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ABSTRACT

The thesis is in two parts.
Part I

The recent literature concerning penicillin and cephalosporin
derivatives is briefly reviewed.

The sulphenic acid intermediates formed on heating penicillin
sulphoxides have been trapped with toluene-p-sulphinic acid to form
the corresponding thiosulphonate S-esters. These esters were
with nucleophiles, such as the anion of diethyl malonate, to produce
the corresponding sulphides. The sulphenic acids were also trapped
with isopropenyl n-butyl ether and the resulting sulphides hydrolysed
to the cerresponding B-ketosulphides. These trapped products are
potentially useful intermediates in the synthesis of new bieyclic
f-lactam structures.

Sulphenic acid trapping reactions have been carried out with
Penicillin @G sulphoxide acid, using various hydrazides as the carlboxylic
acid protecting group. Attempted cyclisation of the trapped products,
via reactions such as bromination and czonolysis of the nitrogen
attached side-chain, proved unsuccessful because of intramolecular
cyclisation of the hydrazide protecting groups, or because of enolisation

of the ozonolysis products.

Part 11

The chemistry of diimide is briefly reviewed.

The reducing power of NN'-dihydrobenzo(c)cinnoline, = very mild
reducing agent, has been examined. The reducing power of other dihydre-
aromatic systems, such as benzimidazolines and benzothiazolines, was
also investigated. These compounds were found to be less powerful

than NN'-dihydrobenzo(c)cinnoline.
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PART I

REVIEW



1. Introduction

Although there are many different types of penicillin and cephalosporin
antibjotics available on the market the spate of publications related to
their chemistry still continues. The aim is to develop new antibiotics
which are resistant to B-lactamases and show greater biological activity.
The following review covers the advances which have been made from the
beginning of 1973 to the present time. The chemistry of the B-lactam
antibiotics has been excellently reviewed up to this point.l’

‘The main topics reported are; penicillin chemistry, including the
rearrangement of penicillin’sulphoXides and methods of conversion into
cephalosporins; cephalosporin chemistry, including methods of altering
the dihydrothiazine ring moiety and reactions at position 6(7) of the penam

(cephem) nucleus, including both substitution and epimerisation reactions.

2. Penicillin Chemistry

2.1 Sulphoxide rearrangements

The sulphenic acid (2) has been postulated as an intermediate in the
thermal rearrangements of penicillin sulphoxide (1), but until very
recently compounds with this reactive function have only been known as

transient species.,

e 0
H
R . ii") R S R S
T = | — i
O&MN\,Y : Uy—NH\'// e o N
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(1) (2) (3)
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la R = phthalimido(phth) 2a R = phth 3 R = phth

R' = Me R' = Me R' = Me

Recent work by Chou et al.,3 has enabled the sulphenic acid (2a)
to be isolated in a crystalline form, by refluxing the sulphoxide ester
(1a) in ethyl acetate for 1C min. and evaporating to dryness. The
sulphenic acid (2a) was isolated along with the starting material.
Several reactions were carried out to demonstrate the reactive nature of
the sulphenic acid (2a). Indeed a 50% conversion to the sulphexide (la)
was obtained on heating for 3 hours in chloroform solutien, Ring closure
to the cephalosporin derivative (3) occurred upon treatment with methane
sulphonic acid in Lenzene-dimethylacetamide. On refluxing the sulphoxide
(la) in benzene, in the presence of excess trimethyl silyl chloride, the
trimethyl silyl ester (4) is obtained after conjugation of the side chain
with triethylamine.u Reduction with trimethyl phosphite gives the methyl

sulphide (5) together with the penam (6).

PRih. _SOSMey Prth. sk P o
a ] i
l_ 1 |- ‘ _.J X
O'{j? N*\ |f O/// N \T’ - l\.“k‘ O e h] , \
H l .
COzMe CO?_Me éOZMe

(4) (5) (6)

The rearrangement of penicillin sulphoxide esters with acetic
g c 5 .
anhydride was reported by Morin et al. Further work on this rearrange-

i 6 . .
ment has been carried out and it was found that on multiple rearrangement
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of methyl 68-phthalimido penicillanate sulphoxide (7), 2-C-bisacetoxy-
methyl(10) and 2-C-triacetoxymethyl(12) penicillin derivatives are

formed. The results are summarised in Scheme 1.

h. ‘ )
Pht \\l_ I / 1)A(~20 || I,/ ‘/CHzoAC t . ({\Ale
| 1 \\ . 1 + ‘
Owa N ;> 2)0 N } \Me ‘)(N .’ GHzOAc
! t
kY
(7) (8) (a)
Q
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Ac,0 RV AN SR o et
@ 22, 3] K meppa, 1
&.3n. S OAc {N I/ CH.ZOAC
i
) |
COZMe to 2M e
(10) (11)
AcO S fFHPAC
——— ..,___,,‘_,5 || | A
83’ 3h. N~ CHOAC),
éOzMe
(12)
Scheme 1

This rearrangement of compound (7) is not completely sterecselective.

The reasons for this have been discussed.
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Results of reactions trapping the sulphenic acids with olefins
and acetylenes7’8 and with thiols9 have been reported. Norbornadiene,
diketen and dimethyl acetylene dicarboxylate react with the sulphenic
acid (13) by addition, thus norbornadiene yields the sulphoxide (14),
whereas vinyl ethers react by substitution. Thus dihydropyran yields

the sulphide (15).

SN
! | | | \
Ny io A il e |
Df/ﬁ" N \l/) ) G’/ N ;. . S 0/ N ~ .
q i .
COR COR COR
(13) (1y) (15)

Thiols produce the corresponding disulphides (16) which in turn
can be reacted with trialkyl phosphites to produce the corresponding

sulphides (17), the alkyl residue arising from the phosphite reagent.

R . SSR R SEt
! i | POE R |
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! 1

(16) 17
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With. aliphatic thiols the resulting nitrogen substituent is isolated
as the aB-unsaturated isomer only, whereas with acidic thiols it is
isolated as the PBy-unsaturated isomer. The latter are key intermediates
for preparing 2-halomethyl penam and cepham derivatives. Thus the
disulphide (18) gives the 2-halomethyl penicillin (20) by halogenation.lo
On standing in dimethylformamide overnight the 3g-halogenocepham derivative
(21) is formed quantitatively, which can in turn be dehydrohalogenated

to produce the cephem derivative (22). This rearrangement involves

initial formation of the episulphonium ion (19).

o NN TN T ; R
SOMe ‘ éOZMej CoMe
1) g'_/?ﬁ»j 4 (19)\/ — 20)
6
X=ClBr 1,_"//S i ’ 19 = _S-
oo, T A

COZMe COZMe
(213 (22)
inother method of converting penicillins into cephalosperins via
halogenation was reported by Kukolija et aZ.ll This makes use of the
nucleophilic character of the sulphur atom in the intermediate sulphenic
acid. Thus penicillin (23) was converted to cephalosporin (24).
‘'The reaction is summarised in Scheme 2, and presumably goes by the

mechanism shown, since no evidence of sulphine formation was found.



14
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Scheme 2

An unusual reaction occurs on treating penicillin V B-sulphoxide (25)
with phenyl acetyl chloride in acetone, at room temperature.l2 The
product was structurally characterised as the 2H-1,4-thiazinium chloride
(26) following ¥-ray crystallographic study. The reaction involves

S-C(5) Lond cleavage, and probably goes by the mechanism shown,

hOCH5CONH /2 CONH S/
PROCHRCONR 5 PhOCH2 i 5
. v _ l ?

L A
N~/ PheHcOCU/Mo O, NV

COH B
2 ‘T 0
(25} (26)
\ ]
(3cocH,ph i
PhOCH,CONH - r\ PhOCH,CONH_ s,
( AN
= S D
- h*' ( hf/ }ii)
N |
/ /\\ 0 0

0] \



2.2. Other reactions

A novel conversion of penicillin into cephalosporins has been
reported by Nayler.13 Treatment of benzyl 6B-triphenylmethylamino
penicillanate (27) with 3-phenylprop-2-ynyl bromide yields the 3-phenyl-
prop-2-ynyl thicazetidinone (28). This compound is then cohverted,
in several steps, into the phosphorane (29), which is hydrated to the
ketone (30) by refluxing in neat piperidine. This ketone is converted
by refluxing in dioxan, into the cephem (31), which is then converted
into 3-benzyl-78-(2-thienylacetamido) ceph-3-em-4carboxylic acid. (32)
This new antibiotic had similar activity to its isostere cephaloridine
(33) against gram-positive bacteria but was less active against gram-

negative organisms.

Ph3CNQTMT_/S\< Ph CNK SCH,CCPh Ph3CNj\H_H SCHCiCPh
| ,: T /K |
/ P ;
¢ N~ 0~ _Nﬁ/ TN PPYy
| P
co .
,CH,Ph CO,CH,Ph COLMey
(27) (28) (29}
Ph3CNH\“~/,SCHZCOCH2Ph Ph,CNH <

] "
& N PPhy 7 —1 /L

!
CO,CM COCMe

{
~g” CH,CONH_

N 4,
7 e “‘CHzR

5Ph
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(32) R = Ph,R'=H.

(33) R = pyridinium, R' = Na

It has already been reported that chlorination of the penicillin

nucleus involves cleavage of the l,5—bond.ll1L Some related chlcrinaticr

©

: F : 1
experiments have been carried out by Sheehan and.co-workers. N

Chlorination of the aldehyde (3%) produced the chloro compound (35),

whereas, chlorination of the ester (36) produces the sulphenyl chloride

(37)-

7 o~ NH
(z2u) (35)
H H H H
Phth " *i/s\/, Phth\f E/SCL
1 | | [
. CH,OCOCE N
= -~ =
0 COCF32 3 0 “Coc,
(36) (37)

The chloro compounds (35) and (37) are potentially useful inter-
mediates in the reconstruction of modified cepham and penam systems.

Indeed, reaction of compound (37) with ethylvinyl ether Produces the
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aldehyde (38), whichcnreaction with acetic anhydride affords the

L 16
acetate (39).

Phth . SCHLCHO Phth
7 2 TN
\—“*i AC2O/py b ] S'\
O;ﬁ"NH 0;) N__g/
(38) ag)  OAC

Compound (3%) has been used to produce alkyloxy-2-and acyloxy-2-
azetidinones.l7

Selective cleavage of the 1,5-bond of penicillanic acid derivatives
without loss of the sulphur atom has only been carried out by chlorination.lu
However, Stoodley et al., in an attempt to induce a direct oxidative
decarboxylation and a concomitant cleavage of the 3,4-bond studied the
reactions of penicillanic acid derivatives with mercury (II) acetate.®
On treatment of 6f-phthalimidopenicillanic acid (40) with mercury (II)

; . . o : . .
acetate in acetic acid, at 85 , extrusion of sulphur took place affording

compound (41).

Phth. .
RMH:' E‘:L\/

|" —
dﬁgiunﬁh,x_ \\ L N

]
0 1 F N
|
L |
COH H
2
(40) (41)
: . ; . § . .19 .
A more detailed invesktigation of the reactior on polassium honwyl

penicillanate (42) showed that the degradation initially involves

1,5-bond cleavage, producing the intermediate cation (43), which
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then affords the oxazoline (44), In turn this is converted to the

. ) . o)
oxazoline (45), which, on heating to 857, eventually forms the acetate

(u8).
IS
PROHLONY PRCH,CONH
[T X e, 0w
Oy_—«f\L\‘\f/ ACOH | 0/2/ "';N\ %/COZI""QOAC
oS K '
H,Ph inPh . | :
: " PJ - '-g] , ‘
N{ 7 C PhCH,CONH _OAc

7 /J ] = L] — \~~'-—]/
VAN ’/'COZHQOAC » N\{{,H N A

li
i hS}*gCV\C P k\\\ _

(4y) (45) (46)

The oxazoline (45) can also be opened by other reagents such as
alcohols and acids,Z?

A new method of cleaving the thiazolidine ring of the penam nucleus,
whilst leaving the B-lactam ring intact has been repqrted.Ql Thus
penicillin V sulphone (47) was converted to the isocyanate (48).
Hydrolysis of the isocyanate afforded the masked aldehyde (49) which was
reduced to the alcohol (50) with sodium borohydride. Reaction of the
alcohol with O-mercaptobenzyl alcohol, in the presence of triethylamine,
gave a 1:1 mixture of cis and traps azetidinones (51), Oxidation of
(51) with dimethyl sulphoxide and dicyclohexyl carbodiimide22 gave the
tricyclic cephalosporanic compound (52), which was shown to be biologicaily

active.
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R R S0 = s—{ )N
. o | )
*n L N ,
O;jr-TJH;ng 0;7‘“NH CHZOH NH CH2QH
(50) (51)
47 R = COH R' = PhOCH,CONH
48 R = NCC | DMSO
49 R = OH fDCC
v
R. S ~
oy | '
- |
7y
OH
(52)

A new route to alcohols of type (49) has been described.23 This
employs decarboxylative rearrangement of alkanoyl-aroyl péroxides,

as shown in Scheme 3.

0 Q

0 0]
R—&—O~O—g-Ar—4 R—O—C—O~g~Ar"~*R~O~g~Ar+COZ

Scheme 3

Use of o-nitrobenzoic acid gives an ester of type (53), which on

mild reduction produces the alcohol (54)

Ph CHZCONH\F_ ) /% 5 PhCHchNi\T _____ _ 2\/
A N A N
No, OCOAr -~ OH
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An unusual reaction of some 6-azido penams has been reported?q.
The 6-azido penam (56), formed by reaction of thiazoline (55) with
azidoacetyl chloride in the presence of triethylamine, was reduced
with hydrogen on platinum oxide and then treated with phenoxyacetyl
chloride in the presence of triethylamine. The resulting product was
(57).  Thus, the amino compound formed by reduction of (5€) undergoes

B-lactam ring scission to the thizzoline (55).25

Ph Ph
PhO

= ~1 N ‘//S\ . B
‘\-/g ‘/ NBCHZCQQL 3““] 1 / 1)H2/.Pt92 N b 5.‘_

NS = Lyl —2 s
N Et3N g W~ 2)PhOCH 2C0Cl0’ =N
/ Et3N

(55) (56) (57)

Methyl penicillanate (58) . and its 6a-bromo (59) and 6,6-dibromo

derivatives (60) 27 are readily prepared from 68-amino penicillanic

acid and constitute convenient model compounds for studying the chemistry
of the penam system without the complications which may arise from the
presence of the 6f-acylamino group. The action of methyl iodide -with
strong anhydrous base on both (58) and (59) leads to 3-methylation and
cleavage of both thiazolidine and B-lactam rings, but with (60) the
B-lactam system remains intact the product being the azetidinone (61).28‘

Some further reactions of (61) were reported.

R Br
| S -
| ’ | |
Of,:“r----N-- .,:f D/‘ N
58, R =R' = | (61)
58. R = Br, R' = H

60. R = R' = Br
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The product from the interesting rearrangement of penicillins
with methyl chloroformate has been shown to have the structure (62)

b : . 29
by total stereospecific synthesis.

R ) A
\"“‘r S\< CICO-OMe = s P
Cfﬁl___N\\"/: Uﬁﬁi;_{qa :[ ‘ | e H .
‘{ \F.;.:F \\ .-'I \ : o
. »

R =PhCH200NH 62)

3. Cephalosporin Chemistry

It has been shown that cephalosporanic acids (63), in which the
acetoxy group is displaced by sulphur nucleophiles (e.g. thiourea,
thiobenzoic acid) are reduced to 3-methylene ceﬁhams30 (64) by
catalytic hydrogenation . These compounds are also produced by reductior

with zinc dust in a mixture of formic acid and dimethyl formamide.

RCONH S RCONH S RCONH s

= o
\ N Ay .
\{ CH SR & “‘T’ ~ ¢ N\i, e
CO£ CO£4 COQ%
(63) (1:4% to 1:5 ratic) (64)

o
I

3-methylene cephams (64) are also produced by electrochemical
reduction of cephalosporanic acids (63) under mild conditions.31

Two noteworthy reactions using the 2-mcthylene céphem derivative (65)
have been reported. In the first, reaction with the methyleneating

agent (66) produces the spiro cyclopropyl derivative (67).32



‘? i

CONH
RCONH - S P R A 8
R | S R L
l Ph, @/CHE |
: CO.R
N
(65) iR i
R = PhOCHz, R' 2 CH20C13 (66) (67)

In the second, manipulation of (65) gives rise to the tricyclic
cephalosporanic derivatives (68) and (89). The procedure is
summarised in Scheme 4. Both (68) and (69) showed reduced biological

activity, as compared with Penicillin V.

fh, 2 Nes
2) H+ -ITN\\\_//// . AIB N

~

) INaH/CH ~(CO R)

0 E[,OZR'

g S\/\CH( R, > e coR
rL NaH/DMF { ] ek
//( \W/Br 4th_//f1 \CO2R
COZR QSOZR’ e PCly
1INBS/AIBN )
2PCly // T TN\ L0R
S {]\L\ ~ COR
&
5_ CCLA X 1
Zn/H-I- P = Hl:’///\\, COZRI L*OzR
e D\l 2 —‘<co R’ |
NG oM g T2 [ZniH
{ : N JZO PRr % v
. .N\ // A N 0 .-
¢ I COH 2d [ COH
O,H P COH
(69) Scheme 4
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Other tricyclic cephalosporanic compounds (71) have been prepared
by the cycloaddition of diazomethane to 3-cephem esters (70).3L'L Mo

addition takes place with 2-cephem derivatives.

PROCH,CONY s, PROCH,CONH s
CO,Me Me0,°
(70) (71)
Stoodley and coworkers have reported that base-promoted ring

enlargement of penicillanoyl halogencmethanes (e.g. (72)) gives cepham
derivatives (e.g. (73)).35 They hoped that the latter derivatives

could be converted intc penicillin and cephalosporin analcgues. They
have made several- attempts to cleave the 4,5-bond of the cepham (73)36

but have met with no success as yet.

PhOCH,CONH g PROCH,CONH s
Cﬁji*l$\\{\<i Cfﬁi‘i;h _ //i;ij
| i
CO,CH,CL /fﬂhﬂ
(72) (73)

One interesting reaction which resulted frcm the above studies was

the oxidation of (73) to the azetidinone (74) by potassium pefmanganate.

PhOCH,,CONH
-
|

{

N
'“"CO-CMeZ'OH

(7u4)

/SCH?_COzH



This reaction results from initial hydroxylation of the cepham
double bond, followed by oxidative 3,4-bond-cleavage. The derivative (74)
is of potential.value in the synthesis of B-lactam antibiotics if the
acyl group on the p-lactam nitrogen can be replaced by hydrogen.

. ] . 37
Attempts to carry out this transformation have so far proven unsuccessful.

4. Reactions at position & (7) of the penam (cephem) rucleus

4,1. Substitution reactions

Much effort has recently been thrown into introducing the methoxy,
as well as other, functions into the normal penam and cepham systems.
This is so, since 7a-methoxylated cephalosporins have been shown to Le
resistant to attack by B-lactamases and to have a wide spectrum of
antimicrobial activity.

The most commonly used method of introducing a substituent at the
& (7) position of the penam {cephem) nucleus is by base treatment of
a Schiff base (75). This generates a reactive nucleophilic site
which then undergoes alkylation or aldol condensation giving rise to

the corresponding substituted derivatives (76).

R
RCH:N S RCHN, | S
\\r"w“f/ \\] Mbase X ““'”“7’// |
| T
e N b g
: 1
CO,R CO4R'
(75) (76)
/‘J/R\ [T — I
R = NOé*ﬁAt;;;>~- R" = OMe, SMe,
R = Ph T, Me, CH, CH,CN,

CH,,OH, CHOIitfe,
COlte, CO Me,

COQNd .
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The substituents listed above have been introduced using this technique,
i . . . 38-41
and are generally introduced in the a-orientation as shown.
Despite all the varied substituents introduced at this position,
none of the products possess the activity associated with the introducticn

of the methoxy group. This has meant that renewed efforts have becn

made to find better ways of introducing the methoxy function. Baldwin

L2 Lo . . e :
and coworkers  utilised t-butyl hypochlorite in methanol containing sodium

borate buffer, at Oo, for the introduction of the methoxyl group into
‘the 6-position of penam (77). This reaction involves formation of

the acylimine intermediate (78), via the N-chloro compound (79).

PhOCH.CONH 3 PhOCH P 2 phocH OMe
TIX = SN = YT
—Me /( 4 / e !
O/ \.]’/ % ——-N\.._1/ U , [\J —
CO,Me COMe
(77) (78)
H Cl
i
~ N . 'N

e = /H ~ “IN ,.aH L
\TT - . NN o -
AN “g I IS

Q
(79)

L

. . e e . 43 4
This technique has been modified by Christensen = and Koppel ~, to

b ]
involve low temperature formation of the anions of 78-amido cephalosporins
and 6R-amidopenicillins, oxidation of these by t-butyl hypochlorite, base
elimination to acylimines followed by alcohol addition, all in one

reaction vessel, to give the required alkoxy compounds. The technique

has been further modified by Lunn and_Masonu5 to provide a facile

7

S\\




synthesis of the 7a-methoxyamino nucleus, which can be acylated at will.

Their process involves oxidation of p-nitrobenzyl carbamates (80).

I

F\'z—[j -CH OCOI\iliA 80. R = Ph,CH R' = Hj r2 = NG,

|
8l. R = Ph,CH; P' = Ole; P2 - NO

O¢t /\CH OAC g, r = pn LCH; R' = Ole; P2 = i
CO5R

Methoxylation of (80% to (8l) was carried out using the method of

i
f

H
|
1

Koppel.uu Trimethyl phosphite was added prior to allowing the reaction
mixture to warm up, thus preventing overoxidation by excess t-butyl
hypochlorite. The methoxy compound (81) was hydrogenated in methanol-
tetrahydrofuran, using 5% palladium-on-charcoal as catalyst, to form

an unstable product, probably the amine (82). Pure 7a~methoxy-78-aminc
cephalosporanic acid benzhydryl ester (83) was obtained by stirring the
crude hydrogenation product with an equal weight of Merck silica gel

(< 200 mesh). Compound (83) can be acylated by reaction with acid
chlorides and pyridine in cold chloroform, and the benzhydryl protecting
group removed with trifluoroacetic acid, thus providing the required

7a-methoxy cephalosporins.

