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ABSTRACT

The thesis is in two parts. In the first deprotonation at the 5-

position of 5-membered heterocycles followed by attack with an

electrophile like water or an alkyl halide has been used to bring about a

net functional group interconversion viz imines to amides and aldehydes
to carboxylic acids and esters. The heterocycles themselves are prepared
via a concerted 1,3-dipolar cycloaddition pathway.

A2-3-phenyl-4,5-disubstituted-l,2,4-oxadiazolines were prepared

by the cycloaddition of benzonitrile oxide, generated in situ by the

y-dehydrochlorination of benzhydroximoyl chloride, with a variety of
imines. Deprotonation of these oxadiazolines at the 5-position with

potassium r-butoxide gave benzonitrile and the amide anion by an

electrocyclic process. Electrophilic attack by water gave a secondary
amide while alkylation gave the corresponding tertiary amide. In cases

where the substituent at the 5-position is methyl then deprotonation does
not occur with a range of bases such as BunLi, LDA and KOBuk

Attempts to make A2-3-methyl-4-r-butyl-5-substituted-l ,2,4-
oxadiazolines via acethydroximoyl chloride led to the discovery of a

novel cycloaddition-cycloreversion giving an aldehyde (benzaldehyde or

acetaldehyde) and /V-r-butylacetamidine. This may be due to an acid

catalysed decomposition of the initially formed oxadiazoline in a

mechanism involving a nitrene or nitrenium ion. These hetrocycles are

not inherently unstable since they were successfully prepared by

cycloaddition of acetonitrile oxide from dehydration of nitroethane with
two moles of phenyl isocyanate, and the resulting A2-3-methyl-4,5-
disubstituted-l,2,4-oxadiazolines underwent deprotonation followed by
reaction with water or alkyl halide gave the secondary or tertiary amides
with the elimination of acetonitrile.



Similarly, the in situ cycloaddition of benzonitrile oxide with
aromatic aldehydes gave A2-l,4,2-dioxazolines. Deprotonation at the 5-

position followed by quenching with either water or iodomethane gave

the carboxylic acids and methyl esters respectively. Diphenylnitrile
imine, obtained by the dehydrochlorination of oc-chloro-

benzylidenephenylhydrazine with triethylamine, added to imines to give
A2-l,2,4-triazolines, but base-induced cycloreversion was not achieved in
this case.

In the second part the cycloaddition reactions of the adduct
between tri-rc-butylphosphine and carbon disulphide, which has the tri-n-

butylphosphoniodithioformate 1,3-dipolar structure, have been examined.
Its addition to a variety of acetylenes having electron withdrawing
substituents in neutral media gives stable 2:1 adducts which are probably
formed via an initial 2-tri-n-butylphosphoranylidene-l ,3-dithiole which
adds to the second mole of the acetylene to give the 2:1 adduct through
the ring opening of a four-membered cyclic intermediate. In the case of
DMAD the structure of the adduct was established by a single crystal X-

ray diffraction study. Methyl benzoylpropiolate and dibenzoyl acetylene
for these studies were obtained in a novel way by the FVP of the

corresponding 1,4-disubstituted-2-triphenylphosphoranylidene-1,3,4-
triones by the elimination^triphenylphosphine oxide.

The reaction with l-(/?-nitrophenyl)-3,3,3-trifluoroprop-l-yne

prepared by the FVP of the ylide l,l,l-trifluoro-3-(/?-nitrophenyl)-3-
(triphenylphosphoranylidene)-propan-2-one gave a product which is most

likely the 2-tributylphosphoranylidene-l,3-dithiole.

Simple reactions of the 2:1 adduct of DMAD and tri-n-

butylphosphoniodithioformate with hydrochloric acid, sodium hydroxide,
tetrafluoroboric acid etherate and its FVP were carried out.



Unlike the reaction with acetylenes the reaction of tri-n-

butylphosphoniodithioformate with double bonded dipolarophiles such as

dimethyl fumarate, maleic anhydride, methyl acrylate, diethyl

azodicarboxylate, and N-phenyltriazolinedione gave 1:1 adducts through
the two sulphur atoms as unstable oils. Column chromatography to

purify the adducts led to hydrolysis to give the hydrogenated

dipolarophiles in which H2 has come from water. Use of Si02/D20 has

provided a convenient method for obtaining dideuteriated reduced

dipolarophiles without the use of the expensive D2.

