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ABSTRACT

The existing synthetic approaches to biotin and its analogues
are reviewed, The inhibition of growth produced by antibiotins in
micro-organisms is discussed on the basis of the currently accepted
mechanism of biotin action,

A new ronte to hi#tin using 3-sulpholene as a starting material
is investigated with special emphasis.on the introduction of nitrogen
functions at the 3- and b4-positions of the sulpholane ring,

The reaction of iodine isocyanate with olefinic double bonds
is investigated as a possible starting point for the formation of an
imidazolidone ring,.

The reactions of amines with 3,4-dibromo-sulpholane are
examined and the stereochemical course of the reaction diséussed.

The dibromide reacted with methylamine to giveIB,Q-bis(methyl-amino)
sulpholane, Eeaction with phosgene yielded a cyclic urea which was
shown to have a‘gggggyfused.ring junction by X-ray analysis, Use of
ammonia instead of methylamine gave a similar product.

The intramolecular Michael-type addition reactions of suitably
substituted 2-sulpholenes are investigated. 3-Carbamido-2,3-
dihydrothiophen-1,l-dioxides are shown to undergo a géneral base
induced reaction to produce Q—aminoa,B-dihydrothiophen-l,1»dioxide§,
via a cyclic carbamate followed by elimination and double bond |
migration, This reaction is utilised in the synthesis of symmetrically
and unsymmetrically cis-fused cyclic ureas invelving the cyclisation

of Z-ureide~2,3-dihydrothiophen~1,I~dioxides with bhase,
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SYNTHESES OF BIOTIN AND IT'S ANALOGURS 9.

Intreduction

d-Biotin (1) has long been known as a necessary growth factor
for yeast and it was only later that it wag found to be identical to
Vitamin H, the curative factor for egg white injury. The structure
was elucidated in 1942 by a series of degradative studies by du Vigneaud,
Hofmann-and Melville?'’ and shown to be (+)-cis-hexahydrothieno| 3,4-d]-
imidazol-2-one-4-valeric acid, The relative configuration of each of
the three asymmetric centres was confifmed by X-ray crystallography*'’

and recently the absolute stereochemistry has been established as in (1).5
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The structure deterpmination by chemical methods.
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The work of du Vigneaud et g&f’3. showed that a S-membered cyclic
urea function was probably present in biotin since €O was lost, upon
treatment with barium hydroxide at 1400, to give & diamino acid, from
which biotin could be resynthesised with phosgene, The presence of
a thic-ether linkage was shown by the formation of biotin sulphone by
oxidation with hydrogen peroxide., Biotin was also desulphurised with

Raney nickel to desthiobiotin (2).
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Oxidative degradation of biotin yielded adipic acid which led

them to believe the molecule contained a valeric acid side chain,

This, and other data, led du Vigneaud to propose structure (1)

for biotin, Final proof was obtained by the degradation of the

diamino acid to 6-{2-thienyl)valeric acid which was compared with

authentic material.

1) M%§O%

(cng)qcoaa
2) HCL

The isomers of blotin,

N

égj—j§&‘~(0H2)4cog~I

3

Biotin has three asymmetric centres thus giving rise to eight

stereoisomeric forms or four yacemic modifications - (x)-biotin,

()-epibiotin, (*)-allobiotin and (Z)-epiallobiotin, Biectin and

epibiotin are epimeric at position-2 of the %thiolan ring; allobioctirma

and epiallobiotin are analogous, but with a trans fusion of the two

rings. Their inter-relationship is shown below.
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The biosynthesis of biotin,

The biosynthesis of biotin has been described in great detail
by Lezius et al’? based upon previous labelling results, Basically

it is derived from pimelic acid, cysteine and carbamyl phosPhate.

0
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H,0,PO—C
H,N | %da
HO,CoCH--~ -- COH
CH, xcnau(CH2)4c02H
SH

Synthesis of biotin,

The first reperted synthesis of biotin,

The publication of the structure of biotin necessitated the
chemical synthesis and this was first carried cut successfully by
Harris et al,®2~'* The key steps {Scheme 1) were the formation of
a L-amino-3%-oxn-tetrahydrothiophen (6) by a Dieckmann reaction,
condengation with an aldehyde to introduce the side chain in the
2-position (7), transformation to a dlamino-tetrahydrethniophen (12) and
ring closure with phosgene, The synthesis was not stereospecific
and yielded 6 of the 8§ possible isomers,

1-Cysteine (3) was ireated with chloroacetic acid to give the
S-substituted amino acid (4) which was bengzoylated and esterified

to (5). Dieckmann cyclisation of this product yislded

hebenza wmido=3~oxo-tetrahydrothiophen (6) after acidification and
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decarboxylation. This oxothiolan (6) was condensed with methyl
y-formylbutyrate (prepared in 3 simple steps from glutaric anhydride) to
give the o, p-unsaturated ketone (7) which was converted to the oxime (8),
Reduction of the oxime with zinc in acetic acid led to the formation of

2 isomeric products (9) and {10) which could be hydrogenated to the
saturated diamine (11)., Hydrolysis of the substituted amino groups with
barium hydroxide followed by saponification led to the diamino acid (12),
which was cyclised with phosgene to give dl-biotin,

The optical isomers were separated through their l-mandelic acid
ester, though it was later found the separation was better using
£ (+)-arginine. The d-biotin obtained by synthesis proved to have exactly
the same growth promoting activity as natural material.

It was mentioned earlier that the synthesis was not sterecspecific
and consequently dl-allobiotin and di-epiallobiotin were isolated as well
as dl-biotin, The problem arises in the 2 reduction steps leading to the
diamine (1)) from the o, p-unsaturated oxime (8) (scheme 2.). The 2 electron
reduction with zinc in acetic acid gives rise to 2 isomeric products; (9}
being derived from 1,4-addition and (10) being derived from 1,2-addition.
Although catalytic hydrogenation is known to proceed in a cis-fashion,
the unsaturated amines (9) and (10) are not sufficiently hindered so as
to direct the addition of hydrogen to the least hindered side of the
molecule. ''nis therefore leads to 3 saturated diamines; (11la) and (11b)
being derived from (9),and (11b) and (11lc) being derived from (10}, It
is these 3 diamines (1l=2), (1lb) and (llc) which lead respectively to
dl-biotin, dl-allobiotin and dl-epiallobictin,

Desulphurisation of the diamines (11) with Reney nickel, and
subsequent treatment with phosgens led to desthiobiotins,  The dl-diamine
(11la) gave dl-desthiobiotin (2). The dl-allodiamine (1lb) and the

dil-epiallodiamine (1lc) gave the same allodesthiobiotin (13) showing
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Scheme 2.

{(Only one enantiomorph is shown for clarity.)
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that the dl-allo- and the dl-epiallodiamines were epimeric about
carbon -~ 2,

The fact that epibiotin was not isclated in the synthesis
reflects the tendency of the Z-electron reducing agent to give the
least hindered trans product (10).

Although the route was not stereospecific,it was through this
work that it was first realised that isomers of biotin did exist and
it is to the authors' credit that they were able to deduce the correct
stereorelationship of the isomers they obtained,

Biotin synthesis by Grussner,

The second synthesis reported in 1946, was carried out by
Grussner, Bourquin and Schnider '>’1% and again was based on a
3~oxothiolan {19) as the key intermediate, This was converted to
a diester and thence by a Curtius reaction to a diamine which was
cyclised with phosgene,

Their syathesis was in fact based upon the 3-oxothiolan (19)
prepared in 1944 by Schmid,’? whose route to this compound is shown
in scheme 3. The synthesis started from 1,4-dibromobutane (14) which
was treated with sodjum methoxide to give the methaxybromobutane (15),
Reaction with sodium diethylmalonate gave the methoxy-diester (16)
which was saponified, brominated, decarboxylated and re-esterified
to the a~bromo-ester (17), This was reacted with 3-mercaptopropionate
to give (18) which was cyclised by a Dieckmann reaction to the
b-carbethoxy-3-oxothiolan (19) having a suitable side chain at the
2-position, Schmid made varicus attempts at converting this to a
pre-biotin diamine but failed,

Grussner et al were more successful (scheme 4) 12716 They
treated Schmid's oxeothiolan (19) with HCN to form the cyanohydrin (20)

which was hydrolysed to the hydroxy-diester (21) and chlorinated (22),
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The halogen was reduced off with szinc in acetic acid and the diester (23)
subjected to a Curtius reaction which yielded the urethane (24) from
which the diamine (25) was formed upon hydrolysis. The diamine was
ring closed with phosgene to the cyclic urea (26)., The side chain
was then modified through the cyanide (27) to biotin.

The biotin so obtained was obviously a mixture of isomers since
desulphurisation with Raney nickel gave a mixture of dl-desthiobiotin
and dl-desthioallobiotin, They also obtained other side products
which were at first claimed to be isomers of biotin but later this was
withdrawn because desulphurisation did not yield desthiobiotins,'$

This synthesis suffers from very low yields and is complicated
by the formation of unknown side products from the Curtius reacticn
and by lack of stereospecificity.

The synthesis of dl-biotin, =-epiallobiotin and -epibiotin by Baker (1947).

In a long series of papers,Baker et al.'872% gdescribe a
stereoselective route to dl-biotin, dl-epibiotin (the first preparation
of this isomer} and dl-epiallobiotin starting from the same intermediate,

the tricarboxylic acid (27).*!

Co,H 002H

me(CH,, ), COH (27}

The stersochemistry ( only one enantiomorph-shown) is implied
from the prepsration, which gives the staggered,least hindered product,
and from the reactiomtwhich it undergoes. They found that the
stersorelationship between the ring carboxyls, or any carbonyl substituény,

could be varied under basic conditions, and with suitable substitutions
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and epimerisations they ceuld obtain all four isomers of biotin., As
represented, the tricarboxylic acid (27) is in‘the epiallo-configuration,
Epimerisation at C=3 gives the normal biotin configuration; change at
C-4 gives the epi-configuration, and epimerisation at both C-3 and C-&4
gives the allo-configuration,

Using this type of reasoning, Baker's group stereospecifically
isclated normal,epiallo~ and epi-biotin without resorting to fractional
crystallisations of the products as Harris had to., (Baker did not
attempt to synthesise the fourth, allo-isomer),

The tricarboxylic acid (27) was prepared 21 ffom a 3-oxothiolan_
(31) prepared earlier, in 1944, by Karner, Keller and Usteri,?’ (Scheme 5},

Pimelic zcid (28) was methylated and monobrominated in the
a-position (29)., Treatment with 3-mercaptopropionate gave the triester
(30) which was cyclised by a Dieckmann reaction to the 3-oxothiolan (31).
Reaction with HCN gave the cyanohydrin (32) which was dehydrated and
saponified to the unsaturated triacid (33), BReduction with sodium
amalgam gave the required triacid (27) in the least hindered configuration,

The conversion of the triacid (27) into the biotin isomers was
compliéated by the fact that the side chain contained a carboxyl group,
and so each acid group had to be specifically blocked, or func;ionalised,
at various stages in the synthesis,

In the rcute to epiallobiotin 7?3 (scheme £), the triacid (27) was
methylated (34) and treated with one equivalent of base to give the
diester with the free acid group in the 4~position_(35), a structure

for which they had ample justification, %3

The free carboxyl group
was subjected to a Curtius rearrangement to give the isocyanate (36)
which was treated with aniline to yisld the phenyl ursa {37). The

two diester functions weresaponifisd followed by ring ¢losure with

sodium acetate in acetic anhydride to give the uracil (38) which was
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shown to have the E;Q—COnfiguration.z5 Opening of the uracil with
methoxide gave the trans-monoester (39) in which epimerisation had
again occurred sbout the carbonyl bearing position-3, Treatment of
the monoester (39) with hydrazine and subsequent Curtius rearrangement
gave the carbamate (40) which was hydrolysed to the diamine (41) and
cyclised with phosgene to dl-epiallobiotin,

To prepare normal dl~biotin®?® (scheme 7) the acid group of the
all cis uracil {38) was protected as the anilide (42) and the ring
opened with hydrazine to give the all c¢is hydrazide (43)., (Hydrazine
was not basic enough to cause epimerisation). This compound.(45) Wwas
subjected to a Curtius rearrangement to give the isocyanate which reacted
with the adjacent urea group to yield the imidazolone (L4). Hydrolysis
with barium hydroxide gave the diamine (45) which was converted with
vhosgene to dl-biotin,

The route to dl-epibiotin?® (scheme 8) commenced by converting
the free acid group of the diester (35) to the anilide (46) which was
saponified with one equivalent of base to the monocester (4?).having the

2% Curtius rearrangement of

free carboxyl group at the 3-position.
the azide formed from this acid group gave the isocyanate intermediate
(43) which cyclised to the cis uracil (49) on treatment with base.
(NsBa it was the 4-position bearing the carbenyl group that was
epimerised), The ester group of (49) was sapcnified and the free acid
converted to thae anilide (50). The uracil was opened with hydrazinpe,
without epimeriséfion, to the hydrazide (51) which underwent Curtius
rearrangement to the isccyanate with subsequent ring closure to the
imidazolone (52}, Iydrolysis of this compound with barium hydroxide

gave the diamino acid (53) which was readily converted to dl-epibioctin

with phosgena,
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Baker's routes to the biotin isomers, whilst being rather lengthy,
are highly stereospecific and go in quite good yields,

An interesting observation to come out of their background work'?

was the effect of hydrobromic acid on the dicarbvamate (54) which they
hoped would be hydrolysed to a pre-biotin type diamine., They in fact
obtained a mixwmre of bicyclic compounds (55) and (56), Studies with
the simpler compound (57) showed how facile the formation of the
internal thiolanium salt (58) was,

HNCC_ Bt

5 Ny NH., JHBr

2 HBr
_ CH.).OPh +
g o) 5 (56)
{5k} ' (55)
COH  COH COH COEH.

HBr

, P
. (CHE)BO'h +

W

(58)
(57) '

Although Baker 4id no more work on these types of thiolanium salts
they were utilised as a key step in the biotin synthesis of Goldberg
and Sternbach a few years later, _

Baker and his group also attempted a different route,?® proposing
to obtain biotin by hydrogenation of the unsaturated dehydrobiotin (59).
They successfully synthesised the dehydrobiotin (59) (scheme 9) but did
not report any attempts at ihe reduction,

7-Carbethnxy~2~heptenocic acid (&0) was treated with mercuric acetate
in methanol to give the acetoxymercuri-derivative (61)., This gave the

brono.acid (&2} upon treatmeni with bromine, The ester function was
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saponified to give the diacid which was reacted with ammonia and
benzoyl chloride to yield the benzamide (63). Further treatment
with benzoyl chloride in pyridine gave the azlactone {64) which gave
the diester (£5) upon treatment with sulphuric acid and ethanol,
Reaction with mercaptoacetate and subsequent Dieckmann cyclisation
of the product (66} afforded the oxothjolan (6€7). Drastic hydrolysis
of this stripped off the cardethoxy and benzoyl groups to give the
amino~oxothiolan {68) which gave the dl-dehydrobiotin (59) on reaction
with potassium isocyanate,

It is strange that they did not report the final hydrogenation
step, since using a suitable metal catalyst they should have obtained,
by cis donation of hydrogen, a mixture of dl-bictin and dl-epibiotin
which could have been separated by fractional crystallisation,

They did test the bioclogical activity of dehydrobiotin (59) though
and found it to be bilologically inert,

The Goldberg and Sternbach synthesis,

By far the best route to biotin is that of Goldberg and Sternbach
which is described in a series of Hoffmann-La Roche patents 27

The route is highly stereospecific and is characterised by the
fact that a mesc-diaminosuccinic acid derivative was used as an
intermediate which automatically led to the required cis-fused structure
of the final product. Biotin was also isclated in an optically active
form since resolution was carried out at an earlier stage utilizing
a thioclanium salt,

Their now classic route (scheme 10) began by brominating fumaric
acid (69) to mesodibromosuccinic acid (70) which was convertied to
EeS0-a, B-bisbenzylaminesuccinic acid (71), Treatment with phosgene
gave the cyclic diacid (72) which was dehydrated to the anhydride (73).

Reduction with zinc in acetic acid gave fhe acetoxy-lactome (74) which,
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upon treatment with hydrogen sulphide followed by reduction gave the
thio-lactone (75}, This intermediate.can be‘converted to biotin by
various methods but the most efficient route involved fhe reaction of
the thio-lactone (75) with 3~ethoxypropyl magnesium bromide followed
by dehydration to (76) and catalytic hydrogenation to the ester (77).
Treatment of {77) with HBr gave the thiolanium bromide (78) from
which was made the d-camphor sulphonate salt (79), The salt was
resolved and condensed with sodium diethylmalonate to give the diestér (80).
Acid hydrolysis of this with boiling HBr cleaved off the benzyl protecting
groups as well as forming the valeric acid side chain to give d-biotin,

It should be noted that as the imidazolidone ring was formed
be fore the thiophan ring in such a manner that the amino groups were
cis-orientated, the formation of allo- and epiallobiotin was prevented,

| It is also interesting that no epibiotin was formed, The ecrucial

stage wés in the catalytic hydrogenations of the double bond from (76)
to (77). The hydrogen was apparently donated totally to the least
hindered side of the molecule to give the all cis product, This should
be contrasted with the similar reactions of Harris et_al, [ef.(9) to (11)
and (10) to (11)]; who found that with free amino groups present, the
hydrogen was donated to both the most hindered an§ the least hindered
sides of the molecule, The ¢lesure of the amino groups into the cyclie
urea obviously has a strong Stereo~directing effect upon the catalytic
hydrogenation of the molecule,

The thiolactone (75) was found to be a useful intermediate for
the introducticn of various side chainz into the biotin nucleus (scheme 11),
Reaction with emethoxyalltyl magnesium bromides, followed by dehydration
and hydreogenaticon gave ethoxyalkyl compounds (81} which were comverted

to the bromides, The acid group was introduced in one of two ways;



30,
1) by treatment of the bromide with cyanide and subsequent hydrolysis,
or 2) by reaction with sodium diethylmalonate which, on work up,

yielded the homologue.