QMe
N\%N_ //5-.

/'——N\T/J\CHzOAc

CO2CHPh2
(83)

Other methods for introduction of the methoxy function have been
utilised. One involves the diazotisation of 7f-amino cephalosporins
and 6Bf~amino penicillins, and subsequent treatment of the diazocompounds
with haloazides and then methanol.46 Various workers have also
employed the solvolysis of halo and methyl thio substituted compounds

R 38,39,47,48 .
with some success. °* 7 °° Thus , on treatment. with mercury (17)



chloride in methanol-pyridine, the methYlthi§ compound (84) is converted

, 38
into tie methoxy compound (85).

On treatment of compound (8Y4%) with
mercury (II) éhloride in aqueous dimethylformamide the o-keto-f-lactam

(86), a potentially useful penicillin derivative, is formed.

Nhtigi__ ,45\ D::b- S
: |_l
o Gy

CO,CH.,Ph £0,CHPh

84, R = SMe (86)

85. R = QOMe

Exchangé of the methylthio groups in acylated derivatives of compounc
(84) does not occur with mercury (II) chloride. In these cases a more
vigorous treatment is necessary, Selective chlorination gives the
chlorosulphonium chloride (87) which, on treatment with triethylamine
in methanol, produces the methoxy compound (89), via the acylimine

intermediate (88).47 -
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RCONH tMe RCONH P Me
R EN \f““/s\< Etg
A S A
COZCHzPh COZCHZPh
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1 _MeQH } \X<

!
&OZCHZPh C0,CH,Ph
(88) {89)
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Benzyl 6-isocyanopenicillanate has also been utilised in the

preparation of 6a-substituted pem‘.cillj'_ns.kLg
4.2. Epimerisation

Ba-Aminopenicilline and 7e-amino cephalosperins can be epimerised
to their B-epimers by treatment of their p-nitrobenzaldehyde Schiff hases
with phenyl lithium, followed by protonation under kinetically controlled
conditions,SO e.g. (90) to (91).

p-ONCHCHN T M s PRLiTHE p—O,)N'CSHQ'CH‘N\?
T 2MF - :

) ZOME |
04‘— :‘4 J IO o A

. ;ff-‘\\

(50) (91)

[+ 33% of (90)1

Direct C-6 epimerisation of penicillin V methyl ester (92) can be
carried out via the vicinal dianion (93) formed on treatment with lithium

aq .. 05
diisoprcpylamide. .

oL’
PhOCH,CONH ' ¥ procH,C=N_ 1
NS, NS
i ! )< —_—3 ]' l /\)<
D g
E £0,Me
(92) ()
PhOCHZCON.H\i K

b T X
. /

5 2

éO2Me

[+ 20% of (92)]
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Carroll and‘coworker552, in work related to the chemistry of
penicillin imino chlorides, found that the imino chloride (94) of
penicillin G pivaloyl oxymethyl ester undergoes rapid and nearly complete
epimerisation to (95) prior to dehydrochlorination by triethylamine.

Thus, epimeric ketenimine (96) results as the major product.

cl. W H PR e B

? } S\ C=N- -] .

P S
~—. r'

COZCHZOCOCMe3 éochzoCOCMe3

Sk, H - cis a 96. H - trans

95, H - trans

Vlietinck and coworkerss3 have reported a method for the epimerisation
of penicillin with a secondary amide side chain. The method is based
on N-silylation of thesamide group with silyl exchange reagents, such
as NO-bis(trimethyl silyl) acetamide, followed by treatment with an

organic base.

4.3, Other reactions

The cleavage of 7o-methoxy cephalosporin C derivatives (97) with
phosphorus pentachloride produces a mixture of the a- and B—methoxyamino
compounds (98) and (99) resPectively.514 This suggests that following
methoxyamine formation an equilibrium is established. The results are

summarised in Scheme 5.
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The a-keto-f-lactam (86) referred to above has been prepared by

[
Lo and Sheehan.JS They used (86) in a Wittig reaction with

phenoxyacetyl methylene triphenylphosphorane, thus producing the olefins
(100) and (101) which gave the new ketone (102) on reductiocn, as a

mixture of cis and trans isomers (4:1).

O} il < RhoP:CHCOCH,0Ph
— m__ RO — - _.__>

of ——N\{
COZCH Ph

(86)
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4 H ’
PhOCH.COCH, H & PhOCH,COCH, |
NG 8, HoRdic 0 X

!

' ; P
A N \ cis form gives 0/{ )

O -
CO,CH,Ph COH

(102) (103)

The acid (103), formed by removal of the benzyl group in (102),
showed considerable antibacterial activity and was also resistant to

some B-lactamases.
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PART I

DISCUSSION 'OF RESULTS
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1. Introducticn

Penicillins are obtained by fermentation in very high yield at
low cost, making their derivatives into potentially useful raw materials
for further chemical transformations. Indeed, they have been used as
precursors for the synthesis of the related antibiotice, the cephalo-
sporins.\r This approach has the advantage over total synthesis in that
the nitrogen and sulphur substituents are already attached to the
f-lactam in the desired stereochemical configuration., This fact is
borne out on studying the parent penam (1) and cephem (2) systems.
The structures have the identical g-lactam grouping, to the left, and
the same C5 isoprenoid-like unit, to the right of the dotted lines in
(1) and (2). The systems differ in that the cephalosporins have a

higher oxidation level than the penicillins and a different substitution

pattern on the Cs—unit.

reong ! L RcoNg W1
5 5f',’\ 2 & TR

J \' < i3
'? ‘-13 O,J//l_ ?\i‘ s \//‘OAC
Co,H 7L02H

(1) (:2)

In order to convert the penam intc the cephem, or other related
systems, chemically two approaches can be readily conceived, both
requiring modification of the thiazolidine ring without any concomitant
change of the sensitive B-lactam function. TFirstly, the thiazolidine
ring could be opened and the C5 carbon chain on the B-lactam nitrogen
cleaved off, to be replaced with a new carbon framework of the desired
substitution pattern. The second approach involves selective oxidation

of the two methyl groups and ring expansion of the thiazolidine ring.
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It was proposed to make use of this second approach by carrying out
trapping reactions on the sulphenic acid (4) formed on heating the
penicillin sulphoxideb (3), followed by modification of the substituents
attached to the sulphur and to the f-lactam nitrogen, and recyclisation.
It was hoped that this approach would produce new and biclogically

active cephalosporins.

_ 0/44

0 |
Rx& B - R\\ _/,S
S i N .
]
COR Lo
(3) (%)

2. Trapping with toluene-p-sulphinic acid

2.1. Penicillin sulphoxide hydrazides

a) Halogenation

It has been shown by Bartoen and coworkers’® that NNl-di-isopropyl—
hydrazine is a useful reagent for the protection of carboxylic acids.
The derived hydrazides can be reconverted by selective oxidation, with,
for example, lead tetra-acetate, intc the parent acids in very high
yield. Use was made of this protecting group in the initial reactions
carried out.59 The NNl—di—isopropylhydrazide (7) was formed from
(IS)-6B-phenylacetamidopenicillanic acid l-oxide (5) via the mixed
anhydride (6) formed by reaction with ethyl chloroformate in the presence
of triethylamineSg. The sulphenic acid frem the hydrazidé (7) was

trapped with toluene—p—sulphinic acid, in the presence of NN-diethylaniline,

to give the desired thiosulphonate (8), %9
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PhCH2CONH g , PhCHZCONH\ z
CICOE ,L < PiNH NHPr |
CoH éo-o-coza
(5) (6)
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[/fﬁj] Ly
PhCH,CONH __,; i T PhCHZCONHR“_j//Ssqzaéu)}~Me
X i,
/ hNEtZ O?L__.N\_‘V/ g
CONPr NHPr (_l,oy\]p,-i.N;.“:,.i

(7) (8)

The thiosulphonate (8), resulting from the sulphenic acid (9)
functioning as an electrophile towards the sulphinic acid, was separated
by column chromatography, in 70% yield. The cephalosporin derivative
(10a) was formed as a by-product, resulting from the attack of toluene-
p-sulphinic acid on the intermediate sulphonium ion (10) formed by

intramolecular nucleophilic attack of the protonated sulphenic acid (9)

by the olefinic linkage.

NH :
PRCH,CONH SOH2 PRCH,CONH S
[ ! —_— Y
2 Nag, g Oé-'_--N N T
LONPri-NHPr' CONPFNHP

(9) (10)
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It was hoped that the thiosulphonate (8) could be converted into
the cyclic compound (13) by initial displacement of the sulphinate by
the anion of di-t-butyl malonate, followed by allylic bromination and

treatment with base.

PhCH.,CONH SCHICOR
2 , 2%2
CHyCOR), N Br,

> | =S N

NaH CY€}~ N P

CONP#-NHP#

(8)

R=t-Bu

(11)

COR

PhCH,CONH_ SCHCOR), PhCH,CONA S L~602R

| base bl \

1
|
) | ——T

7 o7 "'N

CONPPNHPr CONPthPr

(12) (13)

Compound (8) was reacted with di-t-butyl sodiomalonate in dry

benzene, to afford compound (11)., Compound (11) was treated with
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bromine(lequiv.) in carbon tetrachloride, in the presence of toluene-
p-sulphonic acid (1 equiv.). The nuclear magnetic resonance (n.m.r.)
spectrum of the crude product showed that there were no olefinic protons
and that there was no methyl on a double bond. It alsc indicated the
presence of a new methylene function, Thus, bromine had added te the
double bend to afford compound (14).  An attempt was made to purify

the brominated ccmpound by preparative layer chromatcgraphy (p.l.c.).
However, the n.m.r. spectrum of the compound removed from the silica gel
showed the disappearance of a methine signal, the shift of a methylene
signal and the appearance of a signal due to a methyl on a double bond.
A sample of this compound was sent for mass spectral analysis and showed
a parent ion of molecular weight 64k, This corresponds to the molecular
weight of compound (16), indicating that the hydrazide part of the
molecule had cyclised and that the molecule did not centain bromine.

The complete interpretation of the results is shown in Scheme 1.

PhCH,,CONH SCHICORL,  PhCH,CONH SC
2 v 2N g=otHCO
\\\\“_"1/// \}"———ff Zfaz

(11) e —— Bl‘ Sl > i : _

Br.(1mole) — -
2 o e
>,.\<CH28r - —Crr

| P
CONPENHPY 07y T

(1) (15)

PhCH_CONH SCHCO.R)
silica C W | 2%

sea ,
s
0" N

Pr
(16)

Scheme 1
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Thus, it appears that the initial dibromo compound (14) cyclises
to (15) beforerchromatography_and'rearranges to (16), with loss of
hydrogen bromide, on the silica. The infra-red (i.r.) spectrum of
compound (16) shows hydrazide carbonyl absorption at 1630 cm—l, whereas
the relevant absorption in compound (11) appears at 1680 em L.

This is indicative of the af-unsaturation in (16). Compound (16)

was also obtained when the thiosulphonate (8) was brominated, treated
with di-t-butyl sodiomalonate and the product separated by p.l.c. The
problem of cyclisation of the N,Nl4di—isopropylhydrazide has been
reported befope.so Thus, on ozonolysis of cdmpoﬁnd (17), resulting from
tfappingvof (7) with dimethyl acefylenedicarboxylate, the sole product

is the pyrazclinone (18),

LCOM LC0-Me
i {27 PhCH,CONH 2
| \. —CO,Me b

)
D,:/?‘ / O//r‘ -M\:::— f/'
ONPENHP? oA ANPr

PRCH.,CONH
2 ~

(17) (18)

In the light of the results obtained using the NNl—disubstituted
hydrazine, it was thought that if an‘NN—disgbstituted hydrazine was
used as the prctecting group the desired cyclisation would take place,
in preference to the cyclisation of the hydrazide. Thus, the
crystalline NN-dibenzylhydrazide (19) was prepared, in the same manner

as the NNl—di—iSOPropylhydrazide (7).
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PhCH. CONH i
IT X
Oﬂfm_hhﬁhf
CONHNICH,Ph),
(19)

A trapping of (19) with toluene-p-sulphinic acid was carried out.

It was found to proceed very slowly. Indeed, after 12h. a number of
products had formed (t.l.c.) and the crude reaction mixture showed only
weak B-lactam absorption (i.r.). An oxidation of (19) with lead
tetraacetate 58was carried out, in dichloromethane, but only about 15%
of sulphoxide acid was regenerated. Norman has reported that on
reaction of dibenzylhydrazine derivatives with lead tetraacetate,
several products are formed;Gl These results show that NN-dibenzyl-
hydrazine is not suitable as a protecting group.

Attention was switched to the use of NN-dimethylhydrazine as the
protecting group. The NN-dimethylhydrazide (20) was prepared as an oil,
by the usual method, and was purified by precipitation from light
petroleﬁm. The trapping of (20) with toluene-p-sulphinic acid was
carried out, and the desired prpdu;t (21) separated by column chromatography.
Compound (21) was then reacted with diethyl sodiomalonate in dry benzene,

to afford compound (22).

SRS
P CHZCONHW—"T/"%( PhCH2CONHTwwr/SSQf<é )/ Me
4 N/ AN .
Cff K O D{\ 74
CONHNMe,, vl
CONHNMe2

(20) (21)
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PRCH,CONH___SCHICO,Et)

O:f

CONHNMe2
(22)

Attempts were made to brominate compound (22) using bromine in
dichloromethane. The initial results indicated that the hydrazide part
of the molecule was being attacked. However, on reaction with bromine
(1 mole) in the presence of toluene-p-sulphonic acid bromination of
the double bond took place to afford compound (23). The crude
bromination product was treated with sodium hydride in dimethyl-formamide.
Reaction was complete in about 4.5 hours, and a new B-lactam containing
compound was formed (n.m.r. and i.r.). The n.m.r. spectrum of this
compound showed a shift in the signal assigned to the ggQBr resonance
in (23), indicating that cyclisation might have taken place. The
product was separated by p.l.c. The n.m.r. spectrum of the isolated
compound showed the presence of a new signal which was assigned to a
methyl on a double bond. It is postulated that on base treatment of (23)
the hydrazide cyclised to afford the monobromo compound (24) which then

eliminated hydrogen bromide on the silica to yield compound (25),

The interpretation of these results is shown in Scheme 2,

PhCH,CONH _SCHICO.EH
Brzﬁmole) [ ( __NakUmole)
[22) weessassamy N Br O
ptsa. (2moles] s 2 N
v
; CHZBr
CONHNMez

(23)
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PhCHzCONH\ . ‘/SCH(CozEﬂZ PhCHZCONH\ -SCHICOHEL),
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NM NM
(24) "2 25) 2
Scheme 2

The reaction of the dibromo compound (23) with sodium hydride was
also carried out in dioxan. Reaction was complete in 2.5 hours and
the same result was observed, The isolated product showed a molecular
ion of 532 in its mass spectrum which is consistent with the proposed
structure (25). This result is comparable to that obtained using
NNl—di—isopropylhydrazide and indicated that an NNNl~trisubstituted
hydrazine would have to be used as the protecting group. Thus, the
crystalline trimethyl hydrazide (26) was prepared and trapped with
toluene-p-sulphinic acid59 to afford compound (27)., The product was
purified by precipitation from light petroleum. Compound (27) was

reacted with diethyl sodiomalonate to afford compound (28),

PhCHchN&»m_.}’ g\ PhCHZCOW 5502_ / ) b Me

L&\K N ,\
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CONMeNMe .,
CONMeNMe
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Compound (28) was treated with bromine, in dichloromethane, in the
presence of toluene-p-sulphonic acid, calcium carbonate or propylene
oxide., However, in each case, no B-lactam compound was present after
work-up (i.r.). Compound (28) was also reacted with N-bromosuccinimide,
in chlorobenzene, The two major products were separated by p.l.c.

One of these was non B-lactam and the n.m.r. spectrum of the other showed
that the hydrazide side chain had been attacked, and that bromination
did not take place in the desired fashion.

Compound (28) was treated with chlorine, in carbon tetrachloride/
dichloromethane, at 0°. A new B-lactam containing compound was formed
(n.m.r.) and was separated by p.l.c. The n.m.r. spectrum of the isolated
compound showed the presence of two Rf-lactam doublets and the absence of
the diethyl malonate function. The i.r. spectrum alsc showed the absence
of the malonate ester carbonyl absorption. Hence, the oxazoline
structure (29) was assigned to this compound.62 The n.m.r. spectrum
was in complete accord with this structure. The reaction probably proceeds
vZa the chlorosulphonium chloride (30).
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It was thought that bromination of the sulphoxide (31) might
prove more fruitful. Thus, compound (28) was oxidised with m-chloro-
perbenzoic acidA(l'équiv.)lto afford the desired s'ulphoxide,('3l).63

However, after bromination with bromine in dichloromethane no B-lactam

remained (i.r., n.m.r.).

PhCHzcoNH ,ECH@O Et)
M 2

|
Lol /
0~ ,1?/
4

Ol\]MeN[‘4e2

(31)

b) eonidation

Compdund (28) was reacted with m—éhlordperbénzoic acid (2 equiv.)
in the hope that the double bond would be epoxidised to give compound (32),
which could then be cyclised on treatment with base. All the peracid hac
reacted inside 24 hours at 0°C (starch4iodide paper). The products
were separated by p.l.c. The only. product which showed strong B-lactam
absorption (i.r.) was the sulphoxide (31). Spectra (i.r., n.m.r.) of the
other products showed that very }ittle B-lactam was present, and also

that the malonate part of the substrate had been attacked.
PhCHZCONH %CH(COZE’E)Z

ONMeNMe-,

(32)
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c¢) Selenium dioxide oxidation

As an alternative way of functionalising the isopentenoyl side chain,
attempts were made to carry out allylic oxidation of the thiosulphonate
(8) in the NNl~di—i50propylhydrazide series, and of the diethyl malonate
derivative (28) in the trimethylhydrazide series, using selenium dioxide
in the hope of producing the aldehyde (32a)., Reactions were carried
out in both acetic acid and dioxan. All the reactions produced complex

mixtures with no product in reasonable yield.

Ny
| CHO

A

PhCH,CONY {SCH[COZEt)Z

A

ONMeNMe2

(32a)

d) OzonolEsis

It was proposed that triethyl phosphonoacetate64 would be a useful
compound to produce intermediates such as (34) with the objective of
cyclising to compound (35). Hence, compound (27) was reacted with
godium hydride/triethyl phosphonoacetate, in benzene. A smooth
displacement reaction ensued to afford compaund (33), This compound
was then ozonised, in dichloromethane at —780, to produce the ketone (34)
in good yield. An attempt was made to cyclise this ketone, to compound
(35), using Triton B in dimethyl formamide, However, there was no

sign of any reaction (t.l.c., n.m.r.) even after heating at 60° for 4 hours.
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While surveying recent literature, a paper was found on the total
synthesis of B-lactam antibiotics, in which use was made of the
phcsphonoacetate derivative (36) in forming the dihydrothiazine

- * 56
derivative (37) .
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An attempt was made to cyclise the phosphonoacetate derivative (34)
using the same method as in the above case. A sample of compound (34)
was stirred vigorously, with excess potassium carbonate, in dry acetone,
at room temperature, The product forhéd.was separated by p.l.c.

It contained no B-lactam (i.r.) and was shown to be the isothiazolone

derivative (38) (n.m.r.).62
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Attempts were made to displace the sulphinate in compound (27) by
a Reformatsky type reaction, using zinc and ethyl bromoacetate to
produce compound (39)., This could be ozonised to compound (4C) which

could then be cyclised to give the cephalosporin derivative (41).
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Initial attempts to form compound (39) were unsuccessful, so a
A ) 65 . .
standard reaction, using acetophenone, was carried out. Thig
reaction went smoothly, producing compound (42) in good yields. The

penicillin reaction was repeated using the same conditions but was again

unsuccessful,
OH
n
PhCOMe —5"——3 Ph Me
BrCH,CO,Et ‘
CHZCOZE’{
(42)

2.2, Penicillin sulphoxide benzhydryl ester

The benzhydryl ester (43) was prepared from penicillin sulphoxide
acid (5) by reaction with diphenyl diazomethane®® ,  This ester was
then trapped with toluene-p-sulphinic acid, using the normal procedure,

to afford the thiosulphonate (44),

PhCHZCONQW = 2

. Ph.C=NEN ] \X<
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C0,CHPhy CO,CHPh,
(44) (45)
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The trapping reaction was carried out in benzene, toluene and
dioxan and followed by t.l.c. Reaction in benzene was very slow, very
little product having formed after 5 hours. Trapping in toluene was
complete after 5 hours. Trapping in dioxan was complete after 4.5 hours.
The product (44) was separated by p.l.c., in 50% yield, and can be
isomerised into the oBf-unsaturated ester (45) on treatment with triethylamine.
Compound (44) was ozonised, in dichloromethane, at -78°,  The n.m.r.
spectrum of the crude product indicated that a mixture of the ketone (46)
and the enol (47) had been obtained. On attempted separation by p.l.c.
all of the ketone (46) enolised. Repeated ozonolyses of compound (L)

produced the same mixtures.

0, PhCH,CONH T/STS PRCH,CONH s
(uh) —2s o + 3 ]/
(V— i | .. ({/{/ﬂ> N\ OH
T=-505(( ))Me 0,CHPh, ¢0.CHPh
2 \__ (46) (47) 2 2

Compound (44) was treated with sodium hydride/triethyl phosphonoacetate,
in dry benzene. A smooth displacement reaction ensued, yielding compound
(48), which is the aB-unsaturated ester and not the desired By-unsaturated

product,

PO(OE’[)
PO OEt) PhCH2CONQ SCHCOZEt

(44) At N/
.'\]ctH =

These results show that the ester (44) conjugates much more readily

than desired.
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3. Trapping with isepropenyl n-butyl ether

As stated in section 2.1. the by-product in the trapping of penicillin
sulphoxide NNl-di~iSOpropylhydrazide (7) is formed by attack on the
intermediate sulphonium ion (10).  This sulphonium ion is formed by
the nucleophilic attack of the olefin on to the protonated sulphenic

acid intermediate (9),

PhCHZCONH\r s, PhOHCONS ¢
ey &
7! \_[,,.-.Z_\ TN
COR o

(9) (10)

It has been shown that other, more nucleophilic, double bonds can
compete successfully with the intramolecular process for displacement of
OH2 from the sulphur.7 Having had no success in forming the desired
bicyclic products after trapping with toluene p-sulphinic acid, it was
decided that trapping with isopropenyl n-butyl ether would prove more
profitable, since the trapped broduct (49) can be hydrolysed to the
B-ketosulphide (50). It was then hoped to be able to make use of the
acidity of the methylene protons in the o-position to the carbonyl function
in carrying out the desired cyclisation reactions.

