

46 z 47

Qur interest making I was also stimulated by the
discovery that the charge-transfer salt of tetrathiafulva-
lene-~-tetracyanoquinodimethane( TTF-TCNQ) exhibits high elec-

trical conductivity.59

o< =3 OO
48  TCNQ 49 TTIF 390

Therefore, the tetrathiafulvalene 50, prepared in a simi-
lar manner as 49, . could be used as the electron donor
of an organic metal when complexed with the electron accep-

tor, TCNQ.
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The approach taken below involves the synthesis of
bicyclic precursor 51 followed by a photoinduced electro-

cyclic ring opening to give the cation I.

O K0 @‘ . @}

= BF3/Et2 o]
¥

hv

m———————— +

_;-cls,trans 51

The arcmatic character of I was expected to be detected
by proton NMR: the proton inéide the ring should exhibit a
very highfield chemical shift from those protons outside
the ring. The key intermediate, the dithiacarbonate 52,
could possibly be obtained by any one of four routes shown
on the next few pages. Compound 53 could then be obtained
by treatment of 52 with potassium hydroxide. Cycloalkylation
of 53 with q,a'~dichloromethylmethyl ether, hydrolysis of
54 with boron trifluoride in ether and finally photolysis
of 51 should give mono-trans-1,3-dithiacyclononatriene
cation I. The four attempted syntheses of the key inter-

mediate 52 are illustrated below.
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A) Via Diels-Alder reaction
It is known that Diels-Alder reactions of the oxygen
analogues 53 and 54 of 55 and 56, respectively, work well

to give 1:1 products60 as shown below.

@o . [}0 (4-{-2)> o
2 Je

- - — 00

Also, hexachlorocyclopentadiene and divimnyl sulfide in the

Q
presence of hydroquinone at 60 C have been reported to give

the 1:1 Diels-Alder product.61

c1 Cl

gi + ﬁsﬂ 60°C c1 />

cl Cl

Cl
Cl

Mayer62 reported that the Diels-Alder reaction between

cyclopentadiene and trithiacarbonate 56 gave only 0.3 %

of 1:1 product which was not characterized.

s 72 hr S
O+ [ = "ﬁbks
56
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The key intermediate 52 could possibly be obtained by
Diels-Alder reaction between g-pyrone 57 and vinylene di-
thiacarbonate 55. The advantage of using 57 is that the
carbon dioxide could be eliminated in the initial Diels-
Alder reaction product and yield the diene intermediate 52

in one step.

The preparation of the starting vinylene dithiacar-

bonate 55 is well documented, 83764:65,66 As reported by

Mayer and Gebhardt63

55 results from the reaction between the
sodium salt of acetylene, sulfur and carbon disulfide at
-30°C followed by Hg(OAc)2 oxidation. Alternatively, 55
may be obtained through dehydrobromination of bromo-S,S'-

ethylene dithiacarbonate 58.

Na S
E + s + ¢, ——= [e>=SQIE(0Ac)2
56 s
l >
Hg(OAc) 55
I Oahs E>= "
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The details of the reaction forming compound 56 are shown
below.

-+ S -
HC=C Na ———ege  HCO=CS Na

| cs,

Hc=_-fcts-c=s — [}s
T s s
56

64 by trapping the so~

Compound 55 was also prepared
dium salt of cis-dibenzylmercaptoethylene 59 with phosgene.
The mechanism of the base-catalyzed reaction of cis-dichlo-
roethylene with mercaptans has been shown to proceed via the

65 as shown below.

Cl 4cu_sH SCH, ¢ sNa” S
2 Na COC12/¢H
KOH lig NH -+
c1 3
55

"elimination-addition” mechanism

SCH2¢ S Na
59

- B-;\\
el u B JSCH, 8 H_ ,SCH.,g

CH .

nE2" ) 2 Addition

' — : ’/"l >
elimination +71

Cl H\ H cl H \Cl
B

IElimination

SCH +
2% Addition O "\ yCH, 9
[ - N
H
‘scx-xzqs “SCH, ¢
59 .
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More recently, an improved synthesis of compound 55
has been reported.66 Reaction of 1,3-dithiolan-2-thione 60
with dimethylacetylenedicarboxylate followed by hydrolysis,
decarboxylation and subsequent oxidation by mercuric ace-

tate resulted in vinylene dithiacarbonate 55 in 53 %

overall yield.

?OZMe

Meozc S
C + Toluene
S e
g s Reflux ' > S

coMe 60 Me0,C 1 Aq HC1/HOAc
. Reflux
ooc
> Hg(OAC) E > Pyrldlne]IS> s
S HOOC S

All of the above preparations have been carried out

successfully in our laboratory. The best preparation for

55 was utilizing compound 60.

The known preparation567’68 for g-pyrone 57 are summarized
below.
) 650°Cc/ cu = 0
- _
0
HO,,C \ 57

Et3N

mOH(CH o),
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Before the Diels-Alder reaction between 57 and 55 was
carried out, several model Diels-~Alder reactions on sulfur
compounds(used as dienophiles) were tried. The well known
excellent dienes tetraphenylcyclopentadienone, furan, cyclo-
pentadiene, anthracene, 1,3-dipheny1isopenzofuran 61 and
N,N-dimethyl-1l,3-butadiene 62 all underwent no Diels-Alder
reactions with 55, cis-dibenzyl ethylene dithiaether 59 and
dimethyl-2-thioxo-1,3-dithiole-4,5-dicarboxylate 63 in ether,
benzene, toluene and even o-dichlorobenzene. In the above

cases, the starting materials were recovered.

# N—
> © g
0
~y ] ’ ! N
pos)
5y 62
_ @D ESCHJ) Icoo.v-:t
0]
\¢ SCHza) CO0Et

&

by

61

...._

Finally, the reaction between g-pyrone 57 and vinylene
dithiacarbonate 55 was attempted in chlorobenzene for 72 hr,
but did not give any of the product 52. When refluxed in
o-dichlorobenzene, or even heated up to 220°C without sol-

vent, no Diels-Alder reaction was indicated,

q-{-@:" ﬁ’*@:}m
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Beacause of the lack of reactivity exhibited above, the
synthesis of 1,3-dithiacyclononatriene cation I via the

Diels~Alder route was finally abandoned.

B) Via the oxepin
An alternative route leading to the key intermediate

52-trans is outlined below.

A 1 =L~

64 | O 65-trans 52~trans

It should be noted that benzene oxide and the potential
8 m-electron system or¥epin exist in valence-tautomeric equi-
librium. It has been demonstrated that the benzene oxide-
oxepin mixture undergoes Diels-Alder reaction at room temp-
erature with maleic anhydride leading to the 1:1 product
within a few minutes.69 Benzene oxide-oxepin also undergoes
nucleophilic ring opening-io with sodium sulfide, although

subsequent aromatization occurs in some cases.
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Overberger71reported that the reaction of cis- and
trans-2, 3-epoxybutane or cis and trans-stilbene oxide with
potassium xanthate resulted in the formation of the trans
and c¢is cyclic trithiacarbonates, réspectively. The con-

versions are shown below.

R\C“-C/H S ﬁ
5 d R g--c-ocu3 H,C0-C-0
R { H R R H | R
Walden ~ /7 /7 ~ 7
*  [Tversion /I o\ g’d s> R’ g\
Hd_ R Q S H R H
~3-8_ocx “s’ Nocu
Baiiiedenic 3
Walden
inversion
g -
i H,CO. S s
g &% H HS =R ~S-C-0CH H R
\i $/H ~ , o B 3 N 7/
7 -—C\ r— /t-é\ - C-C\ - /Q—’C\
R R R R ® = ‘l‘iigigon R7Y “H
o i
R= CH3 E C OCHB
Cels
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The isomer assignments were based on IR and NMR spectroscopy
with the assumption that three Walden inversions occur in
going from the cis epoxide to the trans trithiacarbonate,
and vice versa. Based on the above evidence, the nucleo-
philic addition of xanthate to benzene oxide-oxepin mixture
should result in the formation of the trithiacarbonate 65-
trans.

72 reported that the benzene oxide-oxepin mixture

Vogel
can be obtained by the following sequence. Monoepoxidation
of 1,4-cyclohexadiene with m—-chloroperbenzoic acid followed
by reaction with bromine gave 1,2-epoxy-4,5-dibromocyclohex-
ane 66 which was dehydrobrominated by sodium methoxide in

boiling ether or by DEN in tetrahydrofuran to give an orange

benzene oxide-oxepin mixture.

(o]
B Br=~
O=-Cr a0 == |
66 -
56 , o
a—

Treatment of the benzene oxide-oxepin mixture with
xanthate at room temperature for 2 days did not produce the

desired intermediate §5-trans. The failure of this reaction
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most likely lies in the fact that the extrusion of sulfur

from the initial intermediate benzene episulfide 67 is a

well known rapid process.73
o]
‘sg-oca
+ 5 — 5V | - 3
Ko
-~ 67 - — 65trans
| o

C) Via dehydrobromination

In order to avoid introduction of the benzene episulfide
during the construction of the trithiacarbonate skeleton,
synthesis of 52-trans by elimination of 2 moles of HBr from
the dibromotrithiacarbonate 68 was investigated.

Treatment of 1,2-epoxy-4,S5-dibromocyclochexane 66 with
xanthate at room temperature for 2 hr affords trithiacarbon-
ate 68 in 80 % yield. This was converted to the corres-
ponding dithiacarbonate 69 by reaction with mercuric acetate.
The dibromide €9 was expected to underge dehydrobromination

to give the key intermediate 52. However, treatment of 69
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with potassium t-butoxide in tetrahydrofuran, DBEN in THF,
or with a mixture of lithium chloride and lithium carbon-

. °c_ 74
ate in HMPA at 85-90 C

vielded only monoene rather
than diene 52. The complete identification of the monoene

was not attempted.

Br.. s- c OCH >>:

Br
5 28 lug(oac),
Br S Base
Yo ZEwC T eo
B S
69-trans 22-trans

The failure of this reaction could be attributed to
the absence of hydrogens trans-coplanar to bromine since
the two C-S bonds in the five-membered ring are constrained

to be equatorial.

D) via [ 2w+2% ] photolysis product

The preceeding three routes failed to generate the key
intermediate 52. Considering the structure of 52, the
formation of the 6-membered ring diene function could result

from ring opening of a cyclobutane in compound 72. The




-42-

dichloro compound 71, the precursor of 72, could be obtained
by the (2w+2w)photolysis of cis-3,4-dichlorocyclobutene 1975

with vinylene dithiacarbonate 535.

Cl. e G2 S
C1 * [5>:0 c >

S s

70 33 71
i
[]
]
]
'

_ N\

O ~we-tm 0
| /‘ S/"
72 52-cis

Unexpectedly, when photolysis was carried out at OOC
for 10 hr with a Hanovia-W mercury lamp none of the desired
adduct 71 was obtained. Most of 70 and 55 were recovered.

The attempted synthesis of the precursor cis and trans-

52 via four routes are summarized on next page.
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-

52-trans

66

beacuse of our inability to obtain key intermediate 55

further pursuit to I had to be abandoned.
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IT. 1,2,5-TRITHIEPIN(1,2,5~-TRITHIA-3,6-CYCLOHEPTADIENE) II

The second target during this thesis was 1,2,5-trithie-

in II. Two possible thiepins 1,2,5~trithiepin II and

o]

1,2,3-trithiepin II' derived from cyclodecapentaene are po-

tentially aromatic.

O O

S—S o 1T

Zahradnik76 predicted on the basis of extended HMO
calculation that compound II might be prepared, but probably
not compound II'. Except for the 8 w-electron system 1,2-

77 the deep red, highly reactive molecule consi-

dithiins 73,
dered as 1,2-dithia analogue of cyclooctatetraene, no cyclic

conjugated g,f-unsaturated disulfides have been reported.

S
R: H, CSHS’ p-CH3—CsH4, p-CHBO—C6 4’ 2-Thienyl

=~
73

Because of the known reactivity of the S-S bond towards
nucleophilic attack the synthetic scheme chosen for compound
IT must be as mild as possible and not involve nucleophilic
conditions.

A monocyclic trithiepin, 1,2,5-trithiepin-3,4,6,7-tetra-

carbonitrile 74, was claimed as a product from the oxidation
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of disodium dimercaptomaleonitrile 25?8 Simmons and co-

workers,79 after a thorough study of the oxidation product

by TR, UV and 13

C-NMR spectroscopy concluded that it was
really the isothiazole 77 formed through intermediate 76.
The compound was also identical to authentical isothiazole

77 prepared via an independent route.

S=— Brz,etc. N s~Na*t
é][s“Na+
-—2o°c NC

75
74

S\ oN NC..~S N
T — I Lo
S N NC S (':N

76 77

Boberg80 reported that alkaline cleavage of the dithia

.0
compound 78 at 55 C gave 1,2,5-trithiepin 79. He explained
the conversion of 78 to 79 in terms of the three-step mech-

anism shown below.

RR.NT—TA[‘H 2R"OH(KOH) R0, cir
N -s, -2 HC1 coR™

R= Aryl; R'= Alkyl; R"= CHy or C,Hg
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No synthesis of the parent compound, 1,2,5-trithiepin
II, has yet been described. The key feature of the synthe-
sis projected involves the construction of the saturated
7-membered ring, 1,2,5~trithiepane 81, followed by succes-
sive introduction of the two double bonds. The route also
has the important advantage that one intermediate in this
sequence is 6,7-dihydro-1,2,5-trithiepin 83, a molecule
closely related to the 1,2,5-trithiepin II, but lacking the

expected 10 n-electron conjugation. This provides an ideal

reference model for spectral comparison.

OO O

81 83 II 82

The introduction of the double bonds in 1,2,5-trithie-

pane 81 was carried out either by a Pummerer reaction81

on 1,2,5-trithiepane-5-oxide 82 or by chlorination 82 of
81 with N-chlorosuccinimide followed by dehydrochlorination.
The sequence for the synthesizing compound II is shown

next page.




—47-

M
HS SH 80
FeCl3'6H20
HOAc, ether

(s 3 MCPBA/CHCI , (
.
or NaIO4/THF

S=—5 S-S
55 % , 81 60 %; 82
NC1Ss Ac20
Cl S
( 3 EtN/gH 3
S—3S 83
17 % 18 20 %
MCPBEA,
Ac 0
S‘j) ‘j>
-3 S—S 6 %
I
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A) Preparation of 1,2,5-trithiepin 81

The starting material for synthesizing 1,2,5-trithie-
pin II is the known 1,2,5-trithiepane 81 which has been the
subject of much controversy. In the first report, Ray83
claimed that a solid byproduct(mp 96°C) of the reaction of
dithicethylene glycol with benzylidene chloride was B81.
Later, Fromm84 obtained a solid product(mp 74-75°C) from
either the reaction of bis(2-chloroethyl)disulfide with
Nazs or bis(2-chloroethyl)sulfide with sodium disulfide,

which was considered to be 1,2,5-trithiepane 81.

Cl Cl (oh! Cc1i
5 ;
1 4 Na, \LS -+ Na,S,

S-S

Later, Westlake85 suggested that a colored liquid, nZOD

1.5746, a product from ethylene and sulfur, might be 81,
Finally, Fleld51 in 1970, claimed that the colorless liquid
obtained from the oxidation of bis(2-mercaptoethyl)sulfide

80 with ferric chloride in acetic acid, was 81, based on

IR, UV and mass spectrum. Field's method afforded 81 in

FeCl 6H20 S
e
HOAc, Ether
HS -
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55 % vield, and consequently constituted our route of
choice for the synthesis of 81, providing the structure
was correct.

Since the proton NMR spectrum of 81 at room tempera-
ture surprisingly showed only a sharp singlet in carbon
tetrachloride at 83.1, in benzene at 6§2.7, and in deu-
teriochloroform at $§3.05, further identification of comp-
ound 104 by 130 NMR spectroscopy was necessary. The

13C NMR spectrum of 81 shows two peaks at

proton decoupled
37.6 and 31.2 ppm downfield from TMS as expected for the
number of peaks and the chemical shifts. The gateqd

13c nMr spectrum of 81 was also determined in

decoupled
order to assign the carbons. The lowfield carbon is
split into a triplet of triplets with coupling constants
of 140 and 2.6 Hz. The highfield carbon is split into a
triplet of broad multiplets. The assignments are based
upon the assumption 86 that long range coupling decreases
with increasing distance. Since carbon A, g to the di-
sulfide linkage, displays no long-range coupling through
the S-S bond, the resonance at 37.6 ppm is split into tri-

plets with J 140 Hz, J =J =2.6 Hz.