Although alkenes like stilbene, styrene and cyclohexene do not add
to the dipole, the strained cyclic alkenes norbornene and norbornadiene

give novel adducts. Norbomene forms a 1:1 adduct with an extra CS2

incorporated within the structure whereas norbornadiene gives a highly
insoluble polymeric material for which a structure is suggested based on

the solid state 13C N.M.R. spectrum.

The adduct of tri-n-butylphosphine and phenyl isothiocyanate was

prepared and its cycloaddition with DMAD carried out.
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PART 1

INTRODUCTION



1

A. 1,3-Dipolar Cycloadditions

The discovery of 1,3-dipolar cycloadditions in the early 1960's
revolutionised the synthesis of five-membered ring heterocycles. The

versatility of these cycloadditions in the synthesis of heterocycles can be

compared with that of the Diels-Alder reaction in constructing carbocyclic

compounds.
The paper published by Eduard Biichner1 in 1888 can be considered

as the first report of 1,3-cycloadditions. He studied the reactions of ethyl
diazoacetate with unsaturated carboxylic esters. It was only in 1893 that
the product ofmethyl diazoacetate and methyl acrylate was recognised to be

2-pyrazoline (2)2 which in fact is the rearranged product of 1-pyrazoline

(1).

In 1938 Smith3 reviewed the compounds capable of undergoing 1,3-
additions and listed a number of classes (aliphatic diazo compounds, azides,

nitrones, nitrile oxides, furoxans, isatogens, isoxazoline oxides and cyclic

nitrones, Staudinger's nitrenes, azoxy compounds). Each one had a

pentavalent N attached to a C or N with a double bond on one side and to a

C, N or O by a semipolar double bond or a semipolar double bond and a

single bond on the other side.

Huisgen has defined4 cycloadditions as ring closure reactions in
which new o-bonds are created at the expense of 7i-bonds. They involve
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cyclic electron shifts but do not involve cleavage of G-bonds or even

elimination of small ions or molecules.

The cycloadditions are classified4 on the basis of ring size and the
number of ring atoms contributed by each member.

Thus,
*b+V-a C"

+ a c
\ /

d=e d—e

is a [3 + 2 —» 5] cycloaddition.

1. The 1,3-dipole

A 1,3-dipole is defined5 as a species that is represented by
zwitterionic octet structures and undergoes 1,3-cycloadditions to a

multiple-bond system, the dipolarophile.

1,3-dipole

-

3 ^ /bN
~S- " \ 'd=e d—e

dipolarophile

1,3-dipoles contain an onium centre 'b' whose charge compensates

the negative charge distributed over the two termini 'a' and 'c' in the two

all-octet structures.The sextet structure contributes very little to the
electron distribution of the resonance hybrid. A reaction via an octet

species is therefore favoured. Thus, a 1,3-dipole can be considered a

heteroallyl anion that bears no net charge. If two of the four allylic n
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electrons are localized at the centre atom 'b' it cancels the positive charge
and creates electron sextets at 'a' and 'c'. The 1,3-dipole is therefore,

\
cr a:'

octet structures

/%

,xbx ;a+ c:
a:"

sextet strutures

both nucleophilic and electrophilic. The reactivity of the dipole can be
attributed to this ambivalence.

There are two types of dipoles - the allyl type and the propargyl-

allenyl type. If there is an additional n bond in the plane perpendicular
to the allyl anion molecular orbital, then it makes the propargyl-allenyl

type of 1,3-dipole linear in contrast to the allyl type of 1,3-dipoles which
are bent.

Propargyl allenyl type

a=b+ -cr

Allyl type

a ^

:a

The better known 1,3-dipoles consisting of carbon, nitrogen and oxygen

centres can be classified as shown in [Table l]5.
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Table 1. Classification of 1,3-Dipoles Consisting of Carbon,

Nitrogen, and Oxygen Centres.