Yo | .
R——{i\ ——3 R/éi\]ffhsg//\\//A\\ — R\YS/<§§(/(L\V/f\\//
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(50)
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3.1. Penicillin sulphoxide benzhydryl ester

The first trapping to be carried out with isopropenyl n-butyl ether
was that of the benzhydryl ester (43). The reaction was carried out in
dioxan, using aluminium chloride as catalyst, and was complete in 4.5 hours,
The B-lactam containing product was separated by p.l.c. and was found

to be the oB-unsaturated ester (51) (n.m.r.).

'
PhCH ZCONH L //S\%AH"""-O’/}M \//\\\\
JJ\O//\/\\

1 et L __!\1

AlCly

dioxan C/
OZCHPhZ
(51)

(43)

This result again shows that the benzhydryl ester conjugates much
more readily than desired. Therefore, no further work was carried out

in this series,

3.2. Penicillin sulphoxide hydrazides

Trappings of both the NlNl—diisopPOpylhydrazide (52) and the tri-
methylhydrazide (26) with isopropenyl n-butyl ether were carried out.
The trapping in the trimethyl series is a very clean one, producing
compound (53) which was hydrolysed <n situ, using aqueous phosphoric

acid, to produce the ketone (56) in 75% yield.

I
PhCHzcoNng Ji _ PREHCONY, s Ay
X i
&~ _N

i ‘x_aJy

CoR' /

1 \
COR

26, R' = —NMeNMe2 53. R' = —NMeNMe2
52, R' = —NHNP}2 5. R' = -NHNPG
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PRCH,CONH _SCH,COMe

B
O//J—N\#

c/OR'

55. R' = -NMeNMe,

2
56. R' = -NIINPr,
The trapping in the NN-di-isopropyl series is not so clean. The

crude product (54) was hydrolysed in situ and the resulting ketone (56)
separated by column chromatography in 40% yield. At least three other
products were removed from the column. Only two of these ccmpounds

were B-lactam containing.  These compounds were very similar in polarity.
The n.m.r. spectrum of the mixture showed only one methyl resonance, at
8.35t, apart from the isopropyl methyls. It also shows two doublets at
7.45 and 7.28 (J = 14 Hz) and 5.79 and 5.56T respectively. The mixture
was sent for mass spectral analysis. The mass spectrum showed molecular
ions at 466 and 468 indicating that the compounds were the 3-chloro
cephalosporin derivatives (58) and (59), These could result from attack
on the sulphonium ion intermediate (57) by cloride ion from the aluminium

chloride catalyst.

PHCH.CONH < PACH.CONH S
- N N : |
N \T,/- ~ o7 T J‘gl’
CONHNPY, CONHNPY

(57) (58)



PROHLCON, 5.
| i
=

CONHNP#Z

(59)

One isomer of the 3-chloro cephalosporin derivative was formed in
the trapping of the trimethyl hydrazide, but in smaller quantity.67

The ketone (56) was ozonised, in the presence of toluene p-sulphonic
acid (1 mole) to give the enol (60). This compound was reacted with

toluene p-sulphonyl chloride and 1,4%-diazobicyclol2.2.2)octane in

tetrahydrofuran, to give the enol-tosylate (61).

04 PhC HZCONH HJ,SCHZCOMe Dabco

(58) ptsafimole . OH SO,CL
o/ \7;,1(\ )
] i EQ?;iJ
éONHNHé Ve
(60)
PhCH,CONH _SCH,COMe PhCH.,CONH . S\\.Jiﬂ%e
. base
N 050,4())-Me > ;l4k,,\
}:'_—:"__'_ : A
; , 1
AONHNPL, SN Ee
(61) (62)

Attempts were made to cyclise the enol-tosylate (61) to the desacetoxy
cephalosporin derivative (62). These attempts were made using sodium

hydride, Dabco and Triton B respectively, in various solvents including
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benzene, dinan and hexamethylphosphoramide (HMPA). All were unsuccess-
ful, the result being that either starting material was recovered or
B-lactam was destroyed.

At this stage it was proposed that if the sulphide in compound (61)
was converted to the sulphoxide, the cyclisation might be facilitated,
Thus, compound (61) was oxidised with m-chloroperbenzoic acid in
dichloremethane to produce two compounds. These were assigned as

either two sulphoxide isomers (63) or one sulphoxide plus sulphone.

0
; t
PhCHZCONIj\_ p SCH,COMe .
‘ I e

N 050, ))e

L

EF ! __Jf (el

-
ONHNPr2
(63)

The crude oxidation product was treated with Triton B in HMPA, at room
temperature, but this resulted in complete destruction of R-lactam (i.r.).
The ketone (55) was ozonised to give the diketone (64). Attempts
were made to form the enole-tosylate (65) of compound (64), but none
were successful, Compound (64) was treated with p-tcluene sulphonyl
chloride in the presence of sodium hydride, DBN and Dabco respectively,
in various solvents, including benzene, tetrahydrofuran and HMPA.
In all cases, the reaction was either too slow, or destruction of
B-lactam took place, Similar results were found when attempts were
made to form the enol mesylate of compound (64), the reaction, if indeed

there was any, being very slow.
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PRCH,CONH j/5(;Hzf;0Me PRCHCOND _SCH,COMe

r_q OSOZW/ﬁj%~Me

b S
o i

CONMeNM e, éONMeNMe2

(64) (65)

It has been shown, by another worker at Imperial College,67 that
on treatment with Triton B in HMPA the diketone (64) cyclises to give

the desacetoxy cephalosporin derivative (66).

Triton B | PhCH,CONY_ /5- ﬁ\M
Oy—N\ )fOH

HMPA
éONMeNMe2

(64) e

(66)

Since an efficient way of removing the trimethyl-hydrazine protecting
group from penicillin compounds has not yet been found it would be
useful if the compound analogous to (66) is formed in the NlNl—di—
isopropylhydrazide series, since the N,N-di-isopropylhydrazine protecting
group can be efficiently removed. Thus, compound (60) was treated with

Triton B in HMPT. However, no cyclisation took place.
4, Conclusions

The sulphenic acids derived by heating penicillin sulphoxides

react with toluene-p-sulphinic acid to form the corresponding thiosulphonate
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S-esters. The esters react with stabilised carbanions to form the
corresponding sulphides, liberating the anion of toluene-p-sulphinic
acid. These sulphides were considered to be potentially useful
intermediates in the synthesis of bicyclic B-lactam structures.
Attempts to carry out the desired cyclisation proved unsuccessful.

The products from reaction of the sulphonic acids with isopropenyl
n-butyl ether can be hydrolysed to the corresponding B-ketosulphides.
Attempts to synthesise bicyclic B-lactam structures using these
B-ketosulphides proved unsuccessful. However, further work with these
compounds should produce novel bicyclic g~lactam structures as pctential

antibiotics,
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5. Removal of isopentenoyl side chain via pyrazolines

9 7 >
It has recently been reported = that the nitrogen substituent

in the disulphide (67) can be removed by reacting it with diazomethane,
to give the pyrazoline (68), followed by reduction of the pyrazoline
(68) with a mild reducing agent such as chromium (II) acetate or
NNl—dihydrobenzo(c)cinnoline. These reductions liberate both the
B-lactam fragment (70) and the corresponding pyrazoline(71), via the
pyrazolidine (69),. In order that the liberated pyrazoline could be

fully characterised, the authentic pyrazoline (71) was prepared by

addition of diazomethane across trichloroethyl fR-dimethylacrylate.

PhCHchNH\ - SSCehy A
[ ‘|( CHN, z
N ] il .,..“."7..-;
e A 10O, CH,CCL,
¥ \»
/ ..-ﬂ'""_.('.l; /
(67) (68)
[Hy) o/ o
e / !“1 0-CHACCL ¥ 70)
L 15
0% xuff 2 23 +

L

(69)

)\N

(71)
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6. Anhydropenicillin rearrangement

Wolfe and co-workersogvfound that treatment of the acid chloride,
or mixed anhydride of a penicillanic acid (e.g. 73) with a base induces
a striking transformation into a new compound, identified as an
anhydropenicillin (77). This rearrangement is assumed to proceed via
opening of the thiazolidine ring to the anion (75), followed by rotation’
about the nitrogen-carbon bond to the conformer (76) and recyclisation

to the thialactone (77), as shown in Scheme 3.

R\.\'_ e - SY R.'“\.‘f_ o //S\
| —> | Smata-
N, AN/

602H coc
(72) (73)
X b R g
R.\_T,se) .R\j S P ]ﬁ
—N. L g mr N . \
o L ZaRN e N e
LB | |
oS0 cocl A
(74) (75) (76)

R = PhCHQCONH

Scheme 3
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It was proposed that the rearrangement could proceed via the
ketene (78). Hence, it was decided to try to prove the presence of the
ketene intermediate by trapping it im sttu. If this experiment was
successful it would mean that substituents could be introduced into
the 3-position of the thiazolidine ring very readily. (IS)-6R-Phenyl-
acetamidopenicillanic acid (72) was converted into its acid chloride (73)
by reaction with thionyl chloride, in chloroform solution, at low
temperature, under nitrogen. The formation of the acid chloride (73)
was monitored by infra-red spectroscopy, the carbonyl stretch of the
carboxylate anion (1620 cm—l) disappearing as the acid chloride (1780 cm_l)
was formed. The formation of the acid chloride was proven by reacting

it with t-butylamine to form the corresponding t-butylamide (79).

PhCHZCOa H S
\J\—\/ N4
AN A

SONHBL

(79)

In one experiment the solution of the acid chloride was basified
with triethylamine. The infra-red spectrum of the mixture, taken 15 min.
after basification showed a peak at 2050 cm-l, which was assigned as a
ketene carbonyl absorption., Thus, 1,l-diethoxyethylene was added, in
the hope that the trapped ketene product (80) would be produced.69
However, t.l.c, results indicated that the only product formed was the

anhydropenicillin (77).

PhCH,CONH
~,

(80)
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In a second experiment, an atfempt was made to trap the ketene
intermediate with deuterium oxide. After the addition of triethylamine
to the acid chloride solution, the mixture was allowed to warm up to 0°.
Deuterium oxide was then added, in excess, and the mixture stirred
vigorously for 20 min., T.l.c. indicated that about 20% anhydropenicillin
had formed from the acid chloride. The mixture was then worked up and
the acid fraction recovered by diluting the reaction mixture with ethyl
acetate, extracting with dilute sodium bicarbonate solution, acidifying
with phosphoric acid and extracting the acid solution. A sample of
this acid fraction was esterified, using diazomethane, and purified by
p.l.c. to give the methyl ester (81). The mass spectrum of the
isolated product was identical to that of the authentic methyl ester (81),
thus showing that no detectable amount of deuterium had been incorporated

in the 3~-position.

PRCH,CONH ¢
e (e
P

&OzMe

(81)

These results indicate that the anhydropenicillin rearrangement

does not go via a ketene intermediate.
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PART 1

EXPERIMENTAL




oV
(S

I.R. spectra were recorded with a Unicam SP 200 spectrometer, the
phase employed being indicated in the text. U.V. spectra were recorded
with a Unicam SP 800 gpectrometer, for ethanolic solutions.  Mass spectra
were determined with an A.E.I. MS9 machine. 'H n.m.r. cpeclra were
recorded with Varian T60 or HA 100 instruments, for solutiong
deuteriochloroform containing tetramethylsilane as internal reference.
Rotations were carried out on a Perkin-Elmer 141 polarimeter for
solutions in chloroform. Reactions were menitored by t.l.c. Merck
Kiegelgel GF nach S$tahl. Preparative thin layer chromatography (p.l.c.)

254

was carried out on 1 mm thick Merck Kieselgel CF nach Stahl plates,

254
with the solvents indicated. Colurm chromatography was carried out on
Merck Kieselgel 60. Melting points were determined on a Kofler hot-
stage apparatus and are uncorrected.
Light petroleum refers to the fraction of boiling range 60-80°.
All solutions were dried over anhydrous sodium sulphate.
(IS)-6B-Phenylacetamidopenicillanic acid l-oxide kindly suppli

by Glaxo Research LTD.
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(1S)-N-6p-Phenylacetamidopenicillanoyl-NN'-di-isopronylhydrazine

S-oxide (7)

6B8-Phenylacetamidopenicillanic acid i-oxide (5) (3.5g,1C m mole)
was dissclved in dry tetrahydrofuran (50 ml) and magnetically stirred
at —200, under nitrogen. Ithyl chloroformate (l.Qg’lO m mole) was
added followed by triethylamine (lg, 10 m mole) and the mixture stirred
for 1 h. NN'-Di-isopropylhydrazine (1.0lg, 12 m mole) was then added
and stirring continued for a further 20 min. The mixture was then
poured intc ethyl acetate (100 ml), washed with 5% v/v phosphoric acid
(2 x 50 ml), dilute bicarbonate (2 x 30 ml) and brine (25 ml), dried
and evaporated to dryness. The crude product in benzene (5 ml) was precip-
itated from light petroleum (100 ml). Crystallisation from benzene

afforded the sulphoxide hydrazide (7) (3.5u4g, 77%) as white needles, m.p.

25
D

1785 (B-lactam) and 1685 cm © (amide), T 2.8 (5H,s,Ph), 2.95 (1l1,d,J8Hz,NH),

158-160°, lal?” + 111° (¢ 1 in CHCL,), v~ (CHCL ) 3500 and 3360 (NH),

4.1 (1H,dd,J4 .and 8Hz,H-6), 4.33(1H,s,H-3), 5.05 (1H,d,Ju4Hz,H-5),
5.9 (lH,m,CONCEMeQ), 6.u2 (2H,s,£ﬂ2Ph) and 6.82 (lH,m,NCﬂMez)

(Found: C,58.9; H,7.03 N,12.,4; S, 7.1. C_.K

29 32NHOHS requires C, 58.9;

H, 7.2; N, 12.5; S, 7.1%).

Trapping of the NN'-di-isopropylhydrazide (7) with toluene-p-sulphinic

acid

The hydrazide (7) (5.0g, 11 m mole) in dry benzene (80 ml) was
heated with toluene-p-sulphinic acid (8.0g, 50 m mole) and diethylaniline
(25 ml, 20 m mole) éf reflux for 1.5 h. The solution was ccoled,
diluted with ethylacetate (100 ml) and washed with 15% v/v phosphoric
acid (2 x 30 ml), dilute bicarbonate (30 ml) and brine (30 ml). The
organic extract was evaporated to small bulk in vacuo and the residue
precipitated from hot light petroleum several times. The residual oil

was then chromatographed to give two productes.
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The first compound, eluted with benzene, was recrystallised from

benzene-cyclohexane to give (38;48,6R,7R)—H-(NN'—di—isonrogl}hydrazinocarbonyl)-

3-methyl-7-phenylacetamido-3-(p-tolylsulphonyl)cepham (1Cq) (1.3g, 20%)

25
D

as white needles, m.p. 178-179°, {al®” + 49° (¢ 1.4 in CHCL.), v (CHCL)
3450 and 3350 (NH), 1775 (B-lactam), 1690 (amide), 1660, 1520, 1330 and

1155 (50,) em T, v 2.3 (2H,d,Ar), 2.8 (7H,m,Ar), 3.7 (LH,8), 4.3-4.6
(2H,B-lactam), 5.9 (1H,m,ClMe,), 6.2br (1H,5), 6.45 (2I1,8,Cl Ph),

6.68br (201,s), 6.75 (1H,m,CONCH), 7.6 (3Jll,3,ArMc), 8.3% (3il,s,Me) and

8.8-9.2 (12H,m,2 x Me,CH) (Found: C,59.2; H, 6.4; N, 9.6; 5, 11.0,

C, oH,oN, 0.5

19t13aM,055, requires C,59.4; H,6.5; N,9.55; S,10.9%).

The second compound, eluted with benzene-ethyl acetate mixtures,

was crystallised from benzene-cyclohexane to yield (3R, 4R)-1-L (IR)-NN'~d]~-

iso;ropylh;drazinocarbonyl—2—methyl:rol—2—en;l]:ﬁ-yhegx}gggﬁamido—u—

{p-tolylsulphonylthic)azetidin-2-one (8). (4.5g, 70%) as a colourless

25
D

foam, lal -117° (¢ 1.5 in CHC13), Voo (CHC13) 3450 and 3350 (NH),

1770 (B-lactam), 1690 and 1600 (amide) and 1340 and 1150 cm (50,),

T 2.4 (2H,m,Ar), 2.7 (7TH,m,Ar), 3.4 (1H,d,J8Hz,NH), 4.2 (1H,d,JSHz,li-1),
4.7 br (1H,s), 4.95 (1H,dd,J5 and 8Hz, H-3), 5.35 br (s) and 5.6 Lr (s)
(2H, e=Cl,), 5.9 (1H,m,CONH), 6.2-6.9 (4H,m), 7.6 (3H,s,Arkec), 8.25
(3H,s, MeC=C) and 8.6-9,2 (lQH,m,QxﬂgnCH). A sample was precipitated
from dioxan for analysis. (Found: C, 58.9; H,6.5; N,9.0; ¢, 10.4,

3

) 1 ) . 3 . . Q A
CogHggN,0c8,, 0.5C HoO, requires C,59.0; H,6.7; N,8.9; $,10.2%).

Reaction of the thiosulphonate (8) of the NN'-di-isopropvlhydrazide with

di-t-butyl sodiomalonate

sodium hydride (O.l?3g, 4 m mole) was stirred in dry benzene (8 ml)
under nitrogen, at room temperdaturce. Di-1-Lutyl malonate (0.86GHp, 4 m
mole) was added and stirring continued until evolution of hydrogen ceascd.
The hydrazide (8) (1.17g, 2 m mole) in dry benzene (3 ml) wes added and

the mixture stirred for a further 20 min, The reaction mixture wac
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then acidified with 5% v/v phosphoric acid and extracted with ethyl
acetate (2 x 25 ml). The extract was washed with dilute bicarbonate
(2 % 20 m1) and water (15 ml), dried and the solvent removed in vacuo
to afford a pale yellow oil. The oil was separated by p.l.c.

(1:9, ethylacetate:benzene) to give (3R,HR)—4—L(bis~f~butoxy—carbony£)

methylthiol-1-[(1R)-2-methyl-1-NN'-di-isopropylhydrazino-carbonylprop-

2-enyl]-3-phenylacetamidoazetidin-2-one (11). (0.85g, 70%) as a white

foam, Yook (CHClg) 3400 (NH), 1760 (p-lactam), 1720 (ester) and 1660 cﬁi
(amide), Tt 2.7 (SH,s,Ph), 4.3 (1H,d,J4Hz,H-4), 4.5 (2H,m), 5.02 and
5.1 (2H,0=CH,), 5.9 (1H,s,SCH), 6.38 (2H,s,CH Ph), 8.15 (3H,s,MeC=C),

8.6 (18H,s,bxMe) and 8.6-9.2 (12H,m,4xMe).

Reaction of the di-t-butyl malonate derivative (11) with bromine

A solution of bromine (0.0GHg, 0.4 m mole) in dry carbon tetrachleride
(1 ml) was added dropwise, over 10 min, to a stirred solution of the
hydrazide (11) (0.129g, 0.2 m mole) and dry toluene-p-sulphonic acid
(0.034g, 0.2 m mole) in dry carbon tetrachloride (3 ml), at room
temperature. The solution was stirred for 15 min. after completion
of the addition and then diluted with ethyl acetate (50 ml), washed with
é¢ilute bicarbonate (15 ml) and brine (15 ml) and dried. The solvent was

removed, in vacuo, tc give the monobromo-com.ound (15) (0.13g, 90%) as

a pale-yellow foam. Vo (CHClg) 3350 (NH), 1770 (B-lactam), 1720
(ester) and 1680 em ™t (amide), T 2.78 (S5H,s,Ph), u.44 (1H,d,JuHz, H-4),
4.74 (1l1,dd,J4 and 8Hz, H-3), 5.35 (1H,s), 5.78 (1H,s,5CH), 6.36-6.78
(6H,m,CH Ph,CH Br, 2xCiMe,), 8.55 (18H,s,2xMe C) and 8.68-8.9% (1SH,m,
5xlle ).

An attempt was made to purify the brominated compound (15) by p.l.c.

(1:9, ethyl acetate:benzene), but on the silica gel the comﬁbund was

transformed to comﬁound (%gl which was obtained as a white foam.
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v (CHCL,) 3450 (NH), 1760 (p-lactam), 1720 (ester), 1670 aud 130 om
max.

(amide), t 2.7 (5H,s,Ph), 4.2 (Lll,da,JiHz, li-u), 4.8 (1H,dd, T4 and $ile,il=2)

5.86 (1H,5,5CH), 6.52 (2H,s,01 Ph), 6.4 (21,,CF ), 8.0 (31,5,Me0=0),

—_— —— ......\

8.5 (18M,5,2:xe,,0) aad 8.68=-5.0 (1210, 2x (H A UH1 nn {en300).

v M2l .

ot
Mases measuremert: M oyl

(13)-N=-6g~Phenylacetamidopenicillanoyl-w'N'-Clbensy lhydrazine S-iwide (17)

The mixed anhydride irom the sulphoxide acid (5) (Z.%g) and ethyl

chleroformate (1 ml) in tetrahydrofuran (50 wml) was Ureated uith

. . . : ' O . . . . .~
HH-dibenzylhydrazine (2.4g) at -20 . e mirture was stivred tor 20 min,
diluted with ethyl acetate (100 ml), washed with 5% v/v phosphoric acid

(2 = 30 ml), dilute bicarbonate (2 x 30 ml) and brine (30 ml), dried,
and evapcrated, in vacuo, to give a white solid. Crystallisatiion from

benzenc-cthyl acetate (1:1) alfforded the sulphoxide lLiydrazide (17)

(3.8g, 75%) as white needles, m.p. 178176, v s (CHCY ) se2a (),
: aAX . 3

-1 . . :
1800 (B-lactam) and 1690 cm = (amide),v  2.08 (Lih,d,Ax), oo (117,00, T

o 13

nd 8Hz, H=6), 5.2 (LlI,d,Judz,H-5), 5,76 (1h,c,1'=3), €.0 (MH,s,0u

2

18]

6.4 (2H,2,CH ¥i), 8.58 (3H,5,Me) and 9.42 (3H,3,Me).