Scheme 11,
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The thiolanium salt (either bromide or camphor sulphonate)
has also proved its worth as an intermediate as was demonstrated by
the recent preparations of the antimetabolites g-dehydrobiotin®?® (83)
and a-methylbiotin®® (84),

a-Dehydrobiotin (83) was prepared (spheme 12) by opening the
thiclanium salt with sodium acetate and hydrolysing the acetoxy
compound (85) to the alcohol (86)., Oxidation gave the aldehyde (87)
which was condensed with a tristhylphosphono—acetate to give the
o, p~unsaturated ester (88). The removal of the benzyl groups
presented uneXpected problems due to the juxtaposition of the double
bond and the electron rich sulphur linkage, Heating (83) with HBr
gave the cyclic thiolanium acid (89) which on further heating gave the
debenzylated acid (90). To prevent possible decarboxylation the
acid was re-esterified and the salt opened up with mild base,
Saponification gave a-dehydrobiotin,.(83).

To prepare a-methylbiotin (84) (scheme 13) the thiolanium salt
was opened with the thallium salt of ethyl methylacetoacetate {the
sodium salt gave mixtures) to give the acetyl ester (91). Alcoholysis®®
of the acetyl group followed by hydrolysis of the ester afforded
a~methylbiotin in an overall yield from the thiolanium salt of 72%.

Recently the Goldberg and Stermbach synthesis has been
inproved by the Hoffmann-La Roche group by separating the optical
isomers at a puch earlier stage and recycling the unwanted ome.’?

The new modifications (scheme 14) converted the cyclic diacid{72)
into the anhydride (732) as before, The anhydride‘was then treated with
~an opticalily active alcohol {memthol, hornecl or cholesterol) to give
the half esters (92a and b)., The optically active antipodes were
resolved and the unwanted one treated with base to regenerate the

cyclic diacid (72) which was recycled. The other isomer was reduced

with lithium borohydride to the optically active lactone (93) and
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this was treated with potassium thiocacetate under mild conditions,
which did not cause racemisation, to give the thiolsctone (75) This
was COnyertedunh>blotin as before (scheme 10) without the need for
resolution at a later stage using the camphor sulphonate salt
Scheme 1k, (R*0H = menthol, borneol or cholesterol)
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Japanese workers have reported a synthesis of bieotin but it varies
only slightly from Goldberg and Stermbach's method, The thiclactone (75)
was ftreated with the douible ended Grignard reagent, prepared from a
1, 4-dihalobutane, and CO; added to the reaction mixture to give the
valeric acid derivative (94), This was dehydrated, hydrogenated and

hydrolysed with boiling HBr to biotin,

0
1) XHg(CH,) Mk BzN  NBz
o s, BIOTIN
(75) ) (Clip) 008
co, s “on
(ok)

QOther Japanese work which appeared in patents’®'?* converted
Goldberg and Sternbach's thiolactone into biotin by using an
w-benzyloxybutyl Grignard reagent and modifying the side chain, via
the cyanide, as described earlier (c.f, scheme 11),

Neither of these recent publications show any great improvements

over the original method published 20 years earlier,

The unsuccessful route of Grob and Sprecher,

The work of Grob and Sprecher?? was less friutful than other
routes in that they only obtained a mixture of dl-epi- and dl-epiallobiotin,
The route (scheme 15) was characterised by forming the thiolan
ring by a Dieckmann type cyclisation onto an imine, The product of
this was safurated and so eliminated the need for a reduction step later om,
The lack of the reduction step was in fact their downfall since catalytic
hydrogenation does have a certain amount of sterecspecificity and would
have given riSe to some dl-~bilotin,
Methyl formylvalerste {95) was treated with nitromethene and base
to give the nitro-ester (94) which was acetylated (97) and reacted with

the diethylacetal of mercaptoacetaldehyde to give (98), The acetal
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was hydrolysed with acid to the aldehyde (99) and treatment of this
with liquid ammonia gave the thiolan (101) via the imine (100).
Reduction of the nitro group gave the diamine (102) which was cyclised
to biotin with phosgene,

.The epi- and epiallo~ configurations were formed during the
cyclisation step from (100) to{(101). The nitro group epimerised
via the anion to the least hindered positicn with respect to the large
alkyl side chain so giving rise to the two epi~- isomers.

Aromatic biotin,

An alternative route to biotin has heen suggested by the

hydrogenaticn of 2,3,%4,5-tetradehydro-biotin, so-called aromatic biotin (103).

N KH

/s\ (CH,),COH " (103)

It might have been assumed that catalytic hydrogenation of this
compound would have given the all c¢is biotin configuration but Cheney
reported?® that hydrogenation using molybdenum sulphide on alumina as
catalyst gave a mixXture of isomers, There are no other reports of
the more usual catalysts being used.

Cheney's synthesis of aromatic biotin’7? (scheme 16) started
from the Z-oxothiolan (31) of Keller et al?® as used also by Baker,
(Baker used the dimethyl ester whereas Cheney used the diethyl ester),

Ma ketene (31) was converted to the oxime (104) and treated

[ =)

with HC1 to yield the avomatic amine (105). The amino group was
protected with benzoyl chloride and the ester function coaverted to

a urethane (106} vip the nydrazide and Curtius rearrangement,
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Hydrolysis of (106) gave the diamine {107) which was cyclised with
vhosgene to aromatic biotin.

Aromatic biotin was tested in biological systems but it was not
found to have any growth prométing of inhibiting activities,

The next preparation of aromatic biotin was by Japanese workers’®
using a fairly-straight forward selective nitration ofesubstituted
thiophen (scheme 17).

Methyl 4-{2-thienyl)butyrate (103) was formylated in the S5-position
(109} and nitrated at the 3-position (110). The aldehyde function was
oxidised to the acid (111) and this was subjected to a Hunsdiecker
reaction with silver oxide and bromine to give the 5-bromo compound (112).
Ritration of this in the 4-position gave the dinitro compound (113)
which was reduced to the diamine (107) and cyclised with phosgene to
aromatic biotin,

The third route to this compound by Russian workers®?’*? used
quite a novel approach in that a Beckmann rearrangement was used to
introduce one of the amino groups and also indirectly, the carboxyl

group (scheme 13).

Thiophen underwent a Friedel-Crafts reaction with the acid
chloride of a half ester of glutaric acid to give (114) which was
reduced under Wolff-Kishner conditions to the thienyl valerate {115).
This was converted to the acid chloride (116) angd subjected to an |
internal Friedel-Crafts acylation to the ketone (117) from which the
oxime (118) was prepared, Beckmann rearrangement gave the lactam (119)
which was brominated in the S~position (120) and Aitrated in the
huposition (121}, Removal of the bromise,and acid hydrolysis of the
lactam gave the nitro amine (122) which was reduced and treated with

phosgene to give arcguatic biotin,
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Biotin Analoguss,

Paralleling all the work directed towards the synthesis of
biotin,there has heen a lot of effort put into investigations aimed
at emulating the biotin structure in an attempt to find new growth
promoting or iwhibiting compounds,

There is particular interest in the preparation of good biotin
inhibitors which will stop or reduce growth in microorganisms, The
function of biotin is to perform carboxylations and the basic concept
is to synthesise biotin analogues which will either block the enzyme
system or prevent the carboxylation step (¢.f. a~-dehydro- and
a~-methyl- biotin, compounds (83) and (84), which are good antimetabolitesl,

The efficiency of a biotin inhibitor (antibiotin) is measured
by its '‘Molar Inhibition Ratio (MIR)', defined'! as the number of
moles. of an antibiotin required to inhibit one mole. of biotin,

The antibiotin activity is determined experimentally by finding the
amount of an asntibiotin which is able to reduce the growth cbtained
with 0.2 m.u g of 5iotin to a level eguivalent to that obtained with
0.1 mp g of biotin, The MIR can then be calculated after the
conversion of these amounts to molar quantities, The smaller the
MIR, the greater the antibiotin activity of a given compound.

Of the cempounds already mentioned, most of the homologues of
biotin and their sulphones show antibiotin activity.

Dittmer and du Vigneaud*! were the first to show that biotin
sulphone was a very potent sntibiotin against L,casei (MIR 280)

and others but for $,cerevisiae it was found to act as a growth

stirulant in place of biotin,although its activity vas conslderably lower,

Goldberyz and Sternbach*?® subjected their howologues of biotin

(¢.f. scheme 11} to biological evalunation and their results are

punmerised bhelow, {N,B, Norbiotin has a four carbon side chain,

houobiotin a &ix corbon side chain, bis-homobiotin a seven carbon side

chain, atc,)



Table of "Molar Tmhibition Ratios' =

5, ceregvisiae L.casei
dl-Norbiotin : 1,000 13,000
dl~-Homobiotin 700 130
dl-Bis-homobiotin 30,000 7,000
dl-Tris<homobiotin 50,000 3,000
dl-Homobiotin sulphone Lo, 000 500
dl-Bis~homobiotin sulphone 60,000 3,000
dl-Tris-homobiotin sulphone 60,000 6,000

¥The smaller the number, the better the inhibition; see text,

Using the d-isomers Briggs*? has shown that the molar
inhibition ratios are roughly half those of the corresponding
dl~isomers showing that the l-~isomers are biologically inert,
For d-homobiotin the MIR's are 260 and €0 respectively for the
two microorganisms,

As can be secen from the table, d-~homobiotin is easily the
best biotin inkibitor and it is also worth noting that of the
sulphones, d-homobiotin sulrvhone is the best, especially against

&

L. camseiw9 (MIR 210; c.f. the MIR of biotin sulphone against

L. casei of 280),

Oxybiotin,
The first growth promoting compound to be prepared

synthetically was d-oxybiotin (123), the tetrahydrofuran analcgue,
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Hoffmann's route®® *9 was relatively straight forward (scheme 19).
Thus,** furyl-acrolein {124) was reacted with malonic acid, the product
hydrogenated znd decarboxylated to the mono acid (125). The ester of
this was reduced under Bouveault-Blanc conditions to the alcohol {126).
Reaction with acetylene dicarboxylic ester gave (127)%° which was
hydrogenated {123) and decomposed by an Alder-Rickert procedure to the
diester (129), Saponification and acetylation of the alcohol gave the
diacid (130) which was subjected'® to a Curtius rearrangement via the
azide to the diurethane (131). The acetoxy group was hydrolysed and
the furan ring hydrogenated (132), Heating the diurethane with barium
hydroxide caused ring closure to the cyclic urea (133) which was oxidised
to dl-oxybiotin (123),

It is interesting that no allo-orientated compounds were isolated.
Reduction of the furan (13%1) to the tetrahydrofuran (132) would be
expected to give a mixture of c¢is- and trans- orientated diurethanes,
Cnly the cis- isomer would cyclise on treatment with barium hydroxide
and this is reflected in the yield of only 44% on this step., Hence
only c¢is-fused rings were formed,

The side chain homelogues of oxybleotin were wrepared in a

similar nmanner,
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The second synthesis was carried ocut by Duschinsky and Dolan®0 **1
for the Hoffmamn~La Roche company (scheme 20),

Diacetyl~i~me thyl-5-( §~carbe thoxyvaleryl) -2~imidazclone (134) was
treated with N-bromosuccinimide to give the allylic bromide (135)
which was converted to the acetoxy compound (136). The protecting
acetyl groups were removed and the cempound hydrogenated to the
hydroxy-ketone {137}, Further hydrogenaticn. and dehydration gave
oxybiotin,

In tests with micro-organisms it was found that dl-oxybiotin
had about 50% of the growth promoting activity of d-biotin for

L, arabinasus and 40% for L, casei.,’???? It is probably a valid

assumption to smay that d-oxybiotin has almost the same growth promoting

activity as d-biotin since it has been shown®

’ that in many cases the
d=isomers of bistin analogues have twice the activity of the dl-isomers,
i.e, implying that the l-isomers are inactive,

Tt has also been shown that yeast cells utilise oxybictin as
such without the prior conversion to biotin as occurs in the case of
desthiobiotin, another good growth prométing compound.®* In a very
simple, but effective, experiment Hofmann added potassium permanganate
to cells growing on a biotin medium and found the growth was stopped
by oxidation to biotin sulphone, whereas yeast grown on oxybiotin was
virtually unaffected by simiiar treatment,

Tt is especially noteworthy that the best antioxybiotin was
homo-oxybiotin®? just as homobiotin was the best antibiotin,

Arabiotin analegzues,

Azabiotin, the pyrrolo- smalogue of biotin, has not been
prepered as such, but Wormser®?'?% has developed a route to
Nesubatituted snalegues of azsbilotin {133) by a relatively standard

route from the ketone (139). Ho biolegical evaluations have been
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carried out on these compounds yet and probably a full route to

azablotin itself will be published in the near future.

|
o NH Cant o}
(138) (139)

R R

If\ I

r . \
(Chz)ncoaﬂ coast

n=3o0r#% R = Me or H

Carbocyclic derivatives

It is surprising that the carbocyclic derivative of biotin with a
cyclopentyl rinmg has not yet been synthesised and biologically evaluated,

Various cyclohexyl derivatives were made in 1945 by English et al27?'8

with the side chain attached at the positions a or B to the cyeclic urea

(140,151),

W NI HN NH

(140)

(141)
(CH,) COH

r )
(chz)ncuzﬁ
n =0, 3, &4,

(150} was prepared from o-benzoylamino-cinnamaldehyde ( 142),

which was readily available from gquineoline, by extending the chain

length, nitrating selectively in the €-position, reducing the diamine,
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treatment with phosgene and hydrogenation of the ring,

n
1

COFh

<y

r

(1h2)

Ciio

The isomer (141) was prepared by Friedel-Crafts acylation of
acetanilide in the 4-position and nitration in the 2-~position, The
conversion to (141) was then carried outi a similar fashion to that
given above,

The compounds with n = O were inactive, and none of the
compounds showed any growth promoting activity, The other four
compounds showed good antibiotin activity but their relative activity
varied with the organism, For L. casei the most potent was
(141, n=3, IR = 4,000} and the least was {110, n=3)}, whereas for
yeast the most potent was (140, n=3, HIR=1,500) and the least
(141, n=3).

Desthiobiotin

Desthiobiotin (2), the compound produced by the desulphurisatioan
of biotin with Raney nickel’, acts as a growth promoter in certain
micro-organisms® 960 due to its prior conversion to biotinf!’6% or
as an inhibiter in others e,g. the MIX of d-desthiobiotin for d~biotin
in L.cssei is 4,000,976

The first reported syathesis was by Wood and du Vigneaud®® from
ethyl €-bromoczircate (14%) (scheme 21).

he bromide (143) wes condensed with diethylualonate and the
dicater (144%) converted to g-asminosuberic acid (145) by saponification,

bromination, asination and decarbexylation, A Dakin-Yest acylationb®
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of this amino acid gave the p-ketoamine (146) which was hydrolysed
to (147). Treatment with potassium cysnate gave the cyclic cempound
(148) which was hydrogenated to a mixture of dl-desthiobiotin (2) and
dlwallodestﬁiobiotin. They subsequently prepared related compounds
to desthiobiotin by an alternative route®®, e,gz. homcdesthiobiotin
(149) (scheme 22).

§-Carbethoxycapryloyl chloride (150} was converted to the ketone
(151) with dimethyl cadmium, FEthyl nitrite reacted to give the
a=~oximinoke tone {152) which was reduced to the aminoketone {153).

This was converted to homodesthicbiotin by the same reactions as before,

Scheme 22.
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It was found that homedesthicbiotin inhibited the growth of yeast
but no quantitative data was given,®® This was probably due to iis
prior conversioun to homobiotin,
An alternative route to dl-desthiobiotin and related compounds
was carried out by Duschinsky and Dolar®?® (scheme 23} by a Friedgel-Crafts

type acylation of /f—methylimidezolone and subsequent reductions,

Scheme 23,
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Unlike du Vigneaud et al they did not isclate any allodesthiocbiotin
suggesting that catalytic hydrogenation using platinum is more specific
than Raney nickel,

¥Filippov and his coworkers have investigated the desthiobiotin
field in the last few year$55’57 and have published a different route
{scheme 24§5t0 the dehydrodesthiobiotin (148) although it is basically
a modification of du Vigneaud's original method,

Benzoyl alanine and the acid chloride of monomethyl pimelate were
combined in a Dakin-West reaction to give the g-ketoamine (154) which
was hydrolysed and treated with potassium cyanate to give (148),

They state’® like du Vigneaud, that hydrogenation of (148) with
Raney nickel gave rise to a mixture of isomers but doing it in the
presence of NalH the all c¢is- isomer was obtained,

Variations in the imidazolone ring. -

Lynen has shown®’ that carboxylations by biotin go through the

N-carboxybiotin intermediate (155).

nint(CH, )}, COH (155)

This therefore suggested to various workers that variations
in the imidazolone ring should inhibit biotin action tpacertain extent,
Hofmann and Axelrod’® prevared the iminobiotins (157) by
treatment of the corresponding diaminobiotins (156) with cyanogen
bromide, They fornd that the imino compounds wers develd of any

biological activity though they do not sgecifically give any detalls

of antibiotin activity.
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NHEOPh
\
CO K
it
0100(CH2)5002Je
NECOPh
(CH2)5COzhe
e 0
(154}
HCL
1'.H2.HCl
; el
(;L2)5 oaﬁ
o
KNCO
0
hN/JL\
! Ch } co S

(148)
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NH
it NH oY NH
A Broll z 3
el
oH '
{ J (CH, ), COH { e L(CH, ), COH
X X
(156) (157}

X =8 or O

Jansen and Stokes’! made a series of N-substituted biotins (158).
Etmmtes Biotin (158,R‘#R1=H) reacted with formaldehyde in the presence of
formic acid to give N,N'-dimethylbiotin (158, R¥=R%?=Me), aftmr

In the absence of formic acid they

obtained N,N'- bishydroxymethylbiotin (158, R'=R?= -CH,COH). The
mono- znd diacetylated compounds (158, R'= Ac, R®= Ac or H) were

formed on treatment of biotin with acetic anhydride.

0 S
(158)  R'Y \\NRZ HI HH (159)
z__° 4 3
Z . >Hn {cn,, ), con Z . xunn(CHZ)LLCOZH

They also prepsred the thicne derivative (159) by treatment of
the diamino bictin (156, %=8) with carbon disulphide and acid.

Hone of the compounds preparad showad any antibiotin activity
agaiﬁst a mumber of micro-organisns although the N N'-dimethylbiotin

did sumport growth in L,arabinosus probably due to prior demethylation

to hiotin,
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Some thiazole derivatives of dehydrodesthiobiotin have also
been prepared from the a-chlorcketonss (1£0).,72
Treatment of (160) with potassium thiocysmmate gave the simple
thiazolones (15l), whilet thiourea gave the 2-aminothiazoles (162),
which could be converted tothe thiazoles (163), and ammonium dithioccarbamate

gave the mercaptothiazoles (164).

