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PART I




I.
TI'TRODUCTION: 14ACROCYCLIC ACETYL.i'IC COiPOUHDS.

The chenistry of macrocyclic acetylenic compounds has
excited considerable interest in recent years and the followin-
introduction comprises a review of the work of this field since
1960 (a descrinstion of previous results before this date has been
given by Belhrl).

In 1960, the synthesis of the highly strained cyclic
tatrayne (2) vas revorted? The hirh dilution oxidative couplingBiA
of o-diethynylbenzene (1) furnished (2) as unstable canary yellou
needles (decomp. co. 803) in 43,> yield. The instability of this
hydrocarbon is not surprising vhen consideration is given to i's
extraordinary strained structure with the acetylenic linkages "bowed™
outwards. Under nild reducinc conditions (Pd-C), the tetrayne (2)
undervent extensive transannuler interactions with the formation of
(4) (35) and (6) (38,). The expected reduction product (5) was
obtained in 50; yield and could be dehydrogenated to (6) exclusively.
Sodium-ammonia reduction of (2) produced (3) (70%) which could then
be dehydrogenated to one of the catalytic reduction products (4).

Nakagawa? two years later, carried out a similar coupling
on 9,10-diethynylphenanthrene (7) to test the generality of this
cyclic dimerisation of compounds contairing the o-diethynyl structure.
The tetrayne (5) wos obtained as orange needles (decomp. ca. 290D
without melting) in 23% yielde. Catalytic hydrosenation (Pd-C) of
(8) pave a mixture from which the crystalline hydrocarbon (S)(25.:)
was isolated. The liquid component of the crude product was not
exanined but it mey possibly have contained compounds which were

formed by a transannular reaction during the reductions



The synthesis and u.v. spectra of a series of
diacetylenic macrolides (1l,n == 3,4,5,7,) have been reported'by
Nakagawa? Due to the inherent strain, when n= 2 or 3
2,2'~dibenzofuranyl (12) and related compounds were produced. TFor
example, when the cyclic diyne (11,n - 3) was prepared from the
diethynyl compound (10,n =3) by oxidative coupling, the
benzofuran (12) was formed as a by-product. This same by=-product,
together with the acid (14) was obtained in an attempted
cyclisation of the terephthalatediyne (13)e The mechanism of the
formation of these benzofurans is obscure but Hokagawa has produced
evidence that it does not involve ring fission of the expected
cyclic diacetylene.

7,6

Nakagawa has extended this type of investigation to
an analogous system of strained cyclic ethers. Oxidative coupling
of the diynediether (15,n =1 to 6) furnished the cyclic
diyne mononer(16) only when n...3,4,5, or 6 and the eyclic tetrayne
dimer (17) when n=:2 to 6, in the yields shovm. Thé U.Ve spectra
of the diynes (16,n1773,4,5, and 6) were compared with each other
and with aéyclic analocues. It was found that the bending of the
diacetylenic linkage was progressively less in the series n ... 3;4,5,
and 6 and this was illustrated by a corresponding increase in the
u.ve extinction coefficients. The 12 mp shift to lower wave lengths
of (16,n=..3) in comparison to (1é,n:= 5 and 6) was also attributed
to the bent diacetylenic linkage of this smaller macrocycle. In the
cyclic dimers (17,n=: 2,354s5, and 6) when n is odd, (3 and 5) or
large and even (6) the u.ve spectra do not depart from those of the
open chain analogucs. However, when n is even (2 and 4) anomalies

in the u.v. spectra appear and these have been attributed to the
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non~-planar geometry of these molecules.

The cis and trans olefin diethers (18) were prepared by

Nakagawa7 and coupled to form the diynes (19, cis and trans). The
u.ve spectrum of the trans diyne (19) showed anomalies which seemed
to be associated with a transannular interaction between the

T —electrons of the double bond and the diyne unit. The diyme
product (21) (8%) from the coupling of (20) showed a u.v. spectrunm
similar to that of the cis olefin (19) and from this it was concluded
that both these cyclic diethers had equivalent ring strain and that
transannular interaction between the phenylene group and the diyne
unit was excluded. This latter conclusion vas supported by
nolecular models. The cyclic dimer (22) was formed in 3% yield
as a by-product of the coupling of the diyne (20). This tetrayne
(22) showed no ring strain as evinced by its u.ve. spectrum which
was identical to that of the oven chain analogue (23).

The cyclic triacetylene (25) was obtained in 3% yield

.from the oxidotive coupling of (24). The large ring strain of this
compound (25) and consequent deformation of the diacetylene linkage
is illustrated by its u.v. spectrun which is shifted &y to shorter
wave lengths compared with its acyclic analogue (26). ‘ The cyclic
diyne (27) (255) was prepared from the diethynyl precursor (28) in
order to investigate possible transannulor interactions in more
detail. lodels of (27) showed it to be almost strain free.

Comparison studies on the u.ve. spectrum of (27) revealed anomalies
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which were probably associated with a transannular interaction
of the 77 —electrons in the bridging benzene ring with those of
the diyne function. A proximity effect was also demonstrated by
the i.r. spectrum of (27) in which the aromatic protons absorbed at
a lower frequency (776 cm?l out-of-planc deformation) than the
protons of the acyclic analogue (28) (814 and 7S6 cm_l).

Makagava 710 has synthesised the acyclic diacetylene
(30,n == 1) by the oxidative counling of l=ethynylanthracene
(29,n = 1) and has used this substance (30,n ==1) as a model for
the cyclic, unstrained tetraacetylene (32,n=x1) which was prepared
similarly from 1,8-diethynylanthracene (3l,n-==1)e The tetrayne
(32,n==1) wos obtained as stable orange crystals in hirh yield.
Reduction with go’’un in ammonia furnished a product which was
tentatively assigned the structurec (33)s Catalytic hydrogenation
of (33) partially reduced the remaining anthracenc nulceus and formed
the saturated aromatic hydrocarbon (34)s The ueve spectrum and the
unusual stability of (32,n=:1) seemed to be attributable to an
enhanced interaction of the 7V =—electrons of the acetylenic bonds
with those of the aromatic systeme

11,12

This latter resuit prompted Illakagawa to prepare
higher acetylenic macrocycles. Once again he first prepared the
model (30;n =2) by the oxidative coupling of l»-bu;adiynylanthraconc

shs

(%,n=2), The best conditions for the Eplinton coupling

of the diethynyl compound (31,n-—=2) werc found to involve a reaction
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o
time of one minute at 20 and the yield of the octaacetylene

(32,n==2) was only 17%; it was found that the cuprous salt of
(31,n ==2) recdily decomposed in pyridine. The octaacetylene

2
(32,n =2), obtained as deep red needles (decomp. ca.l60 ) was
found to be a stable substance; surprisincly, for such a
conjugated nolyyne, the fine structure of its u.ve. spectrum was
very indistinct. Catalytic reduction of the octayne (32,n =2)
apparently produced (35) in which both the anthracene nuclei were
partially reduced.

Soncheimer and his co=~workers have produced zn
impressive body of work on monocyclic carbocyclic unsaturated
systems. The results ocre summarised succinctly in the following
pages in chronological order. Most noteworthy has been his use
of intermolecular acetylenic coupling techniques and subsequent
prototropic rearrangement and controlled catalytic hydrogenation
to produce cyclic conjusated polyenecs. The propertics of these
substances have been investigated to see if they conform to the
prediction that aromatic properties arec associated with a plenar
molecule of this kind containing a closed shell of (4n 4 2) 7%
electrons (Hickel's rule). This series of reactions mayr be

summarised in skeletal form as follows:
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Coupling KO%Bu
-—CH2-CHZ—C =CH + HC=:0- ———= -'CH'2 —0H2-'-C = 0= =0~ —-1t=

Lindlar
o =CH===CH~-CH=—CH~CH==CH~

~CH==CH~CH==CH~C ==C~
Hy

The hexayne (36) preparedlgy the oxidative coupling of
1,5~hexadiyne, was rearranged with potassium t~butoxide in t-butanol
Ato the hexacnetriyne (33) (50%) vhich is a planar moleccule with thrce
cis and threc trans double bonds. A by-product of this
rearrangement was triphenylene (37)(7.:). The formation of this
compound was rationalised via the intermediate production of the
all-cis hexacnc-triyne (39) which is sterically favourable for
transannular rearrengenment to triphenylence.

Cyclotetradccaheptaene (43) ([lAEannulene) contains
(4n+2) 41 electrons (n==23) but it cannot exist in a planar form.

It therefore complics with only onc of the above fwo criteria which
have becen postulated for aromaticity in such systems.BO Sondhecinmer
has synthesiscd {143 aninulene (43) by the oxidative coupling and
subsequent dircet base rearrangcment of the triyne (40). The
intermediate (42) (2:) (two isomeric forms) still contained one trinle
bond which was partially reduced over Lindler's catalyst to produce
{14] annulene (43)(15%). The structure (43) showm, was later 6
confirmed by X-ray onalysis. Because of the instability of this
product, Sondhcimer su;rested that the condition of planarity for

the existance of aromaticity is thercfore an important one. However,
later on, he states 20,22 that there is no theoretical justification

for equating "aromaticity" with "gtability"s  The importancc of
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planarity is better demonstrated by the ne.mere spectrum of Zlé*_"
annulene which is discussed later.

L condensation betwcen trons-1l,4~dibromobut~2-ene and
allenylmagnesiun bromicde was used by Sondheimer 1 to provide the
starting material, trans-5~dccene-1,9-~diyne(44) (40%), for the
attenpted synthesis of the theor “tically non-aromatic [203 -
annulenc (456) and the theorctically aromatic EBO] anmulene (48).
However, whilc the oxidative cupric acetate~pyridine coupling of
(44) produced the dimer (45) (7.3%), the trimer (47) (2.5%), the
tetramer (2.3%) end the pentamer (0.9%) as analytically purc
compounds, neither the dimer (45) nor the trimer (47) could be
rcarrangsed to producc the annulenes in a purc state. Only
non=homogecneous oils were obtained. A diffcrent approach 2h to the

[20] and [30:1 anmvlencs, from 1,5,9~decatriyne (4S) was
successful.  The cyclic products from the oxidative coupling of this
latter acctylene werce the dimer (50) (642%) and the trimer (52)

(5.2%)s Prototropic rcarranscment of the 1,5-diyne units in thesc
cyclic compounds converted them to the corrcsponding dark brown-violct,
crystalline, dehydro-anaulcnes (51) (167%) and (53) (10, respeetively.
Lindlar partial hydrogenation of bisdchydro {207 anmulenc (51) gave
the {20:§ annulenc (e.g.46)(255) es a yeliow oil and similar
treatment of the tridchydro [30:] annulenc (53) provided the [30:7*
anmulene (c.ge48) vhich was not isolated but was shown to be present
(6%) spectrogcopically. Ione of the fully conjugated compounds showcd

any unusval stability although the dehydro-anmulencs verc morc stable



than the corrcsponding anmulencs.
. -

The success of this approach to the [20 ¢ eand rBOj -
annulcnes wos in keeping with Sondheimer's findings in the acyclic
serics that the isomcrisation of linear 1,5-diynes to the conjugated

17 . . . .
polycun-yncs  with potassium t~butoxide procecded morec casily and
in hicher yicld than the corrcsoonding isomerisation of lincar 1,5-

. 16
enyncs to the conjureted nolycncs 4

- r = \

lionodchydro {20 j anmulenc (56) hes also becn

19
gynthesised ~o  All trons-4,10,16-eicosatricne~-1,7,13,19,~tetraync
(54) was produced in 35 yicld by the rcaction of trans-1,4~
dibromobut-2~cne with an cxcegs of ethynylmognesium bromides  Cyclic
coupling with cupric acctatc-pyridine of (54) gave the colourless
tricnctetrayne (55)(16%5) which could be rearranred with notassium
t~butoxide to the monodchydro {20'? anmilenc (5%6)(2055), a yellow
oil which soon dccomposcd on standing cither alonc or in solution.

By thce coupling ond subscquent recarraasemcnt of trans=—4—

23

octene-1,7-diyne (57), 3ondhcimer has produccd 5163 annulenc
and dchydro Elé] anaulencs.  Cuprous chloridc-ommonium chloride
coupling of the diyne (57) furnished the lincsr dimer (5¢) (25%) and
the cyclic dimer (64) (35). Rearranrcment of this latter conpound
with potassium t-butoxide in t-butanol and benzenc provided the
bisdchydro {;6tj annulcne (63) (57%) (or a stcroisomer). A
by-product of this rcaction was the diphenylsuccindenc (62) (15%) and
this product could be obtaincd in better yicld (505) by cthanolie
potassium hydroxidc rcarrangement of the tetrayne (64)e  The lincar

tetrayne (5%) was cycliscd by cupric acctatc=pyridine coupling to
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the bisdchydro ,[16} anmulcne (59) (1.55), a highly unstable
comnounde In this coupling rcaction rearrangement of (58) to
an X, ~dicthynylhexacne must have oceurrcd prior to the
formation of the 1;3-diync unit.

Partial hydrogenation of (59) over a Lindlar catalyst
provided the moderatecly unstable monodchydro {16] anmilene (60)
(30%) and a low yicld of an orange oil, El6]_ animulene (61).

El6j Annulcene (61) could also be precparcd by hydrogcnation
of (60).

By cyclic cupric acctate=pyridinc coupling of 1,5=-
hexadiync (65), Sonéih.cimcrzo’22 has prepared the {lS} s [24} ;
and '[3oj} annmulencs via the intermediate dehydroanmulencss The
cyclic trimcr (66), tetramcr (67), pent:amer (68) and hexamer
prepared by this means all possesscd the casily rearrangeable 1, 5-diync
units Thecsc cyclic products were scparated by chromatography and
individually rearrangcd to the corrcsponding polyenyne system by
potassiunm t—butoxide. liowcver, tridchydro {18:1 annulene (69),
tetradehydi o [24:} anmilenc (70), pentadchydro [30t] annulenc (71)
and hcxadchydro [36:] annulene were prepared more convenicntly by
the coupling of (65) followed by dircct rearrangcment, without
isolation of the intermediatcse. (The spectroscopic yiclds of the
first thrce based on (65) were 33,2 and 1% respectively.)  Partial
hydrogenation of tridehydro flS] anmulenc (69) provided [183 -

anmlcne (72) as brown-red ncedless  The structurc (72) shown for
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this annulcne has becn proved by an X-ray analysis. Thrs it
anpears that catalytic hydrogenation of the triple bonds in (69)
has given predominantly trans double bondse.  This rather
cxceptional rcaction course is posgibly duc to steric control of
the hydrogen addition which would occur in two stepse.  The half
hydrogcnated triplc bond intermediatc would be forced to adopt the
cnergeticaily morc stable configuration followed by addition of
the sccond hydrogen atom to produce the trans double bond. 518] -
Annulene is the first fully conjugated cyclopolyolefin after benzenc
for which aromatic character was predicted and indeed X-ray studics
have revcalcd a lack of bond alternation, and an almost planar
molecule. This annulcne,although rcasonably stablc, showed no
striking si-ns of stability. [18} Annulcne undcrwent addition
(conjugated polyenc) rathcr than substitution (aromatic) rcactions.
Howcver, very rccently, {18} annulenc was nitratced using a mild
process involving copper nitrate in accetic anhydridec.  Sondheimer
has pointed out that chemical rcactivity is not a property of the
ground statc of a molecule whercas the delocalisation of the 47 ~
electrons around the ring is rcprescntative of this statc. It is
this latter propcrty which functions as a criterion for aromaticity.
The EQAJ annulene (73) was similarly prepared from (70)
and it proved to be a rather unstable compound.  The u.v. spectrum
favoured the almost planar structurc (73) shown, and herc again overall
trans addition of hydrogcn anpears to have occurred. [24] Anmulenc

docs not obey Hilckel's rule and was thercforc not cxpected to oxhibit
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aronatic proncrticse.

The same [30:1 annulene (48) was obtaincd and identificd
spectroscopically by partial hydrogenation of cither the
pentadehydro [30] anmulcene (71) or the tridehydro [30]. annulenc
(53)24, whereas a diffcrent isomer would have becn cxpected. This
surcests that the stercochemistry of an anmlene docs not necessarily
conform cxactly to thc stercochemistry of the doublc bonds in its
acetylcnic precursor but that the most stablc configuration is
formed. [30] Anmulcene proved to be a highly unsteble compound.

Tridchydro [18] annulene (69) was also preparcd by
cupric acctate - pyridine coupling of 1,5-hexadiyn-3-ol (77),
followed by lithium aluminium hydride rcduction and dchydration.

No pure triol was isolatcd from the coupling as a wide scope for
isomerism cxists for the coupled products from an unsymmctrical
., =diacetylenc such as (77)s (Two possible positional
isomers (78) and (79) arc shown). Lithium aluminium hydride
rcduction is known to causc rcduction of propargylic alcohols to
the corrcsponding trans-allylic alcohols. Dehydration of (80) was
carried out with potassium bsulphate in boiling acctic anhydride—
acetic acid and since the same tridchydro ii&] annulence (69) was
produced by this mcans os by the previous mcthod 0 (by the coupling
of 1,5-hcxadiyne (65) and rcarranginz the trimeric oroduct) it was
concluded that the intermcdiate triol must have the symmctrical

structurce (78).
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Sondheimer  found that cuprous chloride —ammonium

chloride coupling of 1,5-hcxadiyne (65), when carried out in the
usual nanner but with the addition of benzene to kcep the products
in solution, furnished the cyclic dimer (74). This product was
extremely unstable and it was not isolatcde  Dircct prototropic
rcarrangencnt with potassium t-butoxide furnished two products,
biphenylene (76) (25%) and bisdchydro 1:12:] annulene (75) (2%).
This latter product was not an intcrmediatc of the biphenylenc
formation rcaction as treatment of (75) with the same basc gave no
biphenylenc. Bisdchydro [:12:] anmulcene (75) is an unstable,
thcorctically non-aromatic annulcnce.

In orcder to investigate the physical and chemical cffccets
of substitucnts on annulencs and dehydroannulcnes, Sondhcimer ?
preparcd and coupled (cupric acctatc ~ pyridine) 3,4-dimethyl=1,5-
hexadiyﬁo. Dircct rcarrangement of thc product, in the usual manncr,
gave a mixturc of dchydro-annuicncs from which the 18 membercd
compound (82) was isolated in purc form. (1%). Comparison of this
compound with tridchydro [18:] anmlcne (69) showed that the six
mcthyl groups causc a bathochromic shift in the u.ve of cae. 7 mP .
The position of the methyl sroups on the eis double bonds and
outwith the ring werce confirmed by the nem.re. spcctrum of (82)

( v = 7.40; deshiclded mcthyl protons)(sce later discussion).
Lindlar partial hydrogcnation of (82) gave a low yicld (0.3%) of
the hexamethyl [18:} anmulene (83), which proved, intcrestingly,

to be less stable than the desmethyl analoguce
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An cxtremcly unusual aromatic comgound 1,8~bisdchydro [14
annulcne (85) was discovercd by Sondhcimor2 as a minor product in
the oxidative coupling (cupric acctate - pyridinc) of trans, trans-
4y 10~tctradccadicnc~1,7,13~triync (84); the main product was tho
dchydro [lAtl anmilence (42).  This minor product can only bc
represcnted by cumulene containing Kekulé rcsonancc forms and its
structurc finds confirmation in its nem.re. spcctrum which‘shows the
two protons insidc the ring to be strongly shiclded (¥ = 15.54)
and thosc outwith thc ring to bc deshiclded (sce later discussion).
Furthcer proof of its structurc camc from its X=ray analy31529 which
showed it to be planar.  Apart from the two|triple bond’valucs,
the carbon-carbon bond lcngths corrcspond to a 4¥ —=bond order
identical with that of benzenc, and the intcrnal hydrogen atoms,
coplanar with the carbon framcwork, arc undcr no stcric strain.