(12)-N-6p-Fhenylacetamidopenicillancyl-N'N'-dimethylhvdrazine 0-Cxide {(20)

Tne mixed anhydride {rcm thne sulphoxide acid (5) (/.Gr) and ot i
chlorefornats (2 ml) in tetrahydroturan (56 mi) was trected with
s , . .| JRe o . ' . , : .
Lil=dimethy lhydraaine (l.2g) at =207, Phe nizture won stivecd dfepr 00 min
c¢iluted with ethylacetate (100 ml), washed with 5% v/v phosphoric azid
(2%30 ml), dilute bicarvonate (2x30 ml) and brine (30 nl), dried, and
evaporated to small volume, in vacuo, The crude product was precipitatec

from light petroleum to afford the sulphoxide hydrazide (20) (E.6g, 70%)

as an arorphous solid. v (CHCIB) 00 (Kit), 178C (B-lactam) and

1680 c:m_l (amide), v 2.72 (5i,s8,Ph), 4.0 (1I,dd,l84 and SHz, i-€), 5.00

b

(1H,d,J4Hz H=5), 5,56 (LlH,s,E=3), 6.42 (2H,s,Ch *h), 7.0 (61, s, Nbe, ), 8.2¢

(3H,s,Me) and 8,8 (3 Me).

M
P9y
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Trapping of the N'N'-dimethylhydrazide (20) with toluene-p-sulphinic acid

The hydrazide (20) (10g) in a mixture of dry THI (75 ml) and dry
dioxan (175 ml) was heated with toluene-p-sulphinic acid (10 g) and
diethylaniline (35 ml) at reflux for 73h. The reaction mixture was
worked up in the usual manner to give, after column chromategraphy using

benzene-ethyl acetate mixtures, (3E,4R)-1-{(1R)-2-methyl-1-(N'N'-

dimethylhydrazinocarbenyl) prop-2-enyll|-3-phenylacetamido~4~(p-

tclylsulphonylthio) azetidin-2-one (21) (8g, 60%) as a pale vellow foan.

Voo (CHCL1, ) 3400 and 3300 (NH), 1770 (g-lactam) and 1680 cm“l
N e vl

(amide), T 2.20 (2H,d,Ar), 2.83 (8H,m,Ar), 4.53 (1H,d,JuHz, H-4),

4.7-5.3 (21l,m,H=3+NH), 5.25 (2H,s,CH,=C), 6.06 (1H,s), 6.43 (2H,s,PhCll,),

2
7.53 (8H,s,Mie, ), 7.56 (3H,s,ArMe) and 8.23 (3H,s,MeC=C).

Reaction of the thicsulphonate of the N'N'-dimethyl hydrazide (21) with

diethyl sodicmalonate

A solution of the hydrézide (2;) (0.59g, 1.5 m mole) in dry Lenzene
(15 ml) was added to a freshly prepared solution of diethyl sodicmalonate
(0.37g, 3 m mole) in benzene (15 ml) with stirring at room temperature.
After 15 min. the solution was acidified with 5% v/v phosphoric acid and
then extracted with ethyl acetate (2 x 50 ml). The extract was washed
with dilute bicarbonate (2 » 25 ml) and water (25 ml) dried and evaporated

in vacuo, to afford a pale-yellow oil. The oil was then chromatographed

using benzene-ethylacetate mixtures, to give (3R,4I)-4-{(biseéthoxycarbonyl)

methylthio]—l—[(lR)—2—methyl—l—N'N'—dimethyl—hydrazinocarbonylprop-2—enyl]—

3-phenylacetamidoazetidin-2-one (22) (450 mg, 80%) which was crystallised

: 2
from ethyl acetate as white needles, m.p. 138—1Hlo, ol 0

D

- 7n° (¢ 1.1 in

CiCL ), v
-1 .

and 1680 cem = (amides), T 2.73 (5H,s,Ph), 4.6 (1H,d,dWlz,0=4), 4,93

nax (CHClB) 3400 and 3300 (NH), 1760 (B-lactam), 1740 (ester)

(21,5,CH,3C), 5.23 (1K,dd,J4 and 8Hz,H-3), 5.55-6.0 (6il,m), 5.33 (2H,s,PhCi,),
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7.43 (BH:S’NEEQ)’ 8.08 (3H,s,Me), 8.73 (6H,t,2 x MECHq) (Found: C, 56.7;
H,6.2; N,20.2; &, 6.2, C25H34Nu07s requires C,56.2; E,6.4; 11,10.%;
$,6.0%).

Reaction cf the diethyl malonate derivative (22) with Lromine

A solution of bromine (0.06g, 0.375 m mole) in dry dichloromethane
(1 ml) was added dropwise, over 10 min, to a stirred solution cl Lhe
hydrazide (22) (0.16g, 0.3 m mole) and dry toluene-p-sulphonic acid
(0.105g, 0.6 m mole) in dry dichlorecmethane (3 ml), at room temperature.
The reaction mixture was stirred for a further 15 min. and then diluted
with ethyl acetate (20 ml), washed with dilute bicarbonate (10 ml) and
brine (10 ml) and dried. The solvent was removed, in vacuo, to give

the dibromo-compound (23) (0.18g, 95%) as a yellow foam. v (CHClg)

max.

3430 and 3280 (NH), 1770 (g-lactam), 1740 (ester) and 167C cm © (amide),
T 2,74 (5H,s,Ph), 4.5 (1H,d,Jubz, H-4), 5.2-6.12 (7H,n), 6.32 (21,5,Cll, Ph),

7.43 (Bﬂ,s,NggQ), 7.82 (3H,s,Me) and 8.7 (6H,t,23g90H2).

Reaction of the dibromo-compound (23) with sodium hydride

The dibromo-compound (23) (O.lhdg, 0.2 m mole) was stirred with
sodium hydride (0.005g, 0.2 m mole) in dry dioxan (3 ml), under nitrogen,
at room temperature. The reaction was monitored by t.l.c. and was
complete in 2.5h. The reaction mixture was then acidified with 5% v/v
phosphoric acid and extracted with ethyl acetate (2x10 ml). The extract
wag washed with water (10 ml), dried and evaporated, in vacuc, to cive
a pale yellow oil. The ©il was separated by p.l.c. (1:20, ethanol:
ethyl acetate) to afford compound (25) (0.032g, 30%) .as an amorphous colid,

Vo (CHCls) 3400 (NH), 1800 (B-lactam), 1730 (ester) and 1690 cm—l

(amide), t 2.68 (SH,s,Ph), 3.3 (1H,dd,J4 and 8Hz,H-3), 5.05 (IH,d,J4Hz,H-u4),

5.4-6.2 (5H,m),6.4(2H,s,Cll Ph), 7.3 (2H,s,CH)), 7.4 (Bli,s,Nlte, ), 6.28

(3H,s,MeC=C) and 8.8 (6H,m,23ﬁg€H2), A 257 nm (€2210). Mass measurement:

Mt 532,
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(15)-N-6p-Phenylacetamidopenicillanoyl-NN'N-trimethylhydrazine S-oxide (26)

The mixed anhydride from the sulphoxide acid (5) (3lg) and ethyl
chloroformate (10g) in dry tetrahydrofuran (300 ml) was treated with
trimethylhydrazine (6.7g) at -20°. The mixture was stirred for 20 min,
diluted with ethyl acetate (500 ml), washed with 5% v/v phosphoric acid
(2x50 ml) dilute bicarbonate (2x50 ml) and brine (50 ml) dried. and
evaporated in vacuo. The crude product was crystallised from chloroform
to give the sulphoxide hydrazide (26) (2ug, 51%), as a mono solvate,

: 0]
m.p. 76-82° (loss of solvent), [a]%

- 140° (C 2.0 in CHC1.), v 3400
3 max.
(NH), 1780 (p-lactam), 1680 (amide) and lSlO\cm—l, T 2.75 (5H,S,Ph),
2.80 (1H,d,J10Hz,NH), 4.05 (1H,dd,J4 and LOHz, H-6), 4.40 (1H,s,H-3),
4.98 (1H,d,J4Hz,H-5), 6.42 (2H,5,CH,Ph), 7.07 (3H,s,NMe,), 7.42 (8H,s,Nlle, ),
8.35 (8H,s,Me) and 8.75 (3H,s,Me) (Found: C, 45.5; H,5.1; Cl, 20.5;
N, 10.65 S, 6.1.  C gH N, 0, S, CHCl, requires C, 45.7; H,5.2; Cl, 20.2;
N, 10.7; S, 6.1%).

Trapping of the NN'N'-trimethylhydrazide (26) with'toluene—p—sulph%pic acid

The hydrazide (26) (5g) in a mixture of dry THF (30 ml) and dry
dioxan (70 mlL) was heated with toluene-p-sulphinic acid (8.0g) and
diethylaniline (25 ml) at reflux for 1.25h. The reaction mixture was
worked up in the usual manner to give, after column chromatography,

using benzene-ethylacetate mixtures, (3R,4R)-1-[(1R)-2-methyl-1-(NN'N'-

trimethylhydrazinocarbonylZB;op—24enle—3~pheqzi:acetamido—4-(p-tolyl—

sulphonylthic)azetidin-2-one (27) (4.6g, 70%). The product was crystallised

25
D

(CHClS) 3400 and 3350 (NH), 1775 (B-lactam), 1680 and 1670

from ethyl acetate as white needles, m.p. 143-1450, [a] ~186° (C 1.0 in

CHCl. )y v o
. -1 .

(amide) and 1340 and 1150 cm (802), T 2.05-2,85 (9H,m,Ar), 3.38 (1Ml,d,

J8Hz,NH), 4.0 (1H,d,J4Hz, H-4), 4,50 (1H,s), 4,80 (1H,dd,J4 and 8Hz, H-3),

5.10 br(s) and 5.28 br(s) (2H,CH2=C), 6.25'(2H,s,Phg§2), 7.0 (3H,s,CONMe),
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7.35 and 7.38 (6H,NMe2) and 8.0 (3H,s,MeC=C). (Found: C, 57.5; H,5.9;

N 0.5 requires C, 57.35; H, 5.9; N, 10,3,

N, 10.4; S, 11.9.  C,cH N, 0.5, .

S, 11.8%).

Reaction of the thiosulphonate (27) of the NN'N'-trimethylhydrazide with

diethyl sodiomalornate

A solution of the hydrazide (27) (0.60g, 1.1 m mole) in dry benzene
(15 ml) was added to a {reshly prepared solution of diethyl sodiomalonate
(0.37g, 2.2 m mole) in benzene (15 ml) with stirring at room temperature.
After 15 min. the solution was acidified with 5% v/v phosphoric acid and
then extracted with ethyl acetate (2 x 50 ml). The extract was washed
with dilute bicarbonate (2 x 25 ml) and water (25 ml) dried and evaporated
in vacuo, to afford a pale yellow oil. The oil was then chromatographed

using benzene-ethylacetate mixtures to give (3R,u4R)-4-l(bisethoxycarbonyl)

methylthio}-1-[(1R)-2-methyl-1-NN'N'-trimethyl-hydrazinocarbonylprop-2-

enyl)-3-phenyl acetamidoazetidin-2-one (28) (475 mg, 80%) which was

20

crystallised from ethyl acetate, as white ncedles m.p. JHG—lHBO, Ia]D ~117°

(C 1.0 in CHCla), Voo (CHClS) 3400 (NH), 1765 (B-lactam), 1720 (ester),

1690 and 1680 (amide), 1 2.7 (5H,s,Ph), 3.21 (1H,d,J8Hz,NH), 4.25
(1H,d,Ju4Hz,H~4), 4,44 br (1H,s), 4.58 (1H,dd,J4 and 8Hz, H-3), 4.95 and
5.05 (2H,CH,=C), 5.65 (1H,s), 5.85 (4H,q,J7Hz,2x£EQMe), 6.40 (2H,s,PhCH,),
7.15 (3H,s,CONMe) 7.5 and 7.6 (6H,2xN§g), 8.C8 (3H,s) and 8.80

(6H,t, J7Hz,2xgng2) (Found: C, 57.1; H, 6.5; N, 9.95; S, 5.9,

C 0.5 requires C, 56.93; H, 6.6; N, 10.2; 5, 5.8%).

26H36N4 7

Reaction of the diethyl malonate derivative (28) with chlorine

A solution of chlorine (0.044g, 0.6 m mole) In dry carbon tetrachloride
(1 ml) was added to a stirred solution of the hydrazide (28) (0.165g,
0.3 m mole) and dry toluené-p-sulphonic acid (0.104g, 0.6 m mole) in dry

dichloromethane (3 ml), at room temperature. The solution was stirred
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for 20 min, diluted with ethylacetate (20 ml), washed with dilute
bicarbonate (5 ml) and brine (5 ml) and dried. The sclvent was removed,
in vacuo, to afford a colourless oil which was purified by p.l.c.

(ethyl acetate) to give the oxazoline (29) (0.053g, 50%) as a white foam.

v (CHC1,) 1765 (8-lactam) and 1660 cm © (amide), T 2.68 (Sil,s,Fh),
iaie

3.7 (1H,d,J3Hz), 4.65 (1H,5), 4.88 (1H,d,J3Hz), 5.13 (2H,5,CH=C),

6.35 (2H,s,CH,Ph), 7.15 (3li,5,CONMe), 7.5 (3H,s,Me), 7.61 (3H,s,ke) and

8.49 (3H,s,HeC=C).

Reaction of the diethyl malonate derivative (28) with m-chloroper-

benzoic acid

m-Chloroperbenzoic acid (0.24g of 70%, 1 m mole) was added to a
stirred solution of the hydrazide (28) (0.548g, 1 m mole) and dry toluene-
p-sulphonic acid (0.172g, 1 m mole) in dichloromethane (20 ml) at 0°.
T.l.c. results showed that reaction was complete after 1.75 h. The
reaction mixture was then diluted with chlorcform (30 ml), waszhed with
dilute bicarbonate (2x10 ml) and brine (10 ml) dried, and evaporated,
in vacuo, to afford a white foam. The crude product was purified by

p.l.c. (1:3, chloroform:ethylacetate) to give the desired sulphoxide (31)

(0.23g, 40%) as a white foam, v (CHCL)) 3400 (NH), 1775 (B-lactam),
1730 (ester) and 1665 cm  (amide), T 2.76 (sn,s,Phj, 3.94 (1H,dd,J4% and
tz,H-3), 4.36 (1H,d,Ju4Hz, H-4), 4.49 (1H,s), 4.86 (1H,s,HC=Q), 5.0

(1H,s He9, 5.26 (1H,s,5CH), 5.48-5.96 (4H,m,2xCK Me), 7.14 (3H,s,Me),
7.46 (3H,s,Me), 7.56 (3H,s,Me), 8.02 (3H,s,MeC=C), 8.66 (3H,t,J8Hz,NeCH,)

and 8.68 (3H,t,J8Hz,gng2).

Reaction of the thiosulphonate (27) of the NN'N'-trimethylhydrazide with

gsodium hydride/triethyl phosphonacetate

Sodium hydride (0.13g, 3m mole) was stirred with triethyl phosphonoacetate

(0.67g, 3 m mole) in dry benzene (5 ml), under nitrogen, until evolution
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of hydrogen ceased. A solution of the hydrazide (27) (0.82z, 1.5 m mcle)
in dry benzene (5 ml) was added and t.l.c. results showed that the
displacenent was complete after 5 min.  The mixture was acidified with

% v/v phosphoric acid and extracted with ethyl acetate (20 ml).

The organic layer was washed with dilute bicarbonate (10 ml) and brine
(10 ml), dried and evaporated, in vacuc, to afford a colourless oil.

The oil was subjected to column chromatography, using benzene-
ethylacetate mixtures, to afford compound (33) (0.60g, 65%) as
colourless oil. Vg (CHCls) 3400 (MH), 1760 (B-lactam), 1730 (ester)
and 1660 cm—l (amide), t 2.8 (5H,s,Ph), 4.2-4.92 (3H,m), 4.92-5.28
(2H,m,CH)=), 5.52-6.2 (7H,m,3xCH Me + SCH), 6.36 (2H,s,CH Ph), 7.14
(3H,s,CONMe), 7.52 (3H,s,Me), 7.6 (3H,s,Me), 8.05 (3H,s,MeC=), and

8.47-8.92 (Sti,m,3xMeCH,).

Ozonolysis of the triethylphosphonoacetate derivative (33)

Ozone was passed through a solution of the hydrazide (33) (0.3g)
and dry toluene-p-sulphonic acid (0.02g) in dry dichloromethane (15 ml),
at —780, the reaction being monitcred by t.l.c. After 1.25 h, when
all the starting material had reacted, the mixture was poured into
chloroform (25 ml) and washed with a solution of potassium iodide (1lg)
and sodium thiosulphate (lg) in water (5 ml) and then with brine (5 ml)
dilute bicarbonate (5 ml) and brine (5 ml), dried and evaporated, in
vacuo, to produce a coleocurless oil. The oil was subjected to column
chromatography, using chloroform-ethylacetate mixtures, to afford
compound (34) (0.25g, 80%) as a colourless gum. Vo (CHClS) 3400 (NH),
1780 (B~lactam), 1720 (ester) and 1670 em 1 (amide), T 2.68 (5H,s,Th),
4,1-5.2 (3H,m), 5.4-6,2 (7H,m,3xMeg§Q,+ sCH), 6.34 (2H,s,£ﬂ2Ph), 7.12

(3H,s,CONMe), 7.48 (3H,s,MeC0), 7.6 (3H,s,Me), 7.68 (3H,s,Me) and 8.42-8,9%

(SH,m,3xMeCH,,).
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Reaction of the triethylphosphonoacetate derivative (34) with potassium

carbonate

A solution of the hydrazide (34) (0.062g, 0.1 m mole) in dry
acetone (5 ml) was stirred vigorously with potassium carbonate
(0.04g, 0.3 m mole), at room temperature and under nitrcgen. After
36 h. the mixture was filtered and the filtrate diluted with ethyl
acetate (60 ml) and washed with 15% v/v phosphoric acid (10 ml) and
brine (10 ml). The dried sclution was evaporated, in vacue, and
subjected to p.l.c. (1:19, ethanol:ethyl acetate) to afford the

isothiazolone (38) (0.033g, 35%) as a colourless foam. Vo (CHClS)

3400 (NH), 1680 and 1660 cm * (amide), T 2.1 (1H,s,HC=), 2.67 (5H,s,Ph),
6.35 (2H,s,CH Ph), 7,1 (3H,5,CONMe), 7.40 (3H,s,Me), 7.55 (3H,s,MeCO)

and 7.74 (3H,s,Me).

Benzhydryl-6-phenylacetamidopenicillanate-l1B-oxide (43)

A sclution of diphenyldiazomethane (1.15g, 6 m mole) in anhydrous
ether (20 ml) was added to a stirred suspension of sulphoxide acid (5)
(2.1g, 6 m mole) in ethyl acetate (30 ml) at room temperature. After
36 h. the mixture was washed with dilute bicarbonate (10 ml) and brine
(10 ml) dried and evaporated, in vacuo, to give a pale yellow oil.

The oil was crystallised from acetone/light petroleum to afford the

sulphoxide ester (43) (1.86g, 60%) as white needles, m.p. 174-176°.

Voax (CHClS) 3420 (NH), 1800 (B-lactam), 1750 (ester) and 1680 cm“l

(amide), T 2.7 (15H,s,Ar), 3.0u (1H,s,g§ph2), 4.0 (1H,dd,J4 and 8Hz,H-6),
5.1 (1H,d,J4Hz,H-5), 5.28 (1H,s,H-3), 6.44 (2H,s,CH Ph), 8.37 (3H,s,Ne)

and 9.1% (3H,s,Me).
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Trapping of the benzhydryl ester (43) with toluene-p-sulphinic acid

The ester (43) (5.16g, 10 m mole) in dry dioxan (8C ml) was heated
with toluene-p-sulphinic acid (3.2g, 18 m mole) and diethylaniline (5.5 ml,
36 m mole) at reflux for 4.5 h. The reaction mixture was worked up
in the usual way to give, after column clirormatography, using chloroform-

ethyl acetate mixtures, the thiosulphonate (44) (3.9g, 60%) as a white

foam. v (CHClS)'SHHO (NI), 1770 (B-lactam), 173% (ester) and 1680 em™t

naXe
(amide), T 2.78 (19H,s,Ar), 3.2 (1H,s,CHPh,), 4.3 (1H,d,J4Hz,H-4),
4,9-5.3 (3H,m,H,C=, H-6), 5.63 (1H,s), €.5 (2H,5,CH Ph), 7.68 (3H,s,ArMe)
and 8.28 (3H,s,MeC=C).

The product (44), in benzene solution (5 ml), was iscmerised tc the

af-unsaturated ester (45) on treatment with triethylamine (1 ml).

—
Voax (CHClB) 3400 (NH), 1770 (B-lactam), 1720 (ester) and 1680 cm ~
(amide), T 2.7 (19H,m,Ar), 3.17 (LH,s,CHPh ), 4.28. (1H,d,Ju4Hz,H-}),
5.18 (1H,dd,J4 and 8Hz,H-3), 6.4 (2H,s,CH Ph), 7.7 (3H,s,Arle), 8.0

(3H,s,MeC=C) and 8.05 (3H,s,MeC=C).