= J -
C,-H, = Tc,-H,, Cp-Hp~ “Cp-Hp,

This resonance is thus assigned to be carbon A. The



-50-

other signal at 31.2 ppm is split into triplets of multi-

13

plets because of the three-kond C-lH long range coupling

with H, and H,, and assigned to carbon B.

1 13
H decoupled C NMR spectrum
hﬁmﬁbéh%hﬂw

Hy, S Hor
31.2ppm  Hy He
L)
S—
81

=

.HHMMMA*&J W.YJ it

-
4
PN
-y _‘..__-.__._
)
\
|
| S

37.6ppm HA.

L e
, ......‘..‘~

Gated decoupled 130 NMR spectrum
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B) Preparation of 6,7-dihydro-1,2,5-trithiepin 83

With the saturated 1,2,5-trithiepane 81 in hand the
next task involved the introduction of the double bond.
This was carried out by two independent routes. First,
selective oxidation of the 1,2,5-trithiepane 81 gave the
corresponding sulfoxide 82 which was heated in acetic
anhydride(Pummerer reaction} to afford compound 83. Al-
ternatively, chlorination of 1,2,5-trithiepane 81 with
N-chlorosuccinimide followed by elimination with tri-

ethylamine afforded 83, o

=S Cl s—?
ST T
The details will be discussed below.
a) Via Pummerer reaction on 82
The decomposition of sulfoxides in hot acetic anhydride,
a reaction analogous to that originally reported by Pummer-
87

er ', has been shown to be an attractive route to g,p-unsatu-

rated sulfides.

0 Ac,0

R~S—CH2CH2—R' —» R-S-CH=CH-R'
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This reaction has been extended successfully to he-
terocyclic compounds containing more than one sulfur atom.
Parham88 reported that 1,4-dithiane-l-oxide 84 in acetic
anhydride at 100°C was converted to l1,4-dithiene 85 in 53

% yield.
%
s

[: .:J = S::]
2
o > l
00
s 1 C

s
84 85

Later, Schlessinger89 utilized this method to synthe-
size thieno-3-thiepin 87 by treatment of the corresponding
vinyl monosulfoxide 86 with freshly distilled acetic an-

Q
hydride at 150 C in the absence of oxygen.

The Pummerer reaction has been the subject of much
mechanistic speculation. Although the detailed mechanism
of this reaction is still unknown, it is generally accepted
that the first step involves the formation of a sulfonium

salt 88. The following mechanism has been postulated:go’91
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o
i
R—T—CHZCHZR
OAc
R-S-CH.-CH_R"
+ 2 2 8
B
j ay Ay a3
GH OA
/Ceg ?Ac \\' fa)
o’ O R-S-CH-CH_R' R-S<CHCH_R'
\ Al 2 = 2
;! *u
R-S—CZCH, R’ i
+ I-'I ’
v
R-$=CH-GHR'
al H 89
v
OAC
a) I b) _
R-S-C-CH,R’ 3B » R-S-CH=CH-R'
20 dac 91

a,s through cyclic elimination of HOAc
a,s through elimination of HOAc with external base

aj: through ylid intermediate
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The formation of the q,p-~unsaturated sulfide could
take place via either of the following pathways:
i) a-a pathway; either through the cyclic elimination
of HOAc (al), or through the elimination of HOAc with ex-
ternal base (az), or through the y1id intermediate (a3),
the sulfonium salt 88 would give 8§3. Nucleophilic attack
by acetate would then give the g~acetate 90 which finally
upon elimination would give the q,f~unsaturated sulfide 91.
ii) a-b pathway; the intermediate 89 would yield the g,B-
unsaturated sulfide 91 by the direct attack of an external
base,

One should, therefore, be able to utilize the Pummerer
reaction to prepare 6,7-dihydro-1,2,5-trithiepin 83 from

the corresponding trithiepane oxide 82.

8]
C ()
G- S—5
g2 83
Field51 reported that 81 could be selectively oxidized

with sodium metaperiodate at 10°C to give 82 in 40 % yield.

o)

s S
NaIo,
/
H.,0/THF %
S5 > 40 %
81
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An efficient way to prepare the same sulfoxide 82 was
developed in this work using meta-chloroperbenzoic acid

in CHC13. This process had the additional advantage that
the Pummerer reaction may be carried out without isolation

of the sulfoxide 82.

S —S S5—s
81 8

The infrared spectrum of 82 shows characteristic

strong SO absorption at 1025 and 1005 cm. "1

The proton
NMR(CDClS, T™S) shows two signals at §2.5-3.4(m,4H, methyl-
ene protons ¢ to sulfur) and $§3.4-4.3(m, 4H, methylene pro-
tons g to disulfide). The compound is stable for more than
10 months at 5°C.

The sulfoxide 82 was heated to 140°C in freshly dis-
tilled acetic anhydride for 35 minutes in the absence of
oxygen. The crude product was purified either by column
chromatography or distillation to give the dihydrotrithie-
pin 83 in 18-20 % yield as a pale yellow oil. The prepara-
tion of 83 can be simplified if the isolation of sulfoxide

B2 is omitted. Both of the above procedures gave almost

the same yield(10 %) from the 1,2,5-trithiepane 81.
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The reaction conditions were varied in order to opti-
mized the yield. When the reaction was run at a low tempe-
rature(llOo) for a longer time, a considerable amount of
1,2,5~-trithiepane 81 and only 2-3 % of deisred product 83
were obtained. The reaction was also conducted at reflux
temperature in the presence of excess sodium acetate, but

the yvield was no better.

0
s s
S8
Reflux
-3 S—5
82 83

b) Via Chlorination~Dehydrochlorination

Another approach to the preparation of compound 83 is
by construction of a properly substituted trithia 7-member-
ed ring. The substituent could then be eliminated to form
the double bond in the ring system.

Wilson92 reported that treatment of tetrahydrothiophene
with N-chlorosuccinimide in carbon tetrachloride afforded
a-chlorothiophane in high yield. The nature of the trans-
formation of the intermediate halosulfonium salt to the g-
halosulfide is not yet resolved completely, Recent evidence
suggests that the reactive species in the N-chlorosuccini-
mide reaction may be a succinimyl sulfonium salt93 rather
than a chlorosulfonium salt. Although it has been accepted
for some time that a sulfonium salt may exist as a reaction

intermediate, no firm proof for this species has been reported.
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Chlorination of 1,2,5-trithiepane 81 with N-chloro-
succinimide in carbon tetrachloride followed by dehydro-
chlorination with triethylamine afforded 6,7-dihydro-1,2,5-
trithiepin 83 in 17 % yield. The q-chloro compound was not

igsolated owing to its known sensitivity to moisture.

() === 0

81 83

The 6,7-dihydro-1,2,5-trithiepin 83 isolated after
distillation is a stable pale yellow liquid. The proton
NMR(CDC13, TMS) exhibits an AB quartet for the olefinic
protons at 66.17(1—1B of AB quartet, 1H, J=9 Hz, cis) and
65.99(HA of AB quartet, 1H, J=9 Hz, cis) and two sets of

triplets for the methylene protons at 63.83(t, 2H, —S—CHZ—

J=6 Hz), 83.11(t, 2H, ~5-8-CH,-, J=6 Hz). The proten
decoupled 13C NMR shows four singlets at 126.6 ppm(carbon
@ to sulfide linkage), 119.4 ppm(carbon g to the disulfide

linkage), 33.0 and 35.7 ppm{methylene carbons) downfield

13

from TMS. The gated decoupled C NMR displays a doublet

of doublets for CA and two sets of quartets for CB' The

A’ HB, CA and CB 1s discussed on page 64.
The ultraviolet spectrum also shows absorptions at A

assignment of H

mnax
277 nm( € 2.5x103) and 321 nm( € 2.7x103). The mass spectrum

exhibits an moleculat ion at m/e 150(69.1 %) and a peak at
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105(100 %). The peak at m/e 105 presumably arises from
loss of S=CH. The overall fragmentation pattern is out-

lined below.

m/e 105 m/e 45

Compound 83 from both sources was to prepare 1,2,5-

trithiepin II.

c) Preparation of 1,2,5-trithiepin II

In a manner analogous to the synthgsis of dihydro-
trithiepin 83, the synthesis of 1,2,5-trithiepin II could
be carried out either through the chlorination of dihydro-
thiepin 83 with N-chlorosuccinimide followed by elimination
with base, or through the Pummerer reaction of 94, the
monoxide of 83. However, based on model reaction systems,
alkylvinyl sulfides are usually chlorinated at the alkene
carbon93 when treated with N-chlorosuccinimide, so the route
via N-chlorosuccinimide chlorination followed by base eli-
mination was not seen as favorable. On the other hand, the
Pummerer reaction of 92, a monoxide of 1,4-dithiacyclohep-

ta-2-ene, has been used in the preparation of 1,4-dithiin 93,
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Ac,0 N ES >
S

0
92 93

Therefore, the Pummerer reaction of monoxide of di-
hydrotrithiepin 83 was chosen for the synthesis of 1,2,5-

trithiepin II.

| 0
(C D | MCPEA (D Acy0 | [S \
83 94

The dihydrotrithiepin 83 was first converted into the
corresponding sulfoxide 94 by treatment with m-chloroper-
benzoic acid. The single sulfoxide oxidation product was
shown to be 94 from its proton NMR spectrum and by analogy
to the previous oxidation of 81 and the subsequent Pummerer
reaction of 82. The sulfoxide 94 in freshly distilled
acetic anhydride was then refluxed in the absence of oxy-
gen to afford 1,2,5-trithiepin II. The product was isolated
and purified either by column chromatography over silica gel
or by preparative thin layer chromatography(silica gel) at
0°C under carbon dioxide. The yield from 83 is only 6 %.

The compound II is stable at Ooc for more than 5 months
in solution; at room temperature without solvent it poly-

merizes easily. Gas chromatography gave no indication of
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the formation of 1,4-dithiin or thiophene which could have

arisen from the decomposition of 1,2,5-trithiepin II,

)

The proton NMR(CDC13,TMS) exhibits an AB quartet for

the olefinic protons at &7.24(2H, HB, J=9 Hz, cis), and

$6.57( 2H, HA’ J=9 Hz). The proton decoupled 13C NMR shows
two singlets at 131.4 and 128.6 ppm for CA and CB’ respec-
13

tively, relative to TMS. The gated decoupled C NMR shows
two sets of quartets for the highfield carbon(CB) and a

doublet for the lowfield carbon(CA). The assignment of H, ,

A
Hg, CA and CB is discussed on page 68. The infrared
spectrum exhibits no absorptions for saturated C-H stretch-
94 1

ing and trans double bonds at 925 cm.~ The UV spectrum
shows absorption maxima at 263 nm(€2.25x103), 296 nm(el.72
x103) and 353 nm(61.40x103). The mass spectrum shows the
molecular ion at m/e 148(29.9 %). Fragments arising from
loss of S=CH and two sulfur atoms give rise to peaks at m/e
103 and 84, respectively. The fragmentation patterns are

outlined below.
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m/e

84

64

45

m/e 64

46 % (, Mt-2s )

14.9%(25,M+—@)

86 % ( CHS, M - @)

Q == D@

m/e 45

m/e 103

m/e 84

The overall yield from bis-(2-mercaptoethyl)sulfide 80

In order to prepare 1 gram of 1,2,5-trithie-

pin II, 350 g of bis-(2-mercaptoethyl)sulfide 80, 10 gallons

of ether, 2 gallons of glacial acetic acid and 500 g of

m-chloroperbenzoic acid were used for the reactions.
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1,2,5-TRITHIEPIN II AS AN AROMATIC MOLECULE

The concept of an aromatic m-electron ring current was
first stated by Pople95 to explain the chemical shifts of
the benzene ring protons compared to those in ethylene.
Elvidge and Jackmangsextended this concept to other aromatic
systems, and suggested that the magnitude of the ring curr-
ent could be used as a measure of the aromaticity of the
molecules, with general result that protons outside the ring
would be deshielded, while those inside would be shielded.

In order to obtain evidence for the ring current in II

and hence ascertain the aromaticity of II, one should compare

the chemical shifts of II with those of a suitable closely

S

related model compound, the corresponding dihydrothiepin 83.
$6.17 H S 87.24 H
$5.99 H 86,57 H

As pointed out above, the olefinic protons of 83 give
rise to an AB quartet at $§6.17 and 35.99. The corresponding
signals of II lie at 87.24 and §6.57. But in order to com-
pare the observed chemical shifts accurately, it becomes

necessary to assign the signals to specific protons in each

compound. This could not be based on the proton NMR spectra

alone. Rather, it was necessary to use the 13C NMR spectra
and 13C-lH coupling constants of 83 and II. The proton and
13

C NMR data are summarized in table 5.



Table 5

Proton and

13

1H NMR

(6,CDCl3,TMS)

C NMR spectra for 1,2,5-trithiepin II and related compounds

Coupling constants from gated

13C NMR spectra

13C NMR
(ppm,CDC1 ;, TMS) decoupled

$3.05(s)

32.5-3,4(m)
63.4-4.3(m)

Hy $6.17(AB q)

H, $5.99(AB q)

Methylene §3.83(t)

protons

$3.11(¢t)

Hy 67.24(AB q)

H, 66.57(AB q)

Olefinic 65.95

proton

65.99

CB=31.2 CB:t of m 140,0 and 2.6 Hz
CA=37.6 CAxt of m
CB: 126.6 CB=2 sets of q 171.0 and 5.8 Hz
CA: 119.4 CAs d of & 176.3 and 3.65 Hz
35.7
33.0
CB: 128.6 CB:Z sets of g 170.4,10.3& 6,9Hz
CA: 131.4 CAzd 179.7 Hz

114, 3(0lefinic)
26.3(Methylene)

120.6
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a) Signal assignment for 6,7-dihydro-1,2,5-trithiepin 83

Assignment of carbon signals

13,1

One-bond and long-range C-"H coupling constants can

be obtained from "high-~resolution" 13C NMR spectra, and

13,_1 13

H coupling constants can be obtained as well from c

satellites in the proton NMR spectrum. Once the 13C chemi-~

13, 1

cal shift and C-"H coupling constants of dihydrotrithie-

pin 83 are obtained from the 13C NMR spectra, one should

be able to assign the proton chemical shifts of 83 by com-

13,1

parison of the C-

13

H coupling constant obtained from the

13

C spectrum to those obtained from C satellites in the

proton NMR spectra.

The proton decoupled 13

C NMR spectra of dihydrotrithie-
pin 83 show resonances at 126.6 and 119.1 ppm for the ole-
finic carbons and 33.0 and 35.8 ppm for the methylene car-

bons(T™MS as reference).

I

’x&ﬁig:‘#.‘,‘,'@'#y‘,#w;p_tmfﬁ{k.!‘#ﬂw,|~ b

P dened A

~—

r.'.w‘tfm“J:eW'-fﬁa

[}

13

1H decoupled C NMR spectrum of 83



=65~

L3

O ASE e feee e s 10
. e

y
o h i . ! t ! l L
B I B T T L e ST | 3 e} ¥
| - U LA

o

Ll
i
!

!

i

]

1 14 b . AT A (
"f"e":‘.‘w‘“"."‘! ""\"ik"l. d ""“""d‘f"‘""“‘m””" 1 s ' ‘N-'r"w L“'"‘"(,LMW' I IV v A
Gated decoupling 130 NMR spectrum Expanded spectrum of
Dihydrothiepin 83 olefinic region

The gated decoupled 13C NMR spectrum shows doublets of dou-

blets for the highfield carbon and two sets of quartets for
the low field carkon(Fig. 1). From Fig. 2, it is seen that
the carbon ¢ to the disulfide 1inkage(CA) should couple

only with protons A and B, while the carbon g to the sulfide

1inkage(CB) may couple not only with Hy and H, but also with
Hc and HC' through three-bond 130-1H long~-range coupling.

From the gated decoupled 13C NMR spectrum, the resonance at

119.1 ppm is split into a doublets of doublets with Jo _y. =
A A
C. g = 3.65 Hz. This carbon is thus assigned to

ATUB

CA(a to disulfide linkage). The other carbon at 126.6 ppm,

176.3 Hz, J

split into two sets of quartets with J = 171 Hz,

J =
| - C5~Ha
Jo g Jo _y = 5.8 Hz is assigned to be C,( ¢ to sulfide

B "C B C
linkage).