Propargyl-Allenyl Type

Nitrilium Betaines
— C=N+-C"

— C= N+- N"

— C= N+ - Or

C"= N+ = C
/

C-= N+= N—

C- = N+=0

Nitrile Ylides

Nitrile Imines

Nitrile Oxides

Diazonium Betaines

N= N+ — C"

N=N+-N-

N= N+- Or

N~= N+ = C
/

N"=N+=N-

N"= N+ = O

AllyI Type

Nitrogen Atom as Middle Centre

%c= N+ — cClx i

J>C=N+-N-—x I

^>C=N+-Orx I

SSN=N+- N"—

SN— N+- or
I

0= N+ - Or
I

C~ — N+= C:

C" — N+ = N—
I

— n+ = O

I
V

N~— N+=
I

\
N"—N+=0

I

:CT- N+= O
I

Diazoalkanes

Azides

Nitrous Oxide

Azomethine Ylides

Azomethine Imines

Nitrones

Azimines

Azoxy Compounds

Nitro Compounds
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Oxygen Atom as Middle Centre

^>c= O' — 0- — 0+= C^ Carbonyl ylides

^C—0+ N ^ C — 0+ — N— Carbonyl Imines

= 0+ — 6
— 0+ = O Carbonyl Oxides

^N—0+—N N"— o+=N\ Nitrosimines

^N— 0+ — O
— 0+ = O Nitrosoxides

0=0+-0- ► :0"-0+=0 Ozone

Several phosphorus and sulphur containing compounds can also
have 1,3-chpolar activity provided they have similar allyl anion molecular
orbitals.

2. Dipolarophiles

The multiple bonded system to which a dipole adds is called a

dipolarophile.
Some of the best known dipolarophile systems are listed below;

-C=N J^C=N_ N=S^
^ C= O N= P^~
:c= s N=B-

•c = p^- ^;s=o



6

Reactivity of a dipolarophile
The reactivity of a dipolarophile depends on a number of factors.

1. Alkynes in general have a reduced dipolarophilic activity compared
to alkenes showing that gain in aromaticity in cycloadducts does not
affect rate formation.

2. E -dipolarophiles are more reactive than the corresponding Z-

isomers, e.g. fumaric and maleic esters and E vs. Z stilbene. This
can be attributed to the steric compression on the two Z substituents

during the formation of the cycloadduct6.
3. The relative rates of cycloaddition of p-substituted benzonitrile

oxides to linear alkenes show that varying chain length of the alkene
does not affect the rates7 [Table 2 - Rate constants in L/(mols)xlO"3j.

4. Deformation and strain are responsible for the high activity of

cycloalkenes8-..Norbornene9, norbomadiene, cyclopentene,

x-Q-c=n*-°" + =<* —- x-Q-0r;R
x=no2,och3. r1

(3) (4) (5)

Rate Constant for
Alkene (4) addition of (3)

R Rl x=no2 x=och3

Me h 13.4 2.41

Et h 12.9 2.41

prn h 12.6 2.38

Bun h 12.9 3.39

Table 2
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bicyclo[2.1.0]pentene and Dewar benzene are more reactive than

cyclohexene as only small energy expenditure is required to effect the 10°
cis bending required to reach the cycloaddition transition state geometry.

Huisgen8 attributes the unusual reactivity of the norbornene double bond

only partly to the release of ring strain in the transition state and partly to

a 'factor x' which relates to the symmetry properties of the cycloalkene or

rather to the change in hybridisation at the alkene C atoms.

B Generation and Cycloadditions of Nitrilium Betaines

1. Nitrile oxides

a) Historical

Fulminic acid was discovered in 180010but the most synthetically
useful derivative, benzonitrile oxide was first made in 1886 by Gabriel
and Koppe11 in a reaction between the sodium salt of nitrobenzalphthalide
and iodine in KI. Werner and Buss12 were the first to suggest the
formation of benzonitrile oxide (8) via the chlorination of benzaldoxime

(6) followed by dehydrohalogenation of the benzhydroximic acid chloride

(7).

ci

(7)
(8)

In 1907 Wieland13 thought he had isolated benzonitrile oxide as a

crystalline solid but found it to be highly unreactive. It was in fact the
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inert dimer diphenyl furoxan (9) which explains the observed

unreactivity.
Ph Ph

W
VNV

(9)