Ozonolysis of the thiosulphonate (44)

Ozone was passed through a solution of the ester (44) (0.33g) in
dichloromethane (15 ml), at —780, the reaction being monitored by t.l.c.
After 20 nin, when all the substrate had reacted, the solution was
diluted with dichloromethane (20 ml) and washed with a solution of
potassium iodide (1g) and sodium thiosulphate (1g) in water ( 8 nl), then
with brine (10 ml) and dried. The solvent was removed in vacuo to
produce a colourless foam. The n.m.r. spectrum of the foam showed it
to be a 9:1 mixture of the ketone (46) and the enol (47).  The crude

product was subjected tc column chromatography, using dichleoromethane-
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Voax ( CHCla) 3400 (NH), 1770 (B-lactam) and 1670 cm—l (amide), T
2.7 (18H,m,Ar), 3.2 (1H,s,CHPh,), 5.21 (1H,dd,d4 and 8liz,H-3), 6.34
(1H,d,JuHz,H-4), 6.46 (2H,s,CH Ph), 7.69 (3H,s,ArMe) and 8.04 (3H,s,MeC=C),

A 260 nm (£7500).
max.

Reaction of the thiogulphonate (44) with sodium hydride/triethyl

phosphonoacetate

Sodium hydride (0.08u4g of 50%, 2 m mole) was stirred with triethyl
phosphonoacetate (0.45g, 2 m mole) in dry benzene (5 ml), under nitrogen,
at room temperature, until evolution of hydrogen ceased. A soluticn of
the ester (44) (0.654g, 1 m mole) in dry benzene (5 ml) was added and
t.l.c. results showed that the displacement was complete after 5 min.
The mixture was acidified with 5% v/v phosphoric acid and extracted with
ethyl acetate (20 ml). The organic layer was washed with dilute
bicarbonate (10 ml) and brine (10 ml), dried and evaporated, in vacuo,
to afford a colourless oil. The 0il was purified by column chromatography,

using benzene-ethyl acetate mixtures, to afford the cf-unsaturated ester

(48) (0.42g, 60%) as a colourless foam. Voax. (CHCla) 3400 (NH), 1760
(B-lactam), 1720 (ester) and 1680 et (amide), t 2.7 (15H,s,Ar), 2.9
(lH,s,EEPh2), 4.5 (1H,d,Ju4Hz,H~4), 4.85 (1H,dd,J% and 8Hz,lI-3), 5.6-6.2
(7H,m,3xEEQMe + SCH), 6.3u (2H,s,£ﬁQPh), 7.74 (3H,s,MeC=), 7.9 (3H,s,MeC=)

and 8.5-9.0 (9H,m,3xgng2).

Trapping of the benzhydryl ester (43) with isopropenyl n-butyl ether

The ester (43) (2.0g, 4 m mole) in dry dioxan (10 ml) was heated
with isopropenyl n-butyl ether (2.0g, 17 m mole), in the presence of
aluminium chloride (50 mg), at reflux for 4.5 h. 'The reaction mixture
was then concentrated, in vacuo, to afford a yellow foam which was taken
up into benzene solution (5 ml) and precipitated twice from light

petroleum to pive, after separation by p.l.c. (1l:4, ethylacetate:benzene)
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compound (51) (1.0g, 40%) as a colourless foam. i (CHCla) 3400

(NH), 1760 (R-lactam), 1720 (ester) and 1680 cm—'l (amide). T 2.7
(15H,s,Ar), 3.05 (1H,s;g§?h2), 4.58 (1lH,dd,J4 and 8Hz, H-3), 5.0
(1H,d,Ju4Ez K-4), 5.52 (1H,s,kC=), 6.36 (2H,S,EEQPh), 6.6'(2n,m,g520),
7.75 (3H,s,Me), 8.0 (3H,s,MeC=C), 8.2 (3H,s,MeC=C), 8.3-8.9 (4H,m,2xCH,),

and 9.07 (3H,m,Me).

The hydrazide (3.0g, 6 m mole) in a mixture of dry tetrahydrofuran
(12 ml) and dry dioxan (60 ml) was heated with isopropenyl n-butyl ether
(10 ml, 90 m mole), in the presence of aluminium chloride (50 mg), at
reflux for 3 h. An aliquot (5 ml) of the reaction mixture was removed,
diluted with ethyl acetate (15 ml), washed with dilute bicarbonate ( 5 ml)
and brine (5 ml) and dried. The solvent was removed, in vacuo, to afford
compound (SQl_as a yellow fcam. Vmax. (CHCl3) 3400 (NH), 17860 (e—lactam)

and 1€70 e ? (amide), 1 2.76 (5H,s,Ph), 4.44-4.6 (3H,m), 4.8 (1H,d,Jubz,

I

H-14), 5.0 (1H,s,HC=C), $.08 (1H,s,liC=C), 0.5 (Lll,s5,>=), 6.3-6.7 (Hll,m,CHlh,
CH,0), 7.2 (3H,5,CONMe), 7.5% (3H,s,NMe), 7.64 (3H,s,NMe), 8.1 (6il,d,
2xMeC=C), 8.34-8.9 (MH,m,QggﬂQ) and 8.9-9,2 (3H,m,Me).

The remainder of the reaction mixture was acidified with 20% v/v
phosphoric acid (25 ml) and allowed to stand overnight (14 h) at rcom
temperature.  The mixture was then diluted with ethyl acetate (250 ml), °
‘washed with brine (25 ml), dilute bicarbonate (2x50 ml) and brine (50 ml),
dried and evaporated, in vacuo, to afford a yellow oil. This oil was
subjected to column chromatqgraphy, using .chloroform-ethyl acetate
mixtures, to give the B-ketosulphide (%5) (2.2g, 80%) as a pale yellow

20 .0 . . ]
g : -1y ‘ v ClC e 3 76
Foam. [uJD 1377 (C L dw enelyy v o (CHEL,) 3H00 (NI, 1760

(B-lactam) and 1660 cm_l (amide), v 2.78 (5H,s,Ph), 4.54-4,74 (3H,m),

5.0 (1H,s,HC=C), 5.1 (1H,s,HC=C), 6.4% (2H,s,CH Ph), 6.8 (2H,s,Cl,CO),



76

7.18 (3H,s,CONMe), 7.54 (3H,s,NMe), 7.6 (3H,s,NMe), 7.92 (3H,s,MeCO)
and 8.1 (3H,s,MeC=C) (Found: C, 59.1; H, 6.9; N, 12.6; S, 7.4.

C22H30N4048 requires C, 59.23 H, 6.8; N, 12.6; S, 7.2%).

Ozonolysis of the f~ketosulphide (55)

Ozone was passed through a solution of the B-ketosulphide (55)
(0.45g, 1 m mole) and dry toluene-p-sulphonic acid (0.018g, 0.1 m mole)
in dpy dichloromethane (15 ml) at -780, the reaction being monitored by
t.l.c. After 30 min, when all the substrate had reacted, the mixture
was diluted with dichloromethane (20 ml), washed with a solution of
potassium iodide (lg) and sodium thiosulphate (lg) in water (8 ml) and
then with dilute bicarbonate (10 ml) and water (10 ml) and dried.

The solvent was evaporated, in vacuo, to.afford the diketo-compound (64)

(0.36g, 80%) as a colourless foam. Voo (CHCla) 3350 (NH), 1780
(B-lactam), 1720 (ketone) and 1680 em T amide), v 2.75 (5H,s,Ph), 4.3-4.9
(3H,m), 6.4 (2H,s,CH,Ph), 6.68 (2H,5,CH CO), 7.14 (3H,s,CONMe), 7.5

(3H,s,Me), 7.63 (3H,s,COMe), 7.7 (3H,s,NMe) and 7.88 (3H,s,MeCOCH,).

(1S)-N-6p-Phenylacetamidopenicillanoyl-N'N'-di-isopropylhydrazine S-oxide

(52)

The mixed anhydride from the sulphoxide acid (35g) and ethyl
chloroformate (10.9 ml) in dry tetrahydrofuran (300 ml) was treated with °
NN-di-isopropylhydrazine (1l.6g) at -20°,  The mixture was stirred for
20 min, diluted with ethyl acetate (500 ml), washed with 5% v/v phosphoric
acid (2x75 ml), dilute bicarbonate (2x75 ml) and brine (50 ml), dried,
and evaporated, in vacuo, to give a pale yellow solid. Crystallisatién
from ethyl acetate afforded the sulphoxide hydrazide (52) (26p, 55%) as
pale yellow needles, m.p. 176—1780, Ialgl +200" (C 2 in CHCL,)

v
37 “max.

3400 (NH), 1780 (B-lactam) and 1680 em T (amide), 1 2.78 (5H,s,Ph), 4.0

(cu013)
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(1H,dd,J4 and 8Hz, H-6), 5.14 (1H,d,JuHz,H-5), 5.46 (1H,s,H-3),
B4y (QH,S,EE?Ph), 6.7 (2H,m,2XC§Me2), 8.22 (3H,s,Me), 8.78 (3H,s,Me)
and 8.9 and 9.02 (lQH,d,?xﬂpQCH) (Found: C, 58.93; H, 7.1; M, 12.u4;

S, 7.1. C22H32N4048 requires C, 58.9; H,7.2; N, 12.5; S, 7.1%).

Trapping of the N'N'-di-isopropylhydrazide (52) with isopropenvl n-butyl

ether

The hydrazide (52) (2.5g) in a mixture of dry tetrahydrofuran (20 ml)
and dry-dioxan (80 ml).was heated with isopropenyl n-butyl ether (1C ml),
in the presence of aluminium chloride (50 mg), at reflux for 7.5 h.
The solution was then cooled, acidified with 20% v/v phosphoric acid
(15 ml) and allowed to stand overnight (14 h) at room temperature. The
mixture was then diluted with ethyl acetate (200 ml), washed with brine
(2x50 ml), dilute bicarbonate (2x30 ml) and brine (50 ml), dried, and
evaporated, in vacuo, to afford a yellow oil. The oil was then
chromatographed to give three products.

The first two compounds, eluted with chloroform, were very similar
in polarity and were inseparable by crystallisation. These compounds

were crystallised from chloroform to give a mixture of the chloro-compounds

(58) and (59) (0.29g, 12%), Voax (CHCls) 3450 and 3300 (NH), 1760

(B-lactam) and 1680 cm_l (amide), T 2.6 (5H,s,Ph), 4.3 (1H,m,H-7),
4,75 (1H,m,H-6), 5.2 (1H,s,l-4), 5.65 (1H,d,Jlute), 6.3 (2H,s,CK Fh),
6.8 (2H,m,2395¢e2), 7.3 (1H,d,Jl4Hz), B8.02 (3ii,s,Me) and 8.9 and 9.04
(l?H,d,ZxﬂgQCH). Mass measurement: M 46€, 468.

The third compound, eluted with ethyl acetate, was the B~ketosulphide

(56) (1.25g, 45%) and was obtained as a pale yellow foam. (. (CHClS)
3400 and 3300 (NH), 1755 (f-lactam) and 1680 cm—l (amide), T 2.74

(SH,s,Ph), 4.72-5.18 (SH,m), 6.38 (2H,s,CH,Ph), 6.467.26 (4il,m,CH,CO,
2xCllMe,)), 7.8 (3H,s,MeC0), 8.12 (3K,s,MeC=C) and 8.78-9.26 (1211,d,2xMe CH).

+ + + _
Mass measurement: M 488 (M'-CH_) 473, (M'-C_ii 0) 430, (M+~C3H6OS) 398,
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Ozonolysis of the B-ketosulphide (56)

Ozone was passed through a scoluticn of the B-ketosulphide (56)
(0.31g, ©.6 m mole) and dry toluene p-sulphonic acid (0.11g, 0.6 m mole)
in dichloromethane (15 ml) at —780, the reaction being monitored by
120ho(EIE After 20 min, when all the substrate had reacted, the mixture
was diluted with dichloromethane (20 ml), wached with a solution of
potassium iodide (1lg) and sodium thiosulphate (lg) in water (& ml), and
then with dilute bicarbonate (10 ml) and water (10 ml) and dried.

The solvent was evaporated, in vacuo, to afford compound (60) (C.25g, 80%)

as a colourless foam. v ___ (CHClS) 3350 (NH), 1780 (B-lactam), 1680

and 1630 cm © (amide), t 2.75 (5H,s,Ph), 5.05 (1H,d,J4Hz, H-4), 5.32
(1H,dd,Ju4 and 8Hz,H-3), 6.38 (2H,s,CH Ph), 6.6-7.2 (2H,m,2xCHlle,),

OH
6.85 (2H,5,CH,C0), 7.85 (3H,s,MeC0), 8.08 (8H,s,Me & =C) and 8.95 and

9.05 (12H,d,2xMe CH), A 260 nm (£7500).
—2 max

Reaction of the Ozonised product (60) with toluene-p—sulmhoqzl_chlopigg

Diazabicyclooctane (0.079g, 0.75 m mole) was added to a stirred
solution of the enol (60) (0.25g, 0.5 m mole) and toluene-p-sulphonyl
chloride (0.18g, 1 m mole) in dry tetrahydrofuran (8 ml), at room
temperature, the reaction being monitored by t.l.c. After 20 min, when
all the substrate had reacted, the mixture was filtered, the filtrate
diluted with ethyl acetate (25 ml), washed with 15% v/v phospheric acid
(10 ml) and brine (10 ml) and dried. The solvent was evaporated, in
vacuo, to afford a pale yellow oil. The o0il was chromatographed, using

Lenzene-ethyl acetate mixtures, to give the enol-tosylate (61)(0.19g, 60%)

as a pale yellow foam. v . (CHCl,) 3400 and 3300 (NH), 1770 (B-lactam)
and 1680 cm—l (amide), T 2.12 (2H,d,Ar), 2.75 (7H,s,Ar), 4.63 (1H,d,Ju4Hz,H-4),
4.98 (1H,dd,J4 and 8Hz, H-3), 6.38 (2H,s;g§QPh), 6.6 (2H,s,CH,C0), 6.6~7.2
(2H,m,2x§§Me2), 7.54 (3H,s,ArMe), 7.85 (6H,d,MeC=C,MeCO) and 8.7 and 9.3

(12H,d, 2xMe CH).
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Reaction of the enol-tosylate (61) with m-chloroperbenzoic acid

m-Chloroperbenzoic acid (0.045g of 80%, 0.2 m mele) in dichloromethane
solution (3 ml) was added dropwise, over 10 min, to a solution of the
enol-tosylate (61) (0.13g, 0.2 m mole) in dichloromethane (5 ml) at
-lOo. T.1l.c. chowed that oxidation was complete after 20 min, all the
starting material having recacted. The mixture was then diluted with

dichloromethane (20 ml), washed with dilute bicarbonate (3x10 ml) and

brine (10 ml) and dried. The scolvent was removed to afford a mixture

of sulphoxides (63) (0.10g, 80%) as a colourless foam. Voax. (CHCla)

3400 and 3300 (NH), 1770 (B-lactam) and 1680 em L (amide), 7 2.1 (2H,d,Ar),
2.68 (7H,s,Ar), 4.08 (1H,dd,J4 and 8Hz,H-3), 4.48 (1k,d,JuHz, H-4),
5.76-6.16 (2H,m,g§Qco), 6.38 (2H,S,g§2Ph), 6.6-7.08 (2H,m,2xggme2),

7.53 (3H,s,ArMe), 7.74-7.84 (6H,d,MeCO,leC=C) and 8.6 and 9.28

(12H,d,2xMe20H).

. . 2 ) .
2,2,2-Trichloroethyl 4,4-dimethyl-4 -pyrazoline-3-carboxylate (71)

An excess of diazomethane in ether was kept with CRE-tri-chloroethyl
BB-dimethylacrylate for 1 week, at 0-5°. P.l.c. (1:9, ethyl acetate:

benzene) afforded the pyrazoline (71) as a white solid. Crystallisation

from cyclohexane afforded the product as clear prisms, m.p. 146—1480,

v (CHC1,) 1715 (ester), 1550, 1340 and 1105 em L, A 298 mn

o .

(£12,000), v 5.16 (2H,s), 6.52 (2H,s) and 8.68 (6H,s) (Found: C, 35.0;

H, 4.1; I, 10.3.  C/H CL.N 0 requires C, 35.1; H, 4.05; N, 10.2%).

il

68-Phenylacetamidopenicillanoyl-t-butylamide (79)

The MN-ethylpiperidinium salt of 6B-phenylacetamidopenicillanic acid
(72) (1.79g, 4m mole) in dry, ethanol-free chloroform (30 ml) was cooled

to -500, under nitrogen, and thioﬁyl chloride (0.u48g, 4 m mcl3) added.
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After stirring for 1 h, t-butylamine (0.58g, 8 m mole) was added and the
pH of the mixture adjusted to 8 with triethylamine. The mixture was

then stirred for 1 h at —50, diluted with ethyl acetate (30 ml),

washed with 5% v/v phosphoric acid (15 ml) dilute bicarbonate (10 ml)

and brine (10 ml), dried and evaporated, in vacuo, to yield the amide (79)
(1.25g, 78%) which was recrystallised from benzene as white needles,
m.p. 139-140°, v (CHC1,) 3400 (NH), 1780 (g-lactam) and 1680 cm -
(amide), T 2.89 (5H,s,Ph), 4.44% (1H,dd,Jd% and 8Hz,H-6), 4.74 (1H,d,J4Hz,
H-5), 5.98 (1H,s,H-3), 6,42 (2H,s,ggQPh), 8.u44 (3H,s,Me), 8.5u

(3H,s,Me) and 8.68 (9H,s,3xMe).
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REVIEW
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1. Introduction

In spite of the advanced state of azo-chemistry the question of the
existence of the parent compound, diimide, remained unanswered until a
few years ago, although the first attempts to detect it date back to the
last century.l Actually, it exists as a transient intermediate and
cannot be isolated under normal conditions. It is more stable at lower
temperatures, however, and was first detected in the solid state in 1955
by Dows, Pimentel, and Whittle,2 and in 1958 by Foner and Hudson® as
one of the products in the electrical decomposition of hydrazine and
hydrazoic acid, under reduced pressure.

The existence of diimide has now been confirmed chemically: In
the Wolff-Kishner reduction of long-chain keto-carboxylic acids, having
a double bond in the w-position, hydrogenation of the double bond is
observed as soon as the hydrazone is fcrmed. This side reaction can be
completely suppressed by the exclusion of atmospheric oxygen, showing
that hydrogenation of the double bond is not caused by hydrazine itself,
but by an oxidation product of h:y'drazine.L1L The stoichibmetry of this
redox reaction, the stereochemistry of thg hydrdgenation, and the
discovery that the olefinic double bond is also hydrogenated by decomposing
benzenesulphonyl hydrazide or azodicarboxylate, led to the conclusion
that the hydrogenating'agent is diimide.s’6 This conclusion was reached
almost simultaneously by Corey7, van Tamelen8 and Aylwardg. Since then
the chemistry of diimide has become well known and its selectivity
(both functional and stereo) makes diimide reduction a useful alternative

to catalytic hydrogenation.

2. Sources of Diimide

Since the instability of diimide precludes its isolation, the

-procedures for reduction with diimide involve generation of the reagent
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in . 8itu. The most common of these procedures are listed below:

a) From hydrazine. Hydrazine (1) yields diimide in the presence of

>759 peroxides (especially

oxidising agents such as atmospheric oxygen,
. .. B ; .
with traces of Cull), mercuric oxide , NN-dichloro-toluene sulphonamide
. . 5 . 6 .
and particularly Chloramine T and hexacyanoferrate III. Audrieth

10 : . . : :
and Ogg © postulated that the oxidations proceed vta an acid catalysed

process, as shown in Scheme 1,

+ © 1+

N—N  —2H N—N—H —O |g—n= ‘
/ /N 1 ¢

H H | H 1 | H]

Scheme 1

b) From azodicarboxylate salts. Azodicarboxylate (2)6’7-’8 decomposes

to give diimide and carbon dioxide, as shown in Scheme 2. It has been

Qvn -. : . . . 11
shown that the decomposition reaction is subject to general acid catalysis .

A . ! . . 6
This method has found some use in preparative work, »758,12,13,14

_— _— +
~N=N- 0.+ EN=
02C N=N CO2 + 2H ~ 2C02 HN=NH

(2)

Scheme 2

i . :
¢) From azenesulphonyl hydrazides.  When benzenesulphonyl hydrazide (3)

6,15,16,17,18

is decomposed with sodium hydroxide in the presence of

olefins, using boiling glycol monomethyl ether as the solvent, reduction



88

of the latter occurs in high yields.

Phw—g r\—‘/NlH Fon — Ph-—-ﬁ + Hy0 + HN=NH
¢ b
(3)

p-Toluenesulphonyl hydrazide (4), in boiling diglyme, behaves

similarly towards’olefins.16
= H H ' /0 |
b4e‘_&§::> — 5 N—=N—H \\ — Mo }H 2 *H|___;.

(4)

Diimide can also be obtained from m-,p- and o-nitrobenzenesulphonyl
hydrazidesls, at a rate suitable for preparative use, at about 75, 50

and 25°C respectively.

d) From chloroacetyl hydrazide. The hydrochloride of chloroacetyl

hydrazide (5) decomposes in alkaline medium rapidlylg, at OO, as shown

in Scheme 3.
H @H Nl o 1,0+ HN=NH + H,C=CG=0
el
(5)

Scheme 3

In the absence of olefin, the diimide undergoes disproportionation
to nitrogen and hydrazine. The hydrazine then reacts with the ketene

to give acetylhydrazide (6), which can be isolated.
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= + -NH
2HN=NH -~ N2 H2N 5

H,C=C=C

MeCO—NH-NH2

(6)

e) From anthracene-9,10-bisimine. In order to avoid use of acid or Lasic

media when generating diimide, Corey and Mock20 devised a method whereby
the reagent could be formed by heating anthracene-9,10-bisimine (7)
together with the olefin in refluxing ethanol. The procedure is shown

in Scheme 4.