-66—

Fig. 2

126.6 Ppm

J =718z Je _ al176.38=

J 5.80z
Hc cg-an\‘

H S H ’ . -I Jcn_Hcﬂ.anz Jcrgnq_ssuz
H / © [ lJcB-HC-'5.3:Iz
.A‘T _

Ll

1191 Ppm

Assignment of proton signals

The gated decoupled 13C NMR was used to determine that

Ja _g.= 176.3 Hz and J = 171 Hz. These data, used in

C.-H_.~
A A 13_ 1 B "B
conjunction with C-"H coupling constants obtained from

13C satellites in the proton NMR should be sufficient to ass-

ign the chemical shifts of Hy and Hy. The 220 MHz proton

NMR spectrum shows for the downfield proton at $§6.17 a set

of 13

13

C satellite peaks with JC-H= 171 Hz which is the same

13

1H coupling constant found from C NMR. Therefore,

C-
the downfield proton at §6.17 is assigned to be HB( a to
sulfide linkage).
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¢56 17

I > — JC_H=176.3HZ —

| ¢

§6.17 &5.99
55.99
T g=171Hz

130_14 satellites in 'H-NMR spectrum of dihydrothiepin 83

13

The high field proton at 65.99 has C satellite peaks with

13, 1

J= 176.3 Hz which is the same C-"H coupling constant

130 NMR spectrum, Therefore, the high field

found from
proton at 85.99 is assigned to be HA( ¢ to the disulfide

linkage).
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B) Signal assigmment for 1,2,5-trithiepin II

In a similar manner to 6,7-dihydrotrithiepin 83, the

signals for 1,2,5-trithiepin II may be assigned by examining

the proton decoupled 130 NMR spectrum, the gated decoupled

13 13 1

C NMR spectrum and the C satellite “H NMR.

1H chemical shifts of HA and HB

are about 40 Hz apart at 60 MHz, so partial proton decou-
13

However, the in IT

- pling of the C NMR spectrum might be expected to give

the required chemical shifts. In a partially proton de-

13

coupled C NMR spectrum, the coupling pattern and residual

13,1

H coupling constants should change depending upon the
value of the decoupling frequency. Irradiation of the
protons at higher field will decouple the upfield protons
more extensively than the downfield protons, and vice versa.

13C—1H coupling cons-

By inspection of the changes in the
tants, one should be able to distinguish both sets of pro-
tons. The convenience of this method led us to choose
it for the proton assignment of 1,2,5-trithiepin II.

Assignment of carbon signals

13

The proton decoupled C NMR spectrum of II shows

resonances at 128.6 and 131.5 ppm(TMS as reference). The

gated decoupled 13

C NMR spectra show two sets of quartets
for the high field carbon at 128.6 ppm and a doublet for
the low field carbon at 131.4 ppm. The experimental spectrum

may be compared with the expectations based on structure II
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(Fig. 3). 1If Jc “Hy is very smallf then carbon A couples
A
only with Hy» while carbon B( ¢ to the sulfide linkage) not

only couples with H_ and H, but also with H through'the

B A c
three-~bond 130—1H long~-range coupling. Therefore, in the

gated decoupled 13C NMR spectrum, the resonance at 131.4

ppm(Jc g = 179.7 Hz) is assigned to be C ( @ to the disul-~
A A
fide linkage), and the resonance at 128.6 ppm Hz, J

Cp-Hy~
170.4 H=z, Jc _g.= 10.3 Hz and Jc 5.~ 6.9 Hz, is assigned
B "A B "C
to be CB( a to the sulfide linkage).
Fig. 3 128.6 ppm
HC
‘i ||\ li II l‘li!] J”"Lﬂys Ji_lh il’
‘,'x/ dbi L f A -\v'ﬂ"‘ ’ai".‘!x-:’,iiliifal!f"*’-éi;g_;;;;Jé',i'.[_!_nin]
*f]‘ & f]] & i Vi gi}wl“ma'bﬂ 1314 penm
Gated decoupling 13C NMR
spectrum of trithiepin II
CA (ZB
/\ To _g = 170.41 Hz
B B
J — & v
Cy=Hy ™ JCB_HA- 10,254 Hz
179.68Hz A
J = 6,848 Hz
Cp-He

*
Apparently the two-bond coupling Jo g is very small.
A B
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Assignment of proton resonances

13C—IH coupling

As discussed above, inspection of
constant changes as a function of the proton decoupliné
frequency should allow distinction between both sets of
protons in IX. Figure 4 shows the gated decoupled 13C
NMR spectrum with proton irradiation at §3.75 on the
proton scale.

Fig. 4

] scale

U:! Gated decoupled »*3C NMR

.1 viﬂLLAj “1‘ Spectrum with proton irra-

[ﬁﬂ TRPAL ‘?yv w1\L ualt diation at$ 3.75 ton
Q_Il!;_‘;l.'_)l--l1 ‘ ' “11"!1. . on proto

From Figure 4 it is evident that both the doublets and
the quartets collape due to the irradiation of higher

field proton. As summarized in Figure 5, the coupling
constant decrease for CA-HA
field proton region is 133 Hz, whereas the decrease for

upon irradiation in the higher

CB-HB is only 111.4 Hz. Hence, the CA splitting is
affected more than CB by the higher field proton irradia-
tion. Therefore, the upfield proton at §6.57 may be
assigned to CA and the downfield proton at §7.24 assigned

to CB'
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Fig.5 Ca 8
o B g =

C =¥, C3-dg

Gated dacoupling 179.6 H= [ J I 170.4 Hz
N, ? s
“‘\ o/ “- n"'
1 ) X
Irradiation H 46 Mz l [ 1 g 59 Ha
at § 3.75 : i
Counling constant 133.6 Ha 1114 M,
dacroagad
With the 13C and 1H resonances now unambiguously

1 13

assigned, a comparison of the "H and C shifts of trithie-

pin II and dihydrotrithiepin 83 shows several interesting

features. 126.6 ppm

128.6 ppm
Yy

& 724 H §6.17 ~> H

B S
6. '
Q657 _HN_ 5599 83
Iz

1314 ppm 1194 ppm

The structural assignment of the proton and carbon
chemical shifts in 1,2,5-trithiepin II and its dihydrocomp-
ound 83 allows now a comparison of the NMR data between

theses two compounds. As pointed out before, II is formally
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a conjugated heterocyclic system containing 10 w-electrons.
The aromaticity of this molecule should be documented by
the presence of a diamagnetic ring current, which should
result in downfield proton chemical shifts in the 1,2,5-

trithiepin II as compared to its dihydroderivative B83.

In general, introducing a second double bond into
cyclic vinylsulfides changes the olefinic proton chemical
shifts only slightly. As seen in Table 6, introduction of
a second double bond in dihydrothiapyrane 95 results in

upfield shifts of 0.11 and 0.13 ppm for Ha and H respec-

B
tively. Introduction of the second double bond in dihydro-
dithiin 96 results in downfield shifts of only 0.04 ppm.
However, introduction of the second double bond in dihydro-
thiophene 97 causes a downfield shifts of 1.01 and 1.41 ppm
for Hd and HB’ respectively. The observed changes in chemi-
cal shifts when going from dihydrothiophene 97 to thiophene
can be used as a guide in determining the aromaticity of
other sulfur heterocycles.

Comparing the 6,7-dihydrotrithiepin 83 with 1,2,5-tri-
thiepin II, one notes that the second double bond shifts
Hy and Hp downfield by 0.58 and 1.07 ppm, respectively.
This is highly consistent with the presence of a diamagnetic

ring current in the 1,2,5-trithiepin II, which therefore may

be considered to be aromatic.
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Table 6
Chemical shifts of Cniemicals shifts of A
olefinic protons olefinic protons
§ 6.01 l 8 5.90 -0,11 ppm
95 S S
S 5 z 0.04 pPpm
| & 5.95 ‘ d 5.99 .
96 S N S
& 5.61 § 7.04 1.41 pom
Z \> & 6.18 Z/ Y> & 7.17 1.01 ppm
97 S 97" S
6§ 6.17 5 7,24 1.07 ©pm

0.58 ppm

on
O
.

un
~J

5 5.99
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Very interesting are the changes in the carbon chemical
shifts in II and 83. The carbon g to the S-S linkage in 83
is upfield(119.1 ppm) relative to the carbon g to the sulfide
linkage(126.6 ppm). Upon introducing the second double bond
in 83 yielding II both carbons experience a downfield shift,
however to a different degree. Carbon 3 or 7, g to the disul-
fide linkage in II shift by 12.3 ppm downfield(c3;7=131.4 ppm)
and carbon 4 or 6, g to the sulfide linkage shifts by 2 ppm

downfield(C =128.6 ppm). Very similar shifts are observed

4;6
if one compares 1,4-dithiacyclohexadiene 96' and 1,4-dithia-
cyclohexene 96.

S S
() ()
114.3 ppm s S

96 6"

26.3 ppm 120.6 ppm

141,142

The carbon chemical shifts for thiophene and for the

142

corraesponding 4,5-dihydrothiophene are as follows.

126.2 ppm 121.7 ppm ( The positions have

/ \ \ been assigned using
s 124.4 ppm 125.6 ppm
S

(;) )142
D
97 97

In order to evaluate the effect of the changing geometry

13

at the -5-S- bond(cf p 76 ff) on the “~~C chemical shifts at

the adjacent carbon it would be desirable to compare the
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130 NMR spectra of the following compounds. Unfortunately,

</ > and </ \> H Q and / S\.

! and U and o
S— -S S-S5

those compounds are either unknown or their 13C NMR spectra
have not been measured.

In the studies on bridged Annulenes and (12)paracyclo-
phane, éoekelheide138 and V’ogell39 came to the general con-
clusion that the ring current effect on carbon-13 chemical

shifts i1s small compared to other factors such as changing

geometry, changing hybridization, and changing charge.



-76-

A Dreiding model of II shows that the molecule is
nearly planar. Generally, planarity is a necessary for
efficient ¢ overlap in the molecule. However, the benzene
nucleus in (8)paracyclophane 98 tolerates a distortion
calculated to be 20° from a planar configuration and yet
retains its aromaticity, i.e., a ring current is de=tected
by proton NMR. Vogel99 studied the series of systematical-
ly bent syn-bridged(14)Annulene 98, 99, 100, and 101 and
found that even the most highly bent member of this series,
i.e., 101, exhibiting an orbital torsional angle as high as

-]
40 , still exhibited aromaticity.

9 )
AR

98 929

—

00 10

Moreover, the bridged(10)Annulene, bent 41° out of
planarity, still sustains a diamagnetic ring current.
Therefore, one sees that the steric requirements for aroma-
ticity are rather flexible. The actual magnitude of the
distortion which an aromatic molecule can accommodate is

not known yet.
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By comparison of resonance energies, thermal stabili-
ties, and ring currents of (18)Annulene, benzene, and
thiophene the aromatic ring current appears not to be rela-
ted in any direct way to the resonance energies or reacti-
vit;es of the systems.loo Several thermally unstable com-
pounds such as the tropylium ion, the air-sensitive(18)annu-
lene,lolthe mono-trans cyclononatetraene anion 3'1? and the
readily polymerizing arsenbenzene are all considered to be
aromatic on the basis of the presence of a diamagnetic ring
current. Although 1,2,5-trithiepin II can be considered

aromatic on the basis of its proton NMR, its lability may be

related to the geometry of the S-S unit as shown below.

In studying the interaction of the neighboring lone

102 reported that the splitt-

pairs of the S-S linkage Yamabe
ing of the 3p lone-pair levels decrease as the dihedral angle

Q
between the S-S linkage increases from 0° to 90°. ~ As a

result, the gap between LUMO and HOMO becomes larger with
(]
the dihedral abgles increasing from 0° to 90 .
Therefore, disulfides having a dihedral angle close

[-]
to 20 should be less reactive and more stable, which is



well documented.122

()

S~S

o
Dihedral 90
angle

Stability most stable
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oD

S==g
o Q
40 0
intermediate least stable

Q
The 7-membered ring compound with a dihedral angle of 90

is the most stable while the S-meémbered ring compound with

[+]
a dihedral angle of 0 is the least stable.

The dihedral angles of compounds 81, 83, and II, esti-

Q [~ o
mated from Dreiding model are 90, 80, and 20, respectively.

e

Q
Dihedral 90
angle

> .0

83 S-S

Q [~]

80 20

The high reactivity of the 1,2,5-trithiepin II therefore

could be due to the small dihedral angle(c7—S1-52~C3).
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ITT. 1,3,6-TRITHIACYCLOOCTA-4,7-DIENE CATION IIT

On the basis of the introductory discussion, replacement
of three double bonds of cycloundecapentaene cation 102 by
three sulfur atoms, should give the potentially aromatic
1,3,6-trithiacycloocta-4,7-diene III.

It is well known that sulfur stabilizes the w~electron
system in thiapyrilium cation 6, 1,2-dithiolium cation 7 and

24,25,26 through electron donation.

1,3-dithiolium cation §
In cation III, containing three sulfur atoms, one might ex-
pect a similar w-electron delocalization as in 6, 7, and 8

leading to a 10 o heteroaromatic system.

o)
[
\;m
|
o
|

—
o
N
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The hexathiafulvalene 103, prepared in a similar manner
as 49, should be able to complex with TCNQ 48.

The 8-membered ring skeleton conceivably could be pre-
pared by cyclization of the readily available bis~(2-mercap-
toethyl)sulfide 80 with dibromoethane, or by nucleophilic
addition of sulfur dichloride to divinylmercaptomethane at
high dilution. The use of equimolar amounts of reagents at
high dilution 58 is required to reduce the yield of inter-
molecular addition and polymer formation. The double bonds
were expected to be introduced by a Pummerer reaétion or by
elimination with base. Removing the hydride or methoxy group
in the 1,3—dithioacetai would be used as a last step to obtain
the trithia cation III. Hence, the approach to III involves

the construction of its precursors 104 or 105.

"N\ seyeeo (N
) = @) =2 ()

OCH
05

3
104 1rr

A precursor of 104 could be either the saturated analogue
106 or the chlorosubstituted analogue 107. Both the 1,3-dithio-
acetals are known to be stable to acidic condition.lo3
Compound 106 would undergo the Pummerer reaction under acidic
condition to give the corresponding q,p-unsaturated 104. The
introduction of two double bonds in 107 could be achieved by

dehydrochlorination of 107 with base.
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S S
Pummerer / \ _-________Base Cl Cl
reaction

106 104 107

Another intermediate 105 could be obtained by the
successive Pummerer reaction from 108 or the cyclization of
109 with q,q'-dichloromethylmethyl ether based on the known

reductive cleavage 104

( )Na/llq NH, Csw Pummerer (53
Cl CHOCH reactlon
S\‘T’s
oC

109 105 108

of S-S bond in disulfide compounds.

The attempted synthesis of 1,3,6-trithia cation III via
both the intermediate 104 and 105 will be discussed below.
A) Approaches toward 1,3,6-trithiacycloocta-4,7-diene 104

a) Via compound 106

S
{:’ \ﬁ> Pummerer <7’ \Q>
reactlon S\\v,s
106
Under high dilution, treatment of the sodium salt of

bis-(2-mercaptoethyl)sulfide 80 with dibromomethane afforded

the 8-membered ring compound 1,3,6-trithiacyclooctane 106 in
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21 % vield. The proton NMR spectrum showed two singlets at

64.30(S—CH2-S,2H) and $2.93(-SCH,CH,S-,4H), The proton

2772

decoupled 136 R spectrum showed three singlets at 38.8,
35.5 and 31.2 ppm as expected for the number of peaks and
the chemical shifts. The GC-MS spectrum exhibited fragment
ions at m/e 106(100 %), 60(64 %) and 45(94 %). The acid-
stable acetal 106 was then oxidized to give the correspond-
ing sulfoxide which, without isolation, was refluxed with
acetic anhydride. ﬁowever, the reaction did not give any

of the expected product 104. Only decomposed and polymerized

materials were obtained.

e () imee ()

80 06 104

The failure of the above Pummerer reaction led the
attempt to prepare 2,2-dimethyl-1,3,6-trithiacyclooctane 110
in which the carbon 2 was blocked to avoid any unnecessary
oxidation on carbon 2 during the Pummerer reaction.