Dimerisation of the nitrile oxide is observed to be the normal mode of

decay of the 1,3-dipole. Lower aliphatic and acyl nitrile oxides dimerise
faster than aromatic nitrile oxides which have an increased resistance to

dimerisation due to presence of electron-donating substituents and steric
hindrance due to o,o'-substituents. Thus, sterically hindered nitrile oxides
have very long life times and do not dimerise easily to furoxans. 2,5-
Disubstituted benzonitrile oxides are sufficiently hindered for this to be
the case and 2,4,6-trimethylbenzonitrile oxide, 3,5-dichloro-2,4,6-

trimethylbenzonitrile oxide and 9-anthronitrile oxide are some examples
of nitrile oxides unreactive towards dimerisation.

b) Generation

The most common route for the generation of nitrile oxides is the
in situ dehydrohalogenation of hydroximoyl halides.The major routes to

nitrile oxides are shown in Scheme 1.

c) Cvcloadditions

The reaction of benzhydroximoyl chloride (7) and sodioacetoacetic
ester (10), reported by Quilico and Fusco in 1936, to give the isoxazole
derivative (11) can be cited as the first case of nitrile oxide cycloaddition.



9

R - CH = NOH

R H

V
II

\
OH

(Syn aldoximes)

Cl2 / NOC1 /
NBS / NCS.

t
R- C= NOH

I
CI

-HC1,
base/Ag salts,
, heat

[R—C=N+-0"]

R—CH = N

Y= ON= CHR , N(0)-CHR
(Dehydrodimers)

R - CH2N02
(Nitroalkanes)

-h2o,
Et3N, PhNCO / POCI3

w
R

N N+n
%0^ Or

Scheme 1

O" ^NOH ^COMe
V\ + NaHCv

CI C02Et
(7) (10)

Huisgen 14'15>16and coworkers in 1972 reported a comprehensive

study of cycloadditions of nitrile oxides to a wide range of dipolarophiles

(Scheme 2). Most of the yields are very high or quantitative if
dimerisation of the nitrile oxide is prevented by a slow addition of base to

an ice-cooled mixture of dipole and dipolarophile.

EtOzC Me

(11)
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R-V-04
o

h

(12)

r44?
O4R°

R

(13)

r'—ch = 0

t r' '
Vo
r"

r'ch = chr"

r - c=n+ - Or

cn

Multiple Bonds.
r' (19)

R

RVS

r'

>= nr

44
R

n-
/ r"

(18)

R

(15)

r'—c= n

r'-N=c = o

r — ch = noh

R4S44.
n,

R—& 9

N,
r—94 4*'
ho

n
/ h

4

r'

n- ,

/ O

(17)

J
n^\< -h2o
(16)

Scheme 2

2. Nitrile imines

Nitrile imines, like nitrile oxides are highly reactive species and
have not been isolated although they have been spectroscopically observed
and trapped by various dipolarophiles to give cycloadducts.

a) Historical

Huisgen and co-workers17 were practically the first to prepare
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nitrile imines by the thermal decomposition of 2,5-disubstituted tetrazoles
(21) and the base-induced 1,3-dehydrochlorination of the hydrazonoyl
chloride (22).

Ph

N N
»* «

N-K
R

R=MeJ>h
(21)

heat

-N2

Ph-C=N+-N—R

I
Ph - C+ —N- N~— R

T
Ph-C" = N+= N-R

—HC1
Ph — c''

N~ NH- Ph

CI

(22)

In the 1930's hydrazonoyl halides were widely used in the synthesis
of pyrazoles18. The hydrazonoyl halides are reacted with salts of
activated methylene compounds to give substituted pyrazoles (23).

"VHal
ii
N
\
NH

I
Ar

CH— X
I
CO—R'

R=H,aryl,alkyl.

R=aryl,carbethoxyl, X=C02R,CONH2>
acyl,arylazo, CN,S02R,C0R.
arylsulphonyl.

R1

R

N + Hal"
N

Ar

(23)

H20

The only other early mention of nitrile imines is in 1934 by
Miiller19 who assigned the structure (24) of formonitrile imine to

isodiazomethane. Spectroscopic studies by the same group later showed
it to be in fact aminoisonitrile (25)20 and the contribution of the parent

nitrile imine in this tautomerism is uncertain.