(’JOZE’t | [T:{COZEt
{I —~u.|f—\wf—\\\ {\ll | ""'{";i' fln—\ ,I 1)_2*.— -
N Ny lﬁ ey N 2)H" _
(O, “CO5E

= N e - 7~
iC \\\ 1C )] L0, ﬁ\r(’)\h/\]af LNSNH
g s
o /7=
|
R M N _
B
HoH

Scheme 4

f) From cyclopentene-3,5-bisimine. When the diene adduct (8) undergoes

: : : . . 2.
rild hydrolysis the free carboxylic acid (9) cannot be isolated. .
The expected decarboxylation product (10) undergoes a retro-diene reaction,
and the resulting diimide is consumed in hydrogenation reactions, for

. ) 2
instance with formation of (11). 2
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N o= 4
T TNCOR NH N,
,Z:- ) Lol /C g HNRH + )
f——~NTOR LN \
\ HNNH
8, R = Et (10) N
9. R=H .
£ TINH
L
(11)

g) From 1,1'-dihydroxyazocyclohexane. Cyclohexanone and hydroxylamine-

0-sulphonic acid react at 10°C, via (12), to form the crystalline

1,1'-dihydroxyazocyclohexane (13) which liberates diimide even at room

temperature.23’2u
3 HONOSOGR, v g\ M8 x2 . )
—_ OH ) ' e Y) £3
8 (12) ﬂ 3)
——— ||+ HNH

~

h) From hydroxylamine~O-sulphonic acid. Simple olefins, such as

ethylene, cyclohexene and fumaric acid are hydrogenated by hydroxylamine-
O-sulphonic acid (14%) in aqueous or methanolic alkali.25 Yields are

of the order of 40%. The reaction is believed to proceed through the
formation of "nitrene"26 which dimerises to diimide, as shown in

Scheme 5.

L4 — +
H —~ﬁ»—0rk1 ———> [HN] +H,0+Na, S0,

<) ;
B 0
( 1) //# |
T)H !
[HN=NH) e “=$- +N,

Schere 5
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k) From chloramine. The alkaline cleavage of chloramine (15)25 follows

a course similar to that of (14).

NH.C1 + NaOH——> NaCl + H

. 0 + [HN1

.,

2
(15) N

[HN=NH]
This reaction has been applied to the reduction of olefins.
Thus, undecylenic acid is reduced to undecanoic acid, in 80% yield,
in the presence of four moles of chloramine and alkali.
All the above methods for hydrogenating multiple bonds, although,
versatile, have the common disadvantage of requiring large excesses

of reagent with respect to the amount of substrate. This is a result

of the competing reaction whereby diimide undergoes disproportionation.

3. Hydrogenation with diimide

3.1, Selectivitg

The ease with which diimide reacts with multiple bonds is
influenced by the electrical nature of the substituents on the bond.
As a general rule, multiple bonds that are symmetrical with regard to
electronic distribution are more reactive than multiple bonds in which

the electrons of the bond are polarised.28a29,30

For example, symmetrical
multiple bonds such as C=C, C=C and N=N are reduced much more readily

by diimide than are unsymmetrical bonds such as C=N, CZN, C=0, $=0 and

c-S. This pronounced difference permits selective hydrogenations.

Since even the labile disulphide bond remains intact, allyl disulphide
(16) can be smoothly hydrogenated to give n-propyl disulphide (17)

: . . : 13 : . :
in guantitative yields. This reaction cannot be performed in any

other way.
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HN=NH

CH2=CH2—CHQ-S-S—CHQ—CH=CH2 -+ CH3CH2CH28—SCH2CH2CH3

(16) (17)

Vinyl groups on chlorins and porphyrins3l’32 have been reduced
to ethyl groups by diimide (generated from hydrazine) without disturbing
the other multiple bonds of these systems. Although conjugated systems
have not been studied in detail, it is known that aromatic nuclei are
stable to diimide, whereas conjugated dienes are reduced, since attempts
to trap diimide by Diels-Alder interception with cyclopentadiene
resulted in the formation of cyclopentene and cyclopentane.s’7

If the stability of polar multiple bonds toward diimide is in fact
due to their polarity, then it would be expected that a,B-unsaturated
carbonyl compounds, for example, would be somewhat less reactive

toward diimide due to the polarity of the double bond:

On the other hand, multiple bonds which are flanked on both sides by
the same polar groups should themselves be non-polar and hence easily
reduced by diimide. This has been demonstrated by Corey12 and

van Tamelen.33

I ! HNENH |

—)f[—f;:c-—ﬁ

X X N
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The reactivity of diimide with olefins is also influenced by the
number and nature of alkyl substituents present. It has been shown
that trans olefins are hydrogenated 3-1C times faster than cis-olefins,
and that the rate of hydrogenation decreases rapidly with increasing

number of substituents on the double bond.su’ss”36

These reactivity
differences have been attributed to differences in strain (torsional,
bond angle and eclipsing) in the various olefins, with the more strainec

. . . 35 . .
olefins reacting more rapidly. The relative rates of reaction of

a number of olefins with diimide35 are summarised in Table 1.

Table 1
QOlefin Relative rate Qlefin Relative rate
™
£T / 15 x10° ] 33
/1 . [_.Me
3 ; ]
s ! oNn
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.[ " 1 H
L ' Me /Me
. e 028
/
‘_."'ﬁ\ Me \-‘
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Me(CHZ;2 —CHZ 2:04
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The rigidity of the ring Qf cis, trans, trans-1,5,9-cyclododecatriene
(18) produces large differences in the conformations of the possible
transition states for the diimide reaction, so that specific hydrogenatioﬁ
of the trans double bonds is possible.37 Such a marked selectivity is

not observed with acyclic olefins.

s

I = | 4|

i

|

]

[
|
!_.
]

(18) 95 3 5

In addition to high functional specificity, diimide possesses

other advantages over metal catalysed_hydrogenation. For example, diimide
reduction gives no migration or cis-trans isomerisation of double bonds

as occurs in some catalytic processes.9 Also deutero-diimide is an
excellent way of introducing deuterium across a multiple bond,12 since
there is no danger of deuterium-hydrogen exchange in other parts of the
molecule, which often occurs in metal catalysed reactions.33 It has

also been demonstrated that diimide can be used to reduce the C=0 bond

38

of aromatic aldehydes and ketones,so’ but reduces the carbonyl function

of aliphatic aldehydes and ketones slowly if at all.

3.2. Stereochemistry

The fact that diimide reduction proceeds with cis-addition across
the multiple bond has been determined by infra-red analysis,5’6 by gas
chromatography5 and by isotopic labelling e:><per:'unents.l'2 Examplesof

the latter experiments are shown in Scheme 6,
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Cis neso  (97% yield)
R=CH,0H;-COH
R H R P|4
—( oo, o |
{ R Lok
Trans dl  (97% yield)

Scheme 6

Symmetrical cis-tetrasubstituted olefins are hydrogenated to the
meso-derivatives, indicating cis-addition of hydrogen, For example,

dimethyl maleic acid (19) is reduced to meso-2,3-dimethyl succinic acid (20C).

Me  Me e T
‘ :{\ _HIENR R~ ]'———r—T -4
HO,C COH HO,C  COH
cls meso
(19) (20)

Acetylenic linkages are converted to cis-olefins, without any

2 25
trans-olefin being produced at alls’l For example phenyl propiolic

acid (21) is reduced to ¢is-cinnamic acid (22), Some fully saturated
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product is produced in these cases, even if the system is deficient in

diimide.-
Ph O
Ph—C=C—COH TN, :-—-v;_'\4
(21) (22)

As in the case of catalytic hydrogenation, addition of hydrogen
from diimide usually occurs from the less hindered side of an unsymmetrical
olefin.33 A comparison of products produced by diimide reduction and

by catalytic hydrogenation is shown in Table 2.

Table 2

Catalytic reduction
(H,/Pt)
Product®% cis:trans

Olefin reduced o P?QdUCt
% clis:trans

a-pinene 99:1 93:7
2,3-dimethylcyclohexene 24:76 71:29
2-methylmethylenecyclohexane 61:39 68:32
k-t-butylmethylenecyclohexane 49:51 83:17
2-norbornene-2,3- 92(endo) :8(exo0) 75(endo):25(ex0)

dicarboxylic acid

Where bulk effects are large, reduction is subject to steric approach
control. However, when steric effects are moderate, there is less
stereochemical discrimination, although the stability of the product
still does not govern the course of the reaction. This stereochemical
control is shown especially in the case of o-pinene (23) which reacts
with diimide to give a 99% yield of cis-pinane (24) which has the methyl

group in the least favourable position.
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(23) (24)

An interesting result is shown with 4-t-butylmethylenecyclohexane
(25) since even though the approach is equally hindéred from each
direction the more and less stable products, (27) and (26) respectively,

are formed in approximately equal amounts.

-, ¥ 4 1_; \ rf \Me
——> ] * .,

/ “\%J /™

“ | i
H H 5

cis (49%) trans (51%6)
(25)
(26) (27)

Another interesting result is shown in the partial reduction of
norbornadiene derivatives such as (28), with an electronegative
substituent at C—7.39 In these cases it was clear that reduction

was occurring from an exo direction at the more sterically hindered

carbon-carbon double bond.

H. _OCOMe H. _OCOMe Ho <0@0Me
il ) — gL ]+ L
L 2

(28) 65% 35%
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3.3. Mechanism

Reductions with diimide are believed to proceed through the cyclic

processs’lz’lS shown in Scheme 7.
H wel
| NI// \\I H_—
| — 1l — I+
! 4 S P A
H H '
Scheme 7

This mechanism is in agreement with the observed cis-addition of

hydrogen across multiple bonds. Since the addition of deutero-diimide

across cis and trans olefins results almost exclusively in meso and dl
products respectively, there is little likelihood of a step-wise addition
of hydrogen. The mechanism agrees with the observation that the rate

of reduction, as measured by the yield of product, decreases with
increasing substitution about the multiple bond due to steric crowding

in the transition state. Furthermore, the transition state should be
more cluttered for cis than for trans olefins, as shown in Scheme 8,
thereby raising the activation energy.qo This theory is supported

by the observed faster rate of hydrogenation of Eggggjolefiﬁs over

that of cis-olefins.
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Scheme 8

Under ordinary conditions, hydrogenation‘of multiple bonds using
substituted hydrazines, such as phenyl or hydroxyethyl hydrazine have
been unsuccessful.g The substituted diimides thus formed as
intermediates could not be expected to react with multiple bonds according
to the above mechanism. Conductometric studies have shown that the -
reduction step is non-ionic.9 Moreover, p-substituents of cinnamic
acid have no effect on the rate of hydrogenation of the double bond.
Thus, electronic interaction between the aromatic moiety and the reaction
centre is weak, which is understandable if the transition state is
weakly polar*.uO The stability of polar multiple bonds toward diimide
may be due in part to the higher activation energy required to form the

correspondingly more polar transition state complex.
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A point of interest concerning the concerted mechanism shown,

in Scheme 7, is that the process requires the cis form of diimide (29).
In practice, an excess of the diimlde precursors is often used for the
reduction of carbon-carben multiple bonds to allow for loss of part of
the diimide formed by concurrent disproportionation. Consequently,

it is difficult to determine what fraction of the diimide generated

is potentially useful as a reductant for multiple bonds. It is possible
that mixtures of cis and trans-diimide, (29) and (30) respectively, are
prcduced and that only the cis isomer functions as a reducing agent.

Alternatively, the cis and trans forms may be rapidly equilibrated by

: .ol . : : :
the reversible protonation . shown below, or by thermal 1somerlsatlon42.

7 H N H
Fi}QZZiQ// ';t;;i—i $4'—A§\4 ;f%*;:::i }\::: !

(29Y (30)

Two points are worthy of note when discussing the mechanism of the
reductions. Firstly that in the reduction of the norbornadiene
derivative (28) the expected product, (31), was not produced. This
indicates that the transition state (32) for transfer of hydrogen atoms
from diimide to the double Lond can be stabilised by electrostatic

interaction with a suitably located substi'tuent.39

H._ _0OCON H  _OCOMe
HT\‘_ N 5'/’
il ] | K ' \
;ﬁf . f‘ /ﬁ,\\ﬁft ffr H
H

(28) (31) (32)



101

The second point worthy of note is that the reduction of aromatic

aldehydes and ketones,so’38

rather than reflecting diminished polarity
of the carbonyl group because of conjugation with an aromatic ring,

is occurring by a different mechanism. The diimide serves as a
nucleophile which adds reversibly to the carbonyl group to form the
hydroxy diazene (33). This diazene intermediate could then decompose,
with loss of nitrogen, to form the alcohol product (34), by a process
analagous to the decomposition of other alkyl diazenes.43 The
nucleophilic addition of diimide to form (33) is analogous to the known

addition of alkyl diazenes to aldehydes to form hydroxyalkylazo

n
compounds.

Y OH
AL—-L:O NS Y VORI

)

Ar CHZOH

(33) (34)
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PART II

DISCUSSION OF RESULTS
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1. Introduction

As stated in Part I, one way of carrying out penicillin transformat-
ions is to remove the N-attached isopentenoyl side-chain in the
sulphenic acid trapped products, such as (35), giving the free N-H
compounds which can then be further functionalised be fore recyclisation.
As repor‘ced,q5 this was accomplished by reacting the trapped product,
for instance the disulphide (35), with diazomethane to give an epimeric
mixture of pyrazolines (36), which, when treated with a mild reducihg
agent, afforded the pyrazolidine (37). This immediately collapsed to

give the desired B-lactam derivative (38).

i .
PhCHZCONHHN _SsBu o PhCH,CONH TKS‘SBL‘J
| Rari)
! i = S
O; N\.N ,_F--"'J O/ r's"‘“\_\\‘("_’fC(JZC!"I2(:C‘.B
o 'Y
(35) .
PRCHCONG _ssBu PRCHCONY _ssBj
LR | |
) CO5CH,CCLy —— i
il ‘”\ﬁ\w JCOZCHZCCI3O/ |
_z’\ Ni
e / : \
L_NH 7"\& \\Y/}]
N
(37) M (38)

Several reducing agents were used to form the pyrazolidine (37).
One of these wac the novel reducing agent NN'-dihydrobenzo(c)-cinnoline
(3%). This compound shows a strong tendency to aromatise to benzo(c)

cinnoline (40), by donation of two hydrogen atoms to a suitable substrate.
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@ @
~_ H =
‘ - .’T‘H ,'\\/N
7] [\ )

(39) (40)

Having shown that this dihydro-compound is sufficiently mild to
reduce a pyrazoline selectively in the presence of a disulphide bond
without destroying the B-lactam function, it was decided to examine
its reducing power since selective reducing agents can be of great
value in synthetic chemistry. Several other systems were also examined
in an attempt to discover a new, synthetically useful, selective

reducing agent.

2. NN'-Dihydrobenzo(c)cinnoline

Benzo(c)cinncline (40) was prepared by reducing 22'-dinitro-
diphenyl with lithium aluminium hydride.'+6 Further reduction to the
monohydrochloride of NN'-dihydrobenzo(c)cinnoline (39) was achieved
using zinc/hydrochloric acid.q7 This reagent was used in one of two
ways:- By removing the aqueous acid solution from the rrecipitated
hydrochloride by pipette, diluting with ethanol, neutralising with
triethylamine and then adding an ethanolic solution of the sulstrate.
Or, alternatively, by filtering off the precipitated hydrochloride,
drying it inm vacuo, neutralising a stirred suspension of the dried
reagent in dry benzene or dichloromethane with triethylamine, and then
adding a solution of the substrate in the same solvent. The latter

method was used when water or alcohol sensitive substrates were present.
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The zinc reduction and all subsequent reactions were carried out under
oxygen-free nitrogen, since both NN'-dihydrobenzo(c)cinnoline (33) and

its hydrochloride are rapidly oxidised by air.47

2.1. Scope of reduction

a) Carbon-carbon multiple bonds

It was proposed that NN'-dihydrobenzo(c)cinnoline (39) might possess
similar properties to those of diimide (see review). Ixploratory
experiments to find out the reducing power of the reagent were carried
out by Dr. M.V, Taylo:c*.lJr8 The reagent did not reduce the carbon-carbon
double bonds in cholesterol (41) (monitoring by rotations), ergosterol

(42) (n.m.r.) or betulin diacetate (43) (i.r.), in refluxing toluene.

. |
NP SN

H",/‘ \ r/‘\\./TI. \
| L | | /
r/\\. N ~ /\x/\\”/ s
| | .
HCT/A\“/ Lyx.i Hr}fr.\//hwx )
(41) (42)

H.| H
MeCQ-07 <

(43)

These initial experiments showed that NN'-dihydrobenzo(c)-cinnoline
does not reduce exposed double bonds and must therefore be a considerably

A et ] : 49
milder reagent than diimide which reduces cholesterol to some extent.
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In order to verify this result, attempts were made to reduce carbon-
carbon double bonds in several other compounds. B~Carotene (iY4)

was unaffected after stirring with excess reagent in dry benzene for

2 days at room temperature, as indicated by the unchanged ultra-violet
absorbances at 464 and 493 nm, and by t.l.c. The fact that the reagent
was still present was shown by adding some azobenzene to the reaction

mixture, whereupon reduction to hydrazobenzene tock place (sce section 2.1b).

e W . | . 1. é . R
[/ “/ [CH:CH C-CH]—ZCH-CHJCCH- CH'CH]z\-.i ~ W
= N /) N .
(4y)
No reaction occurred with methyl cinnamate (45) (t.l.c., i.r.,

n.m.r.) diethyl maleate (46) (n.m.r.) or norbornadiene (47) (n.m.r.),

even after refluxing in benzene.

0
|
COzMe = \OEI . 5 .
f!_'_- H ’/.
(45) (4e) (u7)

This verified the results of the initial experiments and showed
that not even activated double bonds are reduced. The reagent does
not reduce phenylacetylene (48) (n.m.r.). In all thece cases, the
reagent was washed out with dilute hydrochlcric acid and the substrate
recovered,

Ph~C=CH
(48)
An interesting point to note here is that it has been reported

that benzo(c)cinnoline adds to sufficiently activated acetylenic compounds,
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such as dimethyl acetylenedicarboxylate (49), to form an adduct which

is probably a resonance hybrid of the structures shown in Scheme 9.50
[::h | %
-/ P |
o i o \‘I/ \\\//y
]
h /N [— r it P > J
@ Lol
|
L\V// (49) s ¥

. \+,,_\\/
X=-COMe N

Scheme 8

b) Azo- and azoxy-compounds

The reagent was found to reduce azobenzene (50) to hydrazobenzene
(51), in quantitative yield (t.l.c., u.v.) in benzéne at room temperature
inside 15 min. The product was isolated as its monobenzoylated

derivative (52) in 80% yield.
?DPh
Ph-N=N-FPh Ph-NH.NH-Ph Ph-NH-N-Ph

(50) (51) (52)

The reagent was also found to reduce azoxybenzene (53) to
hydrazobenzene (51) in quantitative yield (t.l.c., u.v.) under the
same conditions as above. The product was again isolated as its

monobenzoylated derivative (52), in 60% yield.
;)
Ph-N=N-Ph

(53)

c) Nltro and nitroso-compounds

Nitrosobenzene (54) was reduced to phenyl hydroxylamine (55) in
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quantitative yield (t.l.c., u.v., i.r.). The product was .isolated

as its N,0-dibenzoylated derivative (56) in 75% yield.

COPh
Ph-N=0 PhNHOH Ph-N.0OCOPh
(54) (55) (56)

No reaction took place when phenylhydroxylamine was stirred with
excess reagent. Nitrobenzene (57) was reduced to phenyl hydroxylamine,
in quantitative yield (t.l.c., i.r.), which was again separated as

its N,0-dibenzaylated derivative (56) in 70% yield.

PhNO2

(57)

Reductions of aliphatic nitro- and nitroso- compounds were also
, 58 . :
attempted. Chloronitroseocamphor = was reduced, in dichloromethane at
room temperature., The product was shown to be camphor oxime (£59) hy

comparison with an authentic sample, (t.l.c., i.r., n.m.r., m.p.).

\. g ..I‘-\-TJ /
< <
- ~ . -o-i
|

v
; | 14

7

s VA J/ /
‘:,_/‘/ i Tfl./t\l:o /L7’ T~ T\/
Cl ' VV{)H
(58) (59)

Neither nitroethane (60) (i.r.) nor l-nitro-3-phenyl-propane (61)

(i.r., t.l.c.) were reduced, even after refluxing in benzene.

CHBCHQNO2 PhCHQCHzCHQNO2

(60) (61)
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6-Nitrocholesteryl acetate (62)5l was reduced. The isolated
product was shown to be bB-ketocholestanyl acetate (63),52 after
work-up that included washing with 6N hydrochioric acid followed by
DladioEs This was presumably formed via the 6-hydroxyimino derivative

(23) (see section 2.2).

S R, ~o~
AL o

~ k A Lk

MeCO Sy MeCO-O/L\/ N
o b

(62) (83)

d) Schiff bases, nitrones and oximes

No reaction took place when benzylideneaniline (64) was stirred
with excess reagent in benzene for 2 days at room temperature (t.l.c.,
n.m.r.). However, diphenyl nitrone (65) was reduced to benzylidene-
aniline (64) and ‘the product separated by column chromatography, in

35% yield.
;P
Ph-CH=N-Ph’ Ph-CH=N-Ph

(64) (65)

Attempts were made to reduce benzaldoxime (66), mesitaldehyde
oxime (67) and camphor oxime (539). However, none of these compounds
were reduced (t.l.c., n.m.r.), even after refluxing in benzene

overnight, and the substrate was recovered in every case.

I“xr//§§T/’
PhCH:N,OH [g:;{h
(66) I
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e) Aldehydes and ketones

Several attempts were made to reduce the carbonyl groups in both
aliphatic and aromatic aldehydes and ketones. The reactions were
followed by monitoring -the carbonyl absorptions by infra-red spectroscopy.
This showed that no reaction tock place with benzaldehyde (€8),
benzophenone (69), octan-2-one (70), ethyl pyruvate (71) or valeraldehyde
(72). The latter compound was recovered as its 2,4-dinitrophenylhydrazone
derivative, whereas the other substrates were recovered in the free

carbonyl form after washing out the reagent with hydrochloric acid.

PhCHO PhCOPh MeCO(CH2)5Me MeCOCO,Et
(68) (69) (70} (71)
Me(CHz)SCHO
(72)

The NN'-dihydrobenzo(c)cinnoline reacted with both chloral (723)
and trichloroethyl pyruvate (74). The products were separated by
p.l.c. In the former case the product was shown to be the N-formyl
compound (75) by n.m.r., i.r. and elemental analysis., In the latter
case the product was shown to be the N-acetylformyl derivative (76)
by n.m.r., i,r., and mass spectral analysis. These were not reduction

products and their formation is discussed in section 2.2.