//ﬁ\\ {(161)
N s =5
'7
’ ‘(cha) 2COH
KNGS -
N,
(162)
0 N : .
(NH ) ,C8 n = 3,k,5
(o )nCO2H (Cﬂ } COZH
ci No. /Cu
e /\ (153)
(160)
“2)400 "
SH
(164)
i 3
H n o= 3,4h,5
(CHE)nCOZH

None of the compounds prepared inhibited growth in any of the
microorganisme tested, One cannot help feeling that they may have

had better results if the compounds had been hydrogenated,
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Imidazolidone aliphatic acids,

Dittmer and du Vigneaud”?'?* prepared four imidazolidoene
aliphatic acids analogous to desthiobiotin but without the 5-methj1 ErouP.
The route (scheme 25) consisted of converting a dicarboxylic acid
{(165) to the acid chloride of the half ester (166). ‘Treatment with
diazomethane gave the a-chloroketone (167) which was converted to the
a-aminoketone (168) via the phthalimide. Reaction with potassium
isocﬁanate led to the cyclic compound (169) which was hydrogenated to

the imidazolidome aliphatic acids (170).

Schens 25,

COH COE ?OzEt
. CH.N
(Cﬁa)n —_ (?H2)n 22 > (?HE)n (167
CoH cocl co
(155) (166) Cli,01
COH
i 7
KNGO (CH;),
HN M € I
co
(169)
CH,.HIT. LJHC1
(cH,) COH 272
o (168)
A
BN BH
{(170) (ci,) COH n = 4,5,6,7.

In tests against S,cerevisice and L, caseil the dl~caproic acid

(170, n=5) was the best antibiotin (IR 8,5 x 10° and 10° respectively)
and the dle-valeric acid (170, n=4) the worst, They showed that

decrecaing the side chain, n=%, by one carbon atem decreases the
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activity drastically whereas increase caused the activity to decrease
to a lesser extent, It should be noted that imidazolidone caproic
acid has the same chain length as desthiobictin (2).

The mechanism of bictin action,

The mechanism of biotin action has been discussed in depth in
recent articles,’®’7¢ This brief synopsis is intended to serve as a
guide to the currently accepted mechanism of biotin action and to try
to correlate this to the mode of inhibition produced by the antibiotins,

The principle role of biotin is in carboxylations and decarboxylations,.
The overall reaction catalysed by biotin-based enzymes involvesvtwo
successive half-reactions, which can be expressed generally, for the
case of carboxylases, as%-

M2t mn2 ¥

E-biotin 4 ATP 4 HCO;  ~wew———>  E-biotin—-CO; + ADP + Pi
Boanma—

E-biotin —C0; " 4 RH ————————>  E-biotin + R——CO,

The nature of the carboxy-biotin intermediate was first ascertained
by Lynen et a1$2'77°7877s In experiments with C'‘-bicarbonate they
succeeded in isolating carboxy-biotin, The adduct was very labile to
acid and '%CQ, was liberated even at low temperatures, This led then
to consider it %o be an N-carboxy species and it was subseguently
stablilised by treatment with diazomethane to give the methyl ester
and its struclhure proved by synthesis, Bioctin methyl ester was treated
with methyl chloroformate to give the two isomers (171) and (172} in
the ratio of 100:7. The low yield of (172) iz explained by the fact
that N-3 is sterically hindered by the valeryl side chain, The
enzymatically forined carboxy-biotin methyl ester was shown to be
identical to (1) and it was also sstablished that the enmymatic
resction gave rise ewclusively to isomer (1v1). The structure was
later conclusively proved by X-ray analysiﬁ of the di=-p-bromeanilide

derivative of the methyl ester,8®
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Z . B!!Hu (C}IB}QCOEIF{e

1e(COCL
it f
Kel ECI‘IJ/’ | SNH H}% &rcoa;@e
Z.S Sme(CHa)HCOEMe . rnmcna)qcoaﬁe
(171) (172)

Lynen’® preposed that the mechanism of the carboxylation of

biotin by bicarbonate, which requires ATP, proceeded as follows to give

ADF and inorganic phosphate,

o~/

Recently Hegarty and Bruice® ’#% nave suggested that the initial

site of corboxylation was the ureido oxygen atom instead of the aitrogen,



This was substaztiated with some model studies®? in showing that
Owacylisoureas had a high acyl transfer potential, whereas the
N-carboxy imidazolone system®*?8? ywas an indifferent carboxyl ( and
acyl) transfer reagent,

Hegarty and Bruice suggest that Lynen isolated the N-carboxy-
biotin due to imtramolecular transfer of the wmethoxycarbonyl group
(after treatmeni with diazomethané) from oxygen to nitrogen, to give

the thermodynamically more stable product,

MeO——JL—izig G
A

i

N@ M 1e0,CN
L,(_:J‘

If this postulated nonenzymatic shift oceurs, it is not apparent

T
.

why the sole methylated product obtained by Lynen, from the enéymatic
carboxylation of free biotin, was the l-N-carboxybiotin rather than
the 100:7 mixture of 1~N- to 3-N-carboxybiotin, as obtained by
chemical synthesis,

The exact nature of the carboxylation half reaction is not entirely
clear Mt cyclic mechanisms are favoured, Lynen85 has proposed a
concerted cyclic mechanism for the carboxylation of propionyl - Cod
with retention of configuration at C~2 as found by tritium labelling

experiments,

ﬁihﬁm,,w,j;::l\ e P ///////
Col-G W g e »
¥
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In the case of carboxyl transfers to c-ketoacids the participation
of Mn** has been shown to be necessary, and Mildvan and Scrutton®? have
shnown that there is a direct linkage befween pyruvate and the enzyme

bound manganese, The following transfer mechanism was proposedi-

—-@

\
eo
2\
-

;
\

S}
[

~
T

/

The final step in the formation of the biotin carboxylating
enzyme is belisved to be the covalent attachment of th;_prosthetic

group to the apcenzyme to form an active holoenzyme.

Biotin + Lys m@ —> @ / -\@

Prosthetic group

{éb synthetoge
N, ..__._.,>

.

apoenzyme holoenzyne
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Biotin is kmown to be joined to the prosthetic group via a lysine
residue, “Yhe biotin-lysine conjugate was isolated and shown to be

g=N-biotinyl-L-lysine, known as biocytin,®®

N ' THE
S uuu(CH‘a)cho,z\f}I.(332)401{.0021{

s a result of kinetic experiments the holoenzyme is believeggto
have two distinct active sites; 'a', where biotin is carboxylated and
'b'y where tramscarboxylation to an appropriate acceptor takes place,
The biotinyl moiety is assumed to take on a carboxyl group at site 'a',

flip to a neighbouring site 'b' and transfer its activated CO; in a type

of "ping-pong" mechanisme.

!a'

A coy

gl i1

Acceptlor
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It is unlikely that the sulphur atom takes any important part in
the biotin action since oxybiotin®?'3? and bioctin sulvhone*’ both show
growth promoting activity. The fused S-membered ring system though is
probably critical as imidazolidone caproic acid??*7* and the cyclohexane
analogue of biotin®7’®8 are inactive as is desthiobiotin without prior
conversion to biotin,’*  On the basis of this evidence it appears that
a Tive membered ring is essential bul the nature of the ring is not
necessarily important, This probably indicates that the S-~membered ring
exerts a certain amount of strain on the imidazolidone ring which influences
the basicity of the ureido group, In this respect it is important that
biclogical evaluations be carried out on azabiotin and upon the unknown
carbocyclic analogue of biotin,
Considerations of the mechanism of biotin action would indicate that
there are four main ways in which biotin activity might be inhibited,
1) By blocking the bicsynthesis of biotin or the enzymes.
2) By blocking the synthetase which binds the prgsthetic group
to the apoenzyme,

3) ‘By preventing the biotin nucleus from taking up CO,.

L) By preventing the biotinyl - CO, moiety from transferring its
CO; to the acceptor,

The first two methods are prabably impractical and it is the latter
two which are of interest, |

The wmost obvicus way of preventing CQ; uptake would be to bleock the
nitrogen atems with, say, alkyl groups. In the simplest case the
M, ~aimethyl compound (158) was prepared’! but proved to be demethylated
baclk to bictin, The dibenzyl and diacetyl znalogues were inactive,

Variation in the basicity of the ureido group should influesnce the
uptalke of €O, Only two specific examples of this, i.e. imino diotin (157)7°

1,

and thiobictin {159),77 have been prevarsd and both appesr to have no

571583
snvibiotin activity, ‘Uhe cyclohexans analogues(140,141) of English et al.fit
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into this group as well, due to the lessening of the strain imposed on
the cyclic urea function, and these did show some antibiotin activity.
It may be of inmterest to prepare compounds in which the urea function is
present in a &-membered ring.

A third method of preventing CO, uptake would be to lengthen or
shorten the biotin side-chain or hinder the approach of the biotin
nucleus to the active site, IFrom the good inhibitien results given by
homo~ and nor-biotin and also by a~methylbiotin®?9(84) this hypothesis
would appear te be valid,

Variation in the chain length,and hinfaring groupswould also inhibit
the transfer of the biotinyl-CO, meoiety to the second active site,

An alteranative method of preventing CQ, transfer to the acceptor
would be to stabilise the CQ, complex but this is probably difficult
whilst keeping the important parts of the mclecule the same,

A third method of preventing flipping from sites 'a' to 'b' would
be to bind the biotinyl moiety to site 'a' and it is in this way in
which w~dehydrchiotin (83)%% probably functions,  The double bond in
the side chain ias likely to be bended somehow to the holoenzyme, thus
preventing’flippingi

Little work has been carricd out on this latter type of antibiotin
and compounds with suitably substituted or modified side chains merit

attention in the future.
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SYNTHETIC APPRCACHES TO BIOTIN

Introduction

The prime objective of the work was tb devise a synthesis of
biotin (1) starting from Ensulpholeﬁe {2). The route had to be
stereospecific, fairly general and flexible so that variocus biotin
analogues could be preparsd and their growth inhibitory properties

in micro-organisms studied,

B NE
- Jwn{CE,) COH fj;:jB (2}
g 2°4772 o
2
(1)

B-Sﬁlpholene (butadiene sulphone}(2) is a cheap, readily available
compound prepared industrially by the reaction between butadiene and
sulphur dioxide under pressure'(scheme 1), The bulk of sulpholene
commereially produced is not used as guch but is hydrogenated to sulpholane
(3), a very useful solvent, It was of interest to examine the possibility
of using sulpholene and its derivatives in organic synthesis and to study

the chemistry of substituted sulpholenes further,

(2) (3)

| T
Schewme 1

A cursory look a2t Lhe wroposed starting material and the product

snows the thres pain arcas into which work had teo be carried out,
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These are 1) the introduction of the cis-cyclic urea function at the
3~ and b4-positiens, 2) the introduction of a valeric acid side chain at
the 2-position gis to the urea ring, and 3} the reduction of the
sulphone group to a thio-ether linkage,
The reduction step had sufficient literature precedent to suggest
that the removal of the oxygen atoms might be fairly easy. Bordwell
and McKellin® have published two reliable wmethods using either zinc and
acid, or lithium aluminium hydride, for the reduction of simple sulphones,
including sulpholane, to the respective sulphides, There are also other,
more abstruse, methods recorded in the earlier literature using sulphur,’
phosphorus pentachloride* or hydrogen sulphide* as reducing agents.
Similarly the alkylation at the 2-position did not seem to present
too many probleams since it was well known that sulpholene can form aﬁ
anion at the 2-position as was demonstrated by its ready deuteration in
weak NaOﬁ/DZO solutions.” Condensations at the 4- and 2-positions have
also been performed in basic solution with acetene and benzaldehyde®
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There are alsc many reports of a-netalation of sulghones to give

W

anions which will react with ketones ete,. Such reactions hava been
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amide!® 't upon sulpholane and other systens,
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A third possible route to 2-substituted sulpholenes is by the

. P 1
reaction of substituted butadienes with sulphur dioxide,
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The fusion of the cyclic urea group onto sulpholene had no
literature precedent and work had not been donme in this field, It was
therefore decided to concentrate upon the introduction of nitrogen
functions into the 3~ and h—positiéns of sulpholene before the other two
problems were investigated in depth,

Todine isccyanate and model compounds.

The first methed of introducing the urea function to be considered
was by the reaction of the double bond of sulpholene with iodine isocyanate.

Birckenbach and Linhard'? were the first to show that iodine
iscocyanate adds to olefinic double bonds, though it was only recently
that Hassner and Heathcock examined the synthetic utility of the reaction'?
and Gebelein and Swern studied the kinetics,t4*1?

Iodine isocyanate is prepared in situ fromiedine and silver

4

isocyanate in either an ether'’? or a dichloromethane'* sclution of the olefin,

AQNCO 4= Ig ':‘-M“z"___; AgI + INCO

It has been shown that the addition occurs in a stereospecific

trans- manner and it is suggested that an jodonium ion is involved as

an intermediate’ $'%7 (scheme 3.

o .
Scheme 3

A et e B o e
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Yhe isocyanates so formed can then be treated in one of three ways;

1) reacticn with an amine (or amonia) to give a substituted ureai-

\ NCO \Z_ NH.CO.NER

}%Iﬁi’éz

h
e

//HMI ///IHnI

2) reaction with an alcohol to give a carbamate, and then with base

to form an aziridinei-

\\ NCC \\ZZ*NH.COER //

ROH base _—
> NH

'/;‘hnl ///‘”lI \\

h

3) reaction with sodium biculphite to give a bisulphite adduct

which can be converted to the aziridine with basei-

\ \/
\Z 1Co ' L C0.50,

T I CY
qullm():3 Wi

At g Ak
N\ /\

Pue sterecchenical course of the formation of the aziridine ring

was studied by

D

he reaction with cholegteZe-sne and shown to be zs follows:i~
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The sterecchemistry of (4) was ascertained by comparisen with an

authentic sample prevared by an alternative route via the epoxide,
Notice that the iodeonium lon forms on the least hindered side of the molecule.
It was proposed that 1f iodine isocyanste reacted with a sulpholene,

stereospecific addivion would take place as shown, to give the isocyanate

whiich could be converted to the urea with amsonia, OCyeclisation of this

should give the biotin configuration {scheme #,),

>
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Unfortunately sulpholene could not be induced to react with
iodine isocyanate under any conditiona, This apparent lack of
reaction was probably due to the deactivation of the olefinic double

bond by the elgetron withdrawing effect of the sulphone group.

Although this ssemed to preclude the use of ilodine isocyanate for
of interest to investigate

the introductica of the ureido-ring it
the generality, if any, of using 2-iocdoureas to form cyclic ureas,
Cyeclchexene was accordingly chosen as a model compound to test

the feasibility of the reaction (scheme %) siuce the expected products,
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21322 (oh) were

cis~ (5a)'?'?% or trans- hexahydrobenzimidazolone
known coitpounds,

2- Todocyclohexyl urea (6) was prepared by treatment of
cyclohexeﬁe with silver isocyanate and iodine in dichloromethene
solution with subsequent passage of ammonia through the [iltered
reaction mixture, (It was advisable to ensure that all molecular

iodine was removed from the reaction before the addition of ammonia

in order to yprevent the formation of nitrogen tri~iodide).

WH.CO. NI
TINCO 2 N
> s 0
o
i < . Nft
(6) (5) 2) cis

Scheme b b)
trans

The iocdourea is known to undergo cyclisation in boiling watex
to give the amino-oxazoline (7} (schemed) as a viscous oil’?'?? bug

its reaction with base has not been reported.

NH,CO,NH2

e ToT

=
] e}
Mo by
(& e
=3
~Y
(@] =
s
AV]

(6} (7> Scheme 6

e, I T U

Ly, was found that ethoxide, t-butoxide or aqueous & sodium
hydroxide had po ef{fect on ths iodo-ursa at room tempsrature, Housver
brief boiling uwith 2N sodiun hydroxide, yielded an oil which was shown

to be 1,2-iminccyclohexane {8). Resction of the product (§) with
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phenyl isocyanate gave the known N-phenylcarbamoyl-l,2-iminccyclchexane (9),

previously prepared via the bisulphite adduct,'”? {(scheme 7).

(%]
11, COL NI, (8)
R VH
ity HaOll - ~ FhiCO
(6) .
}.CO.NHFh
Alc. XKOH
(9)
HNCo -
- NH. £0. 50,
I, laHS0, |

Schene 7

The ring junction protons of (8) and {9) were observed in the
'H n.m.r. at ¥ 7.8 and T 7.25 respectively, indicating their presence
in a three membered ring and the carbonyl of {9) was at 1690 cu ' in
the infrared, ' Q .

On stirring the iodo-urea (6) with strong base (10N KOH) at
room temperature for 10 days, the water insoluble urea went into solution
and a crystalline product was isclated which melted at 129%,  The 'H n,m.r..
had 1 4,85 (21, exch, with D;0), 7.35 (H,m), 8.15 (Mi,m), 8.65 (4,m),
the infrared had v max 3520,3425,1685 cm ', and the analysis indicated
the loss of UI from the starting material, - The welting point and the
position of the protems at T 7,35 precluded it from being cis- (Daj

O 3 g N L WD ST SUTNC R ‘ 20
Mop, LGS )VIPRY pr trans-hexehydrcizosiaidazolene (5b; map. 233 12122 and

structure (10} was proposed,
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N—CO.NH2 (10)

The infrared spectrum of (10) compared favourably with that of
N,N-diphenylurea®* (Ph,N.CO,NH,) which had v max. 35%0,3410,1690 cm .
On boiling the aziridine (10) briefly with 50 hydrochloric acid
a new compound was formed which had téken up the elements of HC1.
The infrared syectrum showed no NHs;* peaks but was identical te the
iodo-urea (€), It was corrhided that the agiridine ring had opened

to give the chloro-urea {11).