The structurc proved to be unusually stablc.

Sondhcimcr and Jackmann26 have applicd nemer. spcetroscopy
to a scrics of annulencs and dchydroannulcnes in order to
determine the exterl of their aromaticity. A particular ground
state property of an aromatic molceulc is the ability of thc closcd
shell sgitcm of i -elcctrons to sustain a magnctically induced ring
current . A manifestation of this cffcet will be shown by the
chemical shifts of the ring;protqns, which, in anmulencs and
dchydro-annulcnes, may‘be situatcd cither insidc or outside the ring.

The protons inside the ring will thereforc be shielded (unusur11y high

fields) and thosc outside, deshiclded (unusually low ficlds) if an
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induced ring currcnt is possiblc.

The nem.r. spcctrum of [14] anmilene (43), a molcculc
which cannot be planar duc to the ovcrcrowding of thc inncr hydrogens;
showed a singlet ( T = Ae42) very closc in position to the
olefinic protons of cyclooctatrione (7 ™= Le26) and the non—
aromatic cyclooctatctracnc ( T = 4.31). In contrast,
nonodchydro EIA} annulene (42) with the structurc shown, can assunc
a ncar planar statc by in-planc dcformations of bond anglese The
nem.r. spcctrum showed (42) to bec aromatic with absorntions at
T == 1.2 - 2.7 (outer protons) and T == 10.7 (inncr protons).

Similar mcasurcments on [18] annulene (72) and
tridchydro [18] annulene (69), which obcy Hickel's rule and arc
rcasonably planar, show thcm both to be capable of sustaining an
induced ring current. They arc both, thercforc, aromatic in terms
of the above definition.

The abscnec of aromaticity in [24]. anmulcne (73)

(singlet, "7 = 3,16) and tetradchydro [243 anmilene (70)

(7T = 1l.8and ¥ = 3.6 - L+8) is cxpected on the basis of

Huckel's rulcs
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STUDINS IN ACETYLENIC CARPOCYCLES

The surprising producfion of the highly strained dimer (2)
from the oxidative coupling of o~dicthynylbenzenc (p.l.) prompted
the investigation of the mcechanism of formation of this unexpccted
compound. Onc recaction nathway to (2) could procced via a stepwisc
" scquence involving initial unilatcral coupling of o=dicthynylbenzene
with the formation of the acyclic o,ot=dicthynyl=-l,4~diphcenylbutadiyne
(100) followcd by intramolccular coupling of this compound to give
the cyclic dimcr (2)s The following work describes the sythesis
of this hypothctical intcrmediate (100) and the cxamination of its
intramolccular coupling in order to confirm thc practicel
feasibility of thig proccsse A preliminary investigation of the
.problcm hed been carricd out in this dcpartmcnt,l but the whole
project was re=—cxamined in detail with cxtensive usc of the powcrful
ncw tools of thin laycr chromatography (telec.), prcparative sealc
gas liquid chromatography (gelece) and nemere spccetroscopye

The kcy conpound for the production of the requircd
intcrmcdiate was l-cthynyl-2-(trans—2'~bromovinyl)bcnzcne (88).

This was obtaincd from o-di=(1'-2'-dibromocthyl)benzene (86) in the
following manncre It had alrcady becn shownl that controllcd
dchydrobromination of this tctrabromide surprisingly produccd an
unsymuctrical dibromodicne of structurc (87) e Repitition of this
proccss showed that the product was by no mcans homogencouse Telece
cxamination showcd onc major spot accompanicd by a spot of weaker

intensity and lower R valuc. Brominc analysis gave valucs hicher than
f
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thosc cxpected for the purc dibromodicnc (57).

The identity of this impurity as 1-(1'-bromovinyl)-2~-
(1',2'~dibromocthyl)benzene (91) was revealed in the following way.
The nemer. spectrun (fig.l) of the starting tetrabromide (86) showed
a triplct and a doublct in agrecment with the prescnce of two
17,2t=dibromoothyl units. Thc nener. spcctrum (fig.l) of the
inpurc dibronidc (57) (n 22 =1.6340) showed a similar A B paticrne
The prescnce of a -CHBr.gH Br structural unit in the imgurity is
thus demanded; howcver, t?l.c. cxamination cxeluded the prescncce
of starting tetrabromide (86). Further, an irnfra~rced spectrum
showcd no cthynyl sbsorption end the intensity of the ©03 cm-l
band (CBr:‘—'CHz) was preater than that of the 950 and 935 cm~l
band (trans CH = CHBr) (the infra=~rcd spectrum of gel.ce. pure
dibronide (87) (fig.2) has thesc two bands of cqual intensity).
Sincc the analysis wos high in bromine; and since the total
intensity of the nenm.r. abgorption of the CBr’:;CH2 group (two
doublets) was appreciably greater than that of the CH = CHBr trans
group (an A.Be quartct) it wes concluded that the inpurity must have
the structurc (S1).

It was dceided to repeat the dehydrobromination of the
tetrabromide (85) with an cxcess of potassiun t~butoxide with the
intention of rcducing thce concentration of the tribromide impurity
(91). Two rolcculor cquivalents of potassfug t=butoxide were added

1,2

at ice bath tempereturce in the usuval mamner and a third molccular

cquivalent was added over 1 houre  Aliquots werce removed at intervals
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and cxaanincd by telece  The spot corrcsponding to the tribromide
(91) persisted under thesc conditions but on leaving the reaction
overnight only a faint tracc of the spot remaincds  Chrometography
on alumina rendercd the oily product colourlcss and gelece
cxamination of the oil showed it to be 93% (arca of pcak) purc with
thrce other impuritics of which onc was shown to be (88), prescent
to an cxtent of 1.3 (arca of pcak); nonc of the impuritics was
o=dicthynylbenzene (89)s  The uncxpccted unsymmctrical structurc
of the dibromodicne (57) as 1=(1'~bromovinyl)=2-(trans-2'=bromovinyl)-—
bcnzene was conclusively demonstrated by the spectral propertics of
a samplc ricorously purificd by gelece Thus thc nemer. spcetrum
(fig.2) showcd an AB quartct as two doublcts centred on T = 2.65
and 3.35 (J = lAc.p;s.; trans CH—— CHBr) and anothcr pair of doublcts
ccntrc.d on T = 4¢C5 and 4.25 (J = 1 cepes.; CBr == 'CHQ). This
assignnent was confirmed by the infra-rcd spectrum which showcd
diagnostic absorption at 950 m, 935 s (trans CH == CHBr) and 903 =
cm—l (CBr ==2CH ).
2

4 possible mcchanism for the unexpected unsymmetrical
dchydrobromination of the tctrabromide (86) to the dicncdibromide (87)
is indicated via a quinonoid intcrmediatc of type (95). In a similar
instance, to account for two dimeric products obtained from the
potassium t~butoxidc treatment of 1,1,1',1'=tctrabrome—o-xylcne,

34
Cava and Muth postulated the formation of the tribromidec (97).
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In an analogous cxemple the rcaction of 1,1'-diiodo-o-dicthylbenzenc
(98) with sodium iodidc was shown to involve a vinylogous 1,4~diiodidc
clinination with the formation of the intermediate (99), whosc
quinonoid structurc wos verificd P by its rcaction with malcic
anhydridec to form a stab}c acdéucts
The unsymmctrical naturc of the dibromodienc (87) gave good
hopes of its subjcction to a mono-~dchydrobromination nrocess to give
the requirced bromovinylacctylene (88); only in the 1'—brsm0yinyl
grouping (~=CBr == CH ) of (87) is thcrc a trans alignment of
hydrogen and brominc2atoms. In the cvent treatment of the
substantially purc dibromodicnc (&7) with onc mol. of potassium
t-butoxide cffceted the cxpeeted climination in high yicld with the
formation of the hoped-for bromovinylacctylenc (58)s  The specetra
of @ gelece purificd saumplc of this compound fully suvported its
structurc as (¢8). Thus thc nem.r. spectrum (£ig.2) showed the
appropriate singlct at T = 6.75 ( ==CH) and the AB quartet
cenbred on TV = 2.45 and 3.18 (J = 14 c.p.s.)(trans-CH‘===CHBr);
the infra~rcd spcctrum showed the cxnccted bands at 3300 ( == CH)
and 950 and 938 cmhl (trans =CH==CHBr).
It is intcresting to note the deshiclding coffect of the
triple bond on the protons of thc trans—CH == CHBr group. (table 1).
In the nemer. of (92) and (68) the protons of this group absorb at
0e15 to 0.20 ppm. lcss than the protons of this group when it is

situated in a non-acctylenic cnvironment such as in compound (87).
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Dreiding models of (58) and (92) show that by simplc bond rotation,
both protons of thc trans CH==CHBr group can bc locatcd outwith the
shiclding cones of thc carbon to carbon triple bonde  Thesc protons
arc thcrcfore dcshicidcd. (The shiclding cones of the acetylenc
bond cxtend from cach cnd and lic with thecir axes along the carbon

36(a)

to carbon triplc bond )e

The coamplexitics that cnsucd if the starting dibromodicne
(87) were not relatively purc arc graphically illustratcd by the
rangc of products that were obtained from this dehydrobromination
using (87) madc according to the previous dircotionsl. Scparation
by gelece (fige3) showcd no fcwer than ninc componcnts of which onc
(rctention time 9.4 min) proved to be the bromovinylacetylcne (68)
and another (ReTe = 26.0 nin) the starting dibronodicne (87)e Two
further purc gol.c. fractions (R.T.'s = 13.6 and 54 min) werc
tentatively assigned structurcs (93) and (94) on infra=rcd
cvidence ag sufficicnt quantitics werce not obtainced for ndmerdé
cxaminotione  The remaining five componcnts could not be purificd
further and werc not cxamined in detail.

Furthcf dehydrobronination of the bromovinylacctylene (88)
to o-dicthynylbcnzenc (89) was rcadily cffccted in high yicld by
further trcotment with potassium t~butoxidc. Thc quality of the
product (C) was considerably better than that obtained 12 by the

onc-stcp double dehydrobromination of the dibromodicnc (£7).

The purc bromovinylacctylene (86) was than subjected to
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the standard coupling conditions which furnished the desired
dibromovinyldiacctylenc (92) as a rcadily purificd crystallinc
s01id in 30% yicld with spcetral propertics concordant with the
cxnceted structurce From (92) the desired tetrayne intermediate
(100) was obtaincd by doublc dchydrobrominotion as a pale ycllow
crystalline solide Subjuction of this produet (100) to
intramolecular oxidative coupling (cupric acctatc; pyridinc)
indccd produccd the eyvelic tetrayne (2); the yicld of (2) produccd
by the coupling of o-dicthynylbcnzene unter cxactly similar conditions
proved to be comparable,  This rcesult strongly sugrested that the
acyclic tctrayne (100) could certainly function as an intermediary
in thc transformation of o-dicthynylbcnzene to the cyclic tetraync
(2). Accordingly an attcmpt was made to detcet this intcrmcdiate
(100) by subjucting o=-dicthynylbenzenc to a coupling proccss using
oxygcen and cuprous chloride, a proccdurc which somctinmes favours
lincar coupling. Again however, the cyclic tetrayne wos the

prcdominant producte
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The succcessful conversion of o-dicthynylbenzene to the
cyclic tetraync (2) prompted the cxtension of this type of rcaction
to 1,2-dicthynyleyelohexancs.  In particular such a product (103)
derived from the coupling of 1,2-dicthynylcyclohcxan~l,2-diol (101)
would have fruitful potentialitics for furthcer conwersion by
periodatc fission to a twenty membered tctrakcetonic tetra-acctylenic
carbocyelc. The requirced (101) had alrcady been reported by two
authors as prcparablc by intcraction of cyclohexan-l,2-dionc (104)
and sodium acctylide but the quoted melting points were very

40 2 39
discordant (iicEntcc  clained mepe 82 ond Ried and Schmidt
rccorded mepe 1050). The structurc of Mcintce's product was
confirmcd by ncriodate fission and hydrogzcnation to the known
dccan~3,8~dionce

In this work intcraction of cyclohcxan~1,2-dionc and
sodium acctylidc produccd a solid diol of widc ne.p. range (m.p.85—1020)
a rcsult compatible with the production of the two cxpected |
stcrcoisoncrse  This wos sunported by t.le.cs cvidence which showed
two very closcly spaced spotse To cnhance this scparation the
preparation of derivatives was attempteds  The corresponding
acctates showed no wider scparation on telece  Sclcetive acctonide
formation wos then attempted (it was presumcd that only the cis=-diol
would form such a dcrivative (102)).  Treatment of the diol mixturc
with acctonc in the prescnee of anhydrous copper sulphate furnished

o
a high yicld of purc sharply mclting diol mep. 79-81 which showcd
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only onc spot on telec.; this wos presumed to be the trons-disl.
The mother liquors showcd two gpots on telece ond were not further
investigatcds  The purc trans—diol was oxidativcly couplcd under
hirh dilution conditionse. Thc product was a high-melting gunny
solid which gave five clascly—spacéd gpots on t.l.c. This rcsult
is promisging but the complexity of thc product and the snall
diffcrcnecs in Rf valuc between the componcnts preeluded a morc

dctailcd investigation in the time available,
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EXPERIMENTAL
Gencrale
Mclting points were rccorded on a Kofler microscopu
hot stagc and arc uncorrcetcds  Infra-rcd spcetra werc rccorded
on Unican S.P.100, Pcrkin Elmcr 137B and 237 spcetrophotomcters,
and ultra=violct spcetra on a Perkin Elmer 137 UV spcctrophotonctere.

4

intcrnal standard) and mass spcetral mcasurcments were made with

NeMeRe (in GCl, solution unlcss otherwisc statcd and with SiMeA as

A.E.I. spcetromcters RS2 (60 megacyelcs) and MS2 respeetivelye

Gas~liquid chromatographic data were rccorded with a Pyc 'Argon!
20 :

Chromatograph cquipped with a Sr dctcectors  Thin laycr

chronatography (te.lec.) was carricd out with Kicsclgel G silicae
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EXPERIMENTAL  PART I.

1—(1'—Brom3vinvl)~2-£tranSwQ'—bramovinvl)benzene (87)

(2) Two nmolar equivalcnts of potassium t-butoxidc.

Potassiun (3,93 g; 0.1 nol.s) was dissolved in t-butanol
(250 ml.), dioxan (20 ml) addcd, and thce solution cooled to ca.lSo.
This solution was addcd dropwisc to a stirrcd, icc~coolcd solution
of the tctrabromide (86) (23¢5 ge; 52 memols) in dioxan (50 nl),
the temperaturc bcing kent below 70. A palc brown prceipitate formed
almost immcdiatclys  The solwents were then removed under reduccd
prcssurc under nitrogen (bath temperaturc 25-30°.).  The residuc
was trcated with dllutc (1.8%) hydrochloric acid, and thoroughly
cxtracted with cthere  The cther cxtracts were then washed and

dricd (sodium sulphotc) and thc cther renoved under rcduccd pressurc

to furnish the dibromodicnc (87) (14.7 g) as an orangc oile  The

: 22
product was distilled (100° (bath)/0:2 nm) to give an oil n_ =
1,2 22 32 22 D
1.6340 (Bchr nD = 1.6385; Dcluchat n == 146370)§ (Found:
D
C,38.75; He 2.95; Br, 58.25. C H Br rcquircs C, 41.70; H, 2.80;
108 2
Br, 55.50%)s T.lece (silica; benzencs petrol, (10:90)) showcd

onc najor spot and a sccond spot, lcss intcnac and of lower Rf valuce
(Ncither spot corrcsponded.to the tetrabronide (86))e ﬂ?max (£ilm)

no ¢thynyl absorptlon, 203 (CBr== GH ) of grecater rclative intensity
than 950 and 935 cn (trans CH _.CHBr) The nenere spcctrum (figel)
showcd a triplet { T = 4¢35,4450, 4e62; J = 9,0 and 7.2cep.s.

respeetively) and a doublet (7 == 5.85, 5.97; J == 7.2 c.pe.s.) for
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thc CHBr.CH Br group, (cfe n.mcr; of the tetrabromide (86), table 1)
and two douﬁlcts {( 7 = 4eOh; 4i08; J = 244 Cepese and T
— Le25, Le28; J = 1.8335223;) of greater total intensity
than the AB quartct ( 7 2450, 24743 J == 14l Cepes. and
T = 3.19, 3.43; = 14il c;p.s.)Bé(b) of thc CH ===CHBr trans
groupe From the above data it was concluded (scc discussion) that
the product containcd an impurity in the form of the tribromidc,

1—-(1'-bronovinyl)—2~(1',2'=dibromoc thyl)bcnzcne (91).

(b) Threc molar cquivalcnts of potassium t—butdxidc.