CC1 ,CHO MeCOCO,,CH,CCL
(73) (74)
/{-\\ O R
LT @
L e i 2
. ! '

(75) (76)
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f) a=Diketones
Benzil (77) was reduced to benzoin (48), in quantitative yield
(t.l.c.) in dichloromethane at room temperature. The product was

isolated and was identical to the authentic compound.

PhCOCOPh PhCH(OH )COPh

(77) (78)

[ =
Camphor quinone (79), prepared by selenium dioxide oxidationJ3 of

(+)-Camphor, was reduced to give a 1l:1 mixture of endo-3-hydroxycamphor

(80) and endo-2-hydroxyepicamphor (81).

. : M“xw,f” SN
Tii \\\ ¥ !\x
sl e \ 1/H =0
— ;ff- SRRy R
S ] PH L
\ ‘ O Oly!
(79) (80) (81)

The mixture of products was benzoylated and the monobenzoyl
compounds, (82) and (83), produced were separated by p.l.c. These
products were identical to the derivatives obtained after reduction
of camphor quinone with zinc/acetic acid,54 which have heen characterised

in the literature.55’56

e
/\r‘<\g”H - Ir\‘ 7
[ 7~/ O-COPh [
/ \%0 gCOPh
a2 (83)
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g) Quinones

p-Benzoquinone (84) was reduced to quinol (85) by reaction with
the reagent, in benzene at rcom temperature. The product was
separated by filtering the reaction mixture after 15 min, stirring
the solid with ether, filtering the ethereal solution, drying and
evaporating in vacuo. The product was identical to the authentic

compound (85).

[ ] @)
. =Y
)i

-\-\.Il_]_,-’
0 OH
(84) (85)

3,5-di-t-butyl-o-benzoquinone (86), prepared by silver oxide
5
oxidation of 3,5-di-t-butylcatechol (87), ) was cleanly reduced to

3,5-di-t-butylcatechol (87), in dichloromethane at room temperature.

\;7<<\ﬁ§fiﬂmﬁ:ﬁ3 ;f._;_ - OH
L

| \[f//}J\OH
= ! — _' -

(86) (87)
The results of all the reported reactions are summarised in Table 1.

2.2, Reaction Mechanism

Several mechanisms for the reductions with NN'-dihydrobenzo(c)-
cinnoline can be postulated. It was originally proposed that the
reductions take place by the concerted mechanism shown in Scheme 10,

as in the case of diimide reductions (see Review).
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TABLE 1
Compound Product Mcnitored by: Method
B-Carotene (4i4) no reaction t.l.c.u.v.(463,493nm) @
Methyl cinnamate (u45) no reaction t.l.c.,n.mr.(2,27,3.531) b
Diethyl maleate (46) no reaction t.l.c.numer. (3.71) b
Norbornadiene (47) no reaction n.m.r.(3.341) b
Phenylacetyléne (48) no reaction n.m.r.(6.951) b
Azobenzene (50) Hydrazobenzene (51) t.l.c.,u.v.(247,291nm) a
Azoxybenzene (53) Hydrazobenzene (51) t.l.c.,u.v.(247,291nm) a
Nitrosobenzene (5u) Phenylhydroxylamine t;l.c.,i.r.(lSlOcm_l), a
(55) u.v. (281 nm)
Nitrobenzene (57) FPhenylhydroxylamine t.l.c.,i.r.(lSSOcm—lJ a
(55)
Chloronitrosccamphor Camphor oxime (59) t.l.c.,i.r.(1565cm_l) a
(58)
Nitroethane (60) no reaction i.r.(lSSOcm—l) b
1-Nitro-3-phenylpropane no reaction vt.l.c.,i.r.(lSBOcm—l) b
(61)
6-Nitrocholesteryl 6-ketocholestanyl t.l.c. a
acetate (62) acetate (63)
Benzylideneaniline (64) no reaction t.1l.c.
Diphenyl nitrone (65) Benzylideneaniline (64) t.l.c. a
Benzaldoxime (66) no reaction 't.l.c.,i.r.(3580cm~l), }
n.m.r.(1.867)
Mesitaldehyde oxime (67) no reaction t.l.c.,nam.r. (1. 541) b.
Camphor oxime (59) no reaction t.l.c.,i.r.(3580cm_l) b
‘Benzaldehyde (68) no reaction t.l.c.,i.r.(l7lOcm—l) b
Benzophenone (69) no reaction t.l.c.,i.r.(l660cm—l) b
Octan~2-one (70) no reaction t.l.c.,i.r.(l7lOcm—l) b
Ethyl pyruvate (71) no reaction t.l.c.,i.r.(l?SOcm—l), b
n.m.r.(7.551)
Valeraldehyde (72) no reaction t.l.c.,i.r.(l730cm_l) a
Chloral (73) N-formyl-NN'- t.l.c.,i.r.(l770cm—l) a

dihydrobenzo(c)cinnoline
(75)



114

Table 1 (continued)

Compound Product Monitored by: Method
Trichloroethyl- N-acetylformyl-NN'- t.l.c.,i.r.(1745,1760 a
pyruvate (74) dihydrobenzo(c) cm~1)
cinnoline (76)
Benzil (77) Benzoin (78) t.l.c.,i.r.(1680 cm—l) a
Camphorquinone (79) endo-3-hydroxycamphor t.l.c.,1.r.(1760,1775 a
i (80) cm1)
endo-2-hydroxyepi-
camphor (81)
p-Benzoquinone (84) Quinol (85) t.l.c.,i.r.(1665,1675 a
cm™1)
3,5-di-t-butyl-0-~ 3,5,-di-t-butyl- t.l.c.,i.r.(lG?Ocm—l) a

benzoquinone (86) catechol (87)

Method a: Carried out at rcom temperature in dry benzene or dichloromethane.
See experimental section for work-up procedure.

Method b: Carried out in benzene, initially at room temperature, and then
overnight at reflux. Substrate recovered by washing out the reagent with
dilute hydrochloric acid.

Method c: Carried out at room temperature in dry benzene or dichlorometharne.
‘Substrate not recovered.

N.B. In reactions which did not proceed, the presence of the reagent was

shown by adding some azobenzene to the reaction mixture, whereupon reduction to

hydrazobenzene took place.
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Scheme 10

However, since the reagent showed no signs of reducing even activated
carbon-carbon multiple bonds 1t is unlikely whether this original proposal
is correct. A more likely mechanism is one which involves electron
transfer, as in the case of dissolving metal reductions. For instance,
the reduction of p-benzoquinone could take place via the radical anion

mechanism shown in Scheme 11.

’ + //La s + 1;E?-
INQEYOENOETE®
Scheme 11

This sort of mechanism would also explain the productlon of the more stable

endo- alcohols,56 (80) and (81), on the reduction of camphorquinone (79),

rather than the less stable exo- alcohols which-are produced on hydride
. 56 - , . .

reduction. The reduction probably proceeds via the dienolic compound

(88) which then isomerises to the more stable products. The reaction

mechanism is summarised in Scheme 12.
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Scheme 12

It has been shown that 1,2-dihydrobenzenes react with quinones in a
. ) ) . 58 : =y
two-step hydride ion transfer mechanism. The transfer of two vicinal

hydrogens in an electrocyclic reaction to the terminal point of an

aB-unsaturated carbonyl compound would involve im-electrons and is therefore
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forbidden. The transfer of the hydrogens to the carbon and oxygen of

the carbonyl group would be allowed, but is probably less favourable

and would not compete with the two-step hydride ion transfer mechanism.
This mechanism is conceivable in the case of NN'-dihydrobenzo(c)cinnoline.
The mechanism which operates in the case of NN'-dihydrobenzo(c)cinnoline

is probably dependent on the substrate.being reduced. Another mechanism
can be proposed in the case of the reduction of diphenyl nitrone (65).

This involves 1,3-addition to the nitrone, followed by elimination of
benzo(c)—cinnoline and water, as shown in Scheme 12, to afford benzylidene-

aniline (64).
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In the case of more activated carbonyl groups, reduction does not
take place. Instead, nucleophilic attack by the nitrogen in the reagent
takes place. Thus, chloral (73) reacts to form the N-formyl compound
(75), and trichloroethylpyruvate (74) reacts to form the N-acetylformyl

derivative (78).
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Reactions involving nucleophilic attack by the nitrogen have been
previously repqrted.59 Thus, on reaction with B-ketoesters (89)

substituted pyrazbline derivatives (90) are formed.
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As stated in the previous section, the product isolated in the
reaction of chloronitrosocamphor (58) with.NN'—dihydrobenzo(c)cinnoline
is camphor oxime (59). This muyst arise from reduction to the hydroxylamino-
compound (91), followed by elimination of hydrogen chloride to afford

camphor oxime (59).
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In the case of the reaction with 6-nitrocholesteryl acetate (62),
the is&lated product was shown to be 6-ketocholestanyl acetate (63).
Thus, reduction probably proceeds via the hydroxylamino compound (92)
to the hydroxyimino derivative (93) which is then hydrolysed to the

ketone (63) on work-up.
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(93) (63)

3. Pyridazine derivatives

Since NN'-dihydrobenzo(c)cinnoline had proven to be an extremely
selective reducing agent an attempt was made to find another reducing
agent which showed greater rédﬁcing power and would be of more use in
synthetic chemistry. It was proposed that l,2-dihydropyridazines,60
e.g. (97),might possess the desired reducing properties since the resulting
pyridazine system is a true aromatic system, thus providing the driving
force for reductions to take place.

Phthalazine (95) was prepared by the reaction of o-phthalaldehyde (94)
with hydrazine sulphate.el The phthalazine was then oxidised with

alkaline potassium permanganate to afford 4,5-dicarboxypyridazine (96).62
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Attempts were made to reduce compound (96) to its dihydro derivative,
1,2-dihydro-4,5-dicarboxypyridazine (97). This reduction was attempted
using zinc/acetic acid, zine/hydrochloric acid and chromous acetate.

In the latter case no reactiqp took place. In the two former cases,
ultra-violet spectra of the reaction mixtures indicated that some reaction
had taken place although the product was not identified. Instead, each
reduction was repeated and some nitrosobenzene added to the reaction
mixtures, after adjustment to pH8 with triethylamine. In both cases,
ultra-violet spectra indicated that no reduction of nitrosobenzene took
place. It is probable that the pyridazine was reduced to the tetrahydro-
or hexahydro-derivative.63 Negative results were also obtained when
reduction of nitrosobenzene was attempted using zine/aqueous acid reduction
products of dimethyl pyridazine-u4,5-dicarboxylate (98) - and phthalazine

(95).

4, 2,3-Dihydro-1,2,3-benzothiadiazole

1,2,3-Benzothiadiazole (99) was prepared by diazotisation of
: . . 65 "
o-aminobenzenethiol, and an attempt was made to reduce it to the

2,3-dihydro compound using chromous acetate. This proved unsuccessful,
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but no further experiments were carried out using this compound since the

system (100) seemed more promising.
({ilffm,// /A\\\,//N
() LQ K eNHMes0
(99) (100)

5. Benzimidazoline,Benzothiazoline and Benzoxazoline derivatives

After studying the Elderfield extrusion reactionss, Scheme 13, it
was proposed that if the right reagents were used in the reaction a novel
selective reducing agent would be afforded. The basis of the reaction
is that when 2,2-dialkylbenzimidazolines (101) are heated, one of the
substituents 1s lost in combination with the hydrogen at the 3-position
as a hydrocarbon, thus giving rise to the benzimidazole (102).  When
aromatic aldehydes are used in the formation of the benzimidazoline one
gets preferential elimination of hydrogen and so such compounds should
act as reducing agents if suitable substrates are present. The genéral

process is summarised in Scheme 13.
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These reactions also take place with benZothiazoline67 and benzoxazoline68
derivatives.,

o-Phenylenediamine (103) was reacted with benzaldehyde (1 equiv.)
in a minimal amount of ethaﬁol, and the resulting Schiff base (104)
filtered off and dried.6g However, this compound decomposed on standing
overnight in vacuo,

:::'.““..
b T e N .|

( 0, 1O
. _,.--'J \'""‘-- /I \\._./ :
S -"/L“‘xNHZ \"'\-_--'/ \NHZ \/

. NH -
@WN [

(103) (104)

The reaction was repeated in ethanolic solution, under nitrogen at room
temperature, and some nitrosobenzene (54) added to the stirred solution.
Phenylhydroxylamine (55) was present within 30 min. (t.l.c.) and was
isolated as its N,0-dibenzoyl derivative (56), in 25% yield. Reduction
of nitrosobenzene to phenylhydroxylamine alsoc took place when using
o-aminobenzenethiol, under the same conditions. The product was again
isolated as its N,0-dibenzoyl derivative (56), in 25% yield. Although
reduction tock place in the above cases the reactions were not very clean,
and so it was decided to use substituted o-aminophenol derivatives to
eliminate some of the side reactions. Both 6-amino-2,4-dimethylphenol
(105) and 3—amino—4—hydroxybenz6ic acid (106) were used in attempted
reductions of nitrosobenzene, under the conditions used with o-phenylene-
diamine. Both gave negative results. Indeed, o-aminophenol itself gave

no reduction,

1) |, I,/]
o SN 0H
Me
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The reduction of nitrosobenzene was tried using compound (106) and anisalde-
hyde, in the hope that the p-methoxy function would assist the ring closure
of the intermediate Schiff base (107). This was unsuccessful. Attempts
were also made to see whether reduction would take place in the presence

of an acid or base catalyst. There was no sign of any reaction when
reduction of nitrosobenzene was attempted in the presence of triethylamine
or toluene-p-sulphonic acid. The presence of the Schiff base intermediate
(107) was shown in both cases, by n.m.r. Thus, once again, no cyclisation

to the benzoxazoline derivative (108) had taken place.
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Since reductions using o-aminophenol derivatives proved abortive,
attention was switched back to the use of derivatives of o-phenylenediamine
and o-aminobenzenethicl. As stated previously, the reductions carried
out using o-phenylenediamine and o-aminobenzenethiol were not very clean,
and so it was decided to use substituted derivatives. It was also
considered that the reducing agents would be of more use in synthetic
chemistry if they had acid functions on them, thus making the work-up more
convenient. Thus, 3-amino-4-mercaptobenzoic acid (113) was synthesised
from p-hydroxybenzoic acid (109), as shown in Scheme 14%.  The hydroxy-
function was conveérted into the mercapto-function via the O-aryldimethyl-
thiocarbamate 70 (110). The reduction of the nitro group in compound (112)
was carried out using tin/hydrochloric acid,7l and the resulting amino-

compound (113) separated as 1ts hydrochloride.
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Scheme 14

The benzothiazoline reagent (114) was prepared as follows:-

Compound (113) was dissolved in a minimal amount of pyridine and

anisaldehydé (1 equiv.) added.

H

Hozoxw,,f-a —OMe
U D)

(114)

This reagent (114) veduced azobenzene (50) to hydrazobenzene (51) within
15 minutes (t.l.c.) and the product was isolated as its N-benzoyl derivative

(52), in 60% yield. However, on attempting to isolate the hydrazobenzene
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from another reduction reactiqn a mixture of azobenzene and hydrazobenzene
was obtained. Some oxidation must have occurred during the work-up and
the yield of hydrazobenzene was only 25% (u.v.). The reduction of
nitrosobenzene was carried out under the same conditions giving
phenylhydroxylamine which was isolated as its N,0-dibenzoyl derivative
(56), in 40% yield. The reduction of methyl cinnamate (45) was also
attempted but did not occur, the substrate being recovered.

In order to save going through the six-step process to form the
3-amino-i-mercaptobenzoic acid (113) it was decided to use an aldehyde
containing an acidic function in the formation of the intermediate Schiff
base.  Thus, 4-formylphenoxyacetic acid (117) was formed by reaction of
the sodium salt of p-hydroxybenzaldehyde (115) with ethyl bromoacetate,

followed by hydrolysis of the resulting ester (116) with aqueocus sodium

hydroxide.
OH OCH,CO,F! ok 00
= N
fiesea?' L o S -
M ;.. T \\Y//
CHO &Ho CHO
(115) (118) (117)

Several reductions were attempted using the benzimidazoline derivative
(119) derived from o-methylaminoaniline (118) and 4-formylphenoxyacetic

acid (117).
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The general prqcedure was to add the substrate to a stirred selution

of 4-formylphenoxyacetic acid (ll7),'gjmethylaminoaniline—dihydro-
chloride (118) (1 equiv.) and triethylamine (3 equiv.), under nitrogen

at room temperature. 3,5-di-t-butyl-o-benzoquinone (86) was reduced
quantitatively to 3,5-di-t-butylcatechol (87) (t.l.co,ier.) within 15
minutes, During work-up the reagent was removed by washing with dilute
bicarbonate. p-Benzoquincne (84) was reduced quantitatively to quinol
(t.l.c.,i.r.).  T.l.c. results also showed that azobenzene (50) and
nitrosobenzene (54) were reduced to hydrazobenzene (51) and phenyl-
hydroxylamine (55) respectively.  However, neither benzil (77) (t.l.c.,
i.r.), camphorquinone (79) (t.l.c.,i.r.), nitrobenzene (57) (t.l.c.,i.r.),
diethyl maleate (46) (t.l.c.,n.m.r.), methyl cinnamate (45) (t.l.c.,n.m.r.),
benzaldoxime (66) (t.l.é.,n.m.r.) nor phenylacetylene (48) (t.l.c.,n.m.r.)
were reduced.

These results indicate that the benzimidazoline and benzothiazoline
derivatives possess less reducing power than NN'-dihydrobenzo(c)cinnoline
and thus no further experiments were carried out in this series. The
conclusion is that the reducing power of compounds of the general formula

(120) is too low to be synthetically useful.

[ Ar X = NH,NMe,S,0.

(120)
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I.R. spectra were recorded with a Unicam SP200 spectrometer, the
phase employed being indicated in the text. U.V. spectra were recorded
with a Unicam SP 800 spectrometer for ethanolic solutions. Rotations
were recorded on a Perkin-Elmer 14l polarimeter. Mass spectra were
determined with an A.E.I. MSS machine. 'H n.m.r. spectra were recorded
with Varian T60 or HALOO instruments for solutions in deuteriochloroform
containing tetramethylsilane as internal reference. Reactions were

monitored by t.l.c. on Merck Kieselgel G nach Stahl silica.

254
Preparative thin layer chromatography (p.l.c.) was on 1 mm thick Merck
Kieselgel G254_nach Stahl silica plates. Column chromatography was
carried out on Merck Kieselgel 60. Melting points were determined on a

Kofler hot-stage apparatus and are uncorrected.

A1l solutions were dried over anhydrous sodium sulphate.



Benzo(c¢)cinnoline (39)

This is a modification of the method used by Badger.u6

A fresh suspension of lithiumaluminium hydride (l.5g, 5 equiv.) in
anhydrous ether (10 ml) was added dropwise, vta pipette, over lh to a
stirred solution of 2?'-dinitrodiphenyl (2.0g) in anhydrous benzene (22 ml),
with cooling in an ice bath. The mixture was refluxed for 4h after the
addition was complete and then allowed to cool to room temperature.
Wet ether (8 ml) was slowly added to the reaction mixture, followed by
ethyl acetate (8 ml) and water (8 ml). The inorganic material was
filtered off and the organic layer extracted with 6N hydrochloric acid
(4x25 ml).,  The acid solution was washed with ethyl acetate (25 ml).
neutralised with sodium carbonate and then extracted with ethyl acetate
(3x50 ml). The organic solution was dried and evaporated, in vacuo, to
give a dark green solid which on crystallisation from benzene afforded

the desired product (39) as yellow-green crystals (1.12g, 75%) m.p. 154-157°

.46
lit. ' m.p.156°).

NN'-Dihydrobenzo(c)cinnoline (40)

]

This is a modification of the method used by Kuhne,

Zinc dust (150 mg) was added to a stirred solution of benzo(c)cinnoline
o
(100 mg) in 8% hydrochloric acid (5 ml), at 75-80 under a flow of oxygen-

free (via copper chromite) nitrogen, over 30 min. The colour of the solution

turned from dark green to pale green over this period and a white

precipitate of NN'-dihydrobenzo(c)cinnoline (40) monohydrochloride had

formed. Stirring was continued until all the zinc dust had reacted and
then the mixture was cooled to 0°,  The NN'-dihydrobenzo(c)cinnoline thus
formed was used in the reduction- reactions. The supernatant liquid was
removed by pipette and the hydrochloride neutralised with triethylamine,
or the product was filtered off, dried and then neutralised with
triethylamine to give a yellow solution of NN'-dihydrobenzo(c)cinnoliné

in the desired solvent.
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Reaction of R-carotene (44) with NN'—dihydrobenzo(c)cinnoline (40)

A solution of B-carotene (44%) (0.05g, 0.1 m mole) and NN'-dihydrobenzo(c)
cinnoline (0.l4g, 0.75 m mole) in dry benzene (5 ml) (pli7.5) was allowed
to stand, under nitrogen at room temperature. Both t.l.c. and u.v.
(464,493 nm) indicated that there was no reaction, even after 2 days.
After this period a sample of azobenzene was added to the mixture. T.l.c.
results showed that reduction to hydrazobenzene took place, thus

indicating that the reagent was still present.

Reaction of Azobenzene (50) with NN'-Dihydrobenzo(c)cinnoline

A solution of azobenzene (50) (0.1g, 0.55 m mole) and NN'-dihydro-
benzo(c)cinnoline (0.11g, 0.60 m mole) in dry benzene (5 ml) (pH7.5)
was allowed to stand, under nitrogen, at room temperature. The reaction

was followed by t.l.c. and u.v. (247,291 nm). Reduction to hydrazobenzene

(51) was complete after 0.5 h. Triethylamine (2 ml) and benzoyl chloride
(C.3g, 2 m mole) were addéd and the mixture stirred overnight. It was
then poured into ice-water (10 ml) and stirred for 1 h to hydrolyse the
excess Benzoyl chloride. The organic layer was separated and the aqueous
layer extracted with ether (2x10 ml). The combined organic extracts

were washed with 30% v/v phosphoric acid (5 ml), water (5 ml), dilute
bicarbonate (2x5 ml) and water (5 ml), dried and evaporated, in vacuo, to
afford a pale yellow oil. After separation by p.l.c. (1:9, ethylacetatéi

benzene) N-benzoylhydrazobenzene (52) was obtained and was crystallised from

methanol as white needles (0.12g, 80%), m.p. 138-13¢° (1it. 2 m.p. 138-139°).