Compound 110, prepared from bis-(2-mercaptoethyl)sulfide
80 and 2,2-dimethoxypropane, was oxidized and then refluxed
with acetic anhydride. A small amount of 1,2,5-trithiepane
81 was isolated along with much decomposed and polymerized
material. However, none of the desired product 111 was

observed.



-83-

s
s
M Me 1. MCPBA
IR=—er-Ar
S .
s><s 2. Ac 20 S S
80 110 11 81

The formation of 1,2,5-trithiepane 81, containing an
S-S bond, during the Pummerer reaction is similar to the

finding of Kishi52 shown below.

OC_H 13

R= p-CH30CgH, 442

H
H.C. 0 HyC
3 NH_?_R 1. MCPEA N /\r
J\$/ 2. HC1O0, 4\/
H
112

The failure of 110 to yield 111 turned our attention

to prepare the ketene thiocacetal 115 which could be prepared
from the corresponding saturated ketene thioacetal_llg,
already blocked at carbon 2, which would prevent the un-
nessary oxidation on carbon 2 during the introduction of the

two double bonds by the Pummerer reaction. The ketene thio-

CY) 7 X @
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acetal 115, upon protonation should afford the sulfur
stabilized potentially aromatic 10 w-electron cation Iv.

The protonation of ketene thioacetal has been reported.
'Meijerlos reported that ketene thiocacetal 116 dimerized in
the presence:of a trace of acid. Traces of base inhibited
this dimerization. The dimerization can be rationalized
by the following scheme which involves the formation of a

sulfur stabilized carbocation.

H, CHy -, CHy s /3
H){I ——= CH,CH, I -— CHBCH2—<SG)j:
CH, CH, CH

147

CHLCH, +
-H CH CH,
CHy =
l s>= C‘-CH

106 reported that protonation of ketene thiocace-

Carey
tal 117 with triflucoroacetic acid gave the sulfur stabilized

cation 118 rather than the cation 119 without sulfur stabi-

lization.
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\S<R cz-'3coon >=<R CF 4CO0D <
4=
CH..C1 > \
R CI-IZC:L2 R 2-+2 R
17

==L Et Sl?
R=9, D_

s <_><_.

Hence, protonation of 115 should result in the formation

of the sulfur stabilized carbocation IV.
s S
+ ::
JC X
. D

R

11 IV

——

In view of the Pummerer reaction on 106, 108, and 110
carbon 2 should be blocked in another way before the Pummer-
er reaction is performed. For model studies of the Pummer-
er reaction on ketene thioacetal, compound 117 was chosen?‘06
Metallation of 2-trimethylsilyl-1,3-dithiane followed by
reaction with a benzophenone gave the ketene thioacetal 117.

Treatment of 117 with m-chloroperbenzoic acid followed by

refluxing with acetic anhydride gave the expected product 120.
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S 117
@ S R
);< R
120

——

The seven-membered ring ketene thiocacetal 121 was also
used for the model study of the Pummerer reaction. Compound
12] was prepared from 1,3-dithiapane via metallation with
n-butyllithium, silylation with trimethylsilyl chloride,
followed by a second metallation and nucleophilic attack on
a ketone or aldehyde. The ketene thiocacetal 121 was treat-
ed with 2 equivalents of m-chloroperbenzoic acid acid and
then refluxed with acetic anhydride to afford the desired
diene 122, which was identical to that obtained by Grohmannt

using the alternmative synthetic route shown below.

S , S S R
' 1 [] n- B‘-‘!Ll o 1 L] n-’BULi
o Si- ]
> 2. —gi-C1 N 2. R g
S "o R 121 R

1.MCPEA 2 Ac o

1. n-Buli 2%\ _ 1. n-BuLi 7 S
;> - - Sk: <<
2. =si-C1 N / 2, §>=0
122

R= CHg, 4 122
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The ébove successful reactions encouraged us to prepare
compound 114. Once the dimethyl or diphenyl ketene thio-
acetal 114 is made, the Pummerer reaction was expected to
proceed easily. Finally, protonation of 115 should then

give IV.

Sw
S S
b TS o X
114

——— —

Compound 106 was metallated with n-butyllithium in THF
at -70°¢C under nitrogen, then trapped with trimethylsilyl
chloride. However, instead of the expected compound 123
a completely Si free compound was obtained, which was iden-

tified as 2-mercaptoethylvinyl sulfide 124(50 %).

s S i S
/r’ ‘\LS CHZBr2 ‘\> n-BuLi \\>
—_—ii P
~ _
HS H S~_-S 106 >°1¢1 N o123
80

80 1. n-Buli| 3. H,0 -~ N
2. =sic1

Q
H
124
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The assignment of structure 124 is based mainly on the
proton NMR spectrum. The vinylic protons of a vinyl sulfide
in general give rise to an ABX pattern at §5.6-6.5 107; the
methylene protons appear as multiplets centered at §3.5 and
2.9; the thiol proton signal is a triplet at §1.3.

The formation of the ring-cleaved compound 124 can be
rationalized as follows: anti-g-elimination fragmentation
competes with the metallation on carbon 2 and dominates the

reaction to give the sulfur silylated compound, which, upon

hydrolysis, would afford the thiol compound 124.

(}jﬁ BN E=EN Ve VR I N

5 s
4]\’ * 'S i 5w
CH_=S IS
2 . —
106 124

For further confirmation, 106 was allowed to react with
n-butyllithium and the mixture was quenched with excess
methyl iodide to give the cleaved 125. The proton NMR spec-
trum shows an ABX pattern at §5.0-6.50, a multiplet at §2.85
for the methylene protons and a singlet at §2.12 for the

methyl protons.

@ O = QO

*3
R
Iv 06 2

&
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Because of the unexpected elimination-fragmentation
reaction, this approach to cation IV was abandoned.

b) Via compound 107

A e

07 104

The approach using 107 exploits the Markovnikov addi-

108 There-~

tion of sulfur dichloride to linear diolefins.
fore, the addition of sulfur dichloride to bis-divinylmer-
captomethane 126 should give 1,3,6-trithia-4,8-dichloro-

cyclooctane 107 which upon dehydrochlorination should give

104.
s S S
(gv-} _-.-C{s(\/s < {\/? - @
26 107 104 17T

S— —————

A number of preparationslog_llz

of compound 126, the
starting material for this approach, have been reported,

as summarized below.

ﬂ o1 _ Ci sC!ZL KOH (/ \»
(CHZO)n ~S

126

1.
109

N

H{:
[N
Y|
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2. 111,112
HO OH
HOCH..CH..SH Na/EtOH powdered (/ \»
——
2772 CH.,Br KOH
2772
128 126
3 41
S CHzBrZ / \
= i = i —_—is -
CHZ—CE—ILJ. —:-,ﬁu-é-b CH2 CHSLi
xoy 110 Tld/qu. NH, -
CZHSSCHZCHZBr il CZHSSCH-—CHZ
PBr3
CZHSSCHZCHZOH

Bis-divinylmercaptomethane 126, obtained from all of
the above preparations, was allowed to react with sulfur
dichloride at OOC in ether or THF at room temperature for
10 hr. The clear solution was decanted from polymeric
material and evaporated to give a deep yellow very unstable
material 107. The assignment of the structure is based on
the proton NMR spectrum (CDClB,TMS): 65.49(t,2H,&=7 Hz),
64.18(S,ZH,S-CH2-S), 83.35(d,4H,J=7 Hz). Treatment of the
yvellow crude product in THF with potassium t-butoxide, DHN,
triethylamine, diisopropylethylamine or powdered KOH gave
none of the desired trithiadiene 104; rather, decomposed
and polymerized material were obtained which were not iden-

tified further.

(/ \\ —_.‘ Cl(\)lm —225— {;\
l—zé 107
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Another attractive route to compound III via 105 is
shown below.
B) Approaches toward 2-methoxy-1,3,6-trithiacyclcoocta-
4,7-diene 105
a) Via the cyclization of 109
The known reductive scission of the S-S bond in disul-

104 suggested

fide compounds by lithium aluminum hydride
the use of 1,2,5-trithiepin II as the starting material
leading to the trithia cation IIT. The synthetic route

was based on the strategy summarized below.

/\_L.C3 331, . @)

—

OCH3

II 109 05 TT

——

The reductive cleavage of 1,2,5-trithiepin II should
give the sodium dithiolate 109 which then, trapped with
®,a'-dichloromethylmethyl ether, should give 105. After
removal of methoxy group, 105 should be convertable to III

Before the reductive cleavage of the S-S bond in
1,2,5~trithiepin II was carried out, the reductive cleavage
of the S-S bond and the construction of the 8-membered ring

system from dihydro-1,2,5-trithiepin 83 were performed

successfully as illustrated below.
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Compound 83 was treated with sodium in liquid NH, at

=]
-70 C, and then trapped with excess methyl iodide to give

the expected 127. The spectral features of 127 were fully

compatible with the structural assignment. The proton
S S
1. Na/liqg. NH, /
[ -
2. CHBI cH
S—5 CH3 3
83 127

v— —

NMR(CDClB,TMS) shows a singlet at 386.30 for the olefinic
protons, a multiplet at §2.80-3.15 for the methylene protons,
a singlet at §2.41 for the methyl protons of the vinylic
S-CH3 and a singlet $§2.20 for the methyl protons of the other
S—CHB. The GC-MS exhibits a molecular ion at m/e 180(14 %)
and other fragment ions at m/e 75(100 %), 61(54.4 %), 45
(39.8 %), and 47(37.5 %).

- Further, 83 was treated with sodium in liquid NH, at

3
-70°c then trapped with ¢,a’'-dichloromethylmethyl ether to
give the expected 8-membered ring compound 128. The proton
NMR(CDClB,TMS) shows an AB quartet at §6.73 and §6.23 for
the olefinic protons with J=9 Hz(cis), a singlet at 86,10
for the methine proton, a singlet at §3.50 for the methyl

protons, and a multiplet at §2.76-3.30 for the methylene pro-

tons.
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g S
N / C1,CHOCH, /
a — -'S
liq. NH, S : \T,S
- - OCH
83 129 128

The starting material for 109 was available in only
small gquantities. So reductive cleavage to 109 has not
been performed yet.

b) Via Pummerer reaction from 108

S
MCPBA MCPBA / \
O Ac,0
Ac 2 S 3

OCH3 3
108 105

Treatment of 108 with m-chloroperbenzoic acid followed
by refluxing with acetic anhydride gave none of the desired
product 105 but decomposed materials which were not identi-
fied further.

The failure to synthesize 1,3,6-trithia cation III
shifted our interests to the preparation of another poten-

tiallt aromatic 10 w-electron system, as shown below.



-94-

IV. 5,6-BENZ0O-1,2-DITHIOCIN V

In dealing with the parent or benzo-fused 8-membered
bis sulfur heterocycles, several attempts have been made to
synthesize the 1,4-dithiocin vIt®®° 112 55 far oniy 17,33

22,109 109

and 131 have been synthesized, none of them
exhibits aromaticity based on their proton NMR spectrum

(see page 16). The most prominent chemical feature of these

OO O L

\'4 VI 17 22

——— —— r—

compounds is their propensity to lose sulfur to give benzenoid
C
aromatics. Upon heating up to 200 C, 131 was converted to

naphthalene. This reaction pathway is formulated as follows:

S S
L) - @
| — — 4 25
S // s
131

The sulfur extrusion has been proposed to involve

valence isomerization to a bisepisulfide, which can lose

sulfur.113 The formation of naphthalene therefore suggests

that there is no significant aromatic stabilization in the
2,3-benzo-1,4-dithiocin 131.

The 2,3-benzo-1,4~-dithiocin 131 is considerably more

127

stable than l-benzothiepin 132, which decomposes at room
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temperature.

) — | |— Q0
S

L

132

A —

The 5,6~benzo-1,2-dithiocin V is isoelectronic with the
aromatic dianion of cyclooctatetraene, and according to the
HlUckel's 4n+2 rule, is a potentially aromatic compound.
However, facile desulfurization leading to benzenoid aromatics

109,115 1y would

takes place in dithiocin and thiepin systems.
be of interest to synthesize and investigate 133 and V which
is a potentially 8 w antiaromatic and a potential 10 & aro-
matic compound, respectively. The comparison of the spectral
properties and chemical behavior of these two structurally
related molecules is expected to provide some information
concerning 10 w aromaticity predicted for V.

The nucleophilic additions of mercaptans to various
monosubtituted acetylenes in the presence of base proceed
via "trans-addition" and result in the formation of cis-

1,2-disubstituted alkenes.l41

X SR
X-C=CcH <4 RSH 8 . >—=(
H H

X= C ArS

65"



The activation of the triple bond increases with the electron-

142

accepting properties of the substituent in the order

Ars < Cl < C6H5 < Co0 < COOR < COAr.
Nucleophilic attack of mercaptans on diacetylene under
polar conditions also results in the formation of cis-isomers

exclusively,77 while under free radical conditions this reac-

tion proceeds nonstereospecifically and leads to mixtures

of trans and cis isomers.116
¢CH28 Na - ¢CH28 Na - SCH2¢
EtOH,-30°C SCH2¢ -30 ¢C . SCH2¢

The nature of the solvent plays an important role in the
course of this reaction. The high stereospecificity of
the nucleophilic addition of mercaptans to diacetylene in
an alcoholic medium has been proposed to result from forma-

tion of an intermediate complex involving the attacking

reagent and the solvent.117
RS™ HC=C ,»~°SR
HC = C-C = CH ———e—t> Se———
R'OH R.o"'-“"H" \-H
oy l o
= S -
H H
y
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On the basis of the cis configuration of the double
bond in 5,6-benzo-1,2-dithiocin V we may consider a possible
route which utilizes o-~diethynylbenzene 134 as the key
intermediate. Compound 134 could then be allowed to react
with a suitable mercaptan and the resulting product could
be transformed into the desired product V.

o-Diethynylbenzene 134 has been prepared by Eglinton

and Galbraith118

CH. Br CH.Br KOCN CH CN CH CO Et
3 il 27" e
CH cH.Br CTOH CH.,CN CH,CO,Et

3 2

using the following sequence.

L:LAlH4

@ KOBu HBrCH @[: @w ,CH,OH
HBrCH CH.,CH OH
134
The overall yield from o-xylene is 13 %.

A more efficient way to prepare the o-diethynylbenzene

134 was developed by utilizing the Wittig reaction as shown.

_ Y
HO ¢3150H201C1 /¢Li —~Cl KOBut/gsH 7
i - =i

Ether, THF
HO =~ C1 {D
EE,Z2E,ZZ 134

135

————
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Chloromethyltriphenylphosphonium chloride in dry ether
was treated with phenyl lithium, then with o-phthaldehyde
at -30°C to give o-bis-(g-chlorovinyl)benzene 135 in 50 %
yield. The product consisted of three isomers, a 1:1:1
mixture of EE, ZE and 2ZZ stereoisomers, whose presence and
molecular weight were confirmed by GC-MS. The proton NMR
spectrum shows both cis and trans vicinal coupling. No
attempt was made to separate the isomers. Compound 135
rapidly eliminated hydrogen chloride when refluxed with
potassium t-butoxide in benzene forming o-diethynylbenzene
134 in 60 % yield.

Two synthetic routes to compound V starting with o-

diethynylbenzene 134 have been attempted.

a) ss- FeCl3'6H20 —\gH
—,SH
y
z v .
H
X 11
CH.SH — Na/1igNH —\g~
134 b)...f.__Z__.. SCH2¢ ———-—2’-.- -
B — SCH, ¢ —yS

36

t—

Approach a) involved the bis addition of sodium disul-
fide to o-diethynylbenzene 134 expecting to prepare V in
one step. In approach b) benzylmercaptan was added to V,
and the product was debenzylated, acidified and oxidized.

The results are as follows:
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a) Several sets of reaction conditions have been used

for this approach.