Two nolar cquivalents of potassium t~butoxidc werc addcd
under th. samc conditions as in (a) above to the tctrabronmide (86).
A furthcr molar cquivalent of potassium t-butoxide was added
portionwisc over 1 hour at O0 ond an aliquot showcd, on tel.ce
cxanination, that the impurity (91) was still prescnt in the same
proportion as in (a) above. The reaction was allowed o come to roon
tcoperature and stirred for 18 hourse The oily product now showced
only a foint tracc of impuritys  Aftcr passagc through alumina
(benzenc s petrol, (15:85)) the cluate was cvaporated to give
1-(1'~bronovinyl)=2~( trans=2 '~bronovinyl)bcnzene (87) as a
colourlcss oil which was shown by gelecs (105 Apiczon,L, 150O ) to
bc 93% purc (arca of pcak) (RT = 25:8 nins.)s Of thc threc other
componcnts prescnt (RT = 45, 944 and 1346 nin), onc (RT == 9.4 nin)

was shown to be (88) (1.3%); nonc of the impuritics wms o-dicthynyl-

benzene (89) (RT = 1.36 min)e. A samplc of the dibromodicne (87)
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was riporously purificd by preparitive gelece (scc pe 28 ) and had

\J max. (filn) (fig. 5) no cthynyl absorption, 950m, 937 s,
(trans CH == CHBr), 902 s, (CBr == CH )+ Thc n.m.r. spcetrum (fig.2)
of this samplc showed a quartct of twi doublcts( 7T == 2454, 2773
J = 13.8 cepese and T = 3020, 3e44; J == 1he/ CuDess) corrcsponding
to thc trans CH == CHBr group ond two doublcts {7 == 4.05, 4.06;
J == 0.6 Copese and T == 425, 4e263 J == 0.6 c.p.s.) cxpected

for the CBr == CH group.
2

1-F thynyl~2—( trans=2 '=bronovinyl)benzene (88)

The dibromodicne (87) (11.53 g; 40 m.nmol) was dissolved in
dioxan (20ml) and a solution of potassiunm t-butoxide (Led g3 4O m,mol)
in t-butanol (80 nl) was added s« After 15 minutes rcflux the rcaction
mixturc wos workcd up with dilutc (HOL; 6N) and cxtracted with cther.
The cxtrocts were washed, dricd and cvaporated to provide the
bromovinylacctylene (8€8) as a dark rcd oil (7.89 gz 95%).
Distillation of a portion providcd a fraction of b.p. 65~~66o /0.05 nrie
and n % = 1.6225 (150111":L n 2 == 1,6218). (Found C, 57.75; H, 3.70;3
Br, 33.5. C H Br rcquircs c],) 58,05 H, 3.40; Br, 38.50%5). Gelece
purificd briEOZinylacctylch (88) (scc pe 27) had \)} max (filn)

(fige 4) 3300 s, ( ===CH), 950 n, 938 s, (trons CH == CHBr), and
A max (cthanol) 237, 245, 268 (sh), 274 and 283 o (Log € = .27,
bel7y 4406, 4.08 and 3.92) and A min 243 and 252 ?P (log¥ =416 and

3.89).  The nemere spectrun (fig.2) of this compound was in

conforaity with the structurc (85) proposcd and showcd an AB quartet
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( 7 == 235, 2.63; J == 15 c.p»Se and 7V == 3.06, 3.29;
J = 138 cep.s.) corrcsponding to the trans CH == CHBr group
and a singlct (T == 6.75) cxpceted for the acetylenic protone

Prenarative. selece investisation of the dchvdrobromination

then the above dchydrobromination was carricd out on an

inpurc sample of the dibromodicne (87), preparcd according to the
1
previous dircctions , (with two molcs of potassiun t-butoxide), a

highly complex product cnsucds  Analytical gelec. (Pyc Argon;
o
105 Apiczon.L on Embocil; 4! x 4% column; 150 ; 38 ml / nin) showcd

the prescnce of approximatcly ninc components in this product (f£ige3).

Samples (30 Pl) of the nixturc werc scparated on a preparative g.lecs
' o
column (Py~ Argon; 10% Apiczon.L on Embacilsy 4% x &+ column; 145 ;
o o)
prcheat 165 3 cxit temperaturc 145 3 300 al / min) and fractions
3
L5567, and 9 were collected scparately in spirel traps cooled to -80 .

An analytical gelec. of cach showed then to be relatively purce

(fig.3)» In this rcspcct fraction 5 was cxceptional in showing a

twin peak (RT == 9.2 and 9.6 min) (cf. fraction 4, RT == .4 min).
It did not corrcsmond to fraction 5 (RT == 10.4 nin.) in the
original product mixturc. Fraction 4 (RT = 9.4 nin ) was the purc

bromovinylocetylene (88).  Froction 5 (RT == 9.2 and 9.5 nin ) was
apparcntly two compounds. N\ mex (f£ilm)(fig.4) idcntical to that

for fraction 4 but for the abscnee of two weak absorptions at 2010

~L
and 2850 cm . Fraction 6 (RT == 13.6 min) had \V max (fig.5)
w1 -1
900 se cn , (CHBr == CH ), and no $50 or 937 cn  absorptions

2
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corrcsponding to the trans CH == CIBr group. On this cvidcnce alonc,
thore being insufficicnt for an ne.m.r., it was assigncd the
o—di(l'ubramovinyl)bcnzcnc structurc (93). Fraction 7 (RT = 26.0
min) was the purce dibromsdicne (87). Fraction 9 (RT == 54.0 nin)
had ) max (fige5) 950 and 932 cm“l (CH == CHBr trans) and ncither
( = CH) nor (CHBr:ZICHz) absorptionse This compound was

tentatively assigned the o-di(trans—2'=bronovinyl)benzenc structurc

(94).
o=Dicthynylbenzenc_(89).

Potassiun (1.445) was dissolved in t=~butanol and the
cxeess golvent removed under vacuume  The residual potassium
t=butoxide was then dissolﬁed, with stirring, undcr reflux, in
benzene (100 al).  The bronovinylacctylene (86)(4.0g), in benzene
(20 ul) wes added dropwisc to the opalcscent solution and the nixturc
heated under reflux for 3 hourss Acidification (HCL, 6Y) and cther
extroction furnishced the ncutral fraction as a brownm oil (3;l7g)
which was then distilled (90°(bath)/0.1 mie) into a chilled

(CC1 /s21id CO ) rccciverse The o=dicthynylbenzenc was obtained

4 2 20
as a very palc yellow oil (1.96g; 80%)(n == 1.5904) with spcetral
D 2
pronerbics indistinguishable from thosc alrcady recorded , viz.,

-1
\J max 3310, ( Z=CH), 2105 w, (C==C) and 750 e (aromatic).
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0, 0"-Di-(trans=2'=bronovinyl)=~1,4~dishcnylbutadiyne (92).

The bronovinylacctylene (88)(10 g) in methanol (60 nl)

was added to a s»yluticn of copoer acctate (17.4g) in pyridine:
nethanol (1:1)(400 ul) and the resulting solution heated under reflux
to lOOO for 6 minutcs. After cooling to roon temperaturc the
rcaction mixturc was acidificd (HC1, 6H) and coxtracted with cther
(x2). The cther cxtracts ucre treated with a solution of silwver
nitrate (5 g) in cthanol (100 nl) and left at 0O overnight.  The
cthereal solution was decanted from the precipitated silver salts

and woshed with watcr, dricd and cvanorated to give a red oil (9.52g).

V' nmax no cthynyl absoprtions. The oil crystalliscd on cooling
to —120 overnight and rcerystallisation from acthanol (x2) furnishcd
he dibromovinyldiacetylene (92) as colourlcss nccdles (3;66 g3 30%)
MeDo 107—1080. (Bchrl obtained a 50% yield; a mixcd tepe
deternination with a sanplc of Behr's product was underpressed
(107-1080)). \ nax (nujol) (fige 4) no cthynyl absorption, 1604m;
1593 1, 949 n and 936 s (trans CH == CHBr). A max (ethmﬁol) 249,
262 (sh), 273 (sh), 308, 328, and 351 mu (log 3 = 4«70y 4e65, 457,
4y36 and 4,31) I« nin 208, 318, 342 mu (log$ = 4.25, 4«29 and
4s20.)  The n.nere spectrun (fig.2) showed, togethor with complex
aromatic absorptions, the AB quartct of the trans CH == CHBr group

( /T/ -— 2.41’ 2-64, J = 1308 CeDeSe and T = 3-02’ 3026, Jd = 14.4,

COPOS.).
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5,0 '=Dic thynyl-1, /~diphenylbutadiyne (100)

The dibronovinyldiacetylene (92)(446 ng) was dissolved
in dioxan (10 ml) and a solution of potassiun t=butoxide (500 mg)

in t-butanol (20 nl) addcd. The nixturce was refluxed for 1.5 hours
1
(the reflux period of 15 mine rccomnended by Behr was found

insufficicnt)e Acidification (FCL, 6I) and cther cxtraction
provided a brown solid (277 naz), vhich after treatment with animal

charcocl in chlorofornm, and rcverystallisation from light petroleun
(bep. 60_800), gave the tutrayne (100) as pale yellow necdles

(164 ng; 62%) m.p.123~1250. (Bchrl, 80;$ami.124—124.5o). \J 19X
(0014) 3260, (==CH), 3050, 2220, 2110, 950 cmnl.

1,2:7,8~Dibenzocyclodadeca~l, 7~Cicnc-3, 5,9, 11=tc trayne (2)
by the counling of:

(a) 2,0'=Dicthynyl-l,4~diphenylbutadiyne (100) (Intramolccular)

The tetraync (100) (36ng) in pyridine (5 ml), methanol
(5 m1) and cthor (40 nl) were added dropwise over 2 hours o a
stirred solution of cupric acetate (120 =2¢) in pyridine (10 al) and
methanol (10 ml). After 1 hour's roflux the reaction was acidified
(HC1,61T) and extracted with ether to furnish the crude product as a
discolourcd solid (44 ng)(greasc contamination)s  Chromatography
(WTocln alumina, grade 1, (6.0g); benzene elution) furnished a fast
moving ycllow band which provided the cyelic totrayne (2) as yellow
ncedles (24 ng; 65%5) deconpe pe ca.SOO. N max (CCl ) no cthynyl
absorption, 2190w, 2115u, (C==C), 1950w, 1920w, 1890wf 1850w, 1815w

-1 1
en o (Behr quotcs sinilar values).
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(v) o=Dicthynylbenzene (89) (Internolccular).

o~Dicthynylbenzene (62) (390 ng) in pyridine (50 ml) and
nethanol (50 nl) wes added with stirring to a solution of cupric
acetate (2.4 ¢) in pyridine (125 wl), nethanol (125 nl) and cther
(125 nl) over 3 hours, After 2 hours reflux the rceaction was
worked up by pouring it into a aixturc of concontrated sulphuric
acid (100 nl), water (100 ml), ice (200 g) and cther (200 nl).
Ether cxtraction, woshing of the cxtracts with dilute sulphuric
acid, water, dilutc sodiun carbonate ond water, and drying over
sodiunm sulphate afforded the product as a brown solid (369 ng).
Purification as in (a) above, furnished thc cyclic éotrayne (2) as
yellow necdlus1(107 ngy 27%), dccompe PeCae 800. '/ max as in (a)

above s (Behr obtaincd a yield of 435 deternined spectroscopically).

(e) Linear counling of o-dicthynylbenzene (89).

To a stirrcd solution of cuprous chloride (170 ng),
anmonium chloride (270 ng) ahd concenﬁratcd hydrochloric acid
(onc drop) in water (5 ml), o-diethynylbenzenc (81 ng) in cthanol
(1 m1) was added over 10 ainutcse A yellow participate, presumably
the copper salt of the acetylcnc, was depositeds The colour changed
from yellow to orange on passing oxygen through the solution, heated

0

to 50 + After 6 hours stirring at this temperature, amnonia was

added and the reaction mixture extracted with cthere The product
3

a brown 0il, was cxanined by telece (silica; benzene: petrol, (10:90))
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vhich showed five componcntse : starting material was proesente

Onc spot corrusnonded to the cyclio tetrayne (2) and another to the
desircd acyclic tetraynce (100) but the latter was of very low
intengity comparcd to the formcr; The other three components were
unidentificd.

A satisfactory yicld of the tetrayne (100) was thercfore
unobtainable by this nmethod. An attempt to separate the components
of the product mixturc by thick layer chromatography was
unsuccessful.

Cis—trans nixture of 1,2-diethynyleyclohexan—1,2=-diol (101 )

Cyclohexanone (105) was oxidised (ScO ) to cyclohexane—l,2-
2 38.
dione (1C4) by the mcthod of Rauh, Smith, Banks and Diehle
39

The conditions used by Ried and Schanidt  for the
treatient of the dionc (104) with sodium acetylide were folilowed
exactly. 1,2-Diethynylcyclohexan-l,2-diol (101) was obtained as an
0il (bap. 740/0.15 nn) which crystalliscd from benzene:pyridgne
(80:20) as colourless prisas fepe 85~~102O (Ricd and SchmidtB: MeDe
10505 McEntreeAO m.p.82o). vV max (CC1 )(Unican) ca.3605 w,
(broad shoulder)(frec OH), 3574 m, ( bondeg OH), 3308 s cmul(CEEE CH).
Telece (silica; methanols chloroform, (4396)) showcd two spots, one

large, the other, of slightly greater R , ruch smaller (ca.20% of the
f

lorge spot).
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Purc trans—-1,2-dicthynylcyclohexan~1,2~diol (101).
o)
The cis=trans nixture of the disl (101) (mepe85-102 )

(1478 g) was shaken for 100 hours with copper sulphate monohydrate

(10.0 g) in dry acectone (200 ml)e The solution was filtered and

the inorganic salts washed with nore acctonece  The solvent was removed
from the filtrate to loave a sticky colourless solid which reerystallisca
fron carbontetrachloride to give trans~1,2-dicthynyleyclohcxan~1,2~diol
(101) as colourless prisms (1.38 g 5 77%) nep. 79_813. (Founds: C,73«35;

Hy 7300 C H O requires C, 73.15; H, 7355 ). ) nmax (CCl )

10122 4
(Unican) cae 3605 w, (broad shoulder)(frec OH), 3574 n, (bonded OH),
3308 s cm—l (C==CH)« ie.ce identical in this rugion to the corrcs—
ponding iers of the original cis—trans nixturece  Couparison of the
whole i.r. (nujol) spectra of the cis-trans nixture with the pure
trans coimpound showed thein to be ginilar but not identicale Telec.
(silica; nethansl:chlorofora, (8:92)) showed a single spot which
corresponded in R to the lerger of the two spots found for the
cis—~trans mixturef

Bvaporation of the nother liquors furnished an oil
(100 ng; 6%) whose telece (as above) showed two spots of couaparable
R to the trans diol (101). */ nax (film) showed OH and C == CH and
ng distinet band attributable to an acectonide. This oil was not

investigated further.

Notes. over/eee




3o
(1) Acetylation of the cis-trans mixture of the diol (101)
(Acctic anhydride; pyridine) furnished the corresponding acetates
whose tele.c. senaration was no greater than the separation of the
original diols,
37 41
(2) Bromination eond chorination  of the cis~trans nixture of

the diol (1lOlmore unsuccessful, starting noterial being recoversd

unchansede

High dilution coupling of trans=—1,2-dicthynylcyclohexan-1,2~diol (101)

The diol (101) (670 mg) in methanol:pyridine (1:l; 100 nl)
was added over 5 hours to a stirred refluxing solution of cupric
acctate (4.0 g) in the sane solvent (100 ml).  After a further
1 hour at reflux teumperature the rcaction.mixture was left 2 days
at roon temperaturc and worked up by acidification and constant
cther extraction (48 hours)e The product, a brown gun (357 ng),
was extracted with boiling carbontetrachloride to provide a gunmy
solid m.p.185-l95O whose telece (silica; nethanolschloroforn,
(4:96)) indicated five intensc spots and a SiXth.Weak spot which
corresponded to the disl (101). The five »roducts were poorly
semarated and all had R valucs less than the diol (101). o

f
further attenpt was nade to separate these componentse
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35.

i

NITROGLOUS BY~PRODUCTS I TI'E CADIOT—CHODKIEWICZ REACTION

The Cadiot=Chodkicwicz coupling reaction, developed in
1957, providcs a means of preparation of unsymnetrical conjugated

acetylenes. The fundamental reactions involved are as follows:

RCZ=CH+ Cu” — e RCEZCOU + HT  teiervenraceconccaosd(a)
RC==CCu 4 BrC ==CR' -——¢ RC==C~-C=:CR' + CuBr «coesesesetb)
As reaction (b) regenerates the cuprous ion, it need only be present
in a catalytic anount (1-2%)e. Indeed, this is a prine necessity as
oxidation of the cuprous i:n by the bromoacetylene, reaction (c),
gives rise to the undesired cuprous acetylide which can counle
with the bronoacetylenc, reaction (d), and so furnish the unwanted
symnetrical conjugated acetylence
RIG==CBr + 30u™ ———= RICZ=CCu + Br~ + 20077 .eeee(c)
R'C=CBr R'C==CCu RIC==C~C==CR' +  OuBr seseess.(d)
T> avoid this seccondary rcaction the coupling is carried out
under nitrogen and hydroxylanine hydrochloride (or hydrazine
hydrochloride) is added as rcquired to naintain the copper in the
cuprous statee The bronoacetylenc is added dropwise to the well
stirred reaction mediume The addition of base, prefcrably a primary
anine, (to the cxtent of 1.8 moles per nole of acetylenc), facilit~*~s
the reaction by removing the librated acide It also helps to
diminish the oxidisability of the cuprous acetylide and the cuprous

ions and to assist the formation of the cuprous acetylide possibly
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by conplexing with it, Chodkiewicz recomnends the usc of water,
alecohol, ether and tetrahydrofuran as solvents for this reactiong
for very insoluble componcnts, dimcthylformamide or Nemethylpyrrolidone
have been used.

Behr:L found thet during the normal Chodkicwicz conditions
o=dicthynylbenzene (39) gave an insoluble canary yellow precipitate
which appearcd guite unreactive towards the bromoacctylene conponent
of the couplinge This golubility difficulty was overcome by
changing the solvent-base nmixture to n-butylanine:ethanol (4:1);
thus a 60w yicld of the tetrayne (107) was achicved by a nixed
coupling between o-diethynylbenzene (89) and l=bromophenylacetylene
(106) in this homogencous solvent systoms  However when the
bromoacetylene component was altercd to 1=(2!=~bronoethynyl)=—2=
(2'"~trans~bronovinyl)benzenc (108) no coupled product could be
isolateds Infra=red exanination of the product showed dininished
bromoethynyl absorption and undininished ethynyl absorption; this
strongly suzgested that the bromoacetylene component was rcacting
with the solvent. This was confirned by recaction of (108) alone
with these reagents i.e. 1% cuprous chloride, n-butylaninesecthanol
(4:1), ond hydroxylamine hydrochloride, whercupon a crystalline
hydrochloride ¢ H N Bro.HCl wos isolated in 445 yield.  Tentative
assipgnment of i%g §Zr§cture as the anidine (109) wes nade on the basis
of its analytical data and general characteristicse To test the

generality of this unexpected reaction the simnler analogue
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1-brom-phenylacetylene was trcated alone with the above reagent
nixture. In this case two products were isolated as their
hydrochloridecse The first; ¢ H ON ; was conclusively shown to
be the amidoxime (110) by a syiihigiszinvolving interaction of
M=n-butylphenylthioacetanide (113) and hydroxylanine. This
anidoxine (110) could also be nraduced by the intceraction of
1-bromophenylacetylene, n-butylamine and hydroxylamnine in the
absence of cuprous chloride. The second product was stated to
possess the molecular formula C H N O0; 1t was produced

16 26 2
exclusively when hydrazine wos used as reducing agent in nlace of
hydroxylanine in the¢ reaction mixturce Acid hydroysis gave
phenylacctic acid while mild alkaline treatment produced
N-n-butyphenylacetanide (114). On the baosis of these reactions
this sccond product was assipgned the amidine N-oxide structure
shown (112).