7 T
hH.CO.LH2

Ne-COLMH, ————>
7 "0
c1”

(11)

Attempts to thermally rearrange the aziridine (10) to the raquired
. o o .
imidazoldme (5) failed, the aziridine being stable up to 200~ (A above

< AiLS Mapa).

i

\

MT

™ ]

- _w__TEVKLM_-ﬁ (//, =0
|

R\‘»m - T — ™

{19) (5).
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The cyclisation of the iodo-urea to the aziridine, rather than to the

cyclic urea, under the basic conditions of the reaction, must be a
consequence of a kinetic effedét due to the more favourable entropy
associated with this vwrocess, viz, a dominant neighbouring group effect,

It is known that the iodo-carbamates formed from the iodo~isocyanates

readily pyrolyse to 2-oxazolidones, the following mechanism being proposed,’??25

heat

i

By analogy with this maction the following route to the imidazolone

(5) was attempted, using the iminocarbonate (12) and the iminocarbamate

0Bt
- i :_< ‘
NIT.CO, Bt " OFt
It .0BF, ,//Ju,
- 2 . 11 (12)

(14%)
MY

(13) (scheme R).

h 4
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The ethyl carbamate (14) was prepared by the standard route from
Z2~iodocyclohexyl isocysnate and ethanol, Treatment of this carbamate
with triethyloxoniumflucroberate in boiling dichleromethang gave the
iminocarbonate (12), as an oil with y max, 1670 em 1, The 'H n.n.r.
was of interest in that the ethyl groups were ovbserved as a double
triplet centred at 7 8,7 and a double guartet ceﬁtred at ¢ 5.9, The
coupling constant between the methyl and methylene groups was 7Hz and
the separation bketween the pairs of guartets and triplets was 2z,
This splitting is doubtless due to the gyn- and anti~ positions of the
ethoxy groups round the carbonenitrogen double bond, This explanation
was supported by the observation that the signals broadened when the
sample was heated,

Unfortunately, the imino-carbonate (12) could not be induced to
react with ammenia, or in fact any amines, to give the required
imino—carbamate..

It was at this point that this type of approach was abandoned,

Substitution and elimination reactions of 3,4dibromosulvhclane,

The second attempt to introduce nitrogen substituents onto the
sulpholane nuclzus was by direct or indirect displacements on
3, 4-dibromosulpholane (14) (3, b=dibromotetrahydrothiophen~1, l-dioxide)}
by nitfogen rucisophiles,

The dibromide (14%) was readily prepsred by treatment of
Z-gulvholene with bromine (schemef). Although it has never been proved
conclusively, the orientation of the bromide atoms was assumed to be

trans- by analogy with the mode of addition of bromine to cyclopentene.26
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Br Br

— Br, “‘
(14)
S

Sy

Y

o w0

Scheme 9,

Barly workers®? found that the dibromide (14) eliminated HBr on
treatment with an equivalent of pyridine to give the allylic bromide (15).
This compound eliminated a second molecule of HBr when reacted with

pipevidine to give thiophen dioxide (16) (scheme 10),

Br Br Br | .
{ z—j : (16)
““‘_‘—_J ’ _‘>‘ \ 7 / \
{14) 8 5 S
Oy 2 0y

(15)
Schemne 10,

Almost copmeurrently, Bailey and Cumnineg®® developed a preparation
of thioghen dioxide to gain knowledge of its aromatic character {(they
in fact showed that it had none), Their five step synthesis involved
the exhaustive nsthylation of 3,U~bis(dimethylanine)tetrahydrothiophen

dioxide (17) (schemell) and went in an overall yield of 734,
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i, oy . . - »
lhiophen dioxide reacts both as a diene, and as a dienophile, and

27

dimerises®? or trimerises®? upon isolaticn with loss of SO, (scheme 12).

1., . -~y
Schene 1.
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Bailey: and Cummins  investigated the Diels-Alder reactions given

by thiophen dioxide and quote the following results;
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They also showed that thiophen dioxide reacted with dimethylamine
to pive the allylic amine (18) but that no further reaction occurrd to

give the diawmine (17) (scheme 13),

NHea T 2 Nﬁez
/ \ Hkﬂea
> // — S
S ' s s
0
2 Oy 0,
(18) (17)
Schenme 12

Recently a very interesting reaction between thiophen dioxide and
iron pentacarbonyl has been shown to give an iron tricarbonyl complex

under the influence of u,v. light?' (scheme 14),

A
<

Schene 14

Prochazka and Horak?? showed that the dichloride derivative of
sulpholane react~d with amnonia under normal conditions to give thicphen
dioxide, but treatment with liguid ammonia at room temperature for one
month in an autcclave gave the dismine (19), This amine (19) readily
self-condensed with less of ammonia to give (20) (scheme 15), although

it could be isolated as its hydeocnloride salt,



NI, ONH, H N § | NI,
. s ~NH o s
a, 0, o, . .
oChene L
(19). (20) T

Our work dewn.onstrated that piperidine reacted very readily with the
dibromide {(14) in agueocus solution to give crystals of
3, b~dipiperidinotetrahydrothiophen~1,l~dioxide (22) which was

characterised as its monomethiodide derivative.

Y40

(22)

Treatment of the dibromide (14) with a cooled solution of
methylamine i chloroform gave high yields of 3,4~bis ( methylamino)~
tetrahydrothicvhen~1,l-dioxide (23, R = H)., Tris diamine was a low
melting solid, which formed a dihydrochloride salt and a di-N-acetyl

derivative (23$ R = Ac).

(23}

in
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Reaction of the diamine (23, R=Hl) with piosgene in the presence
of sedium carbonate gave the cyclic urea(24) in which the nature of the

ring fusion was uncertain,

lel ille

s (2h)

The cyclic structure (24) was assigned on the basis of analytical,
infrared and 'H a.m.r, data,

The infrared indicated sulphone bands and had a carbonyl absorption
at 1710 em '. This was higher than normal for urea carbonyls (ca. 1660 cm ).
However, there are examples of highly substituted, and c¢yclic ureas which

have absorptions in this region viz., (25)%%, (26)*3, (27)?%, (28)%%:-

(27 1630 cm—"I Zl :Xk“‘“ 2 Co(28) 1695 Cmn1°
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The 'H n.m,r, spectrum of (24) consisted of a methyl singlet at
T7.2 and a complex multiplet (due to the protons ¢~ and 8« to the sulphone)
at t6,2 - 7,0 in the ratio of 1:1,. After heating the compound with
N NaOD in D,0 for 78 hrs, at 75° the spectrum showed a singlet at 47,2
and a singlet at $6.75 in the ratio of 2.5:1. This showed that all four
o protons had exchanged and were weakly acidic.

The weak acidity of the a protons of the parent compound, sulpholane,
was demonstrated under similar conditions. The *H n.m,r, of sulpholane
exhibits a multiplet at 6.9 due to the a protons and a multiplet at 17,8
due to the B protons; these signals being in the ratio 111, After
heating with 4N NaOD in D,O at 750 for 16 hrs, the muitiplet at 7.8
collapsed to a broad singlet and the one at %6.9 decreased in sizej the
ratio being 4:1 showing that 754 of the o protons had exchanged after 16 hrs,

In contrast, the o« protons in 3-sulpholene exchanged almost |
cempletely within 6 mins. at rocom temperature in O,01N NaQD in I,O,

The acidity of the a-protons therefore seems to be considerably

enhanced by the presence of the double bond ia the ring,

The trans- configuration of the bromine atoms in the dibromide QY
was assumed by anslogy to the addition to cyclopentene,26 but the
configuration of the diamines derdved from it were not necessarily the
SAMe , If the approach from the dibromide (14) was to be of any use in
a synthesis of biotin, the ring juaction of a cyclic ursa, such as {24),
derived from a diamine, had to he cis. It may be argued , that by
whatever wechanism the bismethylamine compound (23, R=H) was formed, be
it by direct substitution or by subztifution-adaition, the amino groups
should be in the least hindered trane-configuration, and thus, the cyclic
urea derived from it (e.g. 24) would be trans,  Alternatively, two

srans-fused filve membered rings represent a highly strained system =and as
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basic conditions were utilised in the ring closure with vhosgene,
isomerisation cculd have taken place since the o protons are slightly

acidic (see stheme 16).

0 0
l
Hef \p€fiea Hell Jilie
(R § RS
> i /
1 L
5 5
base O2 02
0
Mell @‘H\Ie
PN
3
0
2 Scheme 16,

This contrariety was resolved by an X-ray analysis on the cyclic
urea (2b),

the urea {24) crystallised from water as monoclinic prisms with
unit cell dimensions a = 8.616(3), b = 15.280(5), ¢ = 7.409(3) A;
B = 102,62(4)0, u = 951,85 £, and with b, = 1.423 g.cmﬂsg me 1.42(2) g.em 2
{flotation). The unit cell contained four-molecules;

The successful analysis in the space group € 2/¢c requires a two-fold
axis in the molecule, indicative of a trunms- fused structure; such trans-

fused [3,3.0] systems are vare,’§

The structure was solved and refined
using the heavy atom method (sulphur), The final refinement was to an R
factor of 0,081% for the ohserved reflesctions, Table 1, listis the final

¥Figure 1 shows the (L01) projection of

dotadils the intramoleculer bond lengths

and angles. The trans- fused bicyclic systenm is clearly seen in Figure 3,
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TIGURE 1, The {00M)projection of the wolecule. The therral

e e ®1lipsoids are scaled to include 50Y probability.
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FICGURE 2, Intramolecular bond lengths and angles with standard
deviations in parentheses. 0(1)!' refers £o the

two~Told asxis atom related to 0(1). The C{1)={(5)=0(1)1

X o O
angle is 109,2(3)".
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Bond lengths compare well with the expected values., Thus the sulphur-oxygen
length of 1,445(4) X is in good agreement with that, for example, in dimethyl
sulvhone 37- (1.473 4) and methane sulﬁhonanilide33 (1.433 1). The ring
strain of the urea {24) due to the trans- fusion causes a number of
intramolecular angles to deviate markedly from the expected values, Both
rings are highly twisted (Figure 3) and do not have the normal envelope
conformation sucth as is sssociated, for example, with the cis- fuéed

biotin derivative (29)39,

o]

AN W

C a.\VH- vl Tl bl ¥ 0ag

(29)

By analogy to the preparation of the dimethyl urea (24), the dibromide
(14) was reacted with liguid ammonia for one month, f£ollowing the method of
Frochazka,’? to give the diamine which was not isolated but cyclised
with phosgene, Thespeciral properties of the product'were consistenf

with siructure () and will be dixmased in a later section,

WH

i
HH )\
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that the diam

the trans- form,

that the cyclic urea (24) was trans- fused indicated
(23,R=1) from which it was derived must also be in

This thevefore gives some insight into the mechanism

of the reactioc: between amines and the dibrowide (14).

o
HeHN
MeN NMe
$
cocl, ]
05
{23} (24)

Bajley and Curmrins®® have shown that thiophen dioxide (16) reacts

with dimethylsmine to give the allylic amine (1) but not further to

give the diamire (17),
of dimethylamize upon the dibromide

As mentimmed proviously the d

configuration :nd the diamine (17) as rans -

rasult, “hese ohservations sugres
divromide via an intermediate (31)

dehydrobremingte o the allylic amine

e

oy

wonld result iz the trons-diamine,

The diamine, however, was formed by the action

{14) or the allylic bromide (15).
ibromide (14) was assigpned the trans-
by analogy to the above
t that dimethylamine reacts with the
(schame 19) wnich does not directly

(31%) since Turther reaction would not

cubsititution of the bromide of {31) occurred the

5 reaction via an aziridinium species

- (32)



Ul

A

cheme 17,

Me NH
8
Oy
{16}
He ,NH .
ra
{14
/iBr
/,
/
0 Ve H B
{15) 2 2% ;
He ZNH \ /‘_.__ﬁ
S e
Oy

96,

Nile >

THe T
T\I,czzz NP EEEZ

’/f
.
-

Me 2?3 i




97

An unusual reaction was observed between pyridine and the dibromide,
Whereas a stoichiometric quantity of pyridine eliminated . HBr from the
dibromide?? (cf, Scheme 10}, it was fouwrdthat the use of a large excess
of pyridine afforded a purple crystaliine salt, This was assigned the
structure {33) on the basis of a) elemental analysis, b) the infrared
spectrum with smax, 1134, 1320 and 1630 cm ', and ¢) the ' n.m.r,
spectrum which showed 70.7(2H,d,J&iz), 1,25(ii,t,J84z), 1.75(H,t,d7Hz),
2,9(1H, broad s ¥ 7Hz), 5.3(2H,m), 5.7 &,m).

The infrared confirmed the prdsence of a sulphone group and the n.m.r,
indicated a vpyridine ring donded through nitrogen and one vinylic proton
(72.9). The vinylic proton was broadened and showed fine splitting, The
remaining ring protons (15.3 and 75.7) resonated as narrow signals and showed
fine structure irconsistent with adjacent methylene groups,. These facts

point to the following structure (33),

The salt nrobably formed by the reaction of pyridine with the
allylic bremids (15) which was ianitially produced,®? followed by
base-catalysed nigration of the ramaining double bond to the 3(4)-position,

. . N .- U 1
a rearrangement with considerable precedent,*”
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Of interest was the purple colour of the salt, Repeated
recrystallisaticons did not remove the colour, which was rdained in
solution, Measurement of its e.s.r., spectrum ruled out the presence
of free radicals, The exact cause of the CQléur remains uneXplained'
but may be due to an intramolecular chavge-transfer interaction
between the sulphone and pyridinium functions. VWith bgse a brilliant
yellow colour formed which was attributed-to the formation of an ylide,

i“he use of the dibromide as a precursor seemed to be ruled out
by the trans- orientation of the groups which were introduced. All
attempts to isomerise the trans- fused urea (24) to the cis- isomer with

base failed and s0 a new approach was attempted.



99.

Intramolecular sddition reactions of 2-sulpholenes,

Since Michsel-type addition reactions to 2-sulpholenes are will
established,*?’*?  intramolecular additions to appropriately aubstituted

2~sulpholenes were investigated, e.g., =

0 0 : O
) A PN
X - Br X YH X Y

5 3 5

0

2 02 02

If X = Y = NH, the reguired cyclic urea would be formed, presumably
with a cis- ring junction., Since the aypropriate bremo~urea stariing |
nmaterial was not available the reactions of bremowcarbamates (X = O, ¥ = NR)
were studied to investigate the scope of the reaction.

3-8uipholsne (2) was converted with bromine water into the known
bromohydrin (34)%? which on heating with phenylisocyanate gave the

corresponding phenylcarbamate (35){scheme 13),

Schewns 18,

T At S e bttt

Br 0H Br OGO, NP
7% b,




100,

Cn treating the phenylcarbamate with an excess of sodium ethoxide
in ethanel a new product formed which was assigned the enamine structure

(26) on the basis of analytical, infrared and ™ n.m.r. data,

FPhiiH

/

(36)

o n

The infrared indicated =NH(3300 em ')} C-C double bond (1620 cm 1),
vhenyl and sulphone (1200, 11060 cm ') functions, The 'H n,a.r, showed
phenyl protons and an exchangeable «NH, plus a singlet at 74.2 (1H) and
a multiplet at 16.5-7.2 (4I),

The mechanism proposed for this conversion (scheme 19) involves
an initial dehydrobromination to give the unsaturated sulphone (37)
followed by formation of the cyclic carbamate (38). Further reaction
with baée abstracts a proton a to the sulphone group with subsequent
elimination, by ring opening, of the carbamate group followsd by loss of
carbon dioxide. The conjugated olefin (39) initially formed can
equilidrate by «p-p7 double bond iscmerisn*® leading to migration of
the donble bond, via the unconjugated enamine, (40} %o the more stable

position to form the conjugated enamina(36).



POFRTIE

B Q=CO HEPh

r
%
Y

(33)

PhiNH

PhilH

\

(L0)

A4

>:o

PhEN 0

PhivH

101,



102,

That suck a series of reactions was occurring was established
by varying the base treztuent of the starting carbamate (35). Slow
addition of one equivalent of triethylamine to the carbamate eliminated
hydrogen bromide to form the allylic phenylcarbamate (37), This was
identified by comparison with authentic material prepared by reaction

between the allylic alcohol (41}** and phenylisccyanate,

Bz oH OH 0=-C0, MEPh
) NaOAc / PHNCO /
) -
g AeOH g g
2 < 2 2
(1) {37)

The allylic carbamate readily cyclised into the cyclic cavbamate (58)
on treatment with an excess of triethylamine, Heating the cyclic
carbamate with friethylamine in ethanol comverted it into the allylic
amine (39). A1l the intermediates in this sequence were converted by
sodium ethoxide in ethanol into the enamine (36).