Na25+S/DMF S
| —
140 ¢,0.5hr

v
Na.S + S/DMF
Z 25 - OO + =
—4 105 C, 2 days
B
134 Na,S + S/DMF )
s NoOo reaction
95°C, 5 days
NaZS + S/DMF ,
e » No reaction
70°C, 3 days
Na,S + S/DMF .
—p NO reaction

O—ZOUC, 3 days

When sodium disulfide,146

prepared from sodium sulfide and
sulfur, was added to o-diethynylbenzene 134 in DMF at 140°¢
for 0,5 hr, naphthalene and sulfur resulted instead of the
expected 5,6-benzo-1,2-dithiocin V. Apparently, the ini-
tially formed product V immediately underwent Cope rearrange-

109 The reaction was

ment followed by extrusion of sulfur.
also attempted unsuccessfully at 20°C for 3 days, 70°C

for 3 days and 95°C for 5 days. However, when the tempera-
ture was increased to 105°C for 2 days, the starting material

completely disappeared and naphthalene and sulfur were

detected exclusively with no indication of V. The above
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reactions were monitored by gas chromatography, thin layer
chromatography and proton NMR.

b) The apparent thermal instability of V suggested
focussing on low temperature methods for its preparation.
Debenzylation of o-bis-(p-benzylmercaptovinyl}benzene 136
at —7G°C followed by oxidation at low temperature would be

one low temperature route.

o
z Na/EtQH - SCH2¢
CH..SH —
S @ 2 _— SCH2¢
13 36

Nucleophilic addition of benzyl mercaptan to o-diethy-
nylbenzene 134 in sodium ethoxide-ethanol solution at reflux
temperature afforded exclusively cis-o-bis(g-benzylmercapto-
vinyl)benzene 136 in 70 % yield. The cis stereochemistry
was established by proton NMR and IR. The proton NMR showed
the olefinic protons as an AB quartet at §6.5 and §6.2 with
a coupling constant J=10 Hz. The IR spectrum showed the
characteristic cis double bond absorption at 745 cmﬂl and
no absorption at 925 cm_l, which is characteristic of the

trans double bond;120 13C

~-NMR and mass spectra are consis-
tent with the assigned structure.
Sodium in liquid ammonia is commonly employed for the

cleavage of vinylic sulfides. asB-Unsaturated thieols
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121 by cleavage of the correspond-

(~C=C-SH) can be obtained
ing alkyl sulfides -C=C-SR with sodium or lithium in liquid
ammonia followed by acid hydrolysis after evaporation of

122 123

the ammonia. The many studies by Schroth, Truce and

Bransma110 imply that the order of the tendency of thiolates
to cleavage with alkali metals is

Aryl 8 > -C=C-S > -CzC-S~ > Alkyl S~
Hence, the reaction leading to 5,6-benzo-1,2-dithiocin V
was expected to succeed. In the event, sodium was added
to 136 in liquid ammonia until a permanent blue color persis-
ted. After the disappearance of all starting material(TLC),
the ammonia was evaporated, the solid residue dissolved in
methanol, and oxidized with ferric chloride at 10°C. Naph-

thalene and sulfur were the only products obtained. There

was no indication of the desired compound V.

136 FeCl;*6H,0 |
QO = — Q0| — QT
v

Q
Hence, compound V appeared to be unstable even at 10 C and

might only be stable at subzero temperature. From these
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results, it is reasonable to infer that 5,6-benzo-1,2-
dithiocin V is not aromatic in the classical sense.

The tendency to lose sulfur giving benzenoid aromatics
in 1l,2-and 1l,4-dithiocins suggests that no aromatic stabi-
lization appeared in that systems. This behavior may be
compared with the facile desulfurization leading to benzen-~

124 In order

oid aromatics which is displayed by thiepines.
to do this comparison it is necessary to prepare 3-benzo-
thiepin 133. There are three possible benzo-fused deriva-

tives of thiepin, 1-, 2-, and 3-benzothiepin(132, 137, 133,

respectively). The 8 w-electron systems are predicted to

be antiaromatic. Their resonance energies have been calcu-

lated by Hess.125
) D Q0
/ S
0 3 ,
32 37 33
Resonance 0.196 -0.233 0.209
energy( B )
REPE{ B ) 0.016 -0.019 0.017

* REPE represents the resonance energy per w electron

Traynelis 126

has reported the synthesis and characteri-
zation of l-benzothiepin 132 which decomposes slowly at room
temperature with extrusion of sulfur and formation of naph-

thalene.
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NC1S =~ —HCL T\ | RT
—— _— / —
s ROBu s
S
c1 +
3
132 5

Recently, Murata 127

reported the novel synthesis of
l-benzothiepin 132 by Rh'-catalyzed isomerization of 132°'.
All manipulations during work-up had to be carried out

Q
below -10 C in order to avoid the extrusion of sulfur.

oy

/

) L)
2

32 132

As indicated previously, 2,3-benzo-1,4-dithiocin 131 is
more stable than that of I-benzothiepin 132. Neither 2-
benzothiepin 137 nor any of its derivatives are known.
Although 3-benzothiepin 133 has not been réported,l28
3-benzothiepin-2,4-dicarboxylic acid 138 has been prepared
and upon refluxing in 15 % ethanol underwent sulfur extru-

sion to afford 2,3-naphthalenedicarboxylic acid.129
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OOH
- Reflux @@ COCH
s - + 8
. 15 % EtOH COOH

COOH

38

r————

The preparation of compounds 139 and 140 have been

attempted by Barton:.L40

o-Bis(phenylethynyl)benzene 141
was treated with hydrogen sulfide or potassium sulfide in
the hope of preparing compound 139, but, only the starting
material was recovered., Attempted addition of sulfur

dichloride, an electrophilic reagent, to o-~bis{phenyl-

ethynyl)benzene 141 also failed to give compound 140.

@
+ H,5(K,S) ——ff— S
Y = 3
141 139
Cl
z° =
+ SCl2 e 5
AN =
@ Cl
141 140

The attempted synthesis of 133 followed cur success-
ful approach to 5,6-benzo-1,2-dithiocin V. When a mixture
of o-diethynylbenzene 134 and sodium sulfide in absolute

ethanol was refluxed for 15 hr, only naphthalene and sulfur
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were obtained. Apparently unstable, the initial product
133, probably underwent a GCope rearrangement to give

naphthalene episulfide, which extruded sulfur and gave

naphthalene.
Z NaZS/EtOH -
— S
5? Reflux 15hr —
33
134 | =
T — Q0 ++

The above result is consistent with that of Buschkenlz8

who described the synthesis of 133 involving the Wittig

reaction at subzero temperature as shown below. The 3-
=]

benzothiepin decomposed above -5 C to give nephthalene.

and sulfur.

¢3Br;
’ = . 00
+ Base S -5 C

Br.
?3573 133 S

While 3-benzothiepin 133(8 ) is as stable as 5,6-

benzo-1, 2-dithiocin V(10 1), 2,3-benzo-1,4-dithiocin 13

Pt

(10 7w} is more stable than l-benzo-thiepin 132(8 ).
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Q0 -

133 v
Y S
/
S /5
132 31

The high reactivity of V compared to 131 indicated the
lack of aromaticity in V. A reason for the rather unexpected
high reactivity of V might be the previously discussed
reactivity of S-S unit in V. Further investigation have to
be carried out to provide more information concerning reacti-
vity of V. However because of the unavailability of V we
were unable to measure its proton NMR spectrum in order to

detect the presence or absence of a diamagnetic ring current.



-107-

V. 1,4,7-TRITHIANIN 142

As the final part of this thesis we considered the
synthesis and investigation of 1,4,7-trithianin 142, the

symmetric trithia analogue of (12)Annulene.

s\\z__/\j ‘

142 (12)Annulene
St:] (:::::)
S

143

This molecule 142 is in a similar relationship to
(12)Annulene as 1,4-dithiin 143 to cyclooctatetraene. 1,4-
Dithiin 143 was converted to thiophene on heating with ex-
trusion of sulfur. Therefore, 142 could be regarded as a
precursor of 1,4-dithiocin VI, the potentially aromatic
10 w-electron system. Conceivably, 142 could be converted
to 1,4-dithiocin VI by heating or by treatment with tri-

methylphosphite,130 although benzene could be released with

extrusion of sulfur as shown below.
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(—m
m,(

\ S

—
15 ="

144 142

.+ S -

The syntheses of the corresponding oxygen and nitraogen

analogues, 1,4,7-trioxanin 145 and 1,4,7-triazanin 146 have

130 131

been reported by Vogel and Prinzbach, respectively.

R < S
P\ P RN\ A N~

——— ——
me———

NLA N R A\ SN H

R

145 46 42

130,131

These compounds have been synthesized by heating the

corresponding cis-benzene-trioxide 147 and cis-benzene-

triimine 148, respectively as shown below.

X= 0

=t

Y

~J
=
w

—

1
NAN
(@)

X= NR 46

132

The above thermal 3o0-3ry isomerization reactions are

interesting preparatively useful entries to 9-membered ring.
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However, Prinzbach reported133 that heating the cis-benzene-

Q
trisulfide 149 to 100 C did not afford the expected 1,4,7-
trithianin 142, but decomposed with liberation of benzene.
The sulfur elimination with trimethyl phosphite is even

Q
faster at 20 C.

A S
5\\\1==///S il A
a
NS \/) 100°C P(OCH,),
142 149

The above unsuccessful attempt prompted us to prepare
1,4,7-trithianin 142 by a different route. The strategy of

the synthetic route was summarized below.

Na/EtOH SN__-S
I > K/—S—\) MCPBA
HS N <
80 150 N3
S\_—_—/s Lowerma PSS ‘/Aczo 2
K/S\) 2. Ac,0 K/ S \/)

14 I32

The key feature of the synthesis involves the initial
construction of the nine-membered ring followed by the
successive introduction of the double bonds. The tetra-

hydrotrithianin 150 could be obtained by the reaction of 80
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with cis-1,2-dichloroethylene under high-dilution conditions.
The double bonds could be introduced by successive Pummerer

reaction via 151 and 152. Assess to this system conceivably
could be limited by the success of the ring forming reaction.

134 reported that the saturated 9-membered

Indeed, Ochrymowycz
ring trithia compound 155 can be prepared under high-dilution
condition from the reaction of 153 with 154 in only 0.04 %

vield.

- r\h (4,
+:ratoa© 6)*& Sj_,_.s?
r 0cC S /
- e 15
153 154 7.9% 0.9% 4.3% 0.04%
In fact, however, compound 150 was prepared from the
reaction of bis(2-mercaptoethyl)sulfide 80 and cis-1,2-di-
chlorcethylene in 4 % yield. The high-dilution conditions
were achieved by simultaneocusly dripping each reactant into
a large amount of rapidly stirred ethanol. The 9-membered

ring compound 150 is formed via the elimination-addition

mechanism shown on page 34.

/I/ \L Na/EtOH
S

80 150

L=

S

EC,

The product was assigned structure 150 on the basis of
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the following spectral data. The proton NMR spectrum(CDC13,
TMS) exhibited a singlet at §6.30 for the olefinic protons,
a triplet at $3.4 for the methylene‘protons(—SHC:CH—SCHZ-)

and a triplet at 32.90 for the methylene protons(-CH SCHZ—).

2
The three singlets at 124.7, 37.9 and 33.3 ppm in the proton-

decoupled 13

C NMR spectrum provided additional support for
the assigned structure.

Compound 150 was then oxidized with one equivalent of
m-chloroperbenzoic acid to give the corresponding sulfoxide
151. The structural assignment for 151 is based on its
proton NMR, which exhibited a singlet at §6.40 for the ole-
finic protons, a triplet at $3.4 for the methylene proton
a to the sulfoxide group, and a multiplet at §3.2-3.7 for
the methylene protons 8§ to the sulfoxide group.

The sulfoxide 151 was then refluxed with acetic anhy=
dride in the hope of preparing dihydrotrithianin 152.
However, both the diene compound 152 and the unexpected

rearranged compound 156 were obtained.

wn
wn
n
w

// n
{
N

CY
S
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The proton NMR spectrum of diene 152 shows an AB quar-
tet at 86.67 and 6.38 for the olefinic protons, and a singlet
at 83.40 for the methylene protons.

The structural assignment of 156 was based on the proton
NMR, the proton-decoupled and gated decoupled 13C NMR, and
the mass spectrum. The proton NMR exhibited a singlet at
§6.36 for the olefinic protons of the 6-membered ring, an
ABX system at 86.16 and $§5.47 typical for a vinylic sulfide
protons(—S-CH:CHz), two multiplets at §4.61 for the methine
proton, and a multiplet at §3.33 for the methylene protons.

13C NMR spectra exhibited six singlets

The proton-decoupled
at 128.0, 1i16.7, 115.4, 113.4, 43.6, and 31.8 ppm as expecteqd
for the number of peaks and chemical shifts. The mass spec-
trum exhibited a molecular ion at m/e 176 and fragments at
m/e 116(40 $%), 84(87 %), 58(100 %). The gated decoupled
130 NMR provided further confirmation for the assigned struc-
ture. The methine carbon gives rise to a doublet at 43.6
ppm, JCH=158.7 Hz. The methylene carbon at 31.6 ppm appeared
as a triplet with JCH=145 Hz. The spectral data were fully
consistent with the assigned structure. The carbon-13
spectra are shown on next page.

The formation of the rearranged compound 156 can be
explained as the result of a transannular Pummerer reaction.
An important feature in the medium-ring geometry is the

existence of conformations in which opposite sides of the

ring come into very close proximity with each other. The
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Gated decoupled
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1H NMR decoupled

5,1‘-‘;! !-frv'rJ Lfl’:"“’ﬂ"}r]’rrf'ﬁﬂw‘f‘ 13C NMR spectrum of 156

T e

proximity effect is of considerable chemical significance.

Leonard

interactions in compounds 157

135,136

has used spectral evidence to demonstrate

- 135 8 136

and 158 ketween the

free electrons of the nitrogen and sulfur atoms with the

carbon atom of the carbonyl group.

Other transannular

interactions of medium-ring compounds are also well docu-

mented.

137

H
HC10
4 o
-+
&H Ccl10°,
- 3 4
OH
HC10
4 e
clo,
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Therefore, the mechanism shown below for the formation

of 156 from 151 may be proposed.

S sO S '%OAC
\__—/ ACZO \_..._./ I
N i - N
131 129 see page 53

136 161 180

Conversion of 159, the initial intermediate of the
Pummerer reaction, to the sulfonium salt 160 occurs via
the pathway shown on page 53. This may be followed by a
transannular interaction leading to the bicyclic interme-
diate 161, p-elimination by base then would give the ring
opened compound 156.

With 152 in hand, conversion to 142 via Pummerer
reaction of the corresponding sulfoxide was attempted.
However, when 152 was oxidized and refluxed with acetic

anhydride in the usual way, only polymerized material was

obtained. The expected trithianin 142 could not be iso-
lated. When the mixture of compounds 152 and 156 was

oxidized and refluxed with acetic anhydride, only 162 was
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obtained, and no trace of the trithianin 142 was detected.

S‘\ /’S 1. MCPBEA ~. /
K/S\) 2. AC;IO K/S\)

152 142
s S
S‘\\____,/’S N l Sj:f/S\T‘ 1. MCPEA I iIr/ \T]
K\/s\) s 2. ACZO
152 156 162

Clearly, 156 underwent the Pummerer reaction to give 162.88

The structural assignment for 162 was based on the
proton NMR spectrum, the proton-decoupled 130 NMR and
mass spectrum. The proton NMR(CDClB,TMS) showaed a doublet
at 8§6.35 for the olefinic proton(-SCH=CHS-), an ABX system
at §6.40 and 5.48 typical of vinylic protons and a singlet
at §6.30 for the isolated olefinic proton(—SCH=§S~). The
proton~-decoupled 130 NMR spectrum showed singlets at 130.1,
127.8, 123.0, 121.7 and 116.8 ppm as expected for the number
of peaks and chemical shifts. The mass spectrum showed
the molecular ion at m/e 174. The spectral data were

fully consistent with the assigned structure 162.

The pure compound 156 was also oxidized and refluxed
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with acetic anhydride to afford as the sole product 162,
identical with the one obtained from the mixture of 152
and 156 previously,

The observed reaction pattern of this novel trans-

annular Pummerer reaction fits well into the known reac-

tivity of nine-membered ring systems.
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CONCLUSION

Compounds I, II, III, and V described in this thesis
were expected to test the validity of Hlickel's rule for 10w-

hetercaromatic systems.

S S

I II 11X

The synthesis of I has been attempted via the key inter-

v

mediates 52-cis and 52-trans by several routes shown on page
43. Because of the inertness of dithiacarbonate 55, sulfur
elimination in thiepin, resistence to dehydrobromination in
66 and the failure of the (2w+2n%) photoaddition between 70
and 55, compound 52 was not obtained, and therefore the
potential aromaticity of I could not be tested.