Such a structure type has nct yet been recorded in the
vast literature on anidines & and related compaund543 ond it was
obviously desirable to confirm this novel structure by synthesise
The obviocus izode of approach seencd to involve interaction of
Nen-butylphenylthioacctanide and the hitherto unknown N-n~butyl-
hydroxylamine.  Attenpted preparation of this latter compound by
reduction of l-nitro-n-butanc by Bcckmann's44 nethod (zinc and

amnoniun chloride) gave poor results but controlled catalytic

hydrogenation furnished an excellent yield of N~n—-butylhydroxylamine



as its crystalline oxalate. A wide variety of conditions was
then tried to effect condensation between this base and both
N-n-butylphenylthioacetanide (113) and N-n-butylphenylacetanide (114)
to produce o compound of structure (112) but all prooved abortive.
At this juncture suspicions werc aroused as to.the
authenticity of the structural assignment (112)s To re—exanine
the problen the compound in question was re-prepared fron
1-bromnophenylacetylcne by Behr'sl nrocedure; significantly the
same conpound was produced by reaction of l=bromophenylacetylene
and n=butylamine alone and this latter reaction was markedly
catalysed by trace quantitics of cupric acetate (fig.8). The
resulting hydrochloride was converted into the corresponding free
base which was purified by distillations Elenentary analysis on
thig product and its derived hydrochloride surprisingly showed then
to be oxygen free and corresponded o the molecular formula
C H N . This formula strongly suggested the sinple anidine

16 26 2
structure (111) for this product, a suggcstion borne out by its

gg
spectral characteristicse As firn confirmation of this assignment
authentic N,M'-di{n~butyl)phenylacetanidine (111) was prepared by
interaction of Nen-butylphenylacetamidochlorida (115) (obtained
fron N-n-butylphenylacetanide and phorphorus. pentachloride) and
n-butylanine. The resulting amidine and its hydrochloride were

identical in all respects with the product fron l-bronophenylacetylenc.

The explanation for Behr's misleading analysis can possibly be
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assigncd to contamination with the corresponding hydrobronides
Attenpts to extend the reaction between l-bromophenylacetylene and
other bases such as analine and o=phenylenedianine were
unseccessfule

Mornally these side reactions do not occur to any extent
in Cadiot—Chodkiewicz couplings because of the great speed of this
latter process and the fact that relatively small anounts of
reactive anine and of hydroxylanine hydrochloride are enployede
However, it is clear thot complications of the above type should
be borne in nind whenever a sluggish bronocacctylene conponent is
being used or nodified reaction conditions employeds  Related

45 46
conversions of ethoxyacetylene and >f bronopropislic acid  into
amidines have been renorted, while nore recently,
l-brononhenylacetylene hos been found to give 2,2~di(diethylaminc) —

47

styrene on treatment with diethylanine . It is evident fronm these
48

results, the nresent work, cnd from very recent studies , that

l~bronoacetylenes are not so inert to mucleophilic substitution as

had been believeda
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EXPERIMENTAL - PART TI.

1=-Nitro-n=-butane

n=Butylbronide (41 g3 043 nol) was added to a stirred nixture

of sodiun nitrite (36 g: 0e52 mol) in dincthlformanide (600 nl)

in a water bath at roon teaperature (cfa50). After 6 hours
stirring the rencti.n nixturce was poured ints ice-water (le.5 1)

and light netroleun (bepe 40—6003 100 ol) ond thoraugﬁly extracted
with light petroleun (100 nl x 4)e  The petrol extracts were dried

(MgS0 ) and evaporated under vacuun (20 nn)e  The l-nitro-n-butane

o 49
was collected at 74-80 /20 mnm (14.0 g3 45%) (Zublin  b.pe
o) -1
151=2 /760 mn)e V) max (filn) 1560-1530 s, (MO ) and 1340 n cn
2
(MO )
2

Attenpted prenaration of

N=n=butylhydroxylaonine hydrochloride

zine powder (12.3 g3 0419 nol) was added slowly to a
stirred ice-covled mixture of l-nitro-n-butane (7.6 g3 0,074 mol)
and anmoniun chloride (2.7 g3 0.051 nol) in water (36 nl) ~nd the
stirring was contimued for 3 hours (cfe 44)s The reaction nixture
was then filtered and the filtrate acidified (HCL, 6N) and
evaporated to drynesse. Final traces of water were remnuvved by

azeotronic distillation with benzenee The residue was dissolved

in ethanol and the inorganic salts were filtered off. On addition
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of ether nv product was precipitated. The solvents were then
renoved to furnish a viscous oil (6.7 g), ‘W max (film) 3406 to
2450 cm_l as a broad poorly resolved band; the pattern of
absorption was sinilar to that of an authentic sample of
N-methylhydraxylamineAA. The product gave a red-purple
cclouration when treated with an alkaline solution of
triphenyltetrazoniun chlaride62; it is likely therefore, that it
contained the required hydroxylanine, but the procedure obviously

possessed little preparative valuee

N-n—-Butylhydroxylanine oxalate

A solution of l-nitro~n-butanc (5.15 g3 0.05 nmol) and
oxalic acid (315 g3 0.029 nol) in water (40 nl) was hydrogenated
over a 10% palladiun charcoal catalyst (0.5 g) (cf. 51)s  The
theoretical uptake of hydrogen was observed (2.24 1)  Filtration
of the catalyst and removal of the water by rotary evaporation gave
large colourless plates which after recrystallisation fron
n-butancl gave F-n-butylhydroxylamine oxalate as colourless plates
(3.81 g5 30%) nepe 116.5—118.50. (Found: C, 44.75; Hy, 8.70; N, 10.10s
C H OU requires C, 44.75; H, 9.00; N, 10.455)e V nox (mujol)

10 24 6 2 =1 -
3500 to5 2000 (extensive hydrogen bonding) and 1550 e (RCO ).
The oxalate on treatment with sodiun carbonate solution and Sther
extraction furnished the free base, N~n-butylhydroxylanine, as

b}

colourless needles nepe 49~50 , which rapidly deteriorated on

exposure to the atnosphere; \J nox (£ilm) 3275 s, 3140 s, and 2975 to




L2e
=1
2700 cn (broad band). Meither the oxalate nor the free base

formed derivatives with sodiun picrate or picric acid respectively.

Attenpted vreparation of N,N '=di(n-butyl)phonylacetanidine=N-oxide(112)

by reaction between

1
(a) W-n—-Butylohenylthioacetanide (113) ond crude

I-n-butylhydroxylanine hydrochloride

The thioacetamide (113) (1.09 g; 5.3 nenol) and the 0il which
was presunably the N-n-butylhydroxylanine hydrcchloride (0.66 g3
53 1nenol) were refluxed in nethansl (20 nl) with sodiun carbonate
(0456 g3 543 mendl) for 27 hours. The solvent was removed under
mocuun (20nn) and the residue was treated with sodiun carbonate
solution (4N, 10 nl) and extracted with cther. The cther extracts
were extracted with acid (HC1,6N) and acid layer hasified (solid
sodiun carbonate) and re-—cxtracted with ether. The ether solution
after thorcugh drying (MgSO ) was treated with hydrochloric acid
£a8e No solid was precipiéated and the solvent was removed to
furnish a viscous 2il (0.87 g) showing i.r. absorption identical
to the starting hydroxylamine hydrochlorides

Repitition of this cxperiment in the absence of solvent

and under a carbon dioxide atmosphere gave the same result.

(b) /...
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/(b) N~n~Butylohenylthisacetonide (113) and

N-n=butylhydroxylanine oxalate

The thioacctanide (113) (414 ng; 240 menol), and the
hydroxylamine oxalate (268 ng; 1.0 n.nol) were refluxed in methanol
(20 nl) in the oresence of sodiun carbonate (212 ng; 240 n.nol)
for 72 hourse. The reactionwesworked up as in (a) and treatnent
of the ethoreel solution of the basic conponents with hydrochloric
acid gas deposited an 0il which could not be induced to solidify.
Treatnent of this product with sodiun carbonate solution ond ether
extraction nrovided o yellow 2il with an i.r. spectrum not at all
sinilar to that recordedlfor the postulated anidine~N-oxide base
(112).

Various nodification of this reaction were attempted; it
was conducted in an atmosphere of carbon dioxide to prevent any
possible autoxidation of the hydroxylaminesz; the reactants were
heated in the absence of solvent to 130D for 14 hours; an attempt
was nade to catalyse the reaction by the addition of nmercuric
chlorideAzg finally dinethylformanide was used as the solvent.

In no instance was a solid obtained and the i.re spectrun of the

nroduct was always poorly resolved.

(c)/ees
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1
/ (c) H=n~Butylphenylacetanide (114) and ¥~-n-butylhydroxylanine

oxalate

The acetanide (114) (380 ng; 2.0 menol) ond the
hydroxylanine oxalate (270 ag; 1.0 n.nsl) were refluxed in ethanol
(15 nl) in the prescnce of sodiun carbonate (210 ngj 2.0 memol) for
7 dayse The solvent wos then renoved by cvaporatiqn (20 ur), saturated
sodiun corbonate sclution added, and the resulting solutiosn extracted
with cthers  The cthercal extracts were then extracted with acid
(HC1l, 6F) and the acid solution ncutralised with solid sodiun

o)
carbonatce Golourless ncedles (151 ngs) mips 49-50 rosc to the
surfaccs A nixed nelting point deternination and the i.r. spectrun
showed this proaduct to be simply the P~n~butylhydroxylanine frec basc.
Ether extroction of the basic aqueous solution afforded no further
material,
i n

Preporation of the so-called N, W1=~di(n=buty)phenylace tanidine~lk-oxide

1
(112) by Behr's ncthad.

Cuprous chloride (18 ng) was added to stirred solution of
n=butylanine tethanol (4:1; 42 nl) under nitrogens he resulting
blue colouration was renoved by the addition of hydrazine hydro=

o)
chloride (ca. 100 mg). After cooling the solution to =5,
1~bronophenylacetylenc (1.8 ¢) in ether (10 nl) was added dronwise
over 15 nimutess  Stirring was continued for 1 hour at roon

temperature, and the reacti-n was then evaporated (1.0 nn) at the

sane teuperaturc. The residue was acidified (HC1, 61), and extracted
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with cther; the cther layer was sct aside.  The aqueous layer
was neutralised with solid sodiun carbonate, whereupon a brown
211 separated. (o blue colouration, found by Behr, was detected
at this point). Chloroforn extractisn provided a vcry viscoug oil

which crystallised on trituratione Recrystallisation fron ethanols

o]

ether at ~80 gave the anidine=l=oxide hydrochloride (112) as

o o)
colourless nicroprisns (1e6 g3 54%) nepe83=84 (Behr nep.84-85 )
A iixed melting point with Behr's product was undepressoda

(Found: C, 65.75; H, .95; N, 11.60; O, 0s34e C H N 0.HCl. (112)
16 26 2
requires C, Ohed; Hy 9el; 1Ty Sedy 0, 5.35..)

L sanple of the hydrochloride (112) wos neutralised with
saturated sodiun carbonate solution and the free base extracted
with ether. Renoval of the ether furnished an 0il which was

o
distilled (118 /0.15nn) +o pive the free base as a colourless oil
20
n  =1.5180. (Found: C,77.55; H, 1043 1, 11.1. C H N O
D 16 26 2
(112) roquires C,73.2; H, 10.05; N, 10.73. However, ¢ I N (111)
16 26 2
requircs C, 77«93 H, 10.65; 1, 11.4%). The free brse was dissolved

in ether and extracted with acid (HC1l, 6M).  Chloraforn extraction
of the acid layer gave the hydrochloride which sclidified on

renoval of all traces of solvent (0.15 nn)e Recrystallisation
o]
(x4) fron cthanolsether at =80 provided the purc hydrochloride |
S -
as colourless nicroprisis n.pe 86=87 o (Found: C, 67.8; H, 9.75;

N, 10.1o C H ¥ 0.HCL (112 requires C,64.4; Hy 9el; M, Qul%s
16 26 2




FAH
However C H I . HCL (111) requires C, 67.9; 1, 9463 Ny G40 )
16 26 2
The analytical data for the free bose and the regenerated

hydrochloride necessitate a reassignnent of an enidine structure

C H N (111) for this product.
16 26 2

Attenpted reduction of the postulated ", N'=di(n~butyl)phenylacctanidine

~N-oxide! (112)
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(n) Sulohur diosxidc

The Manidine—T—oxide" hydrochloride (112)(250 ng) was
dissolved in chloroforn (60 nl) and sulphur dioxide gas bubbled
through the solution. Aliquots (15 nl) werc removed at time
intervals up to 10 days but the i.r. spectrun of cach showced only
unchanged starting mrterial,

54
(b) Lithiun aluniniun hydride .

The "amidinc—N-oxide® (112)(723 mg) was stirred at roon
tenperature in anhydrous ether (20 nl) ond lithiun aluninium hydride
(210 ng; 4 mol cxccss) added. Fo evolution of heat was observed
and the solution was refluxcd for 18 hours ond then cooled in an
jce-bathe The cxcess hydride was deconposed with water (0.25 nl),
sodiun hydroxide solution (15%; 0425 nl) and a further quantity of
water (0675 nnl). he rraction nixturc was filtered, the salt
residues washed with warn cther, and the ethereal solution dried
(MgSO ).  Renoval of the cther nrovided a colourless 2il (660 ngs
Ol%) posscssing an ier. spectrunm identical to that of the starting

naterial.
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Synthosis of N,if'=di(n-butyl)phenylacetanidine (111)

Phosphorus pentachloride (450 ng; 2.17 n.nol) was
refluxed in benzene (30 nl) till the evolution of hydrochloric acid
gas had ccased (efe55)e  Men-butylphenylacetanide (382 ng; 240 menol)
was added to the csoled sclution and n~butylanine (146 ng; 2.0 nenol)
in benzene (5 nl) added innediately the anide wes dissslved. After
3 hours reflux, the s.lvent was cvaporated, and a ninimal volune of
ethanol was added to dissolve the residuee  The resulting solution
wns treated with anroniun hydroxide (0.880) ond extracted with ether.
Treatient of the thoroughly dricd cther extracts with hydrochloric
acid gas furnished the crude hydrochloride as an oil which was dried
by azeotropic distillation with benzenes  Trituration rendered the
0il g51id and rcerystollisation fran ethanolsether at ~80J gave the
anidine hydrochloride (111) as a colourless nicrocrystalline powder
(57 ngs 20%) m.p.-83~843. This »roduct was identical (éixed
nelting point undepressed; iere spectrun) to that isolated fron
the reaction of l-brorsphenylacetylene (106) with the Cadiot—
Chodkiewicz coupling rearente

Attenpts to synthesise this anidine (111) by the interaction
of N-n-butylphenyacetaride (116) and n-butylanine hydrgchl:;ride59

0

or F-n=butylphenylthioacetaride (113) and n-butylanine  were

not successful, the starting uaterials being recovered unchanged.




Phenylureide of the Anidine (111):  (cf 61)

A dry ethereal s>lution of the anidine (111) (184 ng;
0475 ne10l) and phénylisocyanate (59 ng; 0475 renol) was held at
roon termerature overnishte Retioval of the ether left a pale
orange 2il (230 ng) which s2lidified at ~SOD. Recrystallisation
(x5) fron aqueous acctone provided the phenylurcide as off-=white
necdlcs (30 mg) m.p.238—2443 whosc nelt indicated the prescnce of
a brown erystalline ispurity.  Sublitation (1700/0.07 an)
nrovided a sanple 2epe 241~2443, which was still inpurce. (Found:
C,73.9; Hy 5.65; N, 13.5. C H N O rcquires C, 75.9; H, 8.55; W,

23 31 3

11.5%)

"> picrate or oxalate derivative of the anidine could be

nadc.

Investigation of the convper ion catalysis of the anidine fornation.

(a) Non-cabalyscd reactions

1-Bron-phenylacetylene (106)(1.8g; 10 me10l) was
dissolved in n~butylanine (50 nl) and aliquots (10; 5 »1) were
renoved at intervals. The aliquots were worked up by cevaporation,

addition of ether and extraction (x2) with dilute nitric acid.

Standard silver nitrate solution was added and the cxcess was titrated

against standard potassiun thiocyanate solution using a ferric olun
indicator. (Ferric ammoniun sulphate (5 g) in water (50 nl) and

concentrated nitric acid (5 nl), builed vigorously to renmove oxides




sf nitrogen)s The titres arc rccorded belows

Repetition of this reaction without removal of aliquots
and with the usual work up furnished, after a reaction perisd of
2/, hours, 25% of unchanged l~bronophenylacetylene and 70% of an
oil fron which the pure aridine (111) hydrochloride was isolated
in 25% yield. |

t (mins)  KSCH titre v. Vole of LglO  Vol. of AgNO

20 =1 AgNO reacted (as3 reacted 3

(n1) 3 KSCH wols) (1)

0 20,30 1565) 0.4

35 19 ¢47 1.83 1.72
56 18.76 2e54 2438
138 17.66 3464 3.1
198 116490 4.4b 4el3
258 16.01 5.29 4496
303 15.29 6.01 5465
1248 7490 13440 12.60
1458 © 6490 14,440 13.51
2800 C0.04 21.26 20.00

(10.65 1l KSCN solne == 10,00 21 AgHO soln.)
3

(B) /uns
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/(b) Cupric ion catalysed reaction s

The experinent wns repeated as in (a) with the addition
of cupric acetatc (30 ng; cae 2% per nole of bronoacetylene)s Tle
acetate ion does not interfere with the cstimation of the bronide
ion liberated.

t (nins)  KSCU titre ve Vole of AgNO_ Vole of AgHO4

25 nl AglO reacted (os 2 reacteds
(:1) 2 KSON vol.) (1)
(n1)

0 24,409 2.36 224
45 20,07 6.38 6,03
60 19.77 6.68 6431

120 15.72 10473 10.18
180 9.33 17.12 10.21
240 537 21,08 20.00
305 Le55 21.90 20,70
340 LTl 2174 20,60
1260 1.15 25430 24,400

(10458 n1 KSCN solne = 10.00 nl AgNO soln.)
3
These results arce illustrated graphically (fig.8). It
is evident that the addition of cupric ion has a nmarked catalytic

effect on the formation of the anidine.
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Attennted anidine fornation fron aniline. and l-bronophenylacetylene

1-Bromophenylacetylene (1.8 g) and aniline (50 ~1) were
nixed and left at roon tenperature for 5 dayss Basification
with sodiun carbonate solution £ollowed by cther extractiosn and
renoval of the solvent and excess aniline (flanmc distillation) gave
-1
a black glass (570 ng), showing no absorptisn between 1700-1600 cn

(C=1N). Treatnent of an cthereal solution of the product with

hydrochloric acid gas pave only aniline hydrochloride.

Attenpted anidine fornation fron o-nhenylencdianine and

1-bronophenylacctylenc.