Gru&mann and co-workers21 obtained dimesitylnitrilimine (27)

only as an intermediate by the thermal degradation of potassium

mesitylazo-mesityl nitromethane (26).
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H,C=N+=N-

MeLi

20°C

-CH4

HC-=N+=N~H

4

hc-=n+=nh

(24)

C~SN+—NHo

:C=N—NH,

(25)

The imine was detected by its i.r. spectrum and trapped by C=N bonds of
bases like pyridine, quinoline or isoquinoline to form 1:1 adducts (28)
which dissociated back to the imine in the presence of suitable

dipolarophiles like dimethyl fumarate, styrene, and phenyl acetylene to

give the corresponding 1,3-dipolar cycloadducts.
Ar-C-N=N-Ar heat ». Ar— C==N+ — N—Ar

N02

(26)

_ K+ Ar = mesityl

(27)

N.

o
Ar,
\
C= N

C02Me'

Ar N- ✓ MV* N

hA £C02Me
Me02C H

N-phenylbenzonitrile imine has also been observed in low temperature

photochemical reactions22.
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2,5-Diphenyltetrazole (29) in DMBP (2,2- dimethyl butane/pentane)
at -190°C on irradiation with light of 250-350 nm gave N-

phenylbenzonitrile imine.

Ph

N N
* /

N
i

Ph

(29)

b) Generation

Most of the nitrile imines are generated from hydrazonyl chlorides
which are highly stable and readily accessible. The treatment of hydrazides
with PCI523'24 is probably the most versatile method. Alternatively a

POCl3"pyridine complex or SOCI2 can be used.

PCI5
Ph -CO- NH- NH— Ph ► Ph - c= N~ NH~ Ph

I
CI

(22)

The most important routes for the generation of nitrile imines are shown in
Scheme 310.

Besides the dehydrohalogenation of hydrazonoyl halides (30) with a

base like triethylamine or silver salts, thermolysis at 160-200°C or

photolysis of tetrazoles (31) is the major alternative for the generation of
nitrile imines. Thermolysis or photolysis of heterocyclic systems like
oxathiadiazoline-S-oxides (32), l,3,4-oxadiazolin-2-ones (33) and

sydnones (37) give nitrile imines. The dehydrogenation of aldehyde

hydrazones (36) can also be used for nitrile imine generation.

Theromolysis of the sodium salt of a-nitro aldehyde hydrazones (35) and
the pyridinium betaines (34) also afford nitrile imines.

250-350nm
► Ph —C= N+- N~ + n2

-190°C,DMBP Ph
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R N, .R'

R-C=N~NHR
I
X

^ *N
N =N

(31)
N .R'

Et3N/Ag salts,
-HX

R.

, WR—N^,0
N

(37)

R-^ *N
o-s.

O

heat/ hv (32)

heat/hv

^ R—C=N+-N"-R' J
* N„ ,R'
■fjo-^

(33)
0

Pb(OAc)4

R—CH= N—NHR'

(36)

heat

R—C=N—N-—R'
I
N02
(35)

r—c=n-n~-r'
I
n+c5h5
(34)

Scheme 3

In the absence of dipolarophiles the generated nitrile imines
dimerise either to bisazoethylenes (38) which are head-to-head dimers or

dihydrotetrazines (39). The bisazoethylene (38) is itself unstable and is

photochemically or thermally transformed into triazoles or

polymers.
R— C = N+— N—R*

x 2

R>=-crR
N N

'I

R

(38)

R

R-jf%
N R

R"

(39)
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The dimerisation products depend on the route by which the nitrile
imines were formed. Photolysis of tetrazoles (31) and sydnones (37)

give the bisazoethylene (38) through a carbenic dimerisation whereas

dehydrohalogenation of hydrazonoyl halides (30) and thermolysis of
tetrazoles (31) gave the dihydrotetrazines via an anionic route.

c) Cvcloadditions

Cycloadditions of nitrile imines have been widely studied25'26'27.
The different cycloadducts formed by the addition to various

dipolarophilic systems are shown in Scheme 4.

3 Nitrile sulphides

In theory, the nitrile sulphides should be comparable with the
nitrile oxides in incorporating a C=N-S moiety into 5-membered

heterocycles, but they are highly unstable and hence difficult to isolate.