However, the first neutral 10nm-electron sulfur hetero-
cyclic aromatic system II has been synthesized during this
thesis. Unambiguous assignments of II and its ideal reference

model 83 by the proton NMR spectra, proton decoupled 13C NMR

and gated decoupled 13

C NMR spectra provided the necessary
evidence for the aromaticity of II. With reference to
table 6(page 73), while introducing a second double bond into
cyclic sulfides changes the olefinic proton chemical shifts
only slightly, large downfield shifts of the protons were
found in II which are consistent with the presence of a dia-
magnetic ring current in II. Therefore, based on this, II

may be considered an aromatic neutral 10w sulfur heterocycle
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in agreement with Hlckel's rule.

In the attempts to synthesize III, unexpected decomposi-

tion and polymerization reactions took place during the
Pummerer reaction of 106 and the dehydrochlorination of 107.
This decomposition could be due to transannular interaction
in the medium-ring sulfur compounds. An unexpected g-elimin-
ation followed by fragmentation found when 106 was treated
with n-butyllithium, All these factors made the synthesis
of III not possible yet.

Starting with o-~diethynylbenzene 134 followed by nucleo-
philic attack of sodium disulfide or of benzyl mercaptan,
debenzylation, and oxidation was expected to give V, however,
at temperatures of 10°C only naphthalene and sulfur were
isolated, indicating a high reactivity for V, which is
comparable to that of 3-benzothiepin 133.

Among the 10w-electron heterocyclic systems, 1H-azonin
10a, the potassium salt of azonin 13, 1,2,5-trithiepin II, and
1,3-dithiepin anion 33 have been synthesized and shown to
have-aromatic character.

S
sNc®
NH @NK @
\ s Aget
10a 13

iI 33
In conclusion, the prediction of Huckel's rule for 10n-

electron sulfur heterocyclic system have been documented for

some molecules, however,further investigations are necessary

in order to provide more information concerning the aromaticity

of 10w-electron heterocyclic systems.
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Therefore, summarizing proton NMR spectra of II indi-
cated the presence of diamagnetic ring current, characterizing
I is an neutral 10 % aromatic sulfur heterocycle.

However, current experimental data do not rigorously
exclude the changes in the geometry as the cause for the
downfield shift in going from 83 to II.

The high reactivity of V (10 w) comparable to that of
3-benzothiepin 133 ( 8w) prevented the measurements of the
proton and carbon-13 NMR spectra and therefore the detection

of the diamagnetic ring current,
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EXPERIMENTAL

General

All boiling points are uncorrected. Melting points
were obtained on a Buchi apparatus in a sealed capillaries.
Infrared spectra were recorded on either a Perkin-Elmer 521
or 137 spectrophotometer. The proton NMR spectra were re-
corded on Varian A-60A or Hitachi R-24 instrument with Me4Si
as internal standard(8 0O ppm). The proton NMR spectra at
220 MHz were taken on a Varian instrument at Rockefeller
University. Carbon-13 NMR spectra were obtained on a JEOL
Model PFT-100 Fourier transform instrument. UV spectra
were recorded on a Cary 14 spectrorhotometer. Vapor phase
chromatographic analyses w?re performed on a Hewlett-Packard
HP 5700 A using a 6 ft x % OV 17 glass column. Gas chromatogra-
phic mass spectra were obtained on a Finnegan 3300 instru-

ment at Cornell University. Unless otherwise indicated all

reactions were monitoried by thin layer chromatography.
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Attempted Diels-Alder reaction between vinylene dithia-

carbonate 55 and g-pyrone S7

A mixture of gq-pyrone 57(0.96 g, 10 mmol)68 and
vinylene dithiacarbonate 55(1.18 g, 10 mmol)63’64’65’66
in 15 mL chlorobenzene was refluxed for 72 hr; no reaction
occurred. Similarly, no reaction occurred when the mixture
was heated to 180°C(o-dichlorobenzene as solvent) or 220°C
(neat). After workup by column chromatography over silica
gel, most of the starting materials were recovered.

Other Diels-Alder reactions between dithia compounds
such as cis-dibenzylethylene dithia ether 59, vinylene
trithiacarbonate, diethyl-2-thioxo-1,3-dithiole-4,5-dicarbo-
nate 63(used as dienophiles) and tetraphenylcyclopentadien-
one, furan, cyclopentadiene, anthracene, 1,3-diphenyliso-
benzofuran 61, N,N-dimethyl-1,3~butadiene 62(used as dienes)
under various conditions all gave negative results. The

starting materials were recovered in all cases.

Attempted preparation of 1,2-Trithiacarkonyl-3,5-cyclohexa-

diene 65
A solution of potassium methyl xanthate was prepared
7 . . . .
by 1 dissolving 3.5 g(63 mmol) of potassium hydroxide and

5.7 g(75 mmol) of carbon disulfide in 20 mL methanol.
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To this solution was added 2.35g(25mmol) of an equilibrated

mixture of benzene oxide—oxepin69?70

dropwise at 5°C. The
solution was allowed to stir at room temperature for 1 day.
The mixture was poured into ice water, extracted with ether,
dried(MgSO4), evaporated under vacuum to give only polymeric

and decomposed materials instead of the desired diene 63,

Preparation of 1,2-Trithiacarbonyl-4,5-dibromocyclohexane 68
1

A solution of potassium methyl xanthate was prepared7
by dissolving 0.7 g(12,5 mmol) of KOH and 1.14 g(15 mmol)
of carbon disulfide in 5 mL methanol. To this solution was
added 1.27 g( 5 mmol) of 1,2-epoxy-4,5-dibromocyclohexane 66
dropwise at room temperature. The solution was allowed to
stand at room temperature for 20 hr. The solid precipitate,
most of which formed over the first 1 hr, was filtered and
washed with several portions of water until the filtrate
was colorless. More product was recovered from the filtrate.
The combined yellow solid was recrystalized twice from the
mixture of methylene chloride and pet. ether to afford 0.98
g ( 50 %) of 68 as yellow crystals,mp. 194-196 C. 1y NMR ;
34.2-4.9(m, 4H, methine protons), §2.3-2.8(m, 4H, methylene
protons); IR(Nujol)shows the C=S absorptions at 1088(s),

17
1053(s) and 1031 cm~ 1.1
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Preparation of 1,2-dithiacarbkonyi-4,5-dibromocyclchexane 69

Mercuric acetate (1 g, 3 mmol) in 15 mL of glacial
acetic acid was added to a solution of 68(0.2 g, 0.6 mmol)
in 15 ml THF. The vellow color was discharged in 2-3 min
and a white solid was formed. The mixture was allowed to
stir for 2 hr., The precipitate was filtered off,and the fil-
trate was diluted with ice water, extracted with ether, dried
(MgSO4) and evaporated to give 150 mg(75 %) of crude product,
mp. 193—19700. The crude product was recrystalized from
chloroform to yield 120 mg (60 %) of desired dithiacarbonate

© 1
_6_9” mpn 197"‘199 Cu

H NMR:84.1-4.8(m, 4H, methine protons),
§2.1-2.9(m, 4H, methylene protons); IR(Nujol) shows a band
at 1705 cm-l(C=o), and no absorption at 1088, 1053 and 1031

eam~ ! for c=s.

Attempted preparation of 1,2-Dithiacarbonyl-3,5-cyclohexa-

diene 52

To a solution of 69(70 mg, 0.2 mmol) in 3 ml of THF was
added 0.14 ¢g(0.8 mmol) of DBN at 0°c under NZ' The
mixture was stirred fer @ hr ak 055°c, then an addi-
tional 10hr at room temperature. The reaction mixture was
then poured into ice water, extracted with ether, dried(MgSO4)
and evaporated at reduced pressure. The crude product was pu-
rified by chromatography(over silica gel eluted with benzene)
to give only monoene compound instead of the desired diene
compound 52. The complete identification of the monoene was

not attempted.
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The dehydrobromination of 69 was also carried out using
other bases such as potassium t-butoxide in THF, sodium meth-
oxide in methanol, and a mixture of lithium chloride and lithium
carbonate in HMPA at 85-95°C74; thare was no evidence for

the formation of diene 52 under any set of conditions.

[2 + 2 ] cycloaddition of cis-3,4-dichlorocyclobutene 70

and vinylene dithiacarbonate 53

A mixture of cis~3,4-dichlorocyclobutene 70(1.23 g,75

10 mmol) and dithia carbonate 55(1.18 g, 10 mmol) in 200 ml
dry ether in a Pyrex tube equipped with a drying tube was im-
mersed into ice water. The mixture was irradiated with a
450 W Hanovia mercury lamp for 4 hr. After filtering off a
yvellow solid(sulfur insoluble in chloroform and

acetone but soluble in carbon disulfide), the filtrate was
concentrated, chromatographed over silica gel eluted with
pet. ether to return most of dichlorobutene 70 and some di-
thiacarbonate 55.

The photolysis also failed in the presence of sensitizer.
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Preparation of 1,2,5-Trithiepane 81

In a procedure similar to that of Field and FOSter?Ibis—
(2-mercaptoethyl)sulfide 80 (30.8g,0.2 mole) in ether(400
ml) was added dropwise to a solution of Fe013.6H20(162 g,
0.6 mole) in ether(1500 ml) and acetic acid(200 mL) under
reflux over 24 hr. The mixture was then kept under reflux
for 2 days, after which the ether was distilled until the vol-
ume was 1200 mL. The mixture was then washed with 700 mL
portions of water until the agqueous layer was neutral.
The first two washes were back-extracted twice with 100 ml
portions of ether. The ether layers were combined, and an
aqueous solution of IZ—KI was added dropwise with vigorous
stirring to remove unchanged 80 until a faint iodine color
remained. An aqueous solution of sodium thiosulfate
then was added dropwise until the icdine color disappeared.
The resulting organic layer was washed with water, dried
over anhydrous MgSO4,.filtered and evaporated to give crude
81 as a viscous liquid. Distillation of the crude pro-
duct using a Vigreux column gave 16.63g(55. %) of dolorless
1,2,5-trithiepane 81, bp 61-63 C(0.2 mm). IR(neat) 2900
(s), 1410(s), 1280(s), and 830(s) cm '; 1H NMR & 3.1(s, in

CC14) or §2.7(s,in benzene) or 83.05(s,in CDC13); Mass

spectrum m/e 154(MT); 130 NMR two peaks at 37.6 and 31.2

ppm(from TMS); Gated decoupled 13C NMR 37.6 ppm(t of t,CA

o to disulfide,J, _, =J. . =140Hz, J. . =J. . =2.6 Hz),
Cp-Hy " Cy-H,, Cy-Hg ~Cp-Hg,

31.2 ppm{t of m, C_ a to sulfide).

B
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Preparation of 1,2,5-Trithiepane 5-Oxide 82

i) Via m-chloroperbenzoic acid
m-Chloroperbenzoic acid(5.70 g, 33 mmol) in 25 mL
distilled chloroform was added to a solution of 1,2,5-tri-

[~
thiepane 81 (4.56 g, 30 mmol) in 80 mL CHCl1l, at 0 C. After

3
stirring at 0-5°C for 2 hr, thin layer chromatography indi-
cated that the starting material 81 had disappeared completely.
The reaction mixture was then diluted with 100 mL CHC1,,

and to it was added slowly saturated NaHSO5 solution to decom-
pose the excess peracid. The organic layer was neutrali-

zed with cold saturated Na2C03( or NaHCO3) solution, washed

‘with saturated NaCl solution, dried over anhydrous MgSO4
and the solvent evaporated under vacuum to give the crude
product 82 (4.08 g, 81 %). Recrystalization from CCl4
gave white crystal 3.2 ¢g(60 % overall),mp 95—96°C(reported o1

mp 95-96°C).

ii) Via sodium periodate

In a procedure similar to that of Field and Foster?la solu-
tion of sodium periodate (2.81 g, 13.15 mmol) in water(55%
mL) was added to a stirred solution of 1,2,5-trithiepane 81
( 2 9,13.15 mmol) in 150 mL of tetrahydrofuran. The tem-
perature of the mixture was maintained at 0-9°C throughout
the 30 minute addition and for 3 hr thereafter. Tetrahy-
drofuran(50 mL) then was added, and stirring was continued

for 5 hr without cooling. The mixture was cooled to 0°C
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and filtered, and the residue was washed with THF. Evapo-

ration of the combined filtrate gave a vellow 0il suspended

in an aqueous layer. The o0il was extracted with chloroform.

Evaporation of the extract left 1.45 g of yvellow solid(66%),

mp 84-8900. Recrystalization of the crude product from

CC1, gave white crystals, mp 95-9600(40 % overall). IR(Nujol):
1 1

1025(s) and 1005(s) cm ~:; "H NMR(CDCl.,TMS) §2.5-3.4(m),

3
and 3.4-4,.3(m).

Preparation of 6,7-Dihydro-1,2,5-Trithiepin 83

i) Via Pummerer reaction of 1,2,5-trithiapane S5-oxide 82
1,2,5-trithiepane 5-oxide 82 (1.52 g, 10 mmol) in 25
mL freshly distilled acetic anhydride was refluxed for 35
minutes under nitrogen. The dark brown mixture was poured
into ice waterand extracted with ether.The extract was then
neutralized with saturated Na2C03 solution, washed with
saturated NaCl solution, dried over anhydrous MgSO4 and evap-
orated under wvacuum. The crude product was purified by col-
umn chromatography over silica gel eluted with petroleum
ether to give 0.29 g(20 %) of 105 as a pale yellow liquid
83. The crude product was also purified by vacuum distill-
ation, bp 61.5 C/ 0.06 mm.
The preparation of the compound 105 was also carried

out without the isolation of the corresponding sulfoxide

82 as follows: m-Chloroperbenzoic acid(7.5g,44mmol)




in 100 mL chloroform was added to 1,2,5-trithiepane(6.08qg,
40 mmol) in 80 mL chloroform at OOC. The temperature of
the mixture was maintained at 0-5°C for 2 hr thereafter.
After the solvent was evaporated using a rotary evaporator,
the residue was added to 45 mL freshly distilled acetic
anhydride and refluxed for 30 minutes under nitrogen. It was
worked up in the usual way to give compound 83 (0.77g, 12%).
Both of the procedures described above gave 83 in the

same yield(12 %) from compound 81.