1-Bronophenylacetylene (3.6 g) in ethanol (5 nl) was
added to a solution of o=phenylenedianine (2.15 g) and cupric
acetate (72 ng) in ethanol (30 nl). After 24 hours at roon
tenperature the reaction was acidified (HC1, 6M) and ether
extraction furnished unreacted l-bromophenylacetylenc (2.4 g)e
Neutralisation of the acid layer with solid sodiun earbonate and

ether extraction furnished only o-phenylenediaorine (1.9 g)
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STUDIES I¥ ACETYLENIC HETEROCYCLES

It is well known that there is a very close similarity in

physical and chemical properties between aromatic hydrocarbons
and the corresponding sulphur compounds in which the grouping

—CH==CH— is replaced by formally bivalent sulphur. The
simplest exazple of this occurs with benzene and thiophene and their
derivatives. 2 (& The similarity of the electronic stricture Zf
thiopherie and benzene has been examined by Schomaker and Pauling v
from the valence bond viewpoint and Longuet-—Higgin565 using the
techniques of molecular orbital theory. The former investigators
have postulated that structure such as (116), (116 a) and (116 b)
contribute to an extent of about 10% to the thiophene resonance hybrides
Such structures involve the sulphur atom in a decet of electrons and
the participation of sulphur d orbitals has thus been invokede
Longuet-Higgins has shown that, if this participation of the sulphur
3d orbitals is taken into account, the atomic and molecular orbitals
of the 4Y —electrons in a thiophene derivative correspond closely
with those of the analogous benzene derivative. While the

TY -molecular orbitals of benzene can be derived from six ethylene
molecular orbita1s66 (the two types (117) and (117 a) are shown), the

TY -molecular orbitals of thiophene can be constructed by

substituting for two of the six ethylene orbitals (one of each type)

sulphur orbitals, of similar symmetry, dimensions, and binding energy.
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Hybridisation of a sulphur P orbital (118), a dXZ orbital (119)
and a dyz orbital produces three pd2 hybrid orbitals which have the
correct symmetry and energy to interact with the P, orbitals of the
ring carbon atoms. This is illustrated in the thiophene structure
(120) shown where the non~bonding orbital (dotted) of the sulphur
atom is vacant.

A further striking example of this effect of the substitution
of a sulphur atom occurs in cyclopenta—.{cj}~thiapyran (121) o7 which
is iso-AT =~electronic with azulene and shows ultra-violet and visible
light absorption very similar to this hydrocarbon. Two even more
esoteric illustrations of this principle are provide by the
unexpected degree of stability shown by the four-membered
sulphur-containing systems (121 a)87 and (121 b)8?

This possibility of d orbital interaction possessed by the
sulphur heteroatom, coupled with the properties of the Huckel-
type hydrocarbon 18-annulene (72) (discussed in Part I) prompted
an attempt to sythesise the iso~ 77 —-electronic 1,6,11~
trithiacyclopentadeca=2,4,7,9,12,14~hexaene (122). An obvious
starting material for this compound would be the isomeric
triacetylene 1,6,11-trithiacyclopentadeca~3,8,13~triyne (123) from
which the production of (122) may be envisaged by a multiple
base—-catalysed prototropic rearrangement of the type used by Sondheimer.

The reaction between 1,4~dichlorobut—2=yne and sodium sulphide

was therefore explored in the hope that the desired triacetylene (123)
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would be at least one of the products formede In the event much
polymeric material was encountered but a crystalline high-melting
sparingly-soluble product was isolated in low yield (0.2%) with the
exﬁected empirical formula CAH Se This yield was improved
considerably (21.5%) by the usi of aqueous ammonium sulphide. A
conventional molecular weight determination was precluded by the low
solubility of the compound, which also negated nem.r. examination.
However, mass spectrometry measuremeqts showed no peak higher than a
mass number of 167 corresponding to a molecular ion, C H Si} this

872
immediately suggested a molecular formula of C HS for the product

which in turn poin*ed to the structure (124) aj 2 iossible
representation of the compounds This indication was fully confirmed
by an X-ray crystal analysis carried out by Dre GesAs Sime The crystal
was found to Bevmonoclinic with lattice parameters a 738, b  4el4,
c 13,25 X, F ::109O 30' and the space group is 221/3. The
.Sharpened Patterson Brojection on (010) was interpreted by a
superposition methodug, and gave a direct determination of the
molecular structures There are two molecules in the unit cell and

as there are four equivalent positions in the space group ggl/g the
molécule is required to be centrosymmetric;. thus it cannot possess

a boat-like conformation but must be either flat or, much more
probably, chair-like. The atomic coordinates were refined by
several cycles of structure-factor and Fourier calculations and the

value of R, the average discrepancy between measured and calculated

structure factors, is now 17%. The electron-density projection
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along the b axis is shown in figure 6.

It is noteworthy that an early claiméio have obtained
the oxygen analogue of (124) in minute yield by interaction of
acetylenedimagnesium bromide and dichlorodimethyl ether has
recently been substantiated by Sondheimerl? the two heterocycles
have very similar melting points. The crystallographic data reported
for the oxygen analogue shoir that it is not isomorphous with the
sulphur compound but both heterocycles have the same space group
gzl/g and a chair conformation. Our own attempts to prepare the
oxygen analogue (125) either by the condensation of 1,4-dichloro-
but—2-yne with 1,4-dihydroxybut~2=yne or by the bimolecular cyclic
dehydration of this latter compound were entirely unsucceassful,
Sondheimer15 was also able to isolate the fifteen-membered
trioxa—compound, although the yield (0.5%) was much lower than that
(2%) of the ten-membercd dioxa~compound (125). In our own case the
relatively high yield of (124) may reflect the favourable effect which
the rigid chains of four carbon atoms may exercise in bringing about
cyclisation once the probable intermediate, (ClCHgCEEECCHZ) S, has
been formed. This would seem especially plausible in viewzof the
relatively high concentrations and the inhomogeneous conditions
employed,

The diyne (124) presents interesting possibilities for

ligand formation involving the 7YV ~orbitals of the triple bond and

the d orbitals of the sulphur atoms and indeed metallic derivatives
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were readily obtained. With silver nitrate a sparingly soluble
complex (decompes above 1700) was formede Mercuric chloride formed
a 131 complex (m.p. 148—1500) with the diyne (124) and the complex
with dipotassium tetrachloropalladate was a black amorphous powder.
No complex was formed with either nickel chloride or nickel bromide
and the diyne was recovered unchanged after treatment with a
tetrahydrofuran solution of iron pentacarbonyl and en n-heptane
solution of iron enneacarbonyl.

Treatment of the diyne (124) in acetonitrile solution with
methyl iodide, 1,4~dichlorobut-2-yne, or benzyl chloride did not
appear to produce the corresponding sulphonium salts-

Hydrogen peroxide in acetic acid at room temperature

oxidised the diyne (124) to the disulphoxide (126) and excess of this
reagené over three days produced the disulphone (127). Both thesc
oxidation products were sparingly soluble crystalline solids, vhich
decomposed slowly at high temperatures without melting. On

o)

continued heating above 220 the disulphones (127) sublimed and did

not lose sulphur dioxide to form cyclo-octatetraene as might have been

expected (cf.86). Attempted base catalysed rearrangement cf the
disulphone (127) with potassium t-butoxide was ineffective.

The proximity in space of the two triple bonds on opposits
sides of the molecule of (124) suggested that some transannular
interaction between them might be effected by light activation. In

the event the diyne (124) was unaffected by ultra=violet irradiation
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either in the solid state or when in solution in light petroleum or
benzened

Further confirmation of the structure of the diyne disulphide
as (124) was achieved by reductive desulphurisation with Raney
nickel in diglyme when n-butane, identified by gele.c., was produced.
Most unexpectedly for a sulphide the diyne (124) underwent smooth
catalytic hydrogenation in the presence of even the readily-poisoned
palladium~charcoal to give the cis,cis-diene, 1,6~dithiacyclodeca~3,~
8-diene (128); even vigorous conditions failed to reduce this diene
further to the completely saturated heterocycle. The structure
of (128) was capable of confirmation by nemer. Spectroscopy as it
proved to be much more soluble than the starting diyne (124). Thus
the nemers spectrum(iingg the eight methylene protons as a doublet
centrc, on T = 6.83 and the four olefinic protons as a triplet
centred on T = 4.52 (J= 6 copoSe)s Sodium in ammonia reduction
of the diyne (124) provideda low yield of a volatile malodorous
0il which g.l.c, examination proved to be too complex for further
examination in the time available. An attempt to synthesise the
diene (128) from cis=1,/-dichlorobut-2~ene and ammonium sulphide
produced only malcdorous oils.

The diene (128) formed a bis mercuric chloride complex but
was rccovered unchanged from an n-hexane solution of molybdenum
hexacarbonyle It has been showngo that ultra=-violet irradiation qf
cis,cis»cycloocta~1,5~diehe produces the saturated hydrocarbon

tricyclo— [3,3,0,0—} —octane. The somewhat analogous heterocyclic
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diene (128) was therefore irradiated in a like manner to see whether
an analogous transannular bond formation took place; it proved to be
unaffected by the treatment. Oxidation of the diene (128) with
hydrogen peroxide in acetic acid furnished the diene-disulphone (129)
as highly inscluble colourless needles (decompes. pe BOOO)u Prolonged
refluxing of the diene (128) with potassium t-butoxide in t~butanol
did not cause rearrangement of the double bonds so that they became
conjugated with the sulphur atoms.69

Base catalysed prototropic rearrangement of the diyne (124)
to the fully conjugated tetraene was then attempted, Treatment with
potassium t-butoxide in t~butanol caused a rapid transformation into
an isometric low-melting substance with a naphthalene~like odour.

This product gave a violet colouration with isaZin—sulphuric acid
indicating the presence of a thiophens nucleuse. 3 (0] More

detailed identification of this product came from its spectral
propertiess The ne.m.r. spectrum (fig 7) showed (a) four methylenic
protons as a quarte’s,( T = 7.05, 6.75)} (b) two cis vinyl protons-as an
AB quartet (T = 42, 3.54; J =11 c.p.s.) and (c) two thiophene

ot —protons as two doublets. (T° = 3027 and 3¢l; J = 3 cCepeSe)s
The mass spectrum showed prominent peaks at 168 (parent molecular ion),
153 (loss of CH2) and 140 (loss of ~CH2—CH2 ~)e The infra-red
spectrum showed absorptions at 3096 (  thiophene =CH), 30101

(cis HC =CH), 797 and 788 (thiophene ¢X —~protons), 745 cm_

(cis HC =OCH)s In the ultra=-violet region the product showed end
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absorption and A max =290 mu (§ = 15,800).  All these
properties were fully compatible with the structure 4,9-
dithiabicyclo- [5,3,0:] —deca—l(lo),2,7-triene (130) proposed
for this rearrangement product.

The conditions of the rearrangement reaction were studied
carefully and it was found that the yield reached a maximum (64%)
when the diyne (124) was treated with an excess of freshly prepared
potagssium t-butoxide in t—buﬁanol for 15 minutes at 600 « A poor
yvield (8%) was obtained with ethanolic pofaSSium hydroxide and no
reaction occurred with triethylamine, potassium hydroxide (pellets)
in petrol, grade (H) alumina, potassium t-butoxide in benzene or
sodium methoxide in methanol,

A tentative mechanistic proposal for this rearrangement
reaction would involve the prototropic generation of the diallene (131)
followed by carbonion-induced transannular bond formation as showmns
The formation of a thiophene ring certainly provides a powerful
driving force for this transformations

The thiophene (130) did not form a complex with mercuric
chlorides. Raney nickel desulphurisation of the thiophene (130) gave
no gaseous product and attempts to isolate the expected product,
3,4~dimethylhexane by ether extraction were completely unsuccessful;
cold trap isolation of the product gave an oil which was not identified.

Its infra-red spectrum was not similar to that recorded for 3,4~

dimethylhexanes
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No definite product could be isolated from the oxidation
of the thiophene (130) with alkaline potassium permanganate, potassium

) o}
permanganate in acetone, or performic acid at 70 .« This result

was not unexpected in view of previous reports63 (c) that no attempt
to igolate a 3,4~dicarboxythiophene from oxidation of a 3,4~
dialkylthiophene had yet succerdeds The thiophene was treated with
N~bromosuccinimide in the hope that introduction of a further double
bond would be accompanied by sulphur extrusion to give
8~thiabicyclo~ [4,3,0 ] —nona—l<9) »2shsb-tetraene (132) which is a
known compoundss. However no trace of (132) could be detected by
this procedure. Equally unsuccessful was the attempt to dehydrogenate
the thiophene (130) with 10% palladium-charcoale
Catalytic hydrogenation of the thiophene (130) proceeded

rapidly with the uptake of one molecular equivalent of hydrogen to
give the saturated thiophene (133)s The spectral properties of this
product were congistent with the P,P'—disubstituted thiophene structure
(133) proposed. Thus the ultrawvioleﬁ spectrum showed end absorption
and A max = 244 ?F with a shoulder at 250 TF and the ne.me.r. spectrum
(fig 7) showed the eight methylene protons of the seven membered
ring as two quartets centred on T == 735 (adjacent to 8) and

T = 6.80 (adjacent to the thiophene ring), and the two thiophene
o< -protons as a singlet at T = 3.17.

The saturated thiophene (133) was recovered unchanged after

attempts at selective desulphurisation of the seven-membered ring
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70
either with Raney nickel in acetone under reflux or with
alkal’ne hydrazine hydrate in triethylene glycol at 160O for
5 hours 71.

The interesting reactions of the diyne (124) prompted an
attempt to prepare the higher ring homologue 1,8=-dithiacyclotetradeca~
3,5,10,12-tetrayne (134) by an analogcus route, However treatment of
1,6~dichlorohexa~R2,4~diyne with ammonium sulphide produced only a
high yield of solid polymer from which no crystalline material could
be isolateds An dlternative route to the tetrayne (134) involving
the cyclic coupling of dipropargyl sulphide with cupric acetate in
pyridine was therefore tried. However it soon became apparent that
the copper salt was complexing with the sulphide (cf;72) and the
direct use of this latter in the rcaction was therefore impossiblc.

It was therefore decided to use dipropargyl sulphone (135) in the
hope that the cyclic sulphone obtained by acetylenic coupling of
this derivative could be reduced to the desired cyclic sulphide (134)
by lithium aluminium hydride. Dipropargyl sulphone (135), prepared
from the sulphide by oxidation with hydrogen peroxide in acetic acid
for three days at room temperature, was subjected to a variety of
coupling conditions. As tertiary bases were found to form highly
coloured insoluble complexes with the diynesulphone (135), the use of
the conventional cupric acetate-pyridine reagentB,A was precludeds A
eeZe 73574y 75
Glaser coupling of the diynesulphone (135) with an

aqueous ethanolic solution of cuprous chloride and ammonium chloride
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in an atmosphere of oxygen and at a variety of pH values of <. 3,
7 and 8~9 resulted in the rearrangement of the propargyl groups to
allenyl groups with the formation of diallenyl sulphone (136). The
diynesulphone (135) was recovered unchanged after treatment with
cuprous chloride and tetramethylethylenediamine76 in the presence

of oxygen. Oxidative coupling (cupric chloride) of the preformed
cuprous salt of the diynesulphone (135) produced a complex product
with strong allenic absorption in the infra-reds

It was felt that thé extraordinary facile rearrangement of
the diynesulphone (135) meriteda more detailed investigations The
diynesulpiione was therefore treated with a catalytic amount of
potasgium t-butoxide in t~butanole The product was an oil whose
spectral properties indicated the presence of diallenylsulphone (136)
contaminated by the starting diynesulphone (135). Purification of
the crude diallene (136) by sublimation was unsuccessful; it would
not form an addition product with either cyclopentadiene or dibromo-
carbonoce Silver nitrate was found to complex equally well with
both the diallene (136) and the diynesulphone (135).

In another attempt to obtain a pure sample of the
diallenyl sulphone (136) by milder basic treatment the dipropargyl
sulphone (135) was heated with saturated sodium carbonate solution.
In these circumstances it was rapidly converted in high yield to a
crystalline product (m.p.167-168o) of molecular formula CéHSSOB. Its

structure was clearly indicated as 2,6~dime thyl-1,/~oxathiin=4 /-~

dioxide (137) by the following spectroscopic properties. The hemer.
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spectrum showed a methyl group singlet (T = 7.8) three times the
total intensity of the doublet corresponding to the olefinic protons
centred on T = 3.95; the infra-red spectrum showed a strong
absorption at 1673 cmpl in accord with the stretching frequency
expected for the double bond in (137)s Hydrogenation of the oxathiin
(137) over palladium-charcoal gave as main product the crystalline
oxathiane (lBS)(m.p.104~lO5o) whose structure was confirmed by its
nem.r. spectrum which showed a broad multiplet centred on “ = 5.93
(two methine protons adjacent to an ethereal oxygen), a broad singlet

Y = 7.11 (the four methylene protons), and the two methyl groups
as a doublet at T = 8.61 and 8.72. This oxathiane (138) has been

79,80, 81

previo-sly prepared in a number of ways eege by treatment of
di( chhloroiSOpropyl)ether with sodium sulphide followed by oxidation
of the product, but its reported melting point has fluctuated between
101O and 1070. The oxathiin (137) itself had already been reported
in the literature77’78 but the quoted melting point of 119O was quite
different from our finding (m.p. 167-1680). The quoted method of
preparation involved the dehydration of the diketone (139) obtained
by the ozonisation of 3,/~dimethylbutadienesulphone., ‘This suggested
that the supposed 'oxathiin! obtained by these authors was in fact the
isomeric conjugated ketone (140) obtained by normal intramolecular
aldol condensation of the diketone (13%). To confirm this s“spicion

dipropargyl sulphone was hydrated by mercuric acetate to the diketone

(139); either base or acid treatment of this product gave a
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crystalline conjugated ketone (140) melting at exactly the temperature
(118-1190) recorded for the supposed foxathiin'. Mo trace of the
authentic oxathiin could be detectede The structure of the
conjugated enone ketone (140) was confirmed by its spectral
properties. The infra-red spectrum showed absorptions at 3015
( =cH), 1692 (C=0) and 1636 cm— (C=C) and the ultra-violet
spectrum had a N max = 236 m}1 ( g = 10,900). The NeMeTe
spectrum showed a broad singlet at 4" = 3.75 corresponding to
the single vinyl proton, a doublet centred on T = 6.08 for the
four methylene protons and a singlet at T = 7.71 for the methyl
group protons. The conjugated ketone (140) formed an orange
2,4=dinitrophenylhydrazone.

The readiness of these rearrangements of dipropargyl
sulphone (135) obviously stems from the powerful electron-attracting
natﬁre of the sulphone grouping which aids the removal of adjacent
hydrogen atoms as protons. It would appear that under anhydrous
basic conditions prototropic rearrangement takes place and an
equilibrium mixture of the diynesulphone (135) and the diallenylsulphone
' (136) is formeds In the ?resence of water, it would seem that
rearrangement to the diallenylsulphone (136) is followed by unilateral
hydration and subsequent intramolecular cyclisation with the formation
of the oxathiin (137)e An analogous reaction has been reportedgl

with diallylsulphone; which on treatment with mild base formed the

oxathiane (138). It is certain that the formation of the oxathiin
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(137) from the diynesulphone (135) does not proceed via the diketone
(139) which gives the aldol condensation product (140) on similar
base treatment as reported above.