Although migration of the double bond from isomer (39) %o isomer (36)
must proceed via the pr-unsaturated isomer (40), no evidence that the
latter could exist as a stable intevmediate was f{ound,

The enamine (36) could be acetylated with acetyl chloride to give

the Neacetyl d&erivative (42), Basic hydrolysis of this anilide (scheme 20)

1iberated the starting enamine whilst acid hydirolysis, with ¥ hydrochloric
E] . » AR . g .
acid, afforded acetanilide amd the lebtons (4%)77, identified by its

2, hwdinitrochenyl hydeazine derivative,
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Pui
/ (36)
base g
Phlihe 02
3
82
O
(42) acid
1 PhilAcH
b
02
(43)

The concept of intramolecular Michasl additions to 2-sulpholenes
now seemed valid but it was necessary to prepare other bromo-carbamates
to test the generality of the reaction,

The methed of treating the bromchydrin (34) with isocyanates
only seemed applicable to high boiling isocyanates since tke low boiling
methylisocyanate failed to give any resaction, A sealed tube reaction
was net attemptad,

The bromenydrin (34) reacted with ethyl chloroformate in the
presence of one equivalent of triethylemine to give the ethyl carbonate
(44) (scheme 21), but use of an excess ol triethylamine afforded the

1
£

allrlic ester {43) by elimination of hydrogen bromide,
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o “CO_E ~C0E
BE Ol Bg 0-CO, Lt C-CO B
BE+0COCL /
‘;.
IS
0,

0
(34) (44) (45)

Neither of these carbonates reacted with ammonia, aniline or
methylamine to give carbamates,

Uze of more vigorous conditions caused
eliminations to occur,

A general prepééation of the carbamates was achieved, however, by

use of the chleoroformate (465), prepared by reaction of the bromohydrin (34)
with phosgene in the presence of guincline,

j Br
- ,
4\ coc,

8
2

0-CCCL

N
//\\J . VA

e,
N
=
Nt
oW

i

(

45)
The chloroformate rencted with zniline to give the same carbamate
{35) as deccribed above, and with ethancl to give

Ay
the

Benzylanine, wsthy

TR
o AT

ethyl carbonate (44),

and digethylamine
the chloroformate 4o give the
Whereas

reacted similarly with

carbamates (&7), (43) and (49),
an excess of ammonin gave the uhsatura

1 R W £z
abed carbamate

(50Y {(scheme 22).,

o
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Scheme 22,

1,2

0~C0.C1 B 0~CO.NR R™

\\\\\"‘5
c{/\\\W
N
/f\“j““wj
[ 2]

R 1R%Nn
0, 2
{(47) gl = q, 2% = PhCH,, -
] (48) »' =, RZ = Ye
NH
3

v (49) 2! = R® = e

0-CO.NH

2

(50}

On treatment of the secondary carbanates from benzylamine and
we thylanine ,(47) and (48), with sodium ethoxide in ethanol, the corresponding

enamines, (51) and {52, were produced in high yields,



e /prO.NRqRZ R 'w®
o /
] 550”7 3]
O2 02
L7y, (L8 1 2
(473, (A8} (51) R' = #, R = PhCH
12

(52) R = H, B = le

Similar treatment of the primary carbamate (50) did not produce
the corresponding enamine but this was not surprising since the amine (53)

is known to undergo dimerisation®? -

MH NH 21

%]
T
N

/

)
O
<0

An intramclecular Michael a@dition reaction wes not possible with
the terfiary carhemate {49) a2nd treatment of this with ethoxide afforded
the vinylic ether (54) {scheme 23), The reaction probably rrocseded by
an elimination-zddition reacticn. Jsing the milder counditions of
agueous sodium carbonate, the 2llylic amine (1 14} was preduced which was

dentical to the compound nrepared by Bailley and Cumnins® 8 from either

e

S

thiooben dioxids, or from bis{dise alsulpholione (17) (cf.schewes 10

g

and 133, This amine (19) vas rzadily isowerised into the enanine (53

with ethoxide,
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Scheme 2%,

' G0 HH
31;’/ 000, Iie,, tite,,
> \ (18}
5 Na. G0 3
b a3
( 9) 02 02

5o Hlie

The 'H n.a.r. spectra of the five enamines (36), (42}, (51), (52)
and (55), and of the viaylic ether (54) were very similar with respect
to the ring pretons and were Lypllidd by that of the acetylated anamine
(42) (Spectrum 1), They were characterised by having two sets of
methylene protons reseuating as overlavping wultiplets between 16.3-7.3
and a singlet duz to the vinylic proton resonating bstween 753 and
vk, 0 (Table 2},

NalD/D, 0 axchange studizs indicated that the vinylic proton was in

the wvosition w- to the sulphone,
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Tavle 2, ‘I n,m.r, chemical shifts in compounds of the type:~

RS

Shifrs (v) measured in CDC1,, except where otherwise stated, on

a Varian TE0 instrument with TMS as internal reference,

Compound X lMethylene protons vinylic proton
(36) PhNH 6.5 - 7.2 4,2
(42) PhNAc 6.5 - 7.2 3.3
(51) FhCH, NH 6.6 = 7.3 b7
(52)* MollH 6.5 = 7.3 4.9
(55) Me, N 6.4 - 7.2 4.8
(54 £t0 6.3 = 7.3 b3

# :
measured in IO,
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L,

Broaddus’ has shown that the S-proton of 2,3~dihydrothiophen -1,
1-dioxide (54) (2-sulvholene) exchanged rapidly with NaOD/D,0, as do the

four allylic proions of 2,5-dihydrothiophen-1,l-dioxide (2) (3-sulpholene},

3

O W
[

(56) {(2)

The rapid exchange of the S-proton is attributed to the formation
of an anion at this pesition, as opposed to a reversible Michael addition
of OD to the deuble bond. This was proved by the fact that the n,m,.r,
of 3-hydroxysulpholane under exchange conditions showed no sign of any

2-sulphoiene, viz, -

oD

\ NS

O
O

Yhen the anilino-enamine (38) was treated with Na0l/D,0 it was the
vinylic proton which exchonged and not the methylene profons

The conjugation of the nirrogen through the double boad to the
sulphone groun was confirmed by the uliraviolet smactra of these

conpounds, With strong Tom 255 nm, to 271 nm,

(Table 3). This strong absorption should be conirested with the u,v,

of Z-sulgholene (56) which showed no absorptions above 210 nm,
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Table 3, Ultra violet absorptions of compounds of the type:i-

X
S
°
Cempound £ A max, nm, €
(36) PhiNd 271 17, 800
(42) Phliag 243 14, 200
(51) PhCH, NH 235 17,500
{52) MeNH 233 14, 700
(55) Me, N 2h2 16, 350
(56) H 210 520 {end absorption)
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The 'H n.m,r, spectra of the 3,4-disubstituted compounds of the
type shown belew were very sinilar and were typified by the chloroformate

(46) (spectrum 2),

X ¥ B C=CCL.CL

N

(46)

For cases where X = Br and ¥ = 0CO~, the four methylene protons
generally occurred as a multiplet at 5.9 - 6.9, the methine next to
bromine as a multiplet at about 15,3 and the methine next to oxygen as
a multiplet at about T4, 4,

The allylic substituted compounds also had similar 'H n.m.r. spectra

and a good example was the primary carbamate (50) (spectrum 3.).

Y O-uCO.I!H2
— g ® —_
/ n\“HA /
PR
o F - - > (50)
2 2 .

The winylic protons were accidenbtally coincident and resonated at
about 13,2, The methine and methylene wrotons pave rise to an ABX pattern
with the methine as a multiplet at about 14,0 or 4,5 and the methylencs

a3 a double cuartet at 5,0 - 7.0, The counling constants for the

system yece o, L Ha, O,
system wece J,. Lo Ha, .

il PR
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The chlorcformate (46) reacted with urea to give the allophanate
(57) (scheme 24) which yielded the cyclic urea (58) on treatment with
aqueous base. ‘The mechanism proposed for this reaction involved an
initial dehydrobromination to form the allylic allorhanate (59) followed
by cyclisation te a cyclic carbamate, with loss of £0;, to give the
allylic urea {£0). Intra-nmolecular Hichael addition would then give the

product (58).

Seheme 24,
Br C=C0.CL Br 0-C0. 1. 00T,
! )’
g H,NCO. N, 5
0 - 0 \
2 2 (573
{46}
base
0 b

)L 0-COL I CO.NH,
(A

H_NCO.H ’Q 0

) —
Yo [
[44
s — '5? (599
O2
o o
1 f
yN//k\‘wﬁ 1oy \\\“
}‘ 4 ‘;;) i MH
\ ¥4 - e e \
— .
Ay
3 ‘-'!H
4(-' - -5
. (50 h g (58)
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That such a series of reactions was taking place was shown by varying
the base treatment of the starting allorthanate, Behydrobromination of
(57) to the allylic allophanate (59) was corried out in agueous quincline,
whilst warming the latter with aqueons éodium hydrogen carbonate aiforded
the allylic urea (€0), The intermediate cyclic compound was not
isclated but the conversion of (59) to {(0) was accompanied by a fairly
brisk eveluticn of carbon dioxide., On treatment with stronger base,
such as agueous sodium carbonate, cyciisation of the allylic urea into
the isomer (58) occurred, The cyeclic urea (S58) was also obtained under
the same conditions from the allylic allogphanate (59).

The structure assigned to the cyclic urea (58) was consistent with
analytical and spsCtral data.

From its rmode of formation this compound (58) must have the
cis~fused structure, Comparison with the known trans-compound (30),
prepared from the trans-3,4-dibromotetrahydrothiophen dioxide with
ammonia and phosgene, showed them to be isomeric.  The former, cis-fused
isomer showed v max, 1710 em ' for its carbonyl absorption in the i.r,,

whereas the latter showed v max, 1705 and 190 cm 1.

e 'H n,m.r, spectrum of the trans-fused iscomer showed a complex
pattern for the ring protons with nultivlets centred at r 5,05 (&) and

T 6,05 (4H), In contrast, the cis-fused urea showed two very broad peaks
centred at 1 5.5 (2H) and 1 6.9 (4i). The lack of fine structure in

the case of the cis-isomer wos attributed to a conforuational flipping

of the sulphione grouns between two extremes (58a43 58b) as illustrated

by Dreiding models,

- .\ ) 3
u.-il‘i rn"‘ "-‘X
(5in) ) ( Gy (520
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In contrast, the trans-fused isomer (3%0) was held coupletely
rigid, The low solubility of the cis-~fused iscmer (58) in most solvents
precluded low temperature n.m,r, studies,

The chewical difference between the cis- and the strained frans-fused
ureas was demonstrated by the action of boiling 6§ hydrochloric acid,
The traps-urea was quantitatively hydrolysed in 24hr., to produce the
trans-dianine (19), isolated as the hydrochloride salt, Under the same
conditions the cis-compound (53) merely formed the urea hydrochloride,
from which the starting material was regenerated by weak base, The
stability of the cis-fused urea to hydrolysis is reminiscent of that
recorded for biotin, which required treatment with bharium hydroxide at
150°  for hydrolysis*f,

The cis~fused urea (58) readily reacted with acetyl chloride to
give both the mono- (61) and the di-acetyl (62} derivatives which were

readily hydrolysed with dilute aqueous base to the parent urea (58),

O O
A
HEN HAe . AeH MAc
o [ ..
g (61} 5 (62)
2 2

Having shown that the cis—urea was readily acylated and could be
hydrelysed back to the starting naterial, the following route (scheme 25)

4

for the introduvetion of the valeric acid side chain was investigated,
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Scheme 25,

APPSR

HE /\<m )y, Br
Br(CH, ), 00

\\‘\
//,,W

S 4

S (63)

basge

HE N N N
T & z 2

w(CH.), co.d Huy
5 2’72 OH

(6h)

{he cyclisation step of (63) to {(64) was thought to be possible
since the protons o to the sulpoone group are known to he acidic, Hodels
showed that the all cis form of {(&4) was unstrained whereas the cis,
c¢is, trans- alternative had large proton~proton interactions and wa
therefore energstically less favourable,

e rreparation of S-browovalerylehloride (€5) vequired for the
acylation was Wassd upon Chrétien's wieparation of Swbromovalevic acid*?
followed by treatrent with thionyl ehloride® to pive the acid chloride

(scheve 20},

Tnus, tetrahydvefuran (66) wes treated with acetyl chloride and
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a gzinc chloride catalyst to give acetoxy~chlorobutane (67) which,with
sodium cyanide, gave the acetoxy-cyanobutane (68). Refluxing the latter
with hydrobromie acid afforded browovaleric acid (69) which was converted

to the adid chleride (65) with thionyl chloride.

Schene 28,

AeC
> AcO(CH,),C1 (67)
{&35) O 4nCl,
NaCN
¥
HBr
(69) Br{cqz)i_}cezﬁ ya AcO(CHa)L}_CN (68)
S0C1
Y

Br{CHE)MCOCl (65)

The N-zcylation of the cyclic urea to the N-bromovaleryl compound
(63) was carried out successfully in dioxan/IMI in the preseuce of
sodium hydride, Although the first attempt at the c¢yclisation of this
compound was unsuccessful further work is called for,

A general route to Ne-substituted cis~fused cyclic urcas was

develoved utilizing the allylic amines (3%9) and hj)}%pm%dby

conirolled base treatmsnt of the corrasponding bromo-carbamates as

dascribad earlier {ef, scheme 19), Reacoticir of the allylic anilino

compound { 39) with pgheunylisceyennie or wethylisotyanate gave the allylic

o

—

wreas (W13 2T =F = T Ye) {ncheme 27)., Similurly the

el allylic wrea (71, R'=R%-e),

mathylaning

L& - -
Treatment of the all

ic wreas with base dloomerised them to the corresponding
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cis-fused cyclic ureas (72;R'=R¥=Ph; R'zPh, RPule; R'=R*=Me),

Schenme 27.

s

Br O=CO.THR Wy

- - \ ' (39) R = Ph
1.
S g (70} T~ = Me

1

~
/

B0~ (71)

O Uy
]

(72

Comparisen of the cis-fused dimethﬁl urea (71; R'=R%=Me) with the
known trans- compound (24), prepared from the :533573,4_dibr0motetran'
hydrothiophen dloxide with methylamine and vhosgene, showed them to
be isoreriec,

In contrast to the vesction of fthe aliylic methylamino compound

(70) with methylisocyannte to give the allylic urea (7; R7=R*=zle), the

{3

methylapnine enemine {(52) did not Tozct with the isecyanate on its own,

Howsver, in the presence of fodium bydvide, two equivalents of

methylisocvyanats reacted o give the spiro-coopound (73). The

formation of tvhis compound was envisaged as follows, {(scheme 28), again
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demonstrating the lability of the 2(3)-double bond of sulpholenes to

Michael-type addition reactions.

HelH
S o
{ \E §>*—“Nﬁe
Hall
o 2iieliCo Mell 0
O, ¢ “ulte
(52) S '“j»
o

' (:r~' Niie
(72)

(@R V]

The allylic urea (£0) was found to be a potentially useful compound
since strong nucleophiles could add to the unsaturated sulphone.

Hydroxylamine gave the Michael addition product {74) at the d-position,

/A‘\v”%
1
_J ,
FJ.\ '
;\;'1
=
NS
Vs
]
]
¢
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Bromiue also reacted with the aliylic urea (£0) (in acetic acid
at €0°) but the produdt was that of electrophilic addition to give the
hydrobravide salt (75), probably via the intermediate {(76) (scheme ‘29).¢
With an equivaient of base the bromide salt (73) spontaneously

underwent ring opening to give the brominated allylic urea (77).

Schene 29,

0 - | B
| NH,
HN NI, EN 0
\ Br2 n“,p
—>
3 : (76)
G
(6D) j
0 NH
Hy- rmp' IIN
'b. ot P c
(77} \ Br N e, Hts . -~ +iBr
S " ?.
0, 0,

(75)

ihe hydrobromide salt (75) was very water soluble and gava an
. . N P B N . _ . . o | . s . ‘1{{ 4 s .
ionic bromide test. +he invrared showed no characteristic il bands
-~ af \ . ~ ISR e ade
around 2700 cm’, The spectrun wes, in fact, very similar to that of

rea (59) with a peak at 1700 en ! and a comparable N region,

sa1t having siructure (78),

OO oL

formad by ring elssure through nitrogen, wis discounted on the

%)

following grounds
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//ﬁ\\
HN THH
78) . e Br  LJHBr
e
02

1), that compound {78) would not be expected to ring open to
the aliylic urea (7¢) with base, since the unbrominated cyclié urea
(58) was quite stable to base, This should be contrasted to the facile
ring opening (and subsequent loss of CO,) that was observed in cyclic
carbamates [e.g.(38)] with base (see scheme 19).

2), that thermally-~induced ring closure of 2-iodocyclohexyl urea
[(£); scheme £} went through oxygen to give an oxazoline (7), whereas
base-induced ring closures of&llylic ureas (sse schemes 24 and 27) went
through nitrogen, There is therefore some justification in believing
that ring closure to form the hydrobromide salt went through oXygen &as
it was formed thermally.

The Iy n.,m,r, spectra of the salt {75} in various solvents are
summarised in Table 4,  Ths protons ave referred to by the letters in
structure (75) and chenical shifts are exnpressed in r, Doupling constants

for protons 'e' and 'd' ave given in Table 5 and are expressed in Ha,

The multiplicity of the sigunls was as expected for structunes (75).
The coupling eenstants for proton ‘¢’ were consistent with the
] =

mle between b oand e wondd

o, ‘
anproach & (J large) and that betwesn ‘¢! and 'd' would be of the order
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TABLE &
Solvent Yal 'H! 'e! 'q!
TFA n G.7T m 5.1 d 4.5 s 5.2
DMSO ¢ m 6.3 m k.8 ad 4,0 d 3.9
D0 m 6.1 m k7 dd 3,9 d 4.3
TABLE 2
Solvent 'e! ‘q
TFA d J=10 S
H'&SO ds dd J1 :3_1, Jz '_:2 d JEZ
10 dd Jy =10, Jp=1 a J=1




of 120° (J smali), The resonance positions of the protons 'a’, 'd' and
‘e' varied little for the different solvents, whereas the position of
'd' was very solvent dependent, being downfield of 'c' in DilSO, upfield
of both '¢' and 'o' in TFA and between the two in 1,0,

ihe infra-red spectrum of the of the brominated allylic urea (77)
was very sinmilar to that of the unbrominated material (€0). The only
difference in the by n,m,r. SPectfa was that (£0) had two vinylic protons
{singlet and doublet) and (77) had oue (doublet), Since the vinylic
proton of the brominated material (77) was a doublet it indicated that
the bromine was in the 2-position and not the 3-position,

Further proof that the bromine was in the 2-position was obtained
by treating the allylic urea (77) with hydroxylaﬁine and isolating the

addition product (79).

0
0
Y .
M,
~,
TH M, M SJoH
! b\ \\\\ RS
\ EATIITE = <
Ar Ol - ) Br
2 PN ‘,{ AL AL
g > H7 s e
O 11
2 2
(77) (79)

The structure of the hrdroxylemine asdcéuct (79) was unguestionably

wroved by the Y non.r. spectrum comurising a double guartet at 16.1-7.0

kS s n e P " o tn ; LS
(21)d), a multiples at 19,3 (i, D), a multiplet at 5.9 (1H, ¢} and &
doublet at h,e (UH,’d® J 2 oiz), The fact that the coupling constanb
I 3 e . . s N .
petween o and ¢ was 9z indicated a small dihedral ongle, i.e, that

1 % i
nrotons ¢ and 4 omre
I

vroved that the addition had occurred

[N LI T
toercochamistry of b and ¢ is

BANNET , N

ansunmed ottack from the leasty ﬂjnqurﬁ_ side},
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Ir trans- additicn to Z-sulpholenes is a gensral rule 1% should

be possible te cyclise compounds of the type (8C) to give products with

the biotin configuration,

5 o
}zr-g” HH, :mf; :NH
\ >
R i R
b 164
O 0

{80) .



"Science is a collection of successful recipes."