1i}) Via chlorination-dehydrochlorination
Recrystallized(from CH013) N-chlorosuccinimide(16.3 g,
0.12 mole) was added to a solution of 1,2,5-trithiepane

Q
81 (15.4 g, 0.1 mole) in 300 mL distilled CCl, at 0 C under

4
nitrogen over a 30 minute period. The mixture was allowed

to stir at 10-15 C for an additional 3 hr. A seolid, succinimite,
formed during this period. After filtration, the filtrate was
evaporated under vacuum(water bath below 25°C), and the

residue dissolved in 350 mL distilled benzene. To the

solution was added triethylamine(40.4 g, 0.4 mole) at o’c

over 30 min period. The mixture was then heated at reflux

for 40 hr, poured into 200 mL ice~cold 10 % HCl and ex-
tracted with ether. The extract was then washed with water,
dried(MgSO4) and concentrated.The crude product was distilled
under vacuum to afford 2.59 g(17 %) of 83, bp

61.5—62°C/0.06 mm. The pale yvellow liquid is vervy stable
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=]
for more than one vear. It survives in GC up to 140 C

1

without decomposition. The "H NMR(CDCl3,TMS) shows §6.17

(HB of AB quartet, 1H, J= 9 Hz, c¢is, proton g to sulfide),
65.99(1—1A of AB quartet, 1H, J= 9 Hz, cis, proton o to di-

,=» J = 6 Hz) and 63.11
(t, 2H, -SS-CH.-, J = 6 Hz); IR(neat) 3020 cm™!, 2920 em™?,

2
1530 em™%, 1410 em™ %, 1270 em™}, 790 em”!, 600-700 cm™ !,

-1 . % EtOH
and 400-500 cm ~; W'Amax

x 10%); MS(70 ev):m/e at 150(69.1 %, M"), 105(100 %), 58

(45.3%) and 45(52.4 %); l>c NMR(CDCL

sulfide linkage), §3.83(t, 2H, -S-CH

263 nm(2.5 x 103), 321 nm(2.7

39 T™™S) isinglets at

126.6 ppm( carbon ¢ to sulfide), 119.4 ppm(carbon g to di-

sulfide), 33 and 35.7 ppm(methylene carbons); Gated decou-

pled 13C NMR shows the resonance at 119.1 ppm{doublet of
doublet, carbon g to disulfide linkage, Jo _y. = 176.3 Hz,
A A

JC g 3.65 Hz) and 126.6 ppm( two sets of guartets, car-
A B

bon ¢ to sulfide, J = 171 Hz, J =J =J =5,8

Cg~Hp gHa CgHe Cp-Hg,

Hz)

Preparation of 1,2,5-Trithiepin II

m-Chloroperbenzoic acid(1.81 g, 10.5 mmol) in 22 mL
chloroform was added to 6,7-dihydro-1,2,5-trithiepin(1.5 g,
10 mmol) in 7 mL chloroform at O C under nitrogen. The
temperature of the mixture was maintained at 0-5°C for 1 hr
thereafter. After the solvent was evaporated using a rotary

evaporator, the residue was added to 30 mL freshly dis-
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tilled ‘acetic anhydride and refluxed for 30 minutes under
nitrogen. The dark brown mixture was poured into ice water

and extracted with ether. The extract was then neutralized

with saturated Na2C03 solution, washed with saturated NaCl

solution, dried over anhydrous MgSO4 and evaporated under
vacuum. The crude product was purified by column chromato-
graphy over silica gel eluted with petroleum ether to afford
90 mg(6.1 %) of yellow liguid 1,2,5-trithiepin II. In
another run the crude product was also purified by prepara-
tive TLC(CCl4—petroleum ether 1:1) at 0°C under CO2 giving

a 6.1 % yield also. The compound is stable at 0°C for
more than 5 months in solution but easily polymerized at
room temperature without solvent. It survives in GC up to
140°C without decomposition; no 1,4-dithiin or thiophene

was detected. The 1H NMR shows resonances at §7.24(AB guar-
tet, 2H, J= 9 Hz, cis, proton g to sulfide), & 6.57(AB quar-
tet, 2H, J= 9 Hz, cis, proton g to disulfide linkage);

1 1 1

IR(neat):3090-3200 cm™ Y, 1560 cm L, 1290 cm” 1

and 805-825cm

; UV:>~§§§' ether 563 mm(2.25 x 10°), 296 nm(1.72 x 10°),

and 353 nm(1.40 x 103);GC-MS shows one peak and fragments
as follow: m/e 148(29.9 %, M'), 116(51.8 %, M-32), 103(100 %,

M-45), 84(46 %, M-64), 64(14.9 %, M-84), 58(92 %, M-90),

13

57(48.6 %, M-91) and 45(86 %, M-103); C NMR(CDCl.,,TMS):

3
singlets at 131.5 ppm(carbon ¢ to disulfide linkage) and

128.6 ppm( carbon o to sulfide); Gated decoupled 130 NMR
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shows the resonances at 131.5 ppm splitting into a doublet

(Jo _y = 179.7 Hz, carbon ¢ to disulfide linkage) and 128.6
A A
ppm splitting into two sets of quartets(JC _E. T 170.4 H=z,
B B
J = 10.3 Hz and J = 6.9 Hz, carbon q to sulfide).
Cp-Hp Cp-Hg

Preparation of 1,3,6-Trithiacyclocctane 106

Bis(2-mercaptoethyl)sulfide(15.4 g, 0.1 mole) in 75 mL
absolute ethanol and 75 mL dried THF was added to the solu-
tion of sodium(4.83 g, 0.21 mole) in 500 ml absolute ethan-
ol. The mixture was refluxed for 30 min to reach equi-‘
librium. A solution of dibromomethane(18.81 g, 0.103 mole)
in 75 mL THF was added dropwise to the above mixture at re-
flux temperature over a 4 hr period under nitrogen. The
mixture was then kept under reflux for 20 hr, after which
the solvent was distilled until the volume was 200 ml. The
mixture was poured into ice water, extracted with ether,
dried(MgSO4), filtered and evaporated to give a crude liquid
product. The crude product was purified by column chro-
matography over silica gel eluted with 10 % benzene in pe-
troleum ether to afford pure colorless liquid 1,3,6-trithia-
cyclooctane 106 in 32 % yield, bp 98—101°C/ 0.31 mm.

1

H NMR(CDCl3,TMS) shows resonances at §4.30(s, S-CH.-S, 2H)

13

2

and §2.93(s, 4H, -S-CH,CH.~-3-); C NMR shows three singlets

2772
at 38.8, 35.5 and 31.2 ppm as expected; IR(neat): 2950,1430

cm-l; GC-MS(70 ev) exhibits fragment ions at m/e 106(100%),

78(55%), 60(64%) and 45(94%).
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Attempted preparation of 7,8-dihydro-1,3,6-trithiocin 104

i) Via Pummerer reaction from 1,3,6-trithiacyclooctane 96
m-Chloroperbenzoic acid(4.52 g, 28 mmol) in 70 mL
chloroform was added to 1,3,6-trithiacyclooctane 96 (4.1 g,
25 mmol) in 25 mlL chloroform at OOC under N2. The temper-
ature of the mixture was maintained at O-SOC for an additional
2 hr. After the solvent was evaporated at reduced pressure,
the residue was dissolved in 50 ml of freshly distilled ace-
tic anhydride and refluxed for 30 min under nitrogen. The
dark brown mixture was poured into ice water, neutralized with
cold 10 % NaOH solution, and extracted with ether. The ex-
tract was then dried over anhydrous MgSO4 and evaporated

under vacuum giving no expected compound 104 but decomposed

materials which were not identified further.

ii) Via the intermediate 107
Bis~divinylmercaptomethane 126 obtained from the meth-

ods reported by Overbergerlog, Bransma,110

and Grohmann4lwas
used as one of the starting materials. Another starting
material, sulfur dichloride, was purified by vacuum distilia-
tion to remove chlorine, followed by distillation at atmos-
pheric pressure,

To a stirred solution of bis-divinylmercaptomethane
(9.24 g,75 mmol) in 250 mlL of dry tetrahydrofuran was added
dropwise a solution of freshly distilled sulfur dichloride

Q
( 7.73 g, 75 mmol) at 0 C over 20 min period under nitro-

L] * ° [
gen. The mixture was allowed to stir at 5-10 C for an addi-
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tional 1.5 hr. During this period the reaction mixture
was monitored by GC and lH NMR to ensure the complete
disappearance of bis~divinylmercaptomethane 126 and the
formation of 4,8-dichloro-1,3,6-trithiacyclooctane 107.

The formation of 107 was detected by 1y R e §5.49

(t, 2H, J= 7 Hz), 54.18(s, 2H, -SCH,S-) and $3.35(d, 4H,

J = 7 Hz). To the clear solution, decanted from the
polymeric material, was added potassium t-butoxide(33.6 g,
0.3 mole) at ~10°C for 30 min under N, The mixture was
allowed to stir at room temperature for an additional 15 hr.
The dark brown mixture was poured into ice water, neutral-
ized with 10 % hydrochloric acid, extracted with ether,
washed with water, dried (Mgso4) and evaporated under va-
cuum to give decomposed and polymeric materials, and none of the
expected diene 104. Repetition of the reaction using
powdered KOH, triethylamine, DBN and diisopropylethylamine

as bases still gave none of expected compound 104, but only

decomposed material.

Preparation of 2,2'-dimethyl-1,3,6-trithiacyclooctane 110

To a solution of 3 mlL of BF3-Et20 in 250 mL chloroform
was added dropwise a 1l:1 mixture of bis(2-mercaptoethyl)-
sulfide 80 (4.62 g, 30 mmol) and 2,2'-dimethoxypropane
(3.13 g, 30 mmol) in 150 mL chloroform at reflux over a 10

hr period. The mixture was allowed to reflux for an addi-
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tional 5 hr and was poured into ice water. The resulting
mixture was neutralized with 10 % NaHCO, and extracted
with ether. The extract was washed with water, dried
over anhydrous MgSO4 and concentrated at reduced pressure
to give 3 g of crude product 110. The crude product was
chromatographed over silica gel(eluted with 15 % benzene
in petroleum ether) to give 1,16 g(20 %) of colorless
liquid product 110. The 1H NMR shows resonances at §3.07

(s, 8H4, -S-CH.,CH_-S-) and 8§ 1.61(s, 6H, CH3); IR{neat):

2CH,
2980, 1430 and 1370 cm I,

Attempted preparation of 2,2'-dimethyl-7,8~-dihydro-1,3,6~

trithiocin 111

To a solution of 2,2'-dimethyl-1l,3,6-trithiacyclooct-
ane 110(1.16 g, 6.5 mmol) in 15 mL CHCl, was added m-chlo-
roperbenzoic acid(1.23 g, 7.1 mmol) in 20 mL CHC1, at OOC.
The temperature of the mixture was maintained at O—SOC for an
additional 2 hr. After the solvent was evaporated at re-
duced pressure, the residue was added to 35 mL of freshly
distilled acetic anhydride , refluxed for 30 min under NZ'
and worked up as described as page 124. The crude product
was chromatographed over silica gel eluted with a mixture of

petroleum ether and CC14(1:1)to give none 9of the expected

product 111 but 1,2,5-trithiepane 81 instead.



-135-

Preparation of cis-methylmercapto-(2-methylmercaptol}ethyl-

mercaptoethylene 127

Sodium(0.35 g, 15 mmol) was added in small portions
to a solution of 6,7-dihydro-1,2,5-trithiepin 83 (0.9 g,
6 mmol) in dry liquid ammonia( 100 ml) at -78°C. The
solution was allowed to stir for an additional 2 hr. Exeess
methyl iodide (4.26 g, 30 mmol) was then added to the
above solution,which was allowed continue stirring at —50°C
for 1 hr, OOC for 2 hr and room temperature for 1 hr.Ammonium
chloride was added and the solvent was allowed to evaporate
followed by addition of ice water. The ether layer was
separated and the aqueous layer was extracted with ether.
The combined extract was dried(MgSO4) and evaporated at
reduced pressure to give crude 127 which was purified by co-
lumn chromatography over silica gel using 10 % ben-
zene in petroleum ether, to give the pure yellow liquid
127(0.86 g, 80 %). The 1y NMR(CDC1,,TMS) shows resonances
at §6.30(AB quartet, 2H, olefinic protons), §2.8-3.15(m,
4H, methylene protons), §2.4(s, 3H, —CH=CHscg3) and §2.20
13

121.6, 34.7, 33.6, 16.9 and 15.4 ppm. IR(neat):

SCH3); C NMR shows six singlets at 127.2,
3030, 2980, 1550, 1430, 1340, 830 and 730 cm-l; GC-MS(70
ev) exhibits peaks at m/e180( M, 14 %), 75( 100 %), 61
(54.4_%), 45(39.8 %) and 47( 37.5 %).
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Preparation of 2-methoxy-1,3,6-trithiacyclooctane 108

Bis(2-mercaptoethyl)sulfide(5.4g, 40 mmol) in 50 mL
absolute ethanol was added to a . solution of sodium(2.3 g,
100 mmol) in 250 mL absclute ethanol. The mixture was
refluxed for 30 min to reach equilibrium. A solution
of g,q'-dichloromethylmethyl ether(4.6 g, 40 mmol) in 20
mL distilled CH,CN was added to the above mixture at 0’c
under nitrogen. The resulting mixture was allowed to re-
flux for 10 hr, after which the solvent was distilled until
the volume was 80 mL. The mixture was poured into ice wa-
ter, extracted with ether, dried(MgSO4), filtered and evap-
orated under reduced pressure. The crude product was puri-
fied by column chromatography over silica gel to afford 108
as a white solid;mp 65-66.5 C(0.22 g,12 %). The 'H NMR(CDC1,,
T™S) shows resonances at $§6.60(s, 1H, methine proton), 83.5

(s, 3H, methyl protons) and §2.9-3.2(m, 8H, methylene protons).

Preparation of 2-methoxy-7,8-dihydro-1,3,6-trithiocin 128

i) Via the cyclization of compound 129

To a solution of 6,7-dihydro-1,2,5-trithiepin 83 (1.5qg,
10 mmol) in 180 mL of dry liquid ammonia at -78°C was added
sodium(0.58 g, 25 mmol) in small portions. The mixture was
kept stirring for an additional 2 hr at -78°C under nitrogen
and the ammonia allowed to evaporate. The residue was dis-
solved in 175 mL CHBCN followed by addition of g,q'-dichloro-

¥
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methylmethyl ether(1.16 g, 10 mmol) in 2 mL CH,CN dropwise

3
at OOC under nitrogen. The resulting solution was stirred
at room temperature for 20 hr. The reaction mixture was
poured into ice water, extracted with ether, dried(MgSO4)
and evaporated at reduced pressure. The residual yellow
0il was chromatographed over silica gel(eluted with 10 %
benzene in petroleum ether) to afford 0.18 g(9.1 %) of

yellow liquid product 128. 1

H NMR(CDC13,TMS)=66.73( AB
gquartet, 1H, J= 9 Hz, cis), §6.10(AB quartet, 1lH, J = 9 Hz,
cis), 866.10(s,1H, methine proton), $§3.50(s,3H, methyl pro-

tons) and §2.76-3.30(m, 4H, methylene protons).

ii) Via Pummerer reaction from compound 108
m-Chloroperbenzoic acid(1.06 g, 6 mmol) in 15 mL chloro-
form was added to 2-methoxy-1,3,6-trithiocin 108(0.98 g,

5 mmol) in 8 mL chloroform at 0°C under N The tempera-

2.
ture of the mixture was maintained at 0-5°C for an additional
2 hr. After the solvent was evaporated under vacuum, the
residue was dissolved in 15 ml of freshly distilled acetic

anhydride and refluxed for 35 min under N The dark brown

2
mixture was poured into ice water, neutralized with

cold 10 % NaOH solution and extracted with ether. The extract
was then dried over anhydrous MgSO4 and evaporated under
vacuum giving none of the expected compound 128 but only

decomposed material.
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Preparation of Diphenyl Kketeneacetal of 1,3-dithia-4-

cyclohexene 120

m-Chloroperbenzoic acid(1.47 g, 83 mmol) in 15 mL
chloroform was added to a:  solution of diphenyl ketene
acetal of 1,3-dithiacyclohexane 117(1.9 g, 67 mmol)106

[=]
in 15 ml chloroform at 0 C under N The temperature

2
of the mixture was maintained at 0—5°C for 2 hr. After

the solvent was evaporated, the residue was dissolved in

30 ml freshly distilled acetic anhydride and refluxed for

40 min under nitrogen. It was worked up in the usual way to give
crude solid product 120 which was purified by preparative
TLC(kenzene + pet. ether 1:1) to give 66 mg of pure 120

{4.5 %) as white solid.

1y NMR(CDCl3,TMS)=57.30(m, 10H, aromatic protons), §6.3

(m, 2H, olefinic protons) and §3.2(d,2H,methylene protons).

Preparation of diphenyl keteneacetal of 1,3~-dithiacyclo-

heptane 121

To a solution of 2-trimethylsilyl-1,3-dithiacyclo-
heptane(0.8 g, 1.9 mmol) in 40 mL dry THF was added a solu-
tion of 2.4 M n-butyllithium(1.6 mL, 1.9 mmol) in n-hexane
at -78°C under N2' The mixture was allowed to stir at room

temperature for 1 hr. To the resulting reaction mixture

was added a solution of benzophenone(0.8 g, 4.4 mmol) in
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6 mL of dry THF. The mixture was then stirred for 1 hr
and poured into ice water, and extracted with ether. The
combined extract was dried over anhydrous Mg804 and evap-
orated at reduced pressure. The residue was chromato-
graphed over silica gel eluted with 15 % benzene in pet.
ether to give 0.4 g of 121 as solid,which was recrystali-
zed from benzene-pet. ether to afford 0.30 g(53 %) of 121

1y NMR 87.22(broad s,

o
as white crystals, mp 162-163 C.
10H, aromatic protons), §2.8-3.1(m, 4H) and 81.85-2.2(m,

4H).