They decompose easily to the nitrile and elemental sulphur.

a) Historical

The first report of the existence of nitrile sulphides was by Franz
and Black28. Thermolysis of 5-phenyl-l,3,4-oxathiazol-2-one (46) gave
benzonitrile and sulphur. The thermally labile nitrile sulphide (47)could
be the possible intermediate as shown:
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rVS-r'
r1 r2

(40)

.r'c=cr2

rty
r1 r2

(41)

r^h = chr2

[r-csn+-n--r' ]

r'-n^r2
(42)

x= y

p ^n. ,r'r-^- >t
x- y

(45)

x=y c=p
n= n

n=b

n=p

n= s

s=o

c=s

r2

W*1
r2

(44)

c = o

r2

r^%-r'Wr1
r2

(43)

Scheme 4
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In order to test their theory of an intermediate nitrile sulphide they
studied the decomposition of the oxathiazolone (46) in the presence of
activated dipolarophiles like DMAD (2 equivalents) and succeeded in

isolating the 1,3-dipolar cycloadduct (48).

Ph
V- o" \ + DMAD

N-s^o
(46)

b) Generation29
Like the other nitrilium betaines the nitrile sulphides are generally

generated in situ in the presence of a dipolarophile. There are two

general methods:

i) Thermal methods which are more synthetically useful

ii) Photolytic reactions which are ideal for matrix isolation and

spectroscopic studies,

i) Thermal methods

The most widely used routes are shown in Scheme 5. These
are mainly based on the cycloreversion of 5-membered heterocycles

having a C=N-S unit. Decarboxylation of oxathiazolones (49)
remains the method of choice due to their good shelf-life and ease of

preparation.
Dithiazolones (50), in which the ring O of oxathiazolones is

replaced by S, fragment slowly (75-200 h) to give nitrile, S and COS, but
in the presence of DMAD isothiazoles are isolated in good yields.

l,3,4-oxathiazolines(51) decompose at around 160°C to give the

carbonyl compounds and the nitrile sulphide which can be trapped by

alkynes. Prolonged heating at 160°C results in the cycloreversion of
thiadiazol/r\es(52) to nitrile sulphides which in turn give cycloadducts in

PhCl,130°
-C02

Ph c

iti
C02Me

S

(48)

C02Me
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presence of suitable dipolarophiles. (Benzylimino) sulphur difluoride

(53) is believed to form benzonitrile sulphide through a 1,3-elimination
of 2 moles of HF. Thermolysis at 50-70° C of N-thioaroyl

diphenylsulphimides (54) in the presence of alkynes gave isothiazoles,

probably via a nitrile sulphide intermediate.

RR CO

Ph—CH— N:=SF-F
I
H

(53)

NaF,
18-crown-6-polyether,
130°C

PhCH2NH2 + SF4

(50)

heat

-COS
(slow)

RC=N+—S"

50-70 C

S
II

Ar_CN = SPh2
(54)

RCN

•n a = b

R

Y\
N B

S

Clycloadduct

Scheme 5

ii) Photolvtic reactions

Like the thermolysis, photolysis also involves the fragmentation of
5-membered heterocycles to give the C=N-S moiety. However, the

photolytic reactions involve an unstable 47t-antiaromatic thiazirine (55)
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which rearranges to the nitrile sulphide which is trapped by DMAD as in
Scheme 6.

v>
x=o,s

PhC= N
\ /
s

(55)

Ph

N.

-<
X

II
.Y

X=Y=N

X=NO,Y=N.

PhC= N+- S"

Ph

N.

<
X

I
.Y

X=0, Y=CO.
X=0, Y=CS.
X=0, Y=CNH.
X=CO, Y=CO.
X=CO, Y=S.
X=CS, Y=S.

DMAD
Ph C02Me

~r~(
Nn /^CQ2Me

S

(48)

Scheme 6

c) Cvcloadditions

The number of reported cycloadditions of nitrile sulphides is
limited as compared with other nitrilium betaines. Yields of the

cycloadducts are generally optimised by the in situ generation of the 1,3-
dipole, using an excess of dipolarophile and maintaining a low
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concentration of the nitrile sulphide thus minimising decomposition.The
various cycloadditions of nitrile sulphides can be summarised as shown in
Scheme 7.
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C Programme of Research

The effect of an alkali on heterocycles like (64) was briefly
mentioned by Huisgen nearly thirty years ago30. For the glyoxylic ester

adduct, deprotonation at the 5-position was followed by cycloreversion to

give benzonitrile and oxalic acid. Although this is the only direct

precedent for the present study, several related cycloreversions have been
described.