Finally the synthesis of the nitrogen analogue of thg
diyne (124) was attempteds Following the procedure of Muller 2, a
cyclic condensation between 1,/~dichlorobut—2-yne and
p-toluenesulphonamide to give the bis~togsyl derivative of the
diazadiyne (141), could not be achieved under either mild or
vigorous reaction conditionse. An alternative route to the
diazadiyne (141) involved a reaction between 1,/-ditosylaminobut—2-yne
(142) and 1,4~-dichlorobut-2~yne, by amalogy with the work of Stetter
and Roos83. The preparation of the former compound involved the
tosylation of 1,4-diaminobut—2-yne previously prepared lOgin low
yield by interaction of 1,4~dichlorobut-2-yne and ammoniae To try
and develop an improved route to this diamine the hydrolysis of the
readily awmilable 1,4~diphthalimidobut~2-yne was investigated. Acid
hydrolysis gave phthalic acid and a product from which tosylation
gave a low yield of crystalline product; however analysis showed that
this was not the desired compound (142).

Hydrolysis of the 1,4~diphalimidobut=2-yne with a milder
reagent, hydrazine hydrate, was therefore tried. = In water or
dimethylformamide as solvent the starting material was recovered

unchangeds  In N-methylpyrrolidone, however, the required by-product

phthalhydrazide was obtaineda Subsequent tosylation gave colourless




o]
needles (meps229~230 ) which however proved to be

84 o
disp~toluenesulphonylhydrazine (m.ps 219-220 )i

precluded any further work on this pointe

the known

Lack of time

66
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EXPERIMENTAL
1,6~Dithiacyclodeca~3,8~diyne (124).
91

1,/~Dichlorobut=2~yne (18.0 g3 04146 mol) was added
to a stirred solution of ammonium sulphide (600 ml) prepared by
saturating ammonium hydroxide solution (0.880; 300 ml) with
hydrogen sulphide and adding an equal volume of ammonium hydroxide
to the resulting solution. After stirring for 18 hours the reaction
mixture was extracted with chloroform ( %X 2), and the extracts washed
with water and dried (MgSOA). The solvent was partially removed
under vacuum (20 mm) and the solution was set aside to allow
crystallisation to take places The crude diyne (124) was obtained
as almost colourless needles (3.51 g; 28.5%) which were recrystallised
from a very large volume of light petroleum (b.pe 100~120é) to give
1,é~dithiacyclodeca~3,8~diyne (124) as colourless needles (2.64 g;
21.5%), decomp. above 200° without melting; mepe 200" vhen placed
on the block preheated to 1900. (Found: C,57.05 H, 4654 CSHSSz
requires C, 571 H, 4.8% )« The mass spectrum showed predominant
peaks at 167 (parent molecular ion C8HVS ), 153 (loss of CH ), 135
(loss of 8), 122 (loss of CHS), 110, 91, 84, 70, 69, 58, 51, 45, 39«
X max (ethanol) end absorption (210—200 Qp) ( 2. 4,5800),
\} max (Unicam)(XC1l disc) 2225 (C -Cg, 140/ cm (CH2 lowered in
frequency by the adjacent sulphur atom/z)} The diyne (124) was not

found sufficiently soluble in deuterochloroform, acetonitrile,
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trifluoracetic acid, or liquid sulphur dioxide for n.m.r. measurements,
An X-ray anslysis (see discussion) was carried out by Dr. GsA. Sim.

For calculations on the Glasgow Univefsity DEUCE" computer,
programme893devised by Dr. J«Se Rollet and Dre. JeGe. Sime were employeds
The electron density projection along the b axis of the diyne (124)

is shown (fig. 6).

Hotes
1. Chromatography over alumina of the concentroted mother
Adiquors was not successful in providing any further pure component
as te.lecs cxamination of each fraction indicated the presence of

a complex mi%ture.

2e Reaction of 1,4~dichlorobut~R2-yne with 2 moles of sodium
sulphide nonahydrate in N-methylpyrrolidone for 2 hours at 400
~then 3 hours at room temperature furnished, with the work up
described above, the diyne (124) in 0.2% yield.

3. A mixture of 1,4=dichlorobut~2~yne and sodium sulphide
nonahydrate in water: ether (431) was vibromixed for 18 hours to
produce the diyne (124) in 1.8% yield.

Le 1,y4~Dichlorobut—2~yne in petrol (bepe 60—800) was allowed
to react with ammonium sulphide solution without agitation of the two

layerse  The diyne (124) was isolated in 6.5% yields
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Complex formation from 1,6~dithiacyclodeca =3,8~diyne (124).

Mercuric chloride complex

A solution of mercuric chloride (3546 mg; 0.131 memol)
in ethanol (2 ml) was added to a hot solution of the diyne (124)
(22 mg; 04131 memol) in ethanol (15 ml). On cooling the mercuric
chloride complex was deposited as small colourless rods (51 mg; 91%)

88

requires C, 21.85; H, 1.85; Cl, 16.1%)s V' max (Unicam)(XCl disc)
-1
1390 em  (CH ).
' 2

(o]
mepe 148-150 « (Found: C, 21.7; H, 1o7; Cl, 11e3. C H SZHgClZ

Silver nitrate complex

The diyne (124)(14 mg; 04083 memol) in hot ethanol
(10 ml) was added to a solution of silver nitrate (20 mg; 0113 memol)
in the same solvent (10 ml). A colourless precipitate (18 mg) settled
immediately, decomp. without melting from 1700 onwards. W max 1360 s
and 810 w cm—l (NO}). The insolubility of the complex precluded its

further purificatione.

Palladium chloride complex

~ Dirctaseium tetrachloropalladate (29 mg; 040895 memol)
in hot dimethylsulphoxidé (5 ml) was added to a hot solution of
the diyne (124)(15 mg; 0.0895 memol) in the same solvent (5 ml).
Addition of a few drops of water turned the solution cloudy and after
three days at room temperature a black amorphous powder (49 mg)

(decompe without melting at high temperatures ca. 3000) was isolated by
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centrifugation;. The complex was sparingly soluble in the common
organic solvents; 1t dissolved in warm dimethylsulphoxide but it
would not recrystallise from this solvente

Attempted complex formation between the diyne (124) and

either nickel bromide or chloride gave only unchanged diyne (124).

Attempted complex formation between 1,6wdithiacyclodeca=3,8~diyne. (124)

and iron pentacarbonyl.

The diyne (124)(81 mg; 0«48 m.mol) in dry tetrahydrofuran
(10 m1) and iron pentacarbonyl (95 mg; 0.48 m.mol) in the same
solvent (10 ml) were added to a three necked flask fitted with a
mercury ggs—seal and condenser, and previously flushed for 2 hours
with oxygén~free nitrogenes Aftar refluxing under nitrogen for
15 hours, the solution was filtered through celite and the solvent
removed at low temperatures by rotafy evaporation (20 mm) to furnish
yellow needles (125 mg) subliming at 195-—200O without melting as
found-for the starting material (124)e Sublimation (IOOo/b.l mm)
provi&ed the pure diyne (124)(73 mg; 90%) with an infra-red spectrum
identical to the starting material.

Similar treatment of the diyne (124) with a nitrogen~
saturated n-heptane solution of iron enneacarbonyl gave only unchanged

diyne (124).
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Attempted sulphonium salt formation between l,6fdithiacvclodeca—3,8-

divne (124)and alkyl halides

Methyl iodide:

The diyne (124)(42 mg; 0.25 memol) and methyl iodide
(128 mg; 049 memol) in acetonitrile (cae 5 ml) were sealed in a
Carius tube and heated at 60O for 18 hours. Removal of the solvent
from the resulting red solution furnished a ﬁrown 0il (81 mg) which
was only slightly soluble in water. Attempts to render this oil
solid were unsuccessful and less vigorous reaction conditions of

3 weeks at room temperature gave a similar brown oil.

Benzyl chloride:

A solution of the diyne (124)(24 mg; 0e143 memol) and
benzyl chloride (54 mg; O.43 memol) in acetonitrile (10 ml) was
left at room temperature for 6 weeks. On evaporation the diynme ;

(124) was recovered unchanged (i.rs; me.ps properties).

1,4~Dichlorobut=2=~yne:

A solution of the diyne (124){24 mg; 0143 memol) and
1,/~dichlorobut=2-yne (17.6 mg; 0.143 memol) in acetonitrile (5 ml)
was refluxed for 12 hours. Removal of the solvent furnished the

unaltered diyne (124)(i.r; m.p. properties).

1,6~Dithiacyclodeca—3,8—divne~l,6—dioxide (126).

The diyne (124)(61 mg) was dissolved in acetic acid (60 ml)

and hydrogen peroxide (30%; 0.2 ml) added. After 1/ hours at room
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temperature the solvent was removed to leave the disulphoxide (126)
as a colourless microcrystalline solid (76 mg) in quantitat’ve yield.
N/ max (Unicam)(KCl disc) 1408 m, (CHZ), 1045 vs cm— (8=0) and
no sulphone bands. Recrystallisation from dimethylsulphoxide and a
small amount of water gave the dZsulphoxide (126) as colourless
microprisms, slow decomp. without melting at high temperatures
(cae 3300)0 (Found: C, 47e7; H, 4e75 CgH S 0 requires
Cy 4B840; H, 4e05%). The disulphoxide (126)8w§sghighly insoluble

in the more common solvents.

1,6-Dithiacyclodeca=3,8~diyne~1,1,6,6=tetroxide (127).

| The diyne (124)(202 mg) was dissolved in hot acetic acid
(200 m1) and hydrogen peroxide (30%; 5 ml) added when the solution
was cool. After 3 days at room temperature the disulphone (127) was
found deposited as large colourless dendritic prisms (188 mg; 93%),
slow decomp. without melting 240-3000. The disulphone was dissolved
in hot dimethylsulphoxide and recrystallised by the addition of acetic

g8

Hy ?-5%)e 2 max (Unicam)(KCl disc) 2250 w (C = C), 1326 and 1310 s
-1
(twin) (soz), 1120 s em (soz).

acide (Found: G, 41.65; H, 3.55. C H 8204 requires G, 4l.35;

Attempted pyrolysis of 1,6-dithiacyclodeca=3.8~divne—.

1,1,6,6-tetroxide (127).

The disulphone (127)(36 mg) was pyrolysed at 205° in a

U-shaped sublimation tube with liquid-air cooling at the U~bende Aftor
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10 minutes colourless microcrystals of unchanged disulphone (127) had
collected in the trap and the residual solid was black and completely

decomposed.

Attempted base catalysed rearrangement of 1,6-dithiacyclodeca=—3,8-

diyne-1,1,6,6-tetroxide (127)

(a) The disulphone (127)(35 mg) was dissolved in
dimethylsulphoxide (15 ml) and a solution of potassium t-butoxide
(240 g) in the same solvent (2 ml) addeds The solution rapidly
developed a pink colouration. Af'ter 20 hours at room temperature
half the reaction mixture was acidified (HCl; 6N) and extracted
with chloroform ( % 3) but no product was isolated. The other
half was treated with ether (15 ml) but no product was precipitated.
Complete evaporation of the solvent using a rotary evaporator and oil
pump vacuum left a brown oil whose infra-red spectrum was poorly
resolved. Attempts to extract a clean product from this sparingly
soluble oil with various solvents were not successful.

(b) A solution-suspension of the disulphone (127)(62 mg) and
potassium t-butoxide (3 mg) in t-~butamol (20 ml) was left at BOOfor

20 hours and worked up by direct evaporation of the solvent. The

product, a pale brown solid, was recrystallised from dimethylsulphoxide-

acetic acid to provide unchanged disulphone (127) (iere)o.
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Attembted photoisomerisation of 1,6=dithiacyclodeca-3,8-diyne (124),

(a) The diyne (124)(25 mg) in light petroleum (b.p.60—800;

100 ml) was irradiated under nitrogen, with air cooling, for 4 hours.
Ultra~violet irradiation of wavelength 254 mr was useds.  The product
was shown to be composed solely of the diyne (124) starting material
by i.r. and t.lec. evidences,

(b) The same result as found in (a) was achieved by similar
irradiation in benrene solution for 21 hours.

(c) The diyne (124) was ground to a powder and spread as a thin
layer on the wall of the irradiation tube. After 18 hours, no change
(iere; telece) was observed.

Reductive desulphurisation of 1,6-dithiacyclodeca—3,8-diyne (124
94
Raney nickel (prepared from nickel=aluminium alloy with
0
rcaction conditions of 1 hour at 50 ) as a settled suspension (0,23 ml)

in 2,2'-dimathoxydiethyl ether (2.5 ml) was placed in a test tube
fitted with a gas inlet and outlet. The cGiyne (124)(7.2 mg) was held
magnetically above the reagent in a steel capsuls until the reaction
vessel had been thoroughly flushed with carbon dioxide which was then
absorbed by the potassium hydroxide solution (50%) of an azotometer
attached to the outlet. The diyne (124) was then dropped into the
Raney nickel and the reaction heated for 1 hour at 800 and tha liherated
gas (4.7 ml) collected in the azo“ometers (Theoretical volume of

n-butane, 0.95 mly a blank showed the liberation of 4.0 ml of hydrogan

from the Raney nickel in the absence c” the diyne (124))s G-lec. of
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the product gas (Pye Argon analyticalj; 25% Apiezon L on celite;
20Q) showed one peak (RsT. = 83 secSs)s An authentic sample of
n-butane had the same retention time and a mixture of the two samples
showed only one peak (R.Ts = 83 secs.)s From this it was concluded

that the product gas was n-~butane.

Cis,cis=1,b—=dithiacyclodeca—3,8=diene (128)4

1,6-Dithiacyclodeca=3,8-diyne (124)(67 mg; O./m.mol) in
ethyl acetate (20 ml) was hydrogenated over 10% palladium charcoal
(670 mg)s After the absorption of 1ls5 molar equivalents no more
hydrogen was absorbed, (see note)s Filtration of the catalyst
and evaporation of the solvent left a semicrystalline oil which was
recrystallised from benzene-light petroleum (b.p. 40—600) at OO to
give the cis,cis-diene (128) as colourless cubes (49 mg; 73%),
subliming between 130 and 1700. The cis,cis=diene was sublimed
(1200/0.1 mm) for analysis. (Found: C, 56.1l3 H, 6.8. CH 8

g 12 2
requires C, 55.8; H, 7.0%)e \) max(Unicam)(XKCl disc) 3023

(C=cH), 1424 s, (CHg; (CS solution) 769 s cm— (aouble bond) o

A max (ethanol) endNabsorption, and 227 mP (EE = 2,780). The
Nemers spectrum (CDClB)(fig 7) showed the eightvmethylene protons

as a doublet (T = 6.89 and 6.78; J = 6.6 c.p.s.) and the four
olefinic protons as a triplet ( T = 4«60, 4+52, and 4e42; JT= Lo8
and 60 cepes.) and thus confirmed the proposed cis,cic~diene structure

(128).
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95
Rep:tition of this hydrogenation in a Clauson-Kaas
hydrogenator consistently showed an absorption of 1.5 molar
equivalents of hydrogen. T.lo.c. examination of the crude product
showed, with a ceric sulphate spray, only one spot corresponding

to the diene (128); examination of the plate under ultra-violet

light, however, showed five additional weak intensity spots.

Attempted hydrogenation of cis,cis—1,6-dithiacyclodeca=3,8-diens (123)

The following catalysts were used in attempts to hydrogenate
the diene (128) further to the saturated heterocycle. The
95
hydrogenations were carried out in a Clauson-Kaas hydrogenator

with prehydrogenation of the catalyst by flushing the system with

hydrogen for 2 hours prior to the addition of the diene (128).

Wte of diene Catalyst Wte of Solvent Reaction
(128) mge catalyst. Time hrse
nge
a8l 10%Pd/C, L, EtOAc 5
3042 PO . 25 EtOAc ' 5
6.28 Pt0/HC10 L 15 HOAc 5
2 drops
HC10 .

In the three attempts shown no absorption of hydrogen was

observed and the diene (128) was recovered unchanged (isTe; toleCo)»
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Sodium-liquid ammonia reduction of 1,6-dithiacyclodeca=3.8-divne (124)

The diyne (124)(436 mgs; 2.6 m.mol) in dry tetrahydrofuran
(50 ml) was added over 10 minutcs to a solution of sodium (1.0 g;
4305 memol) in liquid ammonia (200 ml)e After 3 hours' stirring,
ammonium chloride was added in excess, followed by moist ether. The
ammonia was then allowed to evaporate completely and dilute
hydrochloric acid was addeds Extraction with ether ( X3 ), and
washing of the combined extracts with water furnished, on removal
of the solvent; a brown volatile malodorous oil (126 mg)e V' nax
(£film) -2950 s, 2890 s (CHZ) 1460 s, 1380 m (CH2), 750 w cm»lu L
sodium fusion test indicated the presence of sulphur in the product
while the absence of clefinic unsaturation was confirmed by a
tetranitromethane—carbon tetrachloride test. Teloce (silicag
benzene) examination showed only one elongated spot; however go.loce
examination (10% Apiezon L oa Embacil; 1250) of a sample of the
product after preliminary purification by chromatography (Woelm
aluming; grade 1 neutral; benzenej indicated the presence of a
complex mixture containing eight minor and two major components with
retention times ranging from 1.3 to 37.9 minutes. As detailed
s tudy' wouid have required thée application of time=~consuming

preparative ge.le.c. techniques, the process was not further examinod.
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Attempted synthesis of 1,6-dithiacyclodeca=3,8~diene (128).
96

7
Cis-1,4~dichlorobut—2~ene (640 g) was stirred with a

solution of ammonium sulphide (16%; 150 ml) for 18 hourse
Chloroform extraction ( X2 ), washing of the extracts and removal

of the solvent furnished a pale malodorous oil (3.5 g), whose
infra-red spectrum was unlike the starting dichloride or the desired
diene (128). Distillation (1800/100 mm) gave a red oil whose telocs

(silica; benzene) showed one long streak without dic:rete spotse

Mercuric chloride complex of cis,cis=l,6-dithiacyclodeca~3,8-dienz (1.28),

A solution of the diene (128)(33 mg; 0.192 m.mol) in hot
ethanol (15 ml) was treated with an ethanolic solution (5 ml) of
mercuric chloride (52 mg; 00192 m.mol). On cooling to room
temperature the bis mercuric chloride complex was deposited as
colourless plates (69 mg; quantitative yield based on the mercuric
chloride) decomp p°2130, preceeded by sublimation. The product vas
purified by sublimation (1000/190 mm) {Found: C, 13.5; H, 1e55;
Cl, 17.75, 08H1232°Hg2014 requires C, 13.45; H, 1.7; Cl, 19.87). :
%) max (Unicam){KCL dire) no 3023 ( ==CH), 1424 s (CHé), 758 s cmﬁ“

(double bond).

Attemnted molybdenum bexacarbonvl, complex of the diens (328).