Preparation of diphenyl keteneacetal of 1,3-dithia-cvclo-

hepta-4,6-diene 122

m-Chloroperbenzoic acid4.32 g, 25 mmol) in 20 ml of
chloroform was added to diphenyl ketenethioacetal 121(3.55

Q
g, 12 mmol) in 20 mL of CHC13 at 0 C under N The mixture

2°
was allowed to stir at O-SOC for an additional 2 hr. After
the solvent was evaporated at reduced pressure, the resi-

due was dissolved in 70 mL freshly distilled acetic an-
hydride and refluxed for 50 min under N2. The brown mix-
ture was then poured into ice water, neutralized with cold
10 % NaOH solution and extracted with ether. The combined
extract was then dried(MgSO4) and evaporated to give crude
material,which was chromatographed over silica gel eluted

with petroleum ether to afford 0.18 g of pure 122 ( 5 %)

[+] ©
as yellow crystals,mp 88-89 C{reported mp. 88-89 C from
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106) 1

different route . H NMR(CDC13,TMS)= 87.26(s, 10H,

aromatic protons), 86.35(AA'BB', 4H, olefinic protons).

Attempted preparation of 2-Trimethylsilyl-1,3,6-trithia-

cyclooctane 123

To.a stirred solution of 1,3,6-trithiacyclooctane
106(2.49 g, 15 mmol) in 60 mL dried THF was added a solu-
tion of 2.5 M n-butyllithium(7.5 mL, 16.5 mmol) in n-
hexane at —78°C under nitrogen. The reaction mixture was
allowed to warm to room temperature and 3 hr thereafter.To the
resulting mixture was added an excess of distilled tri-
methylsilyl chloride(3.25 g, 30 mmol) at ~78 C and was
allowed to stir at room temperature for 1 hr. The reaction
mixture was then poured into ice water, extracted with
ether,_dried(MgSO4) and evaporated at reduced pressure to
give an oil. Chromatography of the o0il over silica
gel eluted with 2 % ether in pet. ether to afford the
unexpected 2-mercaptoethylvinyl sulfide 124(0.9 g, 50 %)
instead of the desired silylated compound 123. The
structure assigmnment of 124 was mainly based on lH NMR and

IR shown below. The 1

H NMR(CDClB, TMS) shows resonances
at 66.3(AB2 vinylie, 1H), 65.25(AB2 vinylic , 2H),centered
at 3.5 and 2.9(m, 4H, methylene protons) and §1.3(t, 1H,

thiol proton).
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Preparation of 2-methyvlmercaptoethvivinvl sulfide 125

In order to confirm the formation of compound 124
in the attempted preparation of 123, the preparation of
125 was carried out as follow. To a stirred solution of
1,3,6-trithiacyclooctane 106(2.49 g, 15 mmol) in 60 ml
dry THF was added a solution of 2.5 M n-butyllithium(7.5
ml, 16.5 mmol) in n-hexane at —78°¢c under N,. The reac-
tion mixture was allowed to warm to room temperature and 3 hr
thersafter. To the resulting mixture was added an excess

Q
of methyl iodide(4.26 g, 30 mmol) at -78 C under N The

2.
mixture was allowed continue stirring at room temperature for

3 hr, poured into ice water, and extracted with ether.

The combined extract was then.dried(MgSO4) and evaporated
under vacuum to give an oil which was distilled and
chromatographed over silica gel(eluted with 5 % benzene in
pet. ether) to afford 1.1 g(52 %) of 123 as a pale yellow

1

liquid. H NMR(CDC1,, TMS):&S.B(ABZ vinylic, 1H), 85.32

(AB2 vinylic, 2H), 62.7-3.0(m, 4H, methylene protons) and
§2.15(s, 3H, methyl protons); IR(neat): 3020, 2960, 1590

and 1430 em L.
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Preparation of o-bis(g-chlorovinyl)benzene 135

Triphenylphosphine(13.12 g, 25 mmol) was placed in a
500 mL three-neck flask equipped with an addition funnel,
stirrer and dry ice-acetone condenser topped with a N2 in-
let tube. Anhydrous ether(200 ml) and methylene chloride
(4.95 g, 28 mmol) were added. The mixture was stirred
rapidly while 18.4 ml of 2.4 M n-butyllithium(22 mmol) in n-
hexane was added dropwise over a 30 min period at -40°c,
After the addition had been completed, the solution was
orange, and a considerable amount of yvellow solid was pre-
sent., When recrystalized o-phthaldehyde(2.68 g, 20 mmol)
in 20 ml anhydrous ether was added the orange solution im-
mediately turned light yellow and more solid was formed.
The mixture was heated at reflux for 10 hr; subsequently
the ether was removed by distillation. The residue dis-
solved completely in 200 ml of THF, and this solution was
heated at reflux for 6 hr. The reaction mixture was pour-
ed into ice water and extracted with ether. The combined
extract was dried(MgSO4) and concentrated under wvacuum.
After triphenylphosphine oxide was removed from the residue,the
filtrate was distilled to give 1.60 g,(40 %) of pale ye-
llow liquid 135 consisted of three isomers, a 1:1:1 mixture
of EE, 2E and 22 stereoisomers( bp 70-76°C/0.1 mm) . The
presence of these isomers with the correct molecular weight

was confirmed by GC-MS,

The chloromethyltriphenylphophonium chloride obtained
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from commercial material(recrystallized from methylene c¢hio-
ride or a mixture of ethanol and ether before use) or prepared
from triphenylphosphine, hydrogen chloride and paraformal-
dehyde, was used to prepare 135 giving a better yield,

(50 %). !

tons), §6.2-6.9(m, 4H, olefinic protons); IR(neat) 3020-

H NMR(CDC13,TMS) 87.2-7.7(m, 4H, aromatic pro-

3080, 1600, 930, 820, 730 cm l( mixture of cis and trans);

MS(70 ev): m/e 199(M").

Preparation of o-diethynylbenzene 134

To a solution of o-bis(p-chlorovinyl)benzene 135(2 g,
10 mmol) in 80 mL of distilled benzene was added potassium
t-butoxide(4.5 g, 40 mmol) at 10°C,and the mixture was
heated at reflux for 6 hr. The reaction was monitored by GC
and NMR to detect the formation of o-diethynylbenzene 134
and the disappearance of 135. The reaction mixture was
poured into ice water, neutralized with dilute HCl, and ex-
tracted with ether. The cvombined extract was dried (Mgso4),
evaporated and distilled to afford 0.76 g(60 %) of o-~dieth-
ynylbenzene 134 as a colorless liquid , bp 80—8200/14 mm.

(reported bp 80-82 C/14 mm118

756 cm-l; 1H NMR §7.15-7.6{(m, 4H, aromatic protons) and

13

). IR(neat) 3312, 2107, and

63.40(s, 2H, acetylene proton); C NMR shows 5 singlets

at 81.8, 81.4, 78.4, 77.2 and 75.9 ppm as expected.
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Preparation of ©O-bis(cis-gB-benzylmercaptovinyl)benzene 136

Benzylmercaptan (0.8g, 6.4 mmol) in 4 mL of THF was
added to a solution of sodium(0.15 g, 6.4 mmol) in 5
of absolute ethanol. The mixture was refluxed for 20 min
to reach equilibrium. The o-diethynylbenzene 134(0.2 g,
1.6 mmol) in 4 mL of absolute ethanol was added to the above
mixture and maintained at reflux for 2.5hr. The reaction
mixture was poured intoc ice water, extracted with ether,
dried(MgSO4) and evaporated to give a solid material which
was recrystalized from pet. ether to yield 0.42 g 136(70 %)
of pure white needles, mp 73—7400- 1H NMR

(cpei TMS) 287.2-7.6(m, 4H, aromatic protons), §6.5 and

3!
6.2(AB quartet, 4H, J= 10 Hz, cis); IR(Nujol):3100, 2920,
1540, 1430, 1370, 745 cm © and no trans double bond at 925

-1 12
cm 1. 1 3 130 NMR shows 10 singlets at 137.4, 134.9, 128.9,

128.5, 128.4, 127.2, 127.1, 126.7, 124.2 and 38.9 ppm.

Attempted preparation of 5,6-benzo-1,2-dithiocin V

i) Via the addition of sodium disulfide to o-diethynyl-
benzene 134

o-Diethynylbenzene(100 mg, 0.8 mmol) in 4 mL of dry
DMF was added to a mixture of Na28-9H20(192 mg, 0.8 mmol)
and sulfur(26 mg, 0.8 mmol) in 5 mL of dry DMF. The solu-
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tion was heated under reflux for 0.5 hr and then poured into
ice water. The mixture was extracted with hexane and the
aqueous phase was acidified with dilute HCl and extracted
with hexane. The combined extract was washed with water,
dried and concentrated on a rotary evaporator. The resulting
solid was recrystallized from petroleum ether to afford 70 mg
of naphthalene(69 %), the sulfur extrusion product of 5,6-
benzo—1,2—dithiocin V. Since V seems unstable at high
temperature, the reaction was also carried out at 20°C for

3 days, 70°¢ for 3 days and 95°c for S days, but no reaction
took place. When the temperature was increased to 105°C for
2 déys, the o-diethynylbenzene 134 disappeared completely and
only naphthalene was detected, with no trace of V. The above

reaction was monitored by GC, TLC and 1H NMR.

ii) Via debenzylation of 136 followed by acidification and
oxidation

Sodium(0.22 g, 9.2 mmol) was added in small portions to
a solution of 136(0.85 g, 2.3 mmol) in 3 mL THF and 30 mL dry
liguid ammonia at -78°C. The solution was allowed to stir
for an additional 3 hr. After the ammonia was evaporated,
the residue was dissolved in 20 mL methanol and acidified
SO0, at 0°C. To the mixture was added

2774
-]
FeCl4+6 H20(1.8 g, 6.9 mmol) at 0 C and the mixture was allowed

with cold dilute H

R Q
to stir at 15 C for 6 hr. After workup, only naphthalene

(73 mg, 25 %) was formed.
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Attempted preparation of 3-benzothiepin 133

o-Diethynylbenzene(100 mg, 0.8 mmol) in 4 mL absolute

ethanol was added to Na_S 9H20(192 mg, 0.8 mmol) in 4 mL

2
of absolute ethanol;the solution was heated under reflux for 15
hr. The reaction was monitored by gas chromatography and

TLC. The reaction mixture was poured into ice water, aci-
dified with dilute HCl, extracted with ether, dried(MgSO4)

and evaporated on a rotary evaporator. The resulting solid
was recrystallized from pet. ether to give 76 mg of naphtha-
lene(59 %). The result was consistent with that of Vogel

128

and Buschken, who also reported that 133 decomposed above

-SOC to give naphthalene and sulfur.

Preparation of Cis-1,4,7-trithiacvyclonona-~2-ene 150

This preparation was carried out under high dilution
eonditions. Bié-éz-mercaptoethyl)sulfide( 15.4 g, 0.1
mole, 300 mlL absolute ethanol) and cis-1,2-dichloroethyl-
ene(9.7 g, 0.1 mole, 140 mlL absolute ethanol) in two se-
parate additional funnels, were simultaneously added dropwi-
se to a solution of sodium(5.29 g, 0.23 mole) in 1200 mL
absolute ethanol at reflux over 4 hr, The mixture
was allowed to reflux for another 15 hr, after which the
solvent was distilled until the volume was 350 mL. The

mixture was then poured into ice water, neutralized with




~147-

dilute HCl, extracted with ether, dried(MgSO4) and eva-
porated under vacuum. The residue was chromatographed
over silica gel eluted with 4 % benzene in pet. ether

to afford 2.04 g(4 % ) of the desired compound 150 as a

1

colorless liquid. H NMR(CDC1 T™S):§6.30(s, 2H, ole-

3,
finic protons), 83.4(t, B8H, methylene protons); IR(neat):

3020, 2960, 1550, 1430, 1370, 810 cm !; 3¢ NMR shows

three singlets at 124.7, 37.9 and 33.3 ppm.

Preparatien of Cis-1,4,7-trithiacyclonona-2-ene 7-oxide 151

m-Chloroperbenzoic acid(1.89 g, 11 mmol) in 30 mL

distilled CHC1l., was added to a solution of 151(1.78 g, 10

3
mmol) in 20 mL CHC1

5 at o°c. The mixture was allowed to
stir for an additional 2 hr at 0-5C. The reaction mix-
ture was then diluted with 100 mL CHCl; and added slow-
ly with saturated NaHSO3 solution to decompose the excess
peracid. The organic layer was neutralized with cold
dilute NaOH solution, washed with saturated NaCl solution,
dried over anhydrous MgSO4 and the solvent evaporated at
reduced pressure to give crude 151. Chromatography of the
product over silica gel using 1:1 ether-petroleum ether

gave 1.04 g (55 %) of the Axpected sulfoxide 151 as an. .

1

off-white liguid, H NMR(CDC1 T™MS):86.4(s, 2H, olefinic

3!
protons), 83.4(t, 4H) and §3.2-3.7(m, 4H); IR(neat): 3030,

1550, 1430, 1370, 1050, 810 cm™!l.
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Preparation of 8,9-Dihydro-1,4,7-trithianin 152

Sulfoxide 151(1.75 g, 9 mmol) in 30 ml of freshly
distilled acetic anhydride was refluxed for 35 min under
nitrogen. The mixture was poured into ice water, extrac
ted with ether, neutralized with cold dilute ' NaOH solu-
tion, dried(MgSO4),and evaporated under wvacuum. The
residue was chromatographed over silica gel{eluted with
2 % benzene in pet. ether) to give 140 mg of the desired
diene 151(9 %) as a pale yellow liquid and 148 mg of 2~
vinylmercapto-2,3-dihydro-1,4-dithiin 156(9 %) as a pale yel-

1

low liquid. The ~H NMR(CDC1l TMS) of 152 shows reson-

3!
ances at $§6.67 and 6.38(AB quartet, 4H, J= 9 Hz, cis).

The structure assignment of 156 was based on the following

spectral features. 1

H NMR(CDC13,TMS)=66.36(S, ~SCH=CHS-,
2H), $6.16(AB, vinylic, 1H, ~SCH=CH, ), 65.47(AB, vinylic,
24, -SCH:ng), 64.61(d of 4, 1H, methine proton) and &3.33
(m, 2H, methylene protons); MS(70 ev):at m/e 176(M+) and
fragment ions at 116(40%), 84(57%) and 58(100%); IR(neat):

3020, 2900, 1590, 1550, 1416, 960, 916, 820 and 725 cm_l;

130 NMR shows six singlets at 128, 116.7, 115.4, 113.4,

43.6 and 31.8 ppm as expected; gated decoupled 130 NMR
shows the resonances at 43.6 ppm(d, J=158.7 Hz) for the
methine carbon, and 31.8 ppm(t, J=144 Hz and 14.6 Hz) for

the methylene carbon.
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Attempted preparation of 1,4,7-Trithianin 142

To a solution of 8,9-dihydro-1,4,7-trithianin 152

(140 mg, 0.8 mmol) in 6 mL CHCl., was added 145 mg(0.84

3
mmol) of m-chloroperbenzoic acid in 8 ml CHC1l, at o’c.

The mixture was then allowed to stir at D—5°C for 2 hr
thereafter. After evaporation of the solvent,the residue
was refluxed in 20 ml freshly distilled acetic anhydride
under N2 for 30 min. When worked up in the usual way only
the polymeric and decomposed material, without any indi-

cation of the extected triene 142, could be found.

Preparation of 2-vinylmercapto-1,4-dithiin 162

m-Chloroperbenzoic acid(145 mg, 0.84 mmol) in 6 mL
CHCl3 was added to a solution of 5,6-dihydro-5-vinylmer-
capto-1,4-dithiin 156(140 mg, 0.8 mmol) in 8 mL CHC1,
at OOC. The mixture was allowed to stir for another 1.5
hr, After evaporation of the soivent,the residue was reflux-
ed in 20 ml of freshly distilled acetic anhydride for 30
min under nitrogen. After workup, chromatography
over silica gel eluted with pet. ether afforded 16.8 mg
( 12 %) of the expected 2-vinylmercapto-1,4-dithiin 162 as

a yellow liquid. 1

H NMR(CDC1, TMS):56.4O(AB2 vinylic,

1H, -SC&;CHZ), 5.48(A52 vinylic, 2H, -SCH:ng), 56.30(s,
S

1H, -SCH=C-S-) and 6.35(d, 2H, -SCH=CHS-); MS(70 ev): at

m/e 174(M"); 130 NMR exhibits signals as singlets at 130,
127.8, 123, 121.7 and 116.8 ppm. . IR(neat): 3030, 1580,

1540, 970, 915, 820 and 760 cm-1

*
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