In 1979, Cava et a/31 reported a method to convert aromatic

aldehydes (65) to the corresponding dithioesters (67) via the base induced

co2rco2h

PhC=N + 9°2H
co2h

t
CO

fragmentation of the intermediate ethylenedithioketals (66) for a variety
of Rl and R2.
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Cava's work was based on the observation by Schonberg et al in
193132 that phenyllithium reacts with 4,4,5,5-tetraphenyl-l,3-dithiolane

(68) to give tetraphenylethylene (69) and lithium dithioformate (70).
Lithium thiophenoxide.was later detected to be the second product of this
reaction.

A large number of heterocycles of the type (71) have been prepared
via 1,3-dipolar cycloadditions of nitrilium betaines to a variety of

dipolarophiles.

/-X X=O.S,NR2etc.R' \ Y=O.NR2etc.
Y H
(71)



23

The aim of the present work was to investigate whether the

observation of Huisgen on (64) might be extended to form the basis of a

general method of functional group interconversion as shown in Scheme
8. In this the cycloadduct (71) between a nitrilium betaine and an

aldehyde or imine (72) is deprotonated at the 5-position and the resulting
anion undergoes cycloreversion with loss of the nitrile R1 CN. This

gives the anion (73) which may react with an electrophile E+ on either X
or Y depending on the nature of these atoms.

This overall transformation of (72) to (74) or (75) represents a

potential method for the interconversion of functional groups under mild
conditions without using a conventional oxidising agent. The possible

r1c=n+—x- // a b-

r
rch= y

(72)
x=0,s,nr2
y=0,nr2

r

N-X

I_^ X\
Y H

(71)

r

nrx

r

•r'cn

x

by-%
(74)

xe

y^r
(75)

x

4

t
x"

Y^R
(73)

Scheme 8

conversions include aldehyde to acid, ester, thioester or amide and imine
to amide, amidine or thioamide. The formation of the anions (73) which

can then be reacted with any desired electrophile in a one-pot procedure
is an additional attractive feature of this strategy.



EXPERIMENTAL
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A Symbols and Abbreviations

mol moles

mmol millimoles

M mol dm-3

h,min hours, minutes

T.L.C. thin layer chromatography
N.M.R. nuclear magnetic resonance

8 chemical shift

J spin-spin coupling constant

s,d,t,q,m singlet, doublet, triplet, quartet,

multiplet
M.S. mass spectrometry

m/z mass to charge ratio
M+ mass of molecular ion

FVP flash vacuum pyrolysis

m.p. melting point

b.p. boiling point
R.T. room temperature

DMA N,N-dimethylacetamide
THF tetrahydrofuran
HMPA hexamethylphosphoramide
DMAD dimethyl acetylenedicarboxylate
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B Instrumentation and General Techniques

1. N.M.R. Spectroscopy

a) 1H N.M.R.

Routine spectra were obtained at 60 MHz on a Varian EM-360

spectrometer. Spectra of new compounds were obtained at 80 MHz on a

Bruker WP 80 and high resolution spectra at 300 MHz on a Bruker AM-
300 spectrometer both operated by Mrs. M. Smith.

b) 13c N.M.R.

All spectra were obtained at 75 MHz on a Bruker AM-300

spectrometer operated by Mrs. M. Smith.

Spectra of a few new compounds were obtained at 20 MHz on a

Varian CFT-20 spectrometer operated by Mrs. M. Smith.
The spectrum of the insoluble compound was obtained in the solid

state at 125.758 MHz on a Bruker MSL-500 spectrometer operated by
Dr. F.G. Riddell.

c) 31p N.M.R.

Spectra were obtained at 32 MHz on a Varian CFT-20

spectrometer. A few spectra were also run at 121 MHz on a Bruker
AM-300 spectrometer operated by Mrs. M. Smith.