The diene (128)(23 mg; 0,132 m-.mol) and molybdenum
hexacarbonyl (35 mg; 0.132 memol) were allowed to react in nitrogen-

saturated n~hexane under the conditions described for the reaction
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between the diyne (124) and iron pentacarbonyls The diene was
recovered unchanged in 75% yield by sublimation of the crude
producte A teloc. examination of the crude product (silica; benzene)

showed only one spot of the same R,f value as the starting diene (128).

Attempted photoisomerisation of the diene (128).

The experimental conditions for the solid state irradiation
of the diyne (124) were applied to the diene (128), whichy similarly,

was recovered unchanged (isre; telsce)

1,6-Dithiacyclodeca—3,8-diene~1l,1,6,6-tetroxide (129).

Ths diene (128)(25 mg) in acetic acid (25 ml) was treated
with hydrogen peroxide (30%; 0.5 ml) and set aside at room
temperature for 4 days. The dienedisulphone (129) was deposited
as colourless needles (31 mg; 90%) decomp. without melting
300—3100. (Found: G, 40.65 H, 5.35. CH S8 O requires

612 2 4
C, 40+65; 5.1%)s \) max (Unicam)(XCl disc) 3025 w ( ==CH),
1422 s (CH2), 1325 vs and 1120 vs (soz), 720 vs cm~l (double bond 2).
The dienedisulphone (129) was soluble in warm dimethylsulphoxide but

was sparingly soluble in the more common solvents.

Attempted base catalysed rearrangement of 1,6-dithiacyclodeca=3,8—
diene (128).

A solution of the diene (128)(35 mg* 00204 m.mol) in

t=butanol (15 ml) was refluxed under nitrogen with a solution of

potassium t-butoxide (23 mg; 0204 memol) in t~butanol (2 ml)e An
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aliquot, on acidification and ether extraction, furnished a white
solid whose infra-red and ultra-violet spectra were identical to
those of the starting diene (128).

Further additions of large amounts of base and prolonged

reflux periods did not induce rearrangement.

. - (10)
4,9=Dithiabicyclo~ £5,3,OAereca-l L,2,7-triene (130).
sty

General s

Solutions of the diyne (124) and potassium t-butoxide in
t-butanol were mixed at the temperatures stated and left for a variety
of reaction times. The reaction was worked up by acidification
(H280 s 6N) and ether extraction and washing of the extracts with
water. The crude product was then chromatographed (Woelm alumina,
grade 1; benzene) and further purified, if necessary, by

recrystallisation from aqueous ethanol to give the pure thiophene (130).

Expty Wheof | b, of TOC | Time | Vol.of | Ut. of |Wte Of |Wte of | Yieid!
No. | diyne | KOBu (hrsa)| tBuOH. | Crude |product |product %
mg. e mle | Product] after |fromag. | -
mge { AL O ethanol
23
mge mgs
11 23| 0.5 | 20/ 6 30 27 o f 1] 4
2 70 1.0 25| 2 20 54 29 10 14
3 70 1.0 0] 1 20 57 (27) 1 20
4 22 0.25| 45| 0.17 10 16 — 5 25
5 | 192 2.041 50| 0.25| 225 196 117 92 A
6 | 228 1.18] 60| 0.25| 145 — 122 94 41
7 | 322 1.671 60| 0.25| 200 286 207 —_— 64,
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Hotes:

(1) Only in experiment 4 was there a trace of the diyne (124)(telecs
evidence) in the product.

(2) Purification by chromatography was omitted in experiments 3 and
4 and in the former the crude product was sublimed (500/0.02 mm)

(3) 1In experiments 2 and 3 the diyne (124) was ground in a mortar
and used as a solution-suspension in t-butanol.

(4) Only in experiment 7 was freshly prepared potassium t-butoxide
used; in all the others resublimed potassium t-butoxide from
M«S.Ao. Research Corporation, Callery, P.A. was usede

(10)
4s9-Dithiabycyclo-[5,3,0] ~deca-l  ,2,7-triene (130)
recrystallised from aqueous ethanol as short colourless needles

m.p.56-570 with a strong naphthalenic odour. (Found: C, 57.0; H,

LeT56 CgH8S2 requires C, 57.1; H, 4+8%)e \) max (Unicam)
(082 solution ) 3096 w (thiophene C=CH), 3010 w (cis HC==CH),
o2

1398 m (GH2 lowered in frequency by the adjacent s3lphﬁr atom ),.
797 vs and 788 vs (thiophene X -proton), 745 s cm_L (HC =CH cis)e
. max (ethanol) end absorption and 290 %P ( EZ = 15,8C0).,

The nemer. spectrum (fig 7) showed four methylenic protons
( T = 7.17 and 6,985 J =11.4 c'.p.,s,(cH2 adjacent to S) and
T = 6.81 and 6.67: J= 8.4 CoPeSoe (CH2 adjacent to the thiophene
ring)), two cis vinyl protons as an AB quartet (77 = 4.30 and 4.14;
J= 9:‘.,6 Cepase (adjacent to S) and T = 3.63 and 3.443 J=11.4

c.pss. (adjacent to the thiophene ring)), and the two € -protons

-
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of the thiophene ring as two doublets ( T = 3.3l, and 3.25;
J= 3.6 copes. and T = 3.12 and 3,07; J= 3.0 c.pess) The mass
spectral break-down pattern showed strong intensity peaks at the
following mass numbers:— 168 (parent molecular ion), 167, 153,
140 (loss of ~0H20H,é), 136, 135 (loss of HS), 134 (loss of st), 123,
121, 97, 91, 77, 69, 65, 63, 51, 45, 39

63(b)

A test for the presence of a thiophene nucleus with
isatin and concentrated sulphuric acid gave a positive violet
colouration. The thiophene (130) did not form a mercuric chloride
complexe.

(10)
Attempted preparation of 4,9-Dithiabicyclo— ?: 5, 3,01 ~Jeca~1 325 7=

triene (130) using a variety of basic catalysts.

-Ethanolic potassium hydroxide.

A solution of the diyne (124)(26 mg) and potassium hydroxide
(1 g) in ethanol (20 ml) was refluxed for 2 hours. The reaction was
worked up as descr! ,>3d in the potassium t-butoxide in t—butanol
experimente An 8% yield of the thiophene (130) was achieved.

/4 hours reflux of the diyne (124) in triethylamine did not

produce any of the thiophene (130). No change was observed on
heating a light petroleum solution of the diyne (124) for 10 mimutes

at 100° in the presence of potassium hydroxide pelletge The diyne

(124) was refluxed in benzene with grade H alumina -without change.

2 Hours' reflux of the diyne (124) with potassium t~butoxide in benzene

or sodium methoxide in methanol produced no trace of the thiophene (130)
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(telece examination).

At tempted Raney nickel desulphurisation of 4,9~dibhiachyle%§,3,0}:
(10) -
deca~1 ,2,7—triene (130)

(a) Attempted isolation ongaSéoustroductSa

The reaction was carriéd 6ut as described for the
desulphurisation of the parent diyne (124). More stringent
conditions (refluxing diglymg for 0,75 hours) were employed and the
gas collected was shown by gslsce analysis (25% Apiezon 'L! on celite;
200) to contain no high molecular weight organic components as no peaks

were observed in the trace.

(b) Attempted isolation of products by ether extractions

The desulphurisation was carried out with Raney nickel in
ethylene glycol in a sealed Carius tube for 0.5 hours at 1000, followed
by 18 hours at room temperature. The tube was cooled to —800,
unsealed and the open end resealed with a serum cap. Once again
no gaseous product was detected by gelec. Ether extraction of the
reaction mixture afforded no product. Decomposition of the Raney
nickel with acid (HCl; 6N) followed by ether extraction was still

ineffective in securing any producte

(c) Attempted 'cold-trap!' isolation of products.

The desulphurisation of the thiophene (130) with Raney
o]

nickel was carried out in triethylene glycol at 55 for three hours.

At the same temperature the reaction was flushed with nitrogen for
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o]
1,5 hours and the volatile products collected in a cold trap at -80.
The infra-red spectrum of the oil product showed no resemblance to
that of 3,4~dimethyhexane (A.P.I. Research Project 44 No. 66)e The
gelece of the oil showed one peak (ReTe =132 secs; cof n-butane with

ReTe=283 secs.). No further attempt at identification was madee

(10)
Attempted oxidation of 4,9-dithiabicyclo- ( 5, 3&} —deca=l  ,2,7—

triene (130).

(a) Alkaline potassium permanganate.

The thiophene (130) (36 mg; 0.214 memol) was refluxed for
1 hour with a solution of potassium permanganate (157 mg; 1 memol)
and sodium hydroxide (1 g) in water (7 ml). The solution was then

acidified (H 3 61), treated with sulphur dioxide and extracted with

2804,
ether (x2)« The ether extracts were washed with brine (x 2) and
extracted with sodium bicarbonate, and after drying and removal of
the solvent furnished the unchanged thiophene (130)(26 mg)e The
bicarbonate extracts were neutralised and extracted with ether to
provide the acidic fraction as a brown oil (14 mg) whose infra-red
spectrum was characteristic of an acide The 0il could not be

induced to solidify.

(b) Potassium permanganate in acetone

A solution of the thidphene (130) (26 mg) in acetone (2 ml;
distilled from potassium permanganate) was refluxed for / hours with

a solution of potassium permanganate (140 mg) in the same solvent
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(3 ml)e Constant ether extraction of the reaction mixture, after
acidification (HZSOA; 6N) and treatment with sulphur dioxide,
afforded a brown o0il (11 mg) whose infra~red spectrum was not acidic

in character and whose tslec. showed it to be a complex mixture.

(¢) Performic acid,

A solution of the thiophene (130)(26 mg) in formic acid
(4 ml) and hydrogen peroxide (30%; 5 ml) was maintained at 7O~75O
for 3 hours. Evaporation of the reaction mixture gave no organic
product (no infra-red absorption between 1500-1300 cm_l; no spots
on t.lece examination); only inorganic peroxide stabiliser was
isolatede It is conceivable that the thiophene (130) was completely
oxidised to sulphur dioxide and volatile acidse
Attempted sulpbur extrusion and aromatisation of 4,9-dithiabicyclo—

_ (10)
{;,3,0J —deca~-1 52, 7=triene (130).

The thiophene (130)(17 mg) and N-bromosuccinimize (18 mg)
were refluxed in carbon tetrachloride (10 ml) for 72 hours, using a
100 watt lamp as the heat source. Examination of the reaction
mixture with telec. (ceric spray and ultra~violet light) showed only

the presence of the starting materials
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(10)
Attempted dehydrogenation of 4,9-dithiabicyclo [5,3,0] ~deca-l ", -
[ o

2,7-triene (130).

The thiophene (130) was recovered unchanged after 16 hours'!
reflux under nitrogen with 10% palladium~charcoal in either toluene
or p~cymenes Similarly no reaction occurred on heating the
thiophene (130) with 10% palladium~charcoal in the absence of
solvent for 1 hour at 1800. After'A hours at 300O under the same
conditions, a strong odour of hydrogen sulphide was noted on opening
the Carius reaction tubees However no product could be isolated

by chloroform extraction.

(10)
4;9-Dithiabicyclo [ 5,3,0] -deca=l _ ,7-diene (133)

The thiophene (130)(60 mg) in methanol (30 ml) was
hydrogenated over 10% palladium«charcoal (320 mg)e. The theoretbical
volumé of hydrogen (& ml) for the saturation of one double bond was
taken up in less than one minutes Filtration through celite and
removal of ﬁhe solvent furnished the saturated thiophene (133)

(58 mg; 97%) mepe 47~AQO which recrystallised from aqueous ethanol
as colourless needleé MePo 50—520. (Found: C, 56.35; Hy 5.8.
CSHIOS2 requires C, 564455 H, 5.9%). A max(ethanol) end
absorption, 244 m (€ = 5,330), and a shoulder at 250 mp

(£ = 4,060)s (cfo 3,4~dinethylthiophene 63 (@) X max (isooctane)
end absorption, 243 mp (€ = 5,600) and a shoulder at 250 %P

(€ = 3,200).). \) max(Unica.m)(cr{stalline £ilm) 3085 w

(thiophene <=CH), 805 & and 793 s cm (thiophene ot ~H)e The Nemer.
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spectrum (fig 7) showed two quartets corresponding to four methylene
protons adjacent to § ( “F == 7.58, 7.43, 7.27, 7.21) and four
methylene protons adjacent to the thiophene ring ( T == 6490, 6.86,

6.79, 6.70) and two thiophene <X —protons as a singlet (7 = 3.17).

Attempted partial desulphurisation of 4,9~dithiabycyclo- [513,03 -
(10)
deca—~l ,7—diene (133).
70
(a) Raney nickel-acetone .
94

Raney nickel (2.5 ml of suspension) was refluxed with

acetone (20 ml) for 2.5 hours to render it less active. The saturatied
thiophene (133)(20 mg) was then added and the solution was refluxed
for 10 minutes. The product obtained by filtration and evaporation
was unchanged starting material. When the reaction was repeated

with 1 houria deactivation of the Raney nickel and a reaction period
of 1 hour, again the saturated thiophene %%33) was the only product.

(b) Hydrazine hvdrate-triethylene glycol.

A solution of the saturated thiophene (133)(20 mg),
triethylene glycol (1 ml), hydrazine hydrate (100%; 2 drops) and
potassium hydroxide (40 mg) was heated at 160O for 5 hourse. Ether
extraction furnished the starting compound (133)(15 mg) unchangeds

(iorp; mi}(ed mopi)o

”AttemntedAsvnthesis of l,éudidxapyclodeca~3,84diyne;(125)s
(a) Equimolar quantities of 1,4-dichlorobut-2~yne and

1y4~dihydroxybut~2-yne in tetrahydrofuran (or water) were refluxed
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in the presence of excess sodium carbonate for 2 hourse The
reaction mixture was extracted with ether and the extracts washed
with water and dried. Removal of the solvent furnished a brown
malodorous oil whose infra—red spectrum corresponded to a mixture

of the two starting materials. Tolece (silicas benzene) examination
of the product showed the absence of any new compounds

(b) 1, 4-Dihydroxybut=2-yne (1,13 g; 1342 memol) was dissolved
in dry pyridine (20 ml) and p-toluenesulphonyl chloride (3.25 g3

17 memol) added. After 1 hour at reflux temperature, the reaction
mixture was acidified (HCLl ; 6N) and constant chloroform extraction
overnight followed by washing of the extracts with water and sodium
carbonate solution gave a brown oil from which no solid could be
extracteds The o0il was shown by tol.cs toc contain at least six

components and it was not further investigated.

Attempted synthesis of 1,8-dithiacyclotetradeca~3,5,10,12-tetrayne(134)

Glaser coupling of propargyl alcohol by the method of Cameron
97
and Bennet  furnished hexa-2,/~diyne-1,6-diol which was converted,

using thiogyl chloride in pyridine and the conditions of Armitage
and Jones? to 156—dichlor§hexa—2,4~diyne (ni0 = 1.,5748) in 66%
yield (Armitage and Jones9 found nio = 1.5750, 80%).

1,6~Dichlorohexa~2,4~diyne (14 g) was added dropwise over
3 minutes to a stirred solution of ammonium sulphide (400 ml)(for

preparation see diyne (124) synthesis)e After 18 hours stirring at

room temperature the reaction mixture was extracted with chloroform
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(x 3, total 750 ml) to furnish a brown oil (1.9 g; 14%) whose infra-
red spectrum was almost identical to thatcf the starting dichloride
Filtration of the aqueous layer furnished a dark brown amorphous
solid (15.3 g) which was found highly insoluble in solvents such
as hot acetonitrile, hot trifluoracetic acid and hot dimethylsulphoxide.
It did not melt below 3200 and would not sublime (1200/10'"7 mm) .

Constant chloroform extraction for 2 days gave only a low yield of

the original,

Attempted coupling of dipropargyl sulphide.

19 ;
Propargyl bromide (nD = 1,4944) was prepared in 565 yield

from the alcohol by treatment of the lagter with phosphorus

tribromide in pyridine using Kirrmann's9/ procedure. (Kirrmann n19
1.4942)s Conversion of the bromide to dipropargyl sulphide was ?
échieved in 60% yield by the method of Satoloo (sodium sulphide in

aqueous methanol).

Dipropargyl sulphide (635 mg) was added dropwise over
1.5 hours to a refluxing solution of cupric acetate (3.5 g) in
pyridinesmethanol (1:1; 160 ml). The solution was refluxed for a
further 2 hours and left overnight at room temperature.
Acidification (H S0 ; 6N) and ether extraction (x2) furnished a dark
brown oil (156 mz) éﬁose infra~red spectrum showed it to contain mainly
the starting sulphide; t.lec. examination (silica; benzene) confirmed

thise The low yield of starting material was attributed to the

complexing effect of the copper salt with the sulphides.
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Dipropargyl sulphone (135)

Dipropargyl sulphide (l.41l g) was dissolved in acetic acid
(50 mlj and hydrogen peroxide (30%; 20 ml) addeds After 3 days at
room temperature the solvent was removed by evaporation to leave
an oil which solidified on trituration to give the diynesulphone
(135) as colourless prisms (1.6 g; 88%) which recrystallised from
ethanol (or water) as rods (1.43 g; 80%) mep. 98=-990 (preceeded by
sublimation)s (Found: C, 50.8; H, el 61,08 vequires C, 50,653
Hy 4s25%)e >~ max end absorption onlys \/J max(Unicam)(KCl disc)
3270 s ( &CH), 2130 m (C==0C), 1325 s and 1133 s cm_l (80 )o The
n.m.r. spectrum (CDCZLB) showed the four methylene protons asza doublet
(T = 5.88, 5.92; J = 2.4 capssi) and the acetylenic proton as a

triple‘b ( o — 7037’ 7«:41, 70455 Jd= 204 C-poSc)b

Attempted coupling of dipropargyl sulphone (135)

(a) Glaser coupling (pH < 3)

Dipropargyl sulvhone (135)(190 mg; l.34 memol) in ethanol

.(20 ml) was added dropwise over 1.5 hours. to a stirred, oxygenated,
solution of cuprous chloride (670 mg; 6.7 m.mol) and ammonium
chloride (1.1 g) in water (50 ml) and hydrochloric acid (6N; 1 ml).
After 20 hours at room temperature the reaction mixture was
neutralised with ammonium hydroxide (0.880) and extracted with ether
to provide a pale yellow limpid oil (120 mg)e \J max ca. 3300 w
! = CH), 1960 s and 1930 s (twin)(conjugated allene):,LO6 1325 s and

-1
1135 s cm (802)‘, XN max end absorption and an inflexion af%
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250 mp (¢ = 1,750). Sublimation (500/0.02 mm) of the crude
product gave a colourless oil with the same spectral properties.
Telec. (silica; methanol:benzens (1:4)) examination of the sublimate
showed one long spot, whose 'tail' corresponded in Rf value to that

of the starting diynesulphone (135).

(b) Glaser counling (pH = 7).