Paul Valéry.
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EXPERDOGNTAL

A1l melting points were determined on a Kofler-hot-stage and are
uncorrected. Infrared swvectra were recorded on a Unicam SP200
spectrophotometer for Mujol mulls unless otherwise stated. 'H n.m,r,
spectra were recorded on a Varian T€0 or a Varian HAIQO instrument for
solutions in deutericchloroform containing tetramethylsilane as internal
reference unless otherwise stated. Fhe following abbreviations are

used in copnection with n.m,r, spectra:

TFA triflucroacetic acid

5 singlet

d doublet

t - triplet

q quartet

dq double quartet - the AB eight line

pattern of an ABX systenm,

nm miltiplet
b broad(ened)
J coupling constant

A1l solvents were G,P,R, grade, Benzene and ether were dried
over sodium wire, Light petroleum refers to the fraction of boiling

) . . ) . .
range O=-307, AYl orsanic extracts were dried over anhydrous sodiun

sulphate beiore svaporation,
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trans-2-Todocyciohexviurea (A). ~ Silver isocyanate (0.75 g.) and iodine

(1.08 g.) were gtirred together in dichloromethane (15 wl,) at Oo. After

5 min. cyclohexane (0.35 5.) was added and the stirring continuned for

2 hr, ' The inorganic salts were filtered off and amronia gas passed through-
the c¢olourless solution. After 1 hr. the white urea was filtersd off

and erystallised from ethanol, m.p. 152-30 (1it,*? 151—20), v max, 3420,
3320, 3200, 1655 om ',

N~Phenvl-carbamoyl-1, 2~iminocyclohexane (9) = trans-2-Iodocyclohexylurea

(1 g.) was heated under reflux with 2N scdium hydroxide solution (10 ml.)
for 20 min, and cooled., The oily drovlets were extracted with hexane,

The extracts were dried and evaporated to about 5 ml.  Phenyl iéocyanate
(0.5 ml.) was added and the mixture warmed, Cooling afforded the aziridine
which was filtered off, m.p. (benzene) 149~510 (1it.'? 149-50), v max,
(CHC1z) 3410, 1690 em ', 7 2,2-3.1 (5i,m), 7.3 (2,s), 8.1 (4, m),

8.6 (4H, m),

(Found: C, 72.12; H, 7.4l; M, 12.95. G4k, (N0

requires C, 72.16; H, 7.465 N, 12.95%).

Carbamoyl~1, 2~iminocvclohexane (10), = trans-2-ILodocyclohexylurea (6 g.)

was stirred with 10N potassium hydroxide solution (75 ml.) at room temperature
for 10 days., The solution was diluted with water (75 wlyp), saturated with
sait and extracted with ether, Evaporation of the extracts afforded the
urea (0,95 g.; 30%), m.p. (benzene) 125—306, v max, 3520, 3425, 1685 cm ',

T 4,45 exch, with D0 (a1), 7.35 (MH,s), &.15 (M, =), 8.65 (4, m),
(Found: ©, 0,065 H, &,40; N, 20,26, C,H,,N;0

requires C, 59,08; ¥, 3,63; N, 19.9%4),

brans-2-Ghlorocyelohexylurea (11), -~ Carbamoyl-1, 2-iminocyclohexane

D . . e, )
(2 mg.) was heated at 100Y for 2 hr, with SH hydrochloric acid (35 mii)

The mixture wes cooled and the yeen filtered off and crystallised from

o [ Shey 7 250 v
ethancl (M0 mg,)y m.p. 17557, v mex, 5000, 3710, 3200, 1660 ea t,
{(Found: C, 47.72; I, 7.44% N, 15.9% OL, 20.03.  CoH,;C1N; 0

?

e ) - - . . —ir e . o
requires €, 47,613 H, 7.02; N, 15.8%; 01, 20.074),
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EthylnN—(trapsmamiodocyclohexyl) Carbamate (14), = Silver isocyanate
(11.5 g.) and iodine (14.3 g.) were stifred together in dichloromethans
{150 ml.) at 00, After S min, cyclonexene (4,85 g.) was added and the
atirring continued for 2 hr. The inorganic salts were filtered off

and the colourless [iltrate evaporated to hall volume., Hthanol (60 wl.)
was added to the solution and the mixture heated under reflux for 2 hr,
The solution was concentrated to 20 ml, and cold water {100 ml,), containing
a little sodium sulphite, added to produce a white precipitate. This |
was collected, dried at 50° in vacuo and crystallised from petrol/benzene
(9:1) to give the yellow carbamate (14,8 g.; 8%4), m.p. 122-3°, v max.
3460, 1710 em ', 1 5.0 (IH,m), 6,0 (1H, m), 5.9 (&H, q, J 7z),

7.3=-8.7 (&, m), 8.7 (A, t, J 7Hz),

(Found: ©, 36,55; H, 5.34 N, 4,66, CyH, (INO,

requires C, 36,%; H, 5.43; N, 4,724),

Diethyl He{2~Jodocyclohexyl) Isccarbamate (12). - Triethyloxeniumfluorohorate

(8 g.) and ethyi~N-(2-iodocyclohexyl)carbamate (6 g.) were heated under
reflux for 2 hr, in dichloromethane (100 ml.). The solution was cooled
and washed with saturated sodium hydrogen carhonate . solution and then
water, The organic phase was evaporated to dryness tod give an oil which
was distilled wnder reduced pressure (1670 at 55 mm.) to give the
golourless isccarbamate, v max, 1670 e ', 7 5,% (1H, bs), 6.3 (1H, bs),
7.3=9.2 (&, »), 8,7 (@1, dar, J Az, 5.9 (Wi, dq, J MHaz).

trens-3, beDiniveridinototrahydrothiovhen-l,l-diczide (22}, ~ ¥Freshly

distilled pipezrdine (2,48 g.) wos added to @ suspension of 3,4=diuvromo-
tetrahydrothivynen dioxide (2 g,) in water (30 wml.) at voom temperature
with stirring, A thick, white susgension was fermed,  After 15 min,

agueons 2 sodimm hydeowide (10 ml,) wes added and the suspension cocled

o ; R o G s el e .
at O fer 2% hr, and filtered, the solid was wrahed with cold water,

by =

and crystallisad from ethanol to give colourless needlies (1.75 8.),

L0 . - Fot " e o T
map, Le2~37, womax, 1310, 1130 om T, A sanpls (250 wg.) was warmed

3
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with methyl icdide for 15 min. The excess of the reagent was evaporated
off and the residue crystallised from acetenitrile to give colourless

prisme of the monomethiodide, m.p. 1?7~9O,

(Found: G, 41.,99; H, &.64; N, 6,44; I, 29.6L. Cygly, 10,5
requires G, 42.07; H, 6.82; N, 6,34 I, 29.634).

trans-3, k-Dis{moncomethylaminoe) te trahydrothiophen-1, l~dioxide (23, R=H), =

Moromethylamine gas was slowly passed through a solution of 3,4~
dibromotetrahydrothiophen dioxide (16.5 g.) in chloroform (325 nl.)

with stirring at about 100. After 1 hr. the reaction flask was sealed

and the reaction mixture was then left to stir overhight at room temperature,
The solution was evaporaéed to small wolume and aqueous 1N sodium hydroxide
(30 ml.)was added, The aqueous phase was continuocusly extracted with
chloreoform for 72 hr, The extracts were dried and evaporated to give

an oil which slowly crystaliised (9.5 g; 90%). The product was
recrystallised from benzene~light petroleum to give the diamine,

m.p. &7-9°, v max., 3320, 1295, 1110 cw ', T 6.1-7.1 (&1, m), 7.5; (6, s),
8.5 exch, with D,0 (2H),

(Found: G, 40,31; H, 7.84; N, 15.71. CgHy,N20;8

requires G, 40,43; H, 7.92; N, 15,72%) With hydrochloric acid a

. . _ 4 0
bis-hydrochloride formed, m.p. (aqueous ethanol) 193-5.

(Found: €, 28.82; H, 6.28; N, 11,13; CL, 28,38, CgHy¢NyC1;0,8
requires C, 28.69; 1, 6.42; N, 11,15; €1, 28.234),

The bis-methylanino compound was further cheractericed as its acetyl
derivitive, m.p, (water) 251-3°, v mex, 1645, 1360, 1115 cm '.
(Found: G, 45.86; ®, 6,93; H, 10,855 Gyl 150,58

requires C, 45,7¢; U, 6.92; o, 10,690,

o
e

AleRmones5, Sediocide (24) -

A Bt A T £ AR R 8 O T T

thvL-trang -t
winin o W d gz 1"

EE P
frang-3, 4-Bis{menone thylanine) tetrahyarothioshen~1, I-dioxide (6.725 g.)

in 10% w/v agquecus sodiwm Cearbonate soluvion (LCO wml.) was treated with
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phosgene (17.% g.) in ftoivene (12,6 g.) whilst stirring at room
temperature, Zther (100 ml.) was added and stirring continued
overnight so that most of the eXcess vhosgene evaporated off, The
aqueous phase was extracted with dl loromethane and the combined
organic layers evaporated to dryness to yield a white solid (3.1 gy
444),  Recrystallisation from water gave the trans-urea, m,p, 198-90,
v max, 1710, 1330, 1140 em ', 1 7.2 (&, s), 6.2-7,0 (64, n), After
heating the coupound with 4N Na0D in D20 for 78 hr, the n.m.r. spectrum
showed 1 7.2 (&, s), 6.75 (2H, s).

(Found: €, 41.34; H, 6,02; N, 13,59; S, 15.85, CpH,,N,0,8
requires C, 41.16; H, 5.92; N, 13.72; S, 15,7%%).

Details of the A~Ray Ana1v° - Intensity data were collected for a

crystal of the trans-urea (24) of approximate dimensions 0.10x0.15x0.60 mm,
mounted about the C axis, using a General Eleciric XRDE diffractometer
equipped with a manual goniometer, pulse height analyser and scintillation
counter. Nickel-filtered copver radiation was used (p = 27,72 cm ', far
Cu-Ko radiationi ) wean 1.54178 L. The stationary crystal-stationary
counter method of intensity estimation was used throughout, with é 4°
take-off angle and a counting time of 10 sec. Individual backgrounds

(20

w1 l)o ware measured for all reflections, The 204 and 112

reflactions were used as reference reflections to check on crystal

stability; in neither case was there any significant decline in the

course of the data collection, he intensities of P00 refiections
e - s s = . . v e o
with 2 8 <2 120 were measured, of viaich 519 were considered to ne

statistically siznificant (net counts were 3 % g (I), whers g, the

) . 2=
standard deviation in the intensity, wos teken as [I + 23 + {0,03D)%]
and B iz the backpround count®?), “he 181 "unobserved' reflections

were excluded from any subsoguent loast sguares caleulations, o
- - B . . it - . o - - S L
correction for abosorption was apnliad, ine intensity statstics were
iTh

as cupected for the space group L2/c, Ihe wpozition of the sulphur
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atom was readily deduced from a 3-dimensional (F 2-1) bhqrven d Patterson
synthesis,  With the sulphur on the position (O,Y,ya), i.e, on the
two-fold axis, a structure factor calculation gave an R~-factor of 0,531,
The resulting difference Fourier map revealed the complete structure,
ull-mztrix least squares refinement of the positional and isotropic thermal
parameters for the atoms, all of which had been assigned their correct
scattering factors, resulted in an R factor of C.161 after four cycles.
The X and z coordinates of the sulphur, carbon and oxygen atoms, assuwmed
to lie on the two-fold sxis were kept invariant, 411 bond lengths and
angles had acceptable values after refinement, Conversion of the
temperature factors to their anisotropic (ﬁ ) equivalents, followed by
four more cycles of refinement, reduced R to 0.103. Inspection of a
difference Fourier map at this stage revealed the prescnce of the 6
hydrogen atoms in the asymmetric unift, Further refinement with the
positional and isotropic thermal parameters of the hydrogen atoms also
being varied gave an R factor of 0,064, Incluolon of a Hughes-tyue
weighting scheme®® foliowed by four more cycles of refinement gave an

R factor of 00,0619 fof the 519 chserved reflections (an R factor of
0.0929 for all 7C0 measured reflections), All parawmeter shifts were
less than 0,1 of their corresponding standard deviations and refinement
vas judged to be complete,

All calculations were perfermed on the University of London CDOEECO

computer using the XRAY 70 crystallogravhic computing system,”!  The
scatteving factors were taken from yof,?? Figures 1 and % were drawn

with the aid of ORTEP,??

(30)

trans-Hexanvarel 3, b.di:

3, heDibronctetrahydrothiovhen~1, I~dioxide (20 g,) and liguid amrmonia

(SG0 ml,) wore sealsd in & sitainless siteel sutoeclave at room temperalurs

for 1 month, The excess of amnonia was then evapcoraisd off and the

2 .. . . S Al 7o . » [T o
vasigue taken up in agueous sodium cnvhonate .solution, (90 g, in 500 #la)
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A solution of thosgene (20 g.) in benzene (160 ml.) was slowly added to
the stirred ice-cooled solution. After leaving the mixture overnight,
when the excess of vhosgene evaporated off, the precipitated solid was
filtered off and recrystalliseé from water to give needles of the urea
(4.5 g.; 246), m.p. (sealed tube) 2980, v max, 3290, 1705, 1690, i}lO,
1110 em ', T {TFA) 5,0 (2H,n), 5.6~6.4 (4H, n).

(Found: C, 34,215 H, 4.69; H, 15.81; S, 18.44. CgH N, 045
requires C, 34,09; H, 4,53; N, 15.91; S, 18.2C%).

2, 5=Dihvdro~3(1'-pyridinium)thiophen~1,1-dioxide Bromide (33) -

3y 4-Dibromotetrahydrotiioshen dioxide (10 g.) was left at room temperature

in dry pyridine (10C ml.) fori48 hr, The purple crystals that formed were
collected, washed with benzene and recrystallised from ethancl-methanol {3:2)
to give purple needles of the salt (3.3 g., 384), m.p. 177“90, v max, 1630,
1320, 1135 cm ', 7T (DMSO-d.) 0.7 (H, 4, J &Hz), 1.25 (1H, t, § &lz), 1.75
(H, ¢, J Az}, 2,9 (14, bs, h& 7lz), 5.3 (2H, m), 5.7 (H, m).

(Found: €, 39.13.H, 3.65; N, 5.07; S, 11.6l. C H,oBrNO,8

requires C, 39.29; H, 4.03; N, 5,02; S, 11.68%).

3 ~Bromo-4-uydroxytetrahvdrothiophen~1,1~dioxide (34), - Bromine (38 z.)

in water (5 1.) and 3~sulpholene (24 g.) were reacted together at 50 for
3 days., The crystalline precipitate (34 g.; 77%) was collected and
crystallised frouw wethanol to give the bromehydrin, m.p. 189-60° (1lit,*3
189-900), v max, 3450, 1295, 1120 cm ',

Ne-Phenyl=Cn( 1, I~dioxy=-/ubromotetrahydro-3=thienyl) Carbamate (35). -

Z-Bromo=d-hyiroxytetranydro=-thiovhen-1, 1~dioxide (4 g.) was heated with
thenylisocyznate (3.3 2.) until all the solid dissolved,  The mixture was
cooled to give a white sclid which waz triturated with hot light peirsicum
to remove the excess of rhenyliscoyanate, Uhe residue was crystailised
from toluens (eca, 200 wl,) to give the corormnte (5,7 £.5 92%), m.ao, 1534
Vv mBR, S50, LACO, 1530, 1510, 1125 om 1, T 2,7 (51, m), 2,95 exch, with

/

00 €2H), L4 (WM, n), 5.3 (U, w), 5.9«6,¢ (&, w),
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(Found: €, 39.61; H, 3,65; N, 4.23; Cyqi,,BrNc,S
requires C, 39.53; H, 3.62; U, 4.19%).

4-Anilino~2, 3-dihydrothiovhen=-l,1-dioxide (26) -

NuPhenyl—O-{1;1—dioxywﬁ—bromotetrah?dfo«i-thienyl) carbamate (2,3 g.)
was stirred overnight with ethanol (80 ml,) in which sodium (0,65 g.)
had been dissolved, The white suspension was evaporated to dryness,
water added to the residue and the product extracted with chloroform,
.After evaporation of the solvent the amine (1.4 g.; 97%) was
crystallised from ethanol, m.p. 162-3°, v max. 3300, 1420, 1595, 1500,
1290, 1100 em ', T 2.7. (5H,m), 3.2 exch, with D,0 (1H), &.,2 (1H, s),
6.5-7.2 (L, ml.

(Found: C, 57.43; H, 5.40; N, 6.545 8, 15,31, CyoH,,N0,5
requires C, 5?.38; H, 5.30; N, 6.62; S, 15,324).

N-Phenyl-C-{1,l-dioxy-2, 3=dihviro-5~thignvl) Carbamate (37) =

3—Hydroxy~2,BmdihydrothiOPhen-l,1~diaxide““ (1 g.) was ggated with
phenylisocyanate (1.5 g.) for 5 mins., under reflux, The mixture was
cooled and triturated with light petroléum to rewmove phenylisocyanate.'
“he residue was purifiéd ﬁy precipitation from benzene with light.

petroleum to give the allylic carbamate (1.38 g.; 79%), m.p. 114-5°,

v max. 3370, 1725, 1655, 1600, 1300, 1150,cm ., 7 2.6 (5H, m),

2.7 (1H, bs), 3.15 (2H, s and 4, § &Hz), 3.95 (18, m), 6.0-6.9 (&I, dq,
Jmﬂ%m*QMﬂh'%KMML

(Found: €, 52.37; H, L,b7; N, 5.37; Gy H,HO,S

requires C, 52.16; H, 4.38; N, 5.5%%). The allylic carbamate (146 mg)

fpeanilino-2; 3~dihydro=

was treated with sodium ethoxide in ethanel to yield
. . s L0
thiophen-i,l-dioxide (108 wg.; 90%), m.p. 1623,

%.Phenyl-5, 5~dicxyhexahvdrothienol 5, ndjoxazol~2-cne (38) =~ To a

solutiocn of M=ghenyl~0=(1,il=dicxy-l-bropo-tatrahydro~3~thienyl) carbamate
{15 g.) in chloroforna (20 ml,) was added triethylamine (0,94 g.).