-1 .
Voax. (CHC13)3350 (NH) and 1660 cm (amide).

Reaction of Azoxybenzene (53) with NN“YDihydrobenzo(c)cinnoline

The reaction was performed as in the case of azobenzene, using
azoxybenzene (53) (0.1g, 0.5 m mole) and NN'-dihydrobenzo(c)cinnoline

(0.2g, 1.1 m mole). Reduction to hydrazobenzene was complete in 1h.
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The product was benzoylated and N-benzoylhydrazobenzene isolated by p.l.c.

(:9, éthylacetateZbénzene) and crystallised from methanol as white

72

needles (0.9g, 60%), m.p. 137-139° (1it.'" m.p. 138-139°).

Reaction of Nitrosobenzene (54) with NN'-Dihydrobenzo(c)cinnoline

A solution of nitrosobenzene (54)(0.08g, 0.75 m mole) and NN'-dihydro-
benzo(c)cinnoline (0.15g, 0.80. m mole) in dry benzene (5 ml) was allowed
to stand, under nitrogen, at room temperature. The reaction was followed
by t.l.c., u.v., (281 nm) and i.r., (lSlO'cm—l). Reduction to

phenylhydroxylamine (55) was complete after 15 min.. The product was

benzoylated and N,O—dibenzgylpheqylhydroxi;amine (56) separated by p.l.c.

(1:9, ethyl acetate:benzene) and crystallised from ethanol as white

¢

- N
needles (0.18g, 75%) m.p. 118-119° (1it. 2 m.p. 121°),

Reaction of Nitrobenzene (57) with NN'-Dihydrobenzo(c)cinnoline

The reaction was performed as in the case of nitrosobenzene, using

nitrobenzene (57) (0.062g, 0.5 m mole) and NN'-dihydrobenzo(c)cinnoline

1

(0.36g, 2.0 m mole), and was followed by t.l.c., u.v. and i.r., (1550 cm ~),.

Reduction to phenylhydroxylamine was complete in 1 h.  The product was

benzoylated and N,0-dibenzoylphenylhydroxylamine separated by p.l.c.

(1:9, ethyl acetate:benzene) and crystallised from ethanol as white needles

(0.10g, 70%) m.p. 119-120° (1it. % m.p. 121°).

Reaction of Chloronitrosocamphor (58) with NN'-Dihydroberzo(c)cinnoline

A solution of chloronitrosocamphor73 (58) (0.1g, 0.5 m mole) and
NN'-dihydrobenzo(c)cinnoline (0.1lg, 0.55 m mole) in ethanol ( 5 ml) was
allowed to stand, under nitrogen at room temperature. The reaction was
followed by t.l.c. and i.r. (1565 cm-l) and was complete in 30 min.

The reaction mixture was evaporated in vacuo and the product (59) separated
by p.l.c. (l:2, ethylacetate:benzene) and crystallised from ethanol as

white needles (0.07g, 75%) m.p. 116-117° (lit.72 m.p. of camphor oxime (59)

: 20 . il
1180) [aJD S 40.5o (c 1 in EtOH), - (CHCla) 3580 (OH) and 1670 cm = (C=N).
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Reaction of 6-Nitrocholesteryl acetate (62) with NN'-Dihydrobenzo(c)cinnoline

A solution of 6-nitrocholesteryl acetate 51(62)_(O.l9g, 0.4 m mole)
and NN'-dihydrobenzo(c)cinnoline (270 mg; 1.5 m mole) in dry dichloromethane
(5 ml) was allowed to stnad under nitrogen at room temperature. The
reaction was monitored by t.l.c. and was complete in 2 h, a more polar
compound being formed. The mixture was diluted with ether (25 ml), washed
with water (10 ml), 6N hydrochloric acid (5x15 ml) and water (10 ml),
dried and evaporated in vacuo to give a colourless oil. On leaving for
2 weeks at room temperature the oil crystallised. On recrystallisation

from methanol 6-ketocholestanyl acetate (63) was obtained as white needles

(0.085g, 50%) m.p. 129-130° (1it.°2 m.p.128°), [alés -13° (¢ 1 in CHCls)

v (CHClB) 1725 cm—l (ketone, ester). Mass measurement = M'uuy,

Reaction of Diphenylnitrone (65) with NN'-Dihydrobenzo(c)cinnoline

A solution of diphenyl nitrone (65) (0.21g, 1.1 m mole) and NN'-dihydro-
benzo(c)ecinnoline (0.22g, 1.2 m mole) in dry benzene (5 ml} was allowed
to stand, under nitrogen, at room temperature. The reaction was monitored
by t.l.c. and was complete in 1 h, a less polar compound being formed.
The reaction mixture was evaporated in vacuo and the product separated

by column chromatography, using benzene as eluent. Benzylidene-aniline (64)

(0.07g, 35%) was separated and was crystallised from ethanol as pale
ORI /2
yellow plates m.p. 47-48 (lit. = m.p. 48°) T, 1.50 (1H,s,CH=N), 2.05

(2H,m,Ar), 2.35-3.0 (8H,m,Ar).

Reaction of Valeraldehyde (72) with NN'-Dihydrobenzo(c)cinnoline

A solution of valeraldehyde (72) (0.06g, 0.7 m mole) and NN'-dihydro-
benzo(c)cinnoline (0.13g, 0.75 m mole) in ethanol (5 ml) was allowed to
stand, under nitrogen, at room temperature. Both t.l.c. and i.r. (1730 em 1)
showed that no reaction took place, .even on lgaving overnight. 2,4-Dinitro-

phenylhydrazine (0.1l4g, 0.7 m mele) was then added to the stirred solution
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and the resulting 2,4-dinitrophenylhydrazone of valeraldehyde separated
by column chromatography, using benzene as eluent, and crystallised from

ethanol as red needles (0.15g, 80%) m.p. 96-97° (lit.72‘m.p. 98°).

Reaction of Chloral (73)‘with NN'-Dihydrobenzo(c)cinnoline

A solution of chloral (73) (0.12g, 0.8 m mole) and NN'-dihydrobenzo
(c)cinnoline (0.15g, 0.85 m mole) in dry dichloromethane (5 ml) was
allowed to stand under nitrogen at room temperature. The reaction was
followed by t.l.c. and i.r. (1770 cm-l) and was complete after 1.5 h, a more
polar product being formed. The reactiﬁn mixture was evaporated in vacuo
to give a pale yellow oil which was subjected to p.l.c. (chloroform) to

afford N-formyl-NN'-dihydrobenzo(c)cinnoline (75).  This was crystallised

from chloroform as white needles (0.12g, 70%) m.p. 118-120°, v (CHC1,)
* “max 3

3300 (NH) and 1690 and 1640 em t (carbonyl), t 1.66 (1H,d,J15Hz, CHO) and
2.0-3.4 (8H,m,Ar) (Found: C,7u4.1; H,4.9; N,13,2, ClSHlONQO requires

C,74.3; H,4.8; N,13.3%).

Reaction of 222-Trichlorocethyl pyruvate (74) with NN'-Dihydrobenzo(c)cinnoline

The reaction was carried out as in the case of chloral, using
222-trichloroethyl pyruvate (74) (0.1lg, 0.48 m mole) and NN'-dihydrobenzo
(c)-cinnoline (0.1g, 0.55 m mole). The reaction was followed by t.l.c.
and i.r. (1760, 1745 cm_l) and was complete in 1 h, a more polar product
being formed. The reaction mixture wds evaporated in vacuo and the
resulting yellow oil subjected to p.l.c. (chloroform) to afford N-acetyl-

formy1-NN'-dihydrobenzo(c)cinnoline (76) as a pale yellow oil (0.0%g, 70%).

Via (CHClS) 3260 (NH) and 1725 and 1680 cm—l (carbonyl), T 2.1-3.1

e

(8H,m,Ar) and 7.62 (SH;s,ygpo). Mass measurement: M+252, (M+-CH2CO) 210,

(u"-cH_COCO) 181.
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Reaction of Benzil (77) with NN'-Dihydrobenzo(c)cinnoline

A solution of benzil (77) (0.06g, 0.28 m mole) and NN'-dihydrobenzo(c)
cinnoline (0.1lg, 0.60 m mole) in dry dichloromethane (5 ml) was allowed
to stand, under nitrogen, at room temperature. The reaction was followed
by t.l.c. and was complete in 30 min. The mixture was diluted with ethyl
acetate (25 ml) and washed with 6N hydrochloric acid (4x15 ml) and

water (15 ml), dried and evaporated in vacuo to give benzoin (78) which

was crystallised from ethanol as pale yellow needles (0.05g, 82%)

m.p.136-137° (1it. % m.p. 137°).

Reaction of (#4)-Camphorquinone (79) with NN'—Diﬁydrobenzo(c)ciﬁnoline

A solution of (+)-camphorquinone53(79) (0.20g, 1.2 m mole) and
NN'-dihydrobenzo(c)cinnoline (0{23g, 1.3 m mole) in dry dichloromethane
(5 ml) was allowed to stand, under nitrogen, at room temperature. The
reaction was followed by t.l.c. and i.r. (1775, 1760 cm—l) and was complete
in 1.5h. The mixture was diluted with ether (25 ml), waskha=d with
6N hydrochloric.acid (4x15 ml) and water (15 ml), dried and evaporated
down to give a colourless oil,  The n.m.r. spectrum of thé 0il indicated
that two products had been obtained since it showed two new methine
resonances at 5.78 (d,J4Hz) ;nd 6.1 t(bs) in the ratio 1:1, plus a new
resonance at 6.38 t(1H,s) which was assigned to the hydrogen in a hydroxyl
group since it exchanged with deuterium oxide. The crude mixture was
benzoylated, using pyridine and benzoyl chloride, and the two benzoylated

products separated by p.l.c. (5:6, light petroleum:benzene), The more

polar product was endo-2-hydroxyepicamphor benzoate (83) e and was

crystallised from n-hexane as colourless plates (0.10g, 30%) m.p. 87-88°

56

. o 121 . g
(1it.”" 87.5-88") laly +1#87c 1 in CHC1,) v . (CH013)_3520 (OH), 1760

(ketone) and 1725 cm—l (ester), T 2.05 (2H,m,Ar), 2.6 (3H,m,Ar), 4.65 br

(1H,s,ex0-2H), 7.4-8.6 (5H,m), 8.92 (3H,s,Me) and 8.98 (6H,s,2xMe).
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The less polar product was endo-3-hydroxycamphor benzoate (82) 55 and

was obtained as a colourless oil (0.10g, 30%) [aJ§1+37.f¥c 1 in CHClS)
Yok, (CHClS) 3520 (0H), 1760 (ketone) and 1725 ot (ester), T 1.9
(2H,m,Ar), 2.5 (3H,m,Ar), 4.6 (1H,d,JuHz,exo~3H), 7.42 (1H,s,CH), 8.2
(MH,m,QxEEQ), 8.92 (6H,s,2xMe) and 9.0 (3H,s,Me).

These products were identical to the derivatives obtained after

reduction of camphorquinone (79) with zinc/acetic acid.su

Reaction of p-Benzoguinone (84) with NN'-Dihydrobenzo(c)cinnoline

A solution of p-benzoquinone (84) (0.06g, 0.056 m mcle) and

NN'-dihydrobenzo(c)cinnoline (0.12g, 0.67 m mole) in dry benzene (5 ml)
was allowed to stand, under nitrogen, at room temperature. The reaction
was followed by t.l.c. and i.r., (1675, 1665 cm—l). The reaction was
complete in 1 min. and an off-white precipitate was formed. The mixture
was filtered and the solid obtained stirred with ether (10 ml). After

5 min. the mixture was filtered. The filtrate was dried and evaporated

in vacuo to afford guinol (85) as a pale-yellow solid which was crystallised
from water as white needles (O;OSg, 83%) m.p. 167-168° (lit.72 MeDe 170°).

v (CHCL_) 3350 cm © (OH).
max 3

.

Reaction of 3,5-Di-t-butyl-o-benzoquinone (86) with NN'-Dihydrobenzo(c)cinnoline

A solution of 3,5-di-t-butyl-o-benzoquinone 57(86) (0.11g, 0.5 m mole)
and NN'-dihydrobenzo(c)cinnoline (0.1lg, 0.55 m mole) in dry dichloromethane
(5 ml) was allowed to stand, under nitrogen, at room temperature. The
reaction was followed by t.l.c. and i.r. (1670 cm—l)and was complete in
1 min. The mixture was diluted with ether (25 ml) and washed with 6N
hydrochloric acid (4x15 ml) and water (15 ml) dried and evaporated in vacuo

to afford 3,5-di-t-butylcatechol (87) which was crystallised from ether

9
as white needles (0.09g, 80%) m.p. 97-100° (lit.7‘ m.p. 96-990)

-1 )
vmax. (CHCls) 3540 and 3280 cm (OH).
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Reaction of 4,5-Dicarboxypyridazine (96) with Zinc/hydrochloric acid,

followed by attempted reduction of Nitrosobenzene

Zinc dust (O.ng) was added portionwise, over 15 min. to a stirred
sclution of 4,5~-dicarboxypyridazine (96)62 (0.05g) in 8% hydrochloric acid
(8 ml), under nitrogen, at 70°.  U.v. spectra showed changes in maxima
from 262 and 215 nm to 245, 225 and 216 nm, showing that a reaction had
taken place. The reaction mixturd was stirred until all the zinc had
reacted, filtered and the filtrate evaporated to about 0.5 ml, under
vacuum. Dimethylformémide (5 ml) was added to the residue and the pH
adjusted to 7.5 with triethylamine., Nitrosobenzene was added tc the
resulting solution which was then left under nitrogen for 24 h, U.v.

spectra indicated that no reaction took place.

Reaction of o-Phenylenediamine (103) with Benzaldehyde, followed by

reduction of Nitrosobenzene

Nitrosobenzene (0.04g, 0.4 m mole) was added to a stirred solution
of o-phenylenediamine (103) (0.09g, 0.85 m mole) and benzaldehyde (0.09g,
0.85 m mole) in ethanol (5 ml), under nitrogen, at room temperature.

T.l.c. showed that reduction to phenylhydroxylamine took place in 30 min.

‘The reaction mixture was evaporated in vacuo and benzoylated using

benzoyl chloride in pyridine. The resulting N,0-dibenzoylphenylhydroxylamine

(56) was separated by p.l.c. (1:9, ethylacetate:benzene) and crystallised
‘ 72

from ethanol as white needles (0.03g, 25%) m.p. 119-120° (1it. m.p. 121°).

Reaction of 3-Amino-4-hydroxybenzcic acid (106) with Anisaldehyde

Anisaldehyde (0.068g, 0.5 m mole) was added to a stirred sclution of
3-amino-u4-hydroxybenzoic acid (0.076g, 0.5 m mole) in ethanol (3 ml) at

room temperature. After 5 min the Schiff base (107) was deposited as a

brown solid. v (nujol) 3350 (CH) and 1680 em b (acid), T 2.82

(1H,s,CH), 3.5 (2H,d,Ar), 3.8 (2H,m,Ar), 4.42 (3H,m,Ar) and 7.64 (3H,s,0Me).
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0-4-Carbome thoxy~2-nitrophenyldimethylthiocarbamate (110)

Diazabicyclooctang (2.16g, 20 m mole) and dimethylthiocarbamoyl
chloride7u (1.80g, 15 m mole) were added to a solution of 4-hydroxy-3-
nitromethyl benzoate (2g, 10 m mole) in dry dimethylformamide (8 ml).
The resulting yellow suspension was stirred at 300, under nitrogen, for
30 min. and then heated to 60° over 1 h. The reaction mixture was then
allowed to cool down and diluted with ether (150 ml). The ethereal
solution was washed with water (5x3C ml), dried and evaporated in vacuo

to give the desired product (110) as a yellow solid which was crystallised

from ethanol as yellow needles (l.8g, 60%), m.p. 86—900, Voo (CHClS)

1730 (ester), 1680 (0-C=s) and 1540 cm * (NO,), T 2.13 (1H,d,J2Hz), 2.6

(1H,dd,J2 end 8Hz), 3.53 (1H,d,J8Hz), 6.85 (3H,s,0Me) and 7.4 (6H,d,NMe, ).

S-4-Carbomethoxy-2-nitrophenyldimethylthiocarbamate (111)

O—M—Carbomethoxy—2—nitrophenyldimethylthiocarbamate (110) (0.15g)

was heated for 20 min at 1500, during which time it rearranged to the

desired product (111) as a yellow gum. The gum solidified on standing
and was recrystallised from ethanol as yellow needles (0.13g, 88%) m.p.

71—740, Voax (nujol) 1720 (ester), 1660 (s-C=0) and 1540 cm_l (NOQ),

1 2.3 (1H,d,J2Hz), 2.66 (1H,dd,J2 and 8Hz), 3.04 (1H,d,J8Hz), 6.85 (3H,s,

OMe) and 7.72 (6H,s,Nﬂgé).

4-Mercapto-3-nitrobenzoic acid (112)

10% Sodium hydroxide solution (8 ml) was added to a solution of S-4-
carbome thoxy-2-nitrophenyldimethylthiocarbamate (111) (1.30g, 4.5 m mole)
in methanol (15 ml), under nitrogen. The resulting solution was heated
to 500, with stirring, over 1 h. The solution was stirred for 30 min. at
this temperature, then cooled in an ice-bath and acidified with 6N hydrochloric

acid. The desired product (112) was obtained as a yellow precipitate,

which was filtered off and dried, in vacuo (0.63g, 80%) m.p. 295-300° (decomp.)
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v (nujol) 2550 (SH), 1690 (COOK) and-1520 em * (N0,), T 2.12 (IH,d,

J2Hz), 2.88 (1H,dd,J2 and 8Hz) and 3.41 (1H,d,J8Hz).

3-Amino-4-mercaptobenzoic acid (113)

This is a modification of .the method used by Dannley and Zazaris.7l

4~Mercapto-3-nitrobenzoic acid (112) (1.5g) was stirred in ethanolic
solution (15 ml). Tin (4g) was added and the mixture heated to 70°,
Concentrated hydrochloric acid (6 ml) was then added dropwise, over 30 min,
The mixture was stirred for a further 30 min. at 700, the precipitated tin
salts filtered off and the filtrate evaporated down to about 5 ml, in vacuo.
The product was recrystallised from 1l:1 methanol:hydrochloric acid. The

tin salts precipitated first, followed by the desired product (113) as

its pale yellow hydrochloride, (0.8g, 55%) m.p. 295-300° decomp. (lit.7l’

267-268°). v__  (nujol) 3500 (NH), 2550 (SH) and 1690 em L (cooH).

.

Mass measurement: M+ 169.

Reaction of 3-amino-U-mercaptobenzoic acid (113) with Anisaldehyde,

followed by reduction of Azobenzene

Anisaldehyde (0.lg, 0.75 m mole) was added to a solution of 3-amino-
4-mercaptobenzoic acid (113) (0.15g, 0.75 m mole) in pyridine (2 ml).
The mixture was stirred for 15 min. at room temperature, under nitrogen,
and then diluted with benzene.(lo ml).  Azobenzene (0.lg, 0.55 m.mole) was

added and the reaction followed by t.l.c. Reduction to hydrazobenzene

took place in 30 min. The mixture was washed with 10% sodium hydroxide
solution (2x5 ml) and water (5 ml) and then dried. The product was

benzoylated using benzoyl chloride and the resulting N-benzoylhydrazo-

benzene (52) separatéd by p.l.c. (1:9, ethyl acetate:benzene) and

crystallisea from methanol as white needlés‘(0.0Qg,.GO%) m.p. 137-139°

(1it.’? m.p. 138-139°),
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4-Formylphenoxyacetic acid (117)

Sodium hydride (0.96g, 40 m mole) was added, over 5 min, portionwise
to a stirred solution of p-hydroxyberizaldehyde (115) (4.9g, 40 m mole) in
dry THF (30 ml), under nitrogen, at room temperature. A grey precipitate
was formed immediately. After the evolution of hydrogen ceased, ethyl
bromoacetate (6.7g, 40 m mole) was added and stirring continued overnight.
After this period, 10% sodium hydroﬁide solution (25 ml) was added, with
caution, and stirring continued for 1 h. The resulting solution was
concentrated to about 30 ml and acidified with glacial acetic acid.

The off-white precipitate was filtered off and crystallised from aqueous
acetic acid to give the desired product (117) as off-white leaflets

2 h.p. 198%), T 2:10(2H,d,J10Hz,Ar),

(5.1g, 70%) m.p. 196-198° (1it.

2.90 (2H,d,J10Hz,Ar) and 5.28 (QH,sggﬁg).

Reaction of o-Methylaminoaniline (118) with 4-Formylphenoxyacetic acid (117)

followed by reduction of 3,5-Di-t-butyl-o-benzoquinone (86)

3,5-Di-t-butyl-o-benzoquinone (86)57 (0.05g, 0.24 m mole) was added
to a stirred solution of. 4-formylphenoxyacetic acid (117) (0.054g, 0.3 m mole),
o-methylaminoaniline. dihydrochloride (118) (0.057g, 0.3 m mole) and
triethylamine (0.09g, 0.9 m mole) in ethanol (5 ml) under nitrogen, at
room temperature. The reaction was followed by t.l.c. and i.r. (1670 cm-l)
and was complete in 15 min. The reaction mixture was diluted with ether
(25 ml), washed with dilute bicarbonate (2x15ml) and brine (15 ml), dried
and evaporated in vacuo tc give a pale yellow solid. On crystallisation

from ether, 3,5-di-t-butyl-catechol (87) was obtained as white needles
72

(0.038g, 75%) m.p. 96-98° (1it.’“ m.p. 96-99°) v (CHC1;) 3540 and

3280 cm T (OH).
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