Cuprous chloride (670 mg) and ammonium chloride (1.1 g)
were dissolved in water and the pH of the resulting solution raised
from 375to 7 by the addition of concentrated ammonium hydroxide
solution, Dipropargyl sulphone (135)(190 mg) in ethanol (20 ml)
and hydrogen peroxide (30%; 8 ml) was added dropwise over 1 hour with
waterbath cooling of the reaction mixture. Addition of concentrated
ammonium hydroxide and ether extraction gave a limpid colourless oil

with spectral and t.l.c. properties similar to those found for the

product from (a) above.

(¢) Glaser coupling (pH=8-9),

Cuprous chloride (670 mg) wes dissolved in concentrcted
ammonium carbonate solution (50 ml)> A blue solution of pH 8—9101
resulted,

Dipropargyl sulnhone (135)(190 mg) in ethanol (15 ml) and
hydrogen peroxids (30%; 8 ml) was added over 0,75 hours to the stirred
solution which grodually darkened in colours  An aliquot, removed after

the addition of the diyncsulphone (135), was extracted with ether to

provide an oil wheaze infra-~red spectrum showed allenic absorption but
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no acetylenic absorptions After 24 hours at room temperature the
whole reaction was extracted with ether to furnish an oil (130 mg)
whose infra-red spectrum showed no allenic or acetylenic absorption;
it absorbed at ca. 1670 cm-l and had A max end absorption and an
inflexion at 225 R (&€ = 1,680). This oil probably contained
the oxathin (137) (see later)e
(¢) Hay couplinglO?

Oxygen was passed through a stirred solution of N,N,N',N',-
tetramethylethylenediamine (6 mg) and cuprous chloride (7 mg) in
acetone (20 ml). Dipropargyl sulphone (133 mg; 0¢94 m.mol) in
acetone (20 ml) was added dropwise at room temperature over 2 hours.
Removal of the solvent after a further 3 hours and recrystallisation
of the product from ethanol furnished the unchanged diynesulphone
(135) (101 mg) mep. 98-99° (identical iers).

(d) Coupling of the preformed cuprous acetylide.

The cuprous salt of diprbbargyl sulphone (135) was obtained
as a yellow powder by the treatment of the diynesulphone (135)
(221 mg) in ethanol (10 ml) with an excess of cuprous chloride in
watere The cuprous acetylide was then refluxed for 18 hours with
cupric chloride dihydfate (1g) in water (20 ml) and chloroform (20 ml).
Chloroform extraction furnished an oil (62 mg) which showed allenic
but no acetylenic absorption in the infra~red. T.l.q.:(silica;
methanol:benzene (1:4)) examination of the o0il showed five indisti ct

spotse
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Complex formation be tween dipropargyl sulphone (135) and tertiary bases.

(a) Pyridine complex.

Dipropargyl sulphone (135)(35 mg) in benzene (2 ml) was
treated with pyridine (1 ml)s The reaction mixture developed a
red-brown colouration and after 2 hours a red amorphous precipitate
had been deposited (decomp.without melting above 300°)s  The
complex was highly insoluble in the more common solvents; it was
soluble in dimethylsulphoxide at room temperature. It could not be
recrystallised for analysis which, on the crude product, did not
favour a 1:1, 1:2 or 2:1 complex. \) max(nujol) no ethynyl
absozption, 1610 m, 1560 m, 1310 m (soz) and 1120 s cm—l (soz).
)\ max (ethanol) end absorption and a broad shoulder from 230 to
260 e

(b) Triethylamine complexe

Similarly the diynesulphone formed a yellow ochre,
insoluble, amorphous complex with triethylamine. Again the infra-
red spectrum showed sulphone but no acetylene absorptions and the
analysis of the crude complex was not informative.

No complex formed between dipropargyl sulphide and either

pyridine or triethylamine.

Potassium t—butoxide in t—butanol rearrangement of dipropargyl

sulphone (135).

The diynesulphone (135) (121 mg) in dry t~butanol (5 ml)

was added to a solution of potassium t~butoxide (6 mg) in the same
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solvent (5 ml)s A small amount of brown flocculant precipitate was
immediately precipitated. Aliquots were removed at time intervals
ranging from 1 minute to 1 week after the mixing of the solutions.
Acidification dissolved and decolourised the brown precipitate and
ether extraction furnished in all cases, an 0il whose infra-red
spectrum indicated the presence of allenic (1970 m and 1930 m cmﬂl)
and acetylenic (3270 m cmul) absorptions of equal intensity. After
1 week the remainder of the reaction was similarly worked up and the
crude product (50%) sublimed (50°/0.05 mm) to give a mixture of the
diynesulphone (135) and the diallenesulphone (136) as a colourless
0il with an infra=-red spectrum as quoted for the aliquots. (Found:
Cy 504655 H, 4e55. C4HgO,S requires C, 50e65; H, 4e25%)s The
Nemers Spectrum of the product indicated the presence of the isomers
(135) and (136) in the ratio of about 1 to 5. The allene group
was represented by a triplet corresponding to the methine proton
(T = 5407, 5420, 54345 J = 646 cypess) and an ili-defined quartet
corresponding to the two methylene protons ( ¥ = 5.98, 6.06;

J = 3.0 cepes. and T = 6.14, 64213 J = 3.0 Cepess)s The
propargyl group showed as a doublet for the methylene protons

(T = 6420, 6,253 J':: 3.0 CepeSe) and as a triplet for the
acetylenic proton ( 7 = 7.55, 7060, 7+65; T = 3.0 CoPsSe)e

(cf. the nemer. spectrum of pure dipropargyl sulphone (135).).
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Notes.

1. Similar treatment of dipropargyl sulphide with potassium
tébutoxide furnished an oil with neither ethynyl not allenyl
absorption in the infra~reds The structure of this oil was

not investigated.

}2. Treatmént of an aqueous sclution of dipropargyl sulphone (135)
with a saturated sodium'éarbonate solution at 100O for 10 minutes
furnished the same allene—acetylene product mixture. However
this rearrangement could be achieved only once; in all other

attempts the product was the oxathiin (137)(described later).

Attempted characterisation of the crude diallenyl sulphone (136)

(a) Cyclopentadiene addition.

The impure diallenyl sulphone (136)(8 mg; 04055 memol)
(contaminated by dipropargyl sulphone (135)) in benzene (2 ml) was
treated with cyclopentadiene (0.25 ml) and the reaction followed by
measuring the intensity of the allene absorption in the infra-red.
After 20 hours at room temperature or 18 hours at reflux temperature
no decrease in the intensity of the allene absorption was observed.

(b) Dibromocarbene addition:.m3

The impure diallenyl sulphone (136)(221 mg) in t=butanol
(5 ml) was added to a solution of potassium t-butoxide (340 mg) in
t=butanol (10 ml)s A dark brown suspension developed immediatelye

Bromoform (850 mg) was added dropwise to the ice~cold stirred solutions
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After 2 hours at room temperature the reaction mixture was acidified,
extracted with pentane (x 2) and the extracts washed with water (x 2)
to provide an oil (60 mg) whose infra-red showed an absorption at
1750 s (C-= 0) and no 802 absorptions Te.lece (silica; methanol:
benzenev(l:A)) examination of the oil showed it to be a complex
mixtures Filtration of the aqueous layer, which contained an
emulsion, provided a pale brown amorphous powder (134 mg) decompe
(without melting) 300-320°. \J max (nujol) 1310 s and 1120 s cm_1
(302). The powder was found highly insoluble in the more common

solvents and it was not investigatede

(¢) 8ilver nitrate complex.

Treatment of the impure diallenyl sulphone (136) with
0.5 molar equivalents of ethanolic silver nitrate precipitated
a colourless complex. The filtrate, on removal of the solvent,
provided an oil whose infra~red spectrum showed acetylenz (3300 cm—l)
and allene (1960 and 1930 cm—l) absorption which was present in the

initial mixture.

2,6-Dimethyl-1,4=oxathiin dioxide (137).

Dipropargyl | sulphone (135)(350 mg) was dissolved in warm
water (10 ml) and saturated sodium carbonate solution (15 ml) added.
The solution turned yellow immediately and after 10 minutes at 100o
was reds Chloroform extraction { x 5; 100 ml total) furnished the
oxathiin (137) as colourless prisms (341 mg; 36%) mepe 160-166°

which recrystallised from ethanol as colourless needles (236 mg; 60%)

mepe 167-168° . (Founds C, 454143 H, 5e4e Moll. (osmometer) 167,
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CHgSO,, requires C, 45.0; H, 5.05% M.l 160. ). \/ max(Unicam)

3
(0014) 3078 m ( = CH), 1673 s ( & = 800) (=), 1295 s (S0,),

1194 m ( '2:0—0—0), 1112 8 cn ' (802), )N max(ethanol) end
absorption and inflexion at 226 TP ( £ = 1,750). Telece
examination (silica; methanol:benzene (1:4)) showed one pale broum
spot with the same Rf value as dipropargyl sulphone (grey spot)e
The nemer. spectrunm showed the two olefinic protons as a doublet

(7 = 3495, 34963 J = 1 cipési) approximately one third the

total intensity of the methyl group singlet { % == 7.81)s

2,6-Dime thyr1l,4~oxathiane dioxide (138).

The oxathiin (137)(57 mg) in ethyl acetate (10 ml) was
hydrogenated over 10% palladium—charcoal (50 mg)s After 1 hour the
absorption of hydrogen ceased. TFiltration of the solution through
celite and removal of the solvent furnished a mixture of colourless
needles and o0il (55 mg) m.pe 70—850. T.lece examination of this
crude product (silica; methanols: benzene (1:25)) showed two well
separated spots. Recrystallisation ( x3) from light petroleum gave
the oxathiane (138) as colourless needles (24 mg; 40%) mepe 104—1050.

(Found: C, 44.0; H, 7.05. C6Hl2so requires C, 43493 H, 7e35%)e

3
\) max (Unicam) (0014) 1320 s (soz), 1256 m ( = C=0~C), 1135 s

cméL(SOz). Transparent in the ultra~violet region. The nemers

spectrum showed a broad band (a multiplet of seven peaks) from

T = 5.78 to 6.07 centred on ‘T = 5.93 (methine proton adjacent

to an ethereal oxygen atom), a broad singlet at T = 7.11 (flanked

by low intensity peaks at T = 6.78, 6492, 7¢27, Te34Ls and 7.50)
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corresponding to the methylene protons, and a methyl group doublet
(T = 8.61, 84725 JT=646 CopiSe)e

Evaporation of the mother liquors of the recrystallisation
of the oxathiane (138) furnished an oil with a small proportion
of needles (the oxathiane (138)) still presente \J max(Unicam)
(c01,) 1719 s (0=0), 1320 s (0,), 1256 m ( =0~0-0), 1134 —
(802). The structure of this oil was not investigated.
Note.

95
Hydrogenation of the oxathiin (137) in a Clauson-Kaas

hydrogenator showed the uptake of 1.6 molar equivalents of hydrogen

in 2 hours, and after this time no more hydrogen was absorbeds

Diacetonyl sulphone (139).

Mercuric oxide (1.5 g; 7memol)) was dissolved in hot
acetic acid (5 ml) and allowed to cools Some mercuric acetate
crystallised out of solution (cfe 104, 105)e Dipropargyl sulphone
(135)(200 mg; 1,41 memol) in acetic acid (5 ml) was added portionwise
with water-bath coolinge After 4.5 hours reflux concentrated HCL
(5 m1) was added and the solution was extracted with chloroform
( x6) to furnish a brown oil (157 mg)e N/ max (film) 1730 s (C=0),
1325 s and 1125 s cm—l (802), and no ethynyl absorptione Telece
examination (silica; methanol:benzene(3:50)) showed predominantly

one spote The product gave a yellow 234~dinitrophenylhydrazone

o]
meps 177-182 (from ethyl acetate) which was not purifiede
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3-Me thyl=5~thiacyclohex~2—en=l-one dioxide (140).

(a) A mixture of diacetonyl sulphone (252 mg) and

p—toluenesulphonic acid (250 mg) was refluxed in benzene (20 ml)

for 2 hours and left at room temperature overnighte Addition of

excess sodium carbonate solution and chloroform extraction (xB)

provided brown needles (94 mg) which were recfystallised from

ethanol: light petroleum (1:4) to give the conjugated ketone (140)

as off-white needles (60 mg; 26%) mepe 118-1190. This product was

decolouriged by treatment with charcoal (in ethanol) and purified by
sublimation (110°/0.1 mm) to provide colourless needles mepe 118-119°

(from ethanol:light petroleum). (Found: C, 45.55; H, 5+6e

C6H8803 requires G, 45¢0; H, 5.05 %)e  \J max (Unicam)(cCl 4)

1692 s (C==0), 1636 w (C==0C), and (KC1 disc) 3015 m ( =CH), 1322 s

and 1145, 1137 s (twin) (802), 848 m (trisubstituted double bond ?).

cmhl. A max (ethanol) 236 ?P ( 5 = 10,900)s The nemers

spectrum (CDCl3) showed the vinyl proton as a broad singlet

( 77 = 3.75), the methylene protons as a doublet ( T = 6.05, 6.11

with fine structure at T = 6.08) and the methyl protons as a singlet
( 4 = 7,70 with fine structure at T = 7.70, 7.72). The

conjugated ketone (140) gave an orange 2,4~dinitrophenylhydrazone

meps 215-219° which was not purified.

(b) - Diacetonyl sulphone (139)(40 mg) in ethanol (2 ml) was

heated fcr 10 minutes at lOOo with saturated sodium carbonate solution

(2 ml)s ° The reaction mixture was extracted with chloroform (x3)
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to furnish a semi-solid which was recrystallised from ethanol: light
petroleun (1:4) to give the conjugated ketone (140) as colourless

(o]
needles (1.0 mg) meps 116-118 identical to the product from (a)

(iere; mixed mep. undepressed).

Attempted preparation of l,6éditosvlaminoqyplodeca—B,8—divnes

1,4~Dichlorobut=2-yne (3.05 g; 0.025 mol) and
p-toluenesulphonamide (427 g3 04025 mol) in acetone (100 ml) were
added dropwise over 1 hour to a stirred refluxing solution of dry
potassium carbonate (34.6 g; 0425 mol) in acetone (300 ml) under
an atmosphere of nitrogene Refluxing was continued for 3 hours
and the reaction was stirred at room temperature for 3 dayse The
inorganic salts were removed by filtration and the filtrate
evaporated to furnish a semi-solid with a strong odour of
l,4~dichlorobut—2-ynes The crude product was dissolved in hot
benzene (25 ml) and unchanged (mepe; mixed Mmepej ieTe; and telecs
silica; benzene-methanol (88:12)) p~toluenesulphonamide recovered by
precipitation with light petroleun (b.ps 40-60")e Removal of the
solvent from the filtrate furnished a malodorous yellow oil whose
infra~red spectrum was gimilar to that of 1,/-dichlorobut—-2-yne.

The same resulf was achieved when a reaction time of

30 hours' reflux in methylethylketone s employeds
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Attempted preparation of 1,4-ditosylaminobut—2~yne (142).
107
(a) 1,/=~Diphthal imidobut-2-yne (3.81 g) was refluxed in

concentrated hydrochloric acid (100 ml) and acetic acid (100 ml)e
After 2/ hours, more of the acid mixture (1:1l; 60 ml) was added and
the refluxing was continued for a further 24 hours. The acetic
acid was removed by evaporation and the remaining solution cooled.
Phthalic acid (3.05 g3 83%) was deposited and removed by filtration.
The filtrate was concentrated further to 10 ml by rotary evaporation
and brought to neutrality with sodium hydroxide solution (4{N). A
solution of sodium hydroxide (2.0 g) in water (20 ml) and
p~toluenesulphonyl chloride (4.20 g) were added and the mixture
shaken at room temperature for 28 hours. Acidification (HCl; 6NN)
and overnight refrigeration deposited a sticky brown gum which was
dried on a porous plates The crude product was dissolved in
acetone (10 ml) and the addition of light petroleum (bepe 40-60°3

30 ml) deposited a brown oil which was not further investigated.

The supernatant liquid was decanted and treated with more light
petroleum (100 ml); trituration and refrigeration furnished colourless
prisms (365 mg; 8%) meps 114-117° which were recrystallised (x3)
from light petroleum~acetone to mepe 116—1170. It was not posgible,
on repetition of the experiment, to obtain this crystalline naterial.
(Founds: C, 50.7; Hy 44855 N,7.05. 018H20N23204 requires C,55.05;

Hy 54155 N, 7414%)e  \J max (nujol) 3300 m (NH), 1605 w (aromatic),

-1
1330 m and 1160 s (so?), 815 m em  (aromatic)e A max (ethanol)
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end absorption and 230 g ( % = 20,300).

A repeated analysis gave the same result and it was
concluded that the product was not the desired (142).
(b) Hydrolysis of 1,4~diphthalimidobut—2=yne (5.0 g) with hydrazine
hydrate (3.0 g) in Nenethylpy¥rolidone (200 ml) at 100 for 35 hours
furnished a high yield of phthalliydrazide on treatment of the reac*lon
mixture with acid (HCl; 6N). However on subsequent tosylation with
tosyl chloride in 10% sodium hydroxide solution, acidification
deposited ditosylhydrazine as colourless needles mepe 229—2300 and
not the desired (142). (Found: C, 50423 H, 4.85; N, 7.93.
014H1682 2O4 requires G, 49+4; Hy, 4e75; Ny 8.25%)(Jennings ¢
MePe 219—220 .)

Attempted hydrolysis with hydrazine hydrate in either water

or dimethylformamide gave unchanged starting material after a reflux

period of 20 hours.

Attempted synthesis of 1,6~ditogylaminocyclodeca=3,8-~diyne.
The so=called 'l,/4~ditosylaminobut-2-yne! (£rom (a) above)

(232 mg; 0.59 memol) and 1,4-dichlorobut=2-yne (725 mg; 0e59 memol)
in dimethylformamide (15 ml) were added over 1 hour to a refluxing
suspension of potassium carbonate (700 mg; 5.0 memol) in the same
solvent (15 ml)s. After 5 hours stirring at room temperature water
was added and the resulting solution was extracted with ether (x3).
The ether extracts were then washed with sodium hydroxide solution

(6W) and water, dried and evaporated to give a brown semi-solid which
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recrystallised from acetone (x4) as colourless rods (5 mg) m.p.
o
207=210 « (Founds C, 558; Hy, 543 C H 8 O N requires
. 222242
C, 59463 H, 5.0%)s \J max (nujol) 1603 w (aromatic), 1325 m
-1

and 1160 s (802), 815 m cm  (aromatic). X nax (ethanol) end
absorption and 233 ?F ( f: = 23,400).

The analytical figures of this product preclude it's

possessing the desired structure.




FIG. 6. Electron density projection of 1,6-dithia-
cyclodeca-3,8-diyne along the b-axis. Contour
integral leA 2 except around the sulphur
atoms where it is 2eA°"2 above the 2-electron
line. The one electron contour is broken.
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