Afver 2 hr. the mixturs was filtered and the residue washed with
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chioroform to remove amine hydrobromide.  The preduct was crystallised

from acetonitrile to give the c¢wvclic carbamate (107 gz.; 94%), m.p, 191*30,

v max, 1740, 1400, 1500, 1325, 1135 cm ', + (IM30-d¢) 2.3-3.0 (5H,m),

b b=, 8(2H,m), 6.2-7,0 (W, m),

(Found: G, 52,11; 1, 4,34; N, 5,46; C,4HNO,S

raguires €, 52,16; H, %.33; N, 5.53%), ‘The c¢yclic carbamate (169 mg.)
was treated with sodium ethoxide in ethanol (20 ml.) to yield

beaniline=-2, 3-dihydrothiophen=1,l-dioxide (140 mg.; 994). One

eqﬁivalent of triethylamine in chloroform was added dropwise over a period
of 2 hr, to a solution of N~phenyl-0-(1,l-dioxy-l-bromotetrahydro-~3-thienyl)
carbamate {one squivalent)in chloroform . xamination of the solution
by t.l.c, (5i0;; 5% MeOH/CHC1;) showed it to be a mixture of
N-phenyl-0-(1, 1-dioxy=2, 3~dihydro~3~thienyl) carbamate {37) and
3-phenyl-5, 5-dioxyhexahydrothieno| 3, 4~d]oxazol-2-one (33).

3-Anilinec-2, 3-dihydrothiovhen~1,l~dioxide (39), -

N-Phenyl-o-(l,l—dioxy—ﬁ-bromotetrahydro~5~thieny1) carbamate {568 mg.)
and triethylamine (361 mg.) were heated together under reflux in
ethanol (20 ml,} for 3 hr, The solveut and excess of amine was:
evaporated off, water added to the residue and the product extracted
with chlorofory, After drying, the crgenic phase was evaporated to
dryness and the solid (294 mg.; 854) crystallised from benzene to give

the allylic amime, m.p. 132-4°, 9 max, 3375, 5100, 1605, 1505, 1290,

1120 em ', T 2,7 (28, w), 3.2 (3H, m), 5.0 (1, m), €.0-7.0 (A, dq,
Ian 1Tz, Iy Az,

(Found: C, 57,60; H, 5,17; W, 6.62; 3, 15,3L; Cygthq NOps

JBK 7)), 6.1 esch, with D0 {1H),

requires G, 57.38; H, 5.30; N, 6.69; S, 15,324}, Under nimilar
conditions F-rhenyl-5,5-dlcxyhexahydrothienc| 3, d-djoxazol~2d-one gave
the ssme product. On treatment with sodium ethoxide in ethanol ths
aliviic amine was guantitatively isomerised to d-anilino-2, S~dihydro-

thicphen-l,l-dicxide.
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N-Acetyl~b-aniline=2, 2-dihvdrothiovhen~1, l-dioxide (42)

heinilino=2, 3=-dihydrothicphen=1, l~dioxide (703 mz.) wos heated under
reflux with acesyl chloride (% ml,) for 2 hr, The acetyl chloride was

evaporated off and the Tesidue crystallised from a large volume of ethanol

to give the N-acetyl derivative (705 mg; S4%), m.p. 171-3", v max. 3110{u),
1700, 160C, 1490, 1280, 1095 em ', 1 2.2-2.8 (5H,n), 3.3 (1H,s), 6.5 -7,2
(,m,), 8.1 (Z,s).
(Found: C, 57.10; H, 5.25; N, 5.49, C,,;H,;N0,;5
requires €, 57,35; H, 5.21; N, 5.58#), The N-acetyl derivative (96 mg.)
was stirred overnight at room temperature with 1N sodium hydroxide solution
(1 ml.) and etkanocl (2 ml.). '‘he solvents were evaporated off and water
added to the residue, The aqueous phase was extracted with chlorofors,
which, upon evaporation, gave 4=anilino-2,3-dihydrothiophen~1,l-dioxide.
Treatment of the N-acetyl derivative (104 mg.) at room temperature’
with 2N hydrochloric acid (4 ml.,) and ethanol (4 ml.) for 18 hr. afferded
a sticky product,. .which %, l..c, (5i0;; 5% MeCH/CHC1ly) showed to be a
mixture of an usknown compound and acetanilide, the latter being isolated
by recrystallisation from light petroleum. Upon addition of Brady's
reagent to the residual mother liguid a yellow derivative formed which
was crystaliised frowm acetic acid, m.p. 208—90 {(1it. m.p.s, of
2,4-DNP derivative of Z-oxotetrahydrothiophen-1,1-dioxide are 211-13° °*
and 205-7° #3) The reaction mixture had v max. 3300, 1680, 1600, 1560,
1500 {assigned to acetanilide), L1760, 1235, 1130 cm ', 7 1.8 (1, bs),
2&-—3.1 (58, m), 7.9 (F,s) (acetanilide), 6.3 (2i,s), 6.4 (2H,m),
6.9 {(Zi,m),

. 1 - 5 a. —_ * . . - . al T
1, 1=-Dioxy=l-bronotetranydro-3-thienyl hthyl Carbomate (44), = Toa

susrension of I-bromo-i-hvdroxytetrahydrothiophen-1,l-dioxide (350 mg.)
-

in chlore o {6 ml.) containing ethyl chlorefermate (180 mg,) cooled

below lQO was slowly addsd, over a veried of one hour, a solution of
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triethylamine (166 mg.) in chloroform {6 ml.). The resulting solution
was evaporated to dryness and the residue extrzcted with ethyl acetate,
Zvaporation yielded the product contamipated with bromohydrin, which was
removed by dissslving the product in dichloromethane, filtering and
gvaporating tc dryness, The pro&ﬁct was crystallised from ethanol

to give the ethyl carbonate, m.p. 108—90, v max, 1740, 1210, 1150 cm ',

4,5 (H,m), 5.7 (2H,q,J #z), 5.1~6,9 (5H,m), 8.6 (FH,t, J #Hz).
(Found: €, 29,09; H, 4,05, C,H,4Br0s8
requires C, 29.30; H, 3.86%).

1,1-DioXy-2, 3=dihydro=-3-thienyl Ethyl Carbonate (45) - To an ice-cold

suspension of 3bromo-i-hydroxytetrahydrothiophen-1,1-dioxide (2.24 g.)

in chloroform (100 ml.) was added triethylamine (2,1 g.) and ethyl
chloroformate (1.13 g.). After stirring for 2hr. the solvent was
evaporated off and the residue extracted with ethyl acetate, The exiracis
were evaporated to dryness to give an oil which was distilled under

reduced pressure to give the allylic carbeonate, b.p. 165° at 2t

n?% 1.4843, y max, (liq. £ilm) 3080, 2980, 1750, 1615, 1310, 1240, 1130,
1100 em V., 1 3.2 (2, s and &, J ZHz), 4.35 (1H,m), 5.75 (3, q, J 7z),
6.0~6.95 (2H, dq, J,p 14 Hz, J,y Tz , Jpy 4 Hz), 8.65 (2, ¢, J Hz),
(Found: €, 40,63; H, L,08; C,Hy 4058

requires €, 40.78; H, 4.894).

1, 1=Dioxy-b~bromotetrahydro-3-thienyl Chlcroformate (4€) = Finely

powdered 2-brome-4-hydroxytetrahydrothiophen~1,l-dioxide (20 g.) and a
solution of guinoline (14 g.) in dry benzene (50 ml,) were simultaneously
added over a period of two hours to a riskly sitrred, ilce-cooled solution
of.phosgene (gﬁ? 100 g.) in dey benwene (500 wl,)., After addition was
conplete the susvension wos stirred at reom temperature for 5 hr, The

. . -+ . =g, it Gom 1 e IR o k " + .
mixture wes washed twice with o hydrochloric acid (2¢50 mi.), water {1C0 nl,),

filtered to resove unreacicd hromchrdcin (2,05 o,) and dried (Mapi0,),

The benzene sclution was evaporated Lo dryness to give a
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pale yellow solid (20.22 g.; 874 based on reacted material)., The

chlorcoformate wss net further purified for reactions, A small sample
was sublimed under reduced pressure (1200 at 0.9 mm,) to give an
analytical sample, m.p. 93-5, v max, 1760, 1320, 1165, 1130 cm '.
4.3 (U, m), 5.3 CU, n), 5.8-6.8 (M, m).

(Found: €, 21.73; H, 2.13. C5H BrCl0,S

requires ¢, 21.54; H, 2.134).

N-Phenyl-0~(1, I-dioxy=l-bromotetrahyaro=3~thienyl) Carbamate (35) -~

To a solution of 1,1-dioxy=l-bromotetrahydro-3-thienyl chloroformate (560 wg,.)
in benzene (21 wl.) was added a solution of distilled aniline (375 mg.)

in benzene (9 wl.) After stirring briskly for 1 hr, the mixture was

filtered and the residue washed well with hot ethyl =acetate, The

combined filtrates were evaporated to dryness to give a white solid

(649 mg.; 964).4hich was crystallised from toluene to give the

N-phenyl carbamate identical to that prepared from phenylisocyanate.

Ne=Benzyl-0-(1,l-dioxy-l-bromotetrahydro~3-thienyl Carbamate (4#7) =

To a solution of 1,1-dioxy~L-bromotetrahydro-3-thienylchloroformate (2477 g.)
in benzene (70 ml.) was added a solution of benzylamine (2.14 g.) in benzene
(z0 ml.,). A vhite precipitate formed and stirring was continued for

oung hr, The mixture was filtered and the residue wached with benzene,

The filtrate was evaporated to dryness and the N-benzyl carbamate (3.33 8,3

Q6s) erystallised from bengzene, m,p. 12G~lo, v Wmax, 3350, 170G, 1550, 1340,
1150 cmis T 2.5 (SH, &), 4,0-4,6 (1, b), 4.5 (1, m), 5.4 exch. with

D0 (1H), 5.6 (3, d), 6.0-7.0 (4, m},

(Found: ©, 4i.42; H, 4,02; H, 4,00, Cy ) Bri0s

requires £, &1,%30; H, &,05; N, 4.02 %),

Hedie thyl=C=( 1, 3~dioxy-b-brozotetrahydro-4-thienvi) Carbamate (43).

A solution of zmethylomine (0,21 g.) in ¢old benzene (20 ml.) was slowly

added over a period of 20 mins, to an iceecooled soluticon of

1, 1-dioxy~l-bronotetralydro-3-thienyl ehlozformate (1.36 g.) in bengzene (50ul).
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After sﬁirring for 1 hr. the mixture wes filtered and the residue extracted
with hot benzene, Evaporation of the extracts gave the H-methyl

carbamate {1.18 8.7 887%) which was crystallised from ethanol, n,p. 96~?o,
v max, 3370, 1700, 1320, 1140 cm ', + 4.3 (1H, m), 4.8 exch, with D0 (1H),
5.2 (1, m}, 5.8-6.8 (44, m), 7.0 (H, d). |
(Found: C, 26,78; H, 3.68; N, 5.08. CgH, BrNO,S

requires G, 2F,4¥; I, 2.70; N, 5.16%).

N,N-Dimethyl=-0=(1, 1-dioxy=-L-bromote trahydro-3-thienyl) Carbamate (49) -
To an ice-cooled sclution of 1,l-dioxy-i4-Bromotetrahydro-3-thienyl
chloroformate (4,5 g.) in dry venzene (50 ml,) was added a cooled solution
of dimethylamire (1.57 g.) in benzene (20 ml.) over a period of 1 hr,

The mixture was stirred at room temperature for 16 hr. and filtered,

The residue was washed well with dry benzene and the filtrate evaporated

to dryness to give the N,N-dimethyl carbamate (3.68 g.; 8C#), m.p. 128-9°

(from benzene), v max, 1705, 1320, 1130 em ', 1 4,5 (1H, m), 5.3 (1H, m),
5.9-6.9 (&, =), 7.1 (&, s),

(Found: €, 29,50; H, 4,18; N, 4.78; Br, 27.89; S, 11.40, C,H,,%Br0,S
requires C, 29.38; H, 4,23; N, 4,90; Br, 27.92; 8, 11.20%).

1, 1-Dioxy=2, 3~dihydro~3~thienyl Carbamate (50). - Ammonia gas was passed

through a solution of 1,l-dioxy-i-bromotetrahydro-3~thienyl chloroformate
(277 g.) in benzene (100 wl.) for 5 min, at room temperature, A white
precipitate was formed and stirring continued for 2 hr, The precipitate
wass filtered off and the residue extracted with ethyl acetate which was
evaporated to give the carbamate (1.72 g.; 97%) .vhich was crystallised
from acetonitrile, m.n, 145-50°, v mox, 3460, 3370, 3210 (w), 1710, 1615,
1200, 1150 cm ¥, « (PF2) 3.4 (2, s), 4.4 (W, w), 6.3-7.1 (2H, dq, Toq

14 Hz, J,. Tz, Jy, J fz) .

AX BX
. . . s 5 e Glya T TN 5
(Found: ©, 34%,08; H, 3,97 1, 7.0% GCsHyHO0,8

rvequires C, 3%,89; H, 3,98; N, 7.915).
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theﬁzylamino—E)3mdihvdrothi03hen—l,1—dioxide (51). -

N-Benzyl-0-(1,l~dioxy-l-bromotetrahydro~3-~thienyl) corbamate {696 mg,)
was stirred overnight at room temperature with ethanol (26 ml.)
containing sodium (184 mg.). The mixture was evaporated to dryness,
water added to the residue and the product extracted with chloroform.

The extracts were evaporated to dryness to give the beuzyl enamine

(445 ngi, 974) which was crystallised from methanol, m,p. l64~60,

v max, 3350, 1615, 1550, 1365,1105 em ', 1 2.7 (SH,m), %.7 (1H, w).,
6.6-7.3 (l,m),

(Found: C, 59.18; H, 5,78; N, 6,24, C, H,3N0,5

requires €,59,16; H, 5.86; N, 6.27%).

b-Methylamino-2, 3=dihydrothiochen-1,1~dioxide (52). -

N-Methyl-0-(1,1~dicxy-U-bromotetrahydro-3-thienyl) carbamate (0.54 g.)
was stirred at room temperature overnight with ethanol (26 ml.)
containing sodium (18% mg,.,). The mixture was evaporated to dryness,
water added and the product extracted well with chloroform, Evaporation

of the extracts afforded the methyl enamine (252 mg; 85%), which was

erystallised from ethanol, m.p. 157-9°, y max. 3380, 1615, 1240, 1100 cm !,
t (D,0) 4.9 (1H, s), 6.5-6.9 (2H,m), 6.9-7.3 (24, m), 7.4 (F,s).

(Found: C, 40.47; B, 5.98; N, 9.48, G5 1, NO, S

requires C, 40.81; H, 6.16; ¥, 9.52%).

Y~Ethoxy~2, 3-dikvdrothiophen-1,1-dioxide (54)., -

N,N-Dimethyl(l, l-dirxy-b=hromote tranydro-3-thienyl) carbanate (426 mg.)

was stirred overnight with ethonol (25 ml.) containing sodium (120 mg,).

The mixtura was svaporated to dryness, water added and the product

extracted with chloroform, The extracts were evaporated to dryness to
. 0 >t . . e i1 1 1 &

give an oil which slowly solidifizd. The ethyl ether had mp G5-6

(from CC1,), v max. 3100 (w), 1415, 1350, 1110 em ', 1 4,3 (14, s), 6.0

(2H,q,d Fiz), 6.6 (34, w), 7.1 (2, wm), 8.6 (31, t, J 7Hz).
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(Found:  ©, 4,25; H, 6.23; 5, 19.77. Cglly 0,5
requires C, W4%,43; H, £.21; S, 19.77%).

3-Dinethylamino~2, 3=-dihydrothiovhen~1,1~dioxide (18). -

1, N~dimethyl=0~{1,1-dioxy-b~bromotetranydro-3=-thienyl) carbamate (98 mg.,)
was warmed ag (@O with 10% sodium carbonate solution (5 mi.) until a
clear solution formed. The solution was cooled and extracted with
chloroform to yield an oil vhich slowly c¢rystallised, The preduct

m.D. EA-Si 2% shown to be identical to the amine prepared by the
method of Bailey znd Cummins.?8

4-Dimethylamine-2, 3~dihydrothiovhen-1,1~dioxide (55). -

Z-Dime thylamino-2, 3~dihydrothiophen-1,1l~dioxide (303 mg,) was stirred
overnight at room temperature with ethanol (20 ml.) containing sodium

(87 mg.). The solvent wes evaporated, water added, and the product
extracted with chloroform, The extracts were evaporated to dryness to

give the enamine (289 mgi 96%), w.p. 171-2° (from ethanol), v max. 3100 (w),
1600, 128¢, 1105 cm ', 7 4.8 (1H, s), 6.4-7.2 (&, m), 7.1 (6, s).

(Foundt C, 44.50; H, 6.70; N, 8.69. CgH;NO;5

requires C, 4,70; H, 6.8%; N, 8.69%).

1,1-Dioxy-b-bresotetrahydro-3=thienyl Allophanate (57) ~ An intimately

grouﬁd mixture of l,l-dioxy—varomdntetrahydro—}«thi&nyl chloroformate
(2.77 g.) and urea (1,2 g,) was beated at ca. 100° for 24 hr. The
mixture fused, bubbled and finally solidified, After cooling the
residue was washed well with hot acetone, cold water and again with
acetone to give the white allorhanate (1.9€.; 6546), ma.n. 201-2°
(from water), v max, 3450, 3350, 1740, 1690, 1605, i}SO, 1170 em ¥,

e (PFAY 1.4 {1, b)Y, 2,0-4,0 (2, b, mump), 4.8 (A4, w), 5.7 (34, m),
€.3~7.1 (8, m),

(Found:  C, 25,315  H, 3.07;  H, 9.47; CgHgNpBrGy 3

. ~ e . = e
reguires G, 23.935; H, 5.01; N, 9.315).
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1, 1=-Dioxy-2, Z-dihydro-%-thienyl Aliochanate (59) -

1,1-Dioxy-b-vromotetranydro-3-thienyl a21lophanate (934 mg.) was heated
under reflux with quinoline (640 mg.) and water (10 ml.) for 2 hr. The
mixture was cocled, 1IN sodium hydroxide solution {3.1 ml,) added, and the
water removed wader reduced pressure, Lhe residue was washed with ether
to remove quinoline and the allophanate (497 mg; 73#) crystallised from
water, m.p. 170-2°, v max., 3400, 3310, 3240, 1760, 1710, 1600, 1320,

1170 cm_i, v (TFA) 3,5 (2H,m), 4.8 (I1H, m), 4.5 exch. with D0 (1H),

6.7 exch, with B0 (24), &.7 (2l,daq, Iup 1z, I 7z, Ugy Hz),

(Found: €, 32,89; H, 3.74; N, 12,64; 8, 14,53, CgHgN,CsS

requires C, 32,73; H, 3.66; N, 12.73; S, 14,55%).