Most spectra, except the solid state were obtained on solutions in

deuteriochloroform, except where mentioned otherwise. Chemical shifts
are expressed in parts per million to high frequency of tetramethylsilane
for lH and 13c and to a high frequency of phosphoric acid for 31 P.

2. Infra-red Spectroscopy

Spectra were recorded for liquids as thin film and solids as nujol
mulls between sodium chloride plates on a Perkin-Elmer 1420 ratio

recording spectrophotometer.
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3. Mass Spectrometry
Mass spectra and accurate mass measurements were obtained on a

Finnigan Incos 50 mass spectrometer operated by Mr. C. Millar.

4. Elemental Analysis

Microanalyses for carbon, hydrogen and nitrogen were carried out

on a Carlo-Erba 1106 elemental analyser operated by Mrs. S. Smith.

Microanalyses for phosphorus and sulphur were carried out at the

Chemistry Department, University of Durham by the kind permission of
Dr. D. Parker.

5. Melting Points

Melting points were determined using an Electrothermal melting

point apparatus and are uncorrected.

6. Thin Layer Chromatography
This was carried out using 0.2 mm layers of silica (Merck,

Kieselgel 6OF254) precoated on aluminium sheets. The components were

observed under ultraviolet light or by their reaction with iodine vapour.

7. Preparative Thin Layer Chromatography
This was carried out using 1.0 mm layers of silica (Merck,

Kieselgel 60-80 mesh), containing 0.5% Woelm fluorescent green

indicator, on glass plates. After locating the components with ultraviolet

light, the bands were scraped off and the products isolated by dissolving
in dichloromethane.
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8. Column Chromatography
Routine separations were carried out using Fisons silica gel for

chromatography (60-120 mesh). Separation of new compounds were

carried out using BDH silica gel for flash chromatography (Particle size
40 to 63 pm).

9. Drying and Evaporation of Organic Solutions

Organic solutions were dried by standing over anhydrous

magnesium sulphate and sometimes anhydrous sodium sulphate and were

evaporated under reduced pressure on a rotary evaporator.

10. Drying and Purification of Solvents

Commercially available solvents were used without further

purification unless otherwise indicated. When pure methanol was

required the commercial Analytical Reagent (A R) grade solvent was
used. Dry dichloromethane was prepared by storing over molecular
sieves. Dry ether was prepared by storing over sodium wire. Extra dry

tetrahydrofuran was prepared by drying with sodium wire and then

distilling from potassium benzophenone ketyl. Extra dry ether was

obtained by drying with sodium wire and distilling from sodium

benzophenone ketyl. "Petroleum ether" refers to light petroleum boiling
between 40 and 60°C.

11. Flash Vacuum Pyrolysis
This was carried out using a conventional system with a horizontal

30 x 2.5 cm silica tube heated in the range of 500-800°C by a Carbolite
Eurotherm Tube Furnace MTF - 12/38A. the temperature was measured

by a Pt/Pt-13% Rh thermocouple situated at the centre of the furnace and
the whole system was maintained at a pressure of 10~2-10-3 mm Hg by an
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Edwards Model E2M5 high capacity rotary oil pump, the pressure being
measured on a Pirani gauge. After pyrolysis the products are dissolved
in dichloromethane.
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C Preparation of Heterocycles

1. Preparation of A2-l,2,4-oxadiazoIines

a) Preparation of hvdroximovl chlorides

i) Benzhvdroximovl chloride

The method used was based on the method of Beckmann33.

Benzaldehyde (21.2 g, 0.2 mol) was stirred at R.T. in a solution of NaOH

(32 g, 0.8 mol) in water (120 ml) while hydroxylamine hydrochloride

(14g, 0.21 mol) was added. After stirring for 1 h the mixture became

homogeneous and did not smell of benzaldehyde. The mixture was

diluted with water (-20 ml) and the product precipitated by adding excess

of solid carbon dioxide. The mixture was allowed to stand overnight for

complete precipitation and extracted with dichloromethane (5 x 100 ml).
The combined organic extracts were dried and evaporated to give
benzaldoxime (17.7 g, 73%), as a white solid, m.p. 35-36°C (lit.34^ m.p.

35°C)

Chlorination

The chlorination was based on the method of Werner and Buss12.

Benzaldoxime (12.1 g, 0.1 mol) was stirred with chloroform (150 