1,1~Dioxy~2, 3~dihydro~3=thienylurea (60) -

X, 1-Dioxy-b-bronotetrahydro-Z-thienyl allovhanate (2 g.) was stirred in
water {30 ml.) at 650. Solid sodium hydrogen carbonate (560 mg.) was
added over 20 min, and stirring continued for a further M hr, to give a
clear solution, The sdvent was removed under reduced pressure and the

residue crystaltised from water to give the allylic urea (913 ng; 784,

m.p, 195-7°, v max, 3480, 3380, 3200, 2080, 1660, 1560, 1295, 1120 cm ',
v (TFA) 3.5 (&, 5 and s, J WHz), 5.0 (IH, w), 6.2-7,2 (&H, dq, din 14 Hu,
Ty Mz, I, Hs),
(Found: C, 34.06; H, 4,63; N, 15.77; 8, 18.35., CsHzN;0,8
requires C, 24,98; W, 4,58; N, 1591; S, 18.21%).

Under similar cenditions 1,l-dioxy-2, 3-dihydro~3~thienyl

allophanate (59} was counverted into the allylic urea,

cis-Hexanvdrothienol 3, i-d] imidapol-2=one=5,5~dioxide (58) =

1, 1-Dicgy-lU-brogotetrahydro-3~tihienyl allornhonate .(3 g.) and anhydrous
sodiuvm carbonata (1,27 g.) wers honted under reflux in water (20 ml.) for
2 hr, The sciution was cooled, evavorated to dryunsss and the rosidue

erystallised from water to give the cvelic urea (0,8 g.; 45%), w.p, Z18-20

e e e A e

=
1

(sealed and ewvszuated tube), v max, 3200, 3100, 1710, 1325, 1150 c¢m *,

e (TFL) 5.5 (28,b), 6.9 (4, v), n/e 176,
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(Found: €, 34.05; H, 4.77; N, 16,02; 8, 18.35. G Hgl, 058
requires €, 34,00; H, 4,58; N, 15,91; S, 18,204),

Under sizilar conditions both the allylic allophanate (59) and
the allylic urea (£0) were converted to the same cyclic urea,

Acid Hydrolysis of cis- and trans-Hexahvdrothieno-{3,4-dlimidazol=-2-one-5,

S~dioxides, - The cyclic urea (176 mg.)} was heated under reflux
overnight with & hydrochloric acid {6 ml.). The acid was removed under
reduced pressure to give a white solid. The product Ifrom the cis-urea
(58) (213 mg.) wes crystallised from water, v max, 3500-2300, 1700, 1320,
1140 em ',  The snalysis showed that the crystallised material was
probably a mixture of the free urea and the hydrochloride, The carbon
to nitrogen ratioc was exactly 5:2, showing that the carbonyl had not been
lost, When the product was susPGhded in dilute aguecus base the
starting material was regenerated. The product from the trans-urea (30)
(234 mg.) was crystallised from 2:3 agueous ethanol, m.ﬁ. 502—40,

v max. 3500-2400, 1310, 1140 cm ',

(Found: C, 21,60; H, 5.39; N, 12,51; €1, 31.63. C,HN;C1,0,8
requires €, 21.53; H, 5.42; N,.12.56; Cl, 31.78%).

1, 3=Diacetylhexahvdrothienoc| 3, 4-d|inidazol-2~one-5,5~dioxide (62) -

Hexanydrothieno{ 3, 4~-d]inidazol~2-one~, 5~dioxide (3514 mg.) was boiled
under reflux with acetyl chloride (5 ml.) in acetic acid (7.5 ml,) for
b hr, The solvents were removed under raduced pressure and the residue

washed free from acid with ether, The diacetyl derivative {300 mg,; 674),

s

O umoax. 1755, 1695, 1370, 1310,

was erystallised from methanol, m.p. 2356-8
1150 em ', g (TFA) 5.3 (2,m), £.8 (E,m), 7.8 (&i,8).
{(Found: €, 81,53; H, 4,845 0, 10.88; S, 12,38, C,llh 03

requires C, %1,5%; H, 4.65; N, 10.76; 5, 12.5.8).

1-fce tylhexaivrdrothienst ®, hed linidosolePuone~3, Sedioxide  (61) -

Hexahydrothiene! 3, -d)inidazol~2-one~5, S-dionide (214 mg,) was boiled
under reflux with acetyl chloride (5 ml,) in acetic acid (7.3 ml,) for

30 min to give & mixture of mone=- and ¢i-acetyl compounds, Yhe less soluble



mono-acetyl devivative was isclated by crystallising the

mixture from water, nm,p. 260-20, v max, 3280, 1740, 1660, 1320, 1170 cam ' .,
v (TFA) 5.3 (&, m), 6,3 (W, m), 7.8 (3, s).
(Found: €, 38.46; H, L4.53% N, 12.62; S, 14,78, C,H;,1,0,8
requires G, 38,55; .H, 4o€2; N, 12.84; S5, 14.69%).
.Both acetyl derivatives were descetylated by brief boiling with

gilute aqueouns hase,

1-{S5-Bromovaleryl)hexanydrothieno} 3, i-d]-inidazol-2=one~5, 5-dioxide (63) =

¢is- Hexahydrothieno| 3, 4-d]inidazol~2~one~5,5~dioxide (1 g.) and sodium
hydride (278 mg. of 5O%bi¥&18persion, pre-washed with dry ether) were
heated at 100° in a mixture of dry dioxan (20 ml.) and dry DMF (5 ml.)
for 2 hr,  5-Bromovalerylchloride (1.15 g.) wés added in dioxan (10 ml,)
and the heating continued for 3 hr, The mixture was allowed to cool and
stirred at rocm temperature overnight. A little water was added, the
mixture evaporated to dryness and the residue crystallised from 1:1

dioxan/water, The analysis indicated that the bromovaleryl derivative

(0.78 g.; 454) had probably co-crystallised with dioxan and this was
confirmed by the n.m.r. with a spurious sharp singlet at + 6,45, The
impure product had m,p. 205-12°, v max, 3250, 1720, 1690, 1320, 1160 cm *,

¢ (TFa) 2,2 (14, bs, -HH), 5,25 (1, m, =CH-N-CO), 5.6 (1, m, =CH~NH-),
6.6-7,1 (4, m, -CH,-S0, -CH,;~}, 7.15 (&H, %, Br-CH,-), 7.4 (&, t, -CH;-C0~),

8,65 (LH, m, Br~CH, ~CH -CH,~).

N,N'—Dinhenyl(l,l-dioxy-Z,§-dihydro~5-thiényﬁurea (71; R'=R?*=Ph), =~
B-Anilino-Z,deiﬁydrothio;henml,l—dioxide (32 mg.) and vhenylisccyanate
(0,5 mi,)} were heated together until all the solid dissclved,  The mixture
was cooled znd triturated with hot licht petroleum to remove the excess of
isocyanate, The residus was dissolved in a few drops of beazene and
added to briskly-stirred light metroleum (15 nl.). The solid was

collacted and the allvlic urea (47%.2 mg.i 864 crystallised froum

tolvene, myp. 132=4, v mox, 3400, 1870, 1600, 1510, 120, 1110 ca .,

w (CDCL, /D 0) 2.3-3,0 (101, m), 3.3 (2, a), 3.9 (1, n), 6.0-6.9 (2, dq,
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5. L4 it b H:
Yin i4 Hz, Ja‘ Gz, JBX L He),
(Found: €, €2,2%; H, 5.04; N, 8.50; S, 10.0hk, Gy, 41,048
requires C, €2.18; H, 4,91; N, 8,53; S, 9.76%).

c¢is-1, 2-Dinhenylrexahydrothieno| 3, i-d jimidazcl-2=-on2-5, 5-dioxide (72;

R'=R%*2Ph), - N,H'-Diphenyl(l,l-dioxy-2,%~dihydro~3-thienyl)urea (67 ug.)
was stirred at room temperature for 4 hr. with C.5N sodium ethoxide

in ethancl (10 ml.). The solution was evaporated to dryness, water added
and the product extracted with chloroform, Kvaporations yielded the
cyclic urea (£5.5 mg.), @.p. 176-7° (ffom methanol}, v max. 1695, 1600,
1500, 1295, 11€0 cm 1., 7 (TFA) 2.9 (10H, bs), 4.9 (2H, bs), 6.9 (4H, bs),
(Found: C, 6£2.01; H, £.,97; N, 8.39; 5, 9.71. Oy, H; Na035

requires C, 62,18; H, 4,91; N, 8.53; S, 9.76%),

1, 3-Dimethylhexahydrothieno| 3, t=d}imidarol~2-one-5, 5~dioxide {(72; R'=R%*=Me),

N-Methyl(1, l~dioxy-L-bromote trahydro=3~thienyl) carbamate (99 ng.) was
heated under reflux with triethylamine (47 mg.) in ethanol (5 ml.) for
24 hr, The solvent was evaporated, water added to the residue and the
mixture extracted with chloreform,  Hvaporation yielded an 0il (46 mg.;
85%) which was assigned as 3~methylamine-2, 3-dihydrothiophen-1,1-~dioxide
{(70), (treatment with ethoxide isomerised the o0il to b4-~methylamino-2,
3~dihvdrothiophen-1,1-dioxide), v max. (film) 3350, 1300, 1140 cm '.,
r 3.2 (&, s and 4, J 24z), 5.8 (U, m}, 6.3-7.2 (&, dq, JaB 14z, Tyy
7 Ha, Jgy & Hz)y 7.6 (H,s).

The crude oil (4€ mg.) was heated under reflux with methlisocyanate
(C,5 wml,) for 32 min. The excess of reagent was evaporated off and the
rasidue itriturated with light petroleum and then extracted with hot henzene,
Fvaporation yieided an oil (45 mg,) which was assigned as N, H'-dimethyl-
(1,1~dioxy=2, 3~dihvdro~3-thienyllurca (71; R'=R¥zMe), y max, (film) 3400,

Gh0, 1540, 1300, 1140 em t., 1 3.2 (20, a), #,1 (I, m), &3 (U, g, -ND,

G.2~7.2 (&, g, J . Ve, J.., 3z, J},{“r Hzy, 7.2 (&),

- an han
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The urea {72 mg,) was stirred with O,SN sodium ethoxide in ethesnol
{5 ml,) at room temperature overnight, The solvent was evaporated, water
added to the residue and the preduct extracted with chloroform,
Evaporation yielded the cyclic urea, n,p. 178w90 {from ethancl), v max.
1690, 1510, 1320, 1120 cm ', 7 5.6 (24, bm), 6.7 (4H, bm), 7.1 (&i,s).
(Found: €, 41.18; H, 5.9%; K, 13.96; 8, 15.67. CuH 15,058
requires C; 41,16; H, 5.92; U, 13.72; S, 15.70%).

K-Methyl-2'~vhenyl~N'-~(1,l-dioxy=2, 3~dihydro=3-thienyl)urea (71; R'=Ph,

R%-Me), =~ 3-Aniline-2,3-dihydrothiophen~l,i-dioxide (232 mg.) was heated
under reflux with methylisocyanate (1 ml.) for 5 hr, 'The excess of
rcagent was evapwated off and the residue washed with hot light petroleun

to give the allwylic urea (171 mg.; 85%), m.p. 1'72-40 {from ethanol),

v max, %400, 165%, 1600, 1520, 1200, 1140 cm ', + (CLCL,/TFA) 2.5 (5i,m),
3,3 (iH,m), 4.0 {1H,m), 5.9-6.8 (2i,dq, In 14 Hz, Iy 8z, Joy WHz),

6.4 (1H,b), 7.2 (3,s),

{(Found: €, 54,01; H, 5.10; N, 10.37; 8, 12,02, CypH; ,MN0:8
requires C, 5k,12; H, 5.30; N, 10.52; S, 12.034).

1-Phenyl-3-methylhexahydrothieno] %, b~dlimidarcl-2~one=5, 5~dioxide (72; R'=Ph,

R¥=Me), = i-Hethyl=l'=phenyl-N'-(1,1l~dioxy-2,3~dihydro-3~thienyl)urea
(84 mg.) was stirred with 0,5N sodium ethoxide in ethanol (5 ml.) at rooum
temperature overnight, the suspension was evaporated to dryness, water
added to the residue, and the product extracted with chloroforn,

Lvaporation gave the cyclic urea, m.p. 191~20 (from 5% aqueous ethanol),

v max, 1695, 1600, 1510, 1315, 1120 cm ', 1 (TFA) 3,0 (3i,n), 4.3-5.2 (3H,m),
5,2~5.6 (W,m), A.4-7,0 (4Wt,m), 7.3 (%i;s8).

(Found:  C, 54,3133 H, 5,10; I, 10,43 5, 12.26. C)pH Na0y53

3 T T L e N =
J‘raj_d, h? 5,J\J? idy 18 i

A

requires €,

1=-2, b=dioxo=-], 5, S~teisethyiperhydre~l, 3, S~triazinyltoira-

Bicyelolspiro-£,%

hrdrethioshen-1, 1-dioxide (73), - Sodivm hydeide {85 wg. of 508 oil

dispersion) was weshed with ether,  Dry dirxan (10 mi.) and



bemethylemino-2, 3~dihydrothiophen-~1,i-dicxide (251 mg.) was added, The
mixture was heatad under reflux for 3 nrs,, cooled, and methylisccyanate
(0.5 ml,) added, After stirring for 24 hr. at room temperature a few
drops of water were added and the mixture evaporﬁted to dryness., The
residue was taken up in water and extracted with c¢hloroform, Evaporation

yielded the svpiro comoound, m.p. 179-800 (from 1:1 ethanol~-chlorcform),

v max, 1700, 1640, 1305, 1190 cm ', 7 (TFA) 6,5 (2,s), 6.8 (24,t),
7.2 (H,s), 7.4 {AH,v).

(Found: C, 41445 H, 5,705 N, 16,23; S, 12.25, C,i,5N0,8
requires €, 41.37; H, 5.79; N, 16.08; S, 12.27%).

1,1-Dioxy=-b=hydroxylaminotetrahydro=3~thienylurea (74), - 1,1-Dioxy-2,

3~=dihydro-3~thienylurea (528 mg,), hydroxylamine hydrochloride (¥17 wg.) and
water were stirrad together and a solution of sodium hydrogen carbonate

(510 mz,) in water (10 ml.) added over a period of 2 min, The mixture

was stirred at QO for 2 hr. to give a clear solution which was

evayporated to dryness, The residus was crystallised from water to give

. e . 0O
the hydroxylamine derivative (464 mg.; 79%), m.p. 185-6 (from 1:1 agueous

ethanol), v max, 3440, 3390, 3270, 1655, 1610, 1540, 1305, 1130 om ',
T (TFA) 3,7 (1H,b), 5.1-6,0 (H,m), 6,3~7.1 (4,m),

(Found: C, 29,09; H, 5.,45; N, 20,05; &, 19,29, Gyl H;0,8
requires C, 28.70; U, 5.30; N, 20.09; 5, 15.33%},

LBrono=5, S=dicty~2=ininohexshvdroshienol 3, b-dloxozole Hydrobronids (75) =

1,1-Dioxy=2, 3=dihydre=-3~thienylurea {(54C mg,) was stirred in acetic acid
(25 wml.) at 650 with bromine (ga. C.5 ml,). After 2 hr, the solid was
filtered off and washed with ethancol and ether,  BEvaporation of the
mother ligquors znd subsequent addition of efhanol wvroduced more of the

. e 0 - .
salt {990 mg; 984), m.p. 100-27 (from 15% aguecus ethanol), v maX, 3200,

4

]

1705, 1325, 11315 ca ', n.m,r. - 8ee discussion,

s

s . . T T £ wr Qv a o, i Y
(Found: €, 18,003 H, 2,66; N, 8.19; 2r, 46,76; 9,

9
requires C, 17,87; H, 2.40; 1, 8,34 Ir, 47,575 5, 9.54%).



1hg,

1,1=Dicxy=2, 3-dihydro=-5=bromo~3-thienylurea {79) -

€~Bromo.-5, 5~diocmy-2~iminohexshydrothieno| 3, b~djoxazole hydrobromide (336 mg.)
was stirred in water (2 ml.) and 0.2V sodium hydroxide solution {35 nl.)

added slowly to grecipitate a white solid, “he volume of solution was
reduced by half and the urea (631 mz.; 8€%), filtered off, m,p, 222-4°

(from water), v max. 3470, 5580,.3270, 3100, 1660, 1560, 1310, 1150 cm !,

r (TFA) 1.7 (&,bs), 3.4 (1H,d, J ZHz), 3.4 (1H,b), 5.0 (1H,m), 6.0-7.0

(21, dg, I 14Hz, Ty Mz, Jo Hiz),

(Found: ©C, 23.93; H, 2.95; N, 10.84; Br, 20.94; S, 12.85; Cyl,N,Br0;s
requires ©, 23.54; H, 2.77; N, 10.98; Br, 31.34; S, 12.57%).

1,1~Dioxy=-2-broms—3-hydroxylaninote trahyvdro~-d=thienylurea (78) -

1, 1-Dioxy-2, 3~dikydro-S-bromo~3-thienylurea (105 mg.), hydroxylamine

sulphate (134 mg.) and sodium hydrogen carbonate (140 mg,) were stirred
together in water (10 ml,) at 65° for 4 hr, The solution was takeﬁ to
dryness and the residue extracted well with hot methanol, Lvaporation

of the alcchol gave a solid which was crystallised from 20% agueous

methanol to give the hydroxylamine derivative m.p. 189~900, v max, 3490,
3350, 3240, 1660, 1560, 1315, 1125 cm ', ¢ (TFA) 3,8 (1H,b), 4.9 (14,4,

J 9Hz), 5.3 (U,m), 5.9 (MH,m), 6.1-7.0 (&H,dq),

(Found: C, 21.28; H, 3.78; N, 14.69; Br, 27.85; S, 10.97. CsH,,N3Br0,S

requires C, 20,B4; H, 3,50; ¥, 14.59; Br, 27.74; 8, 11.13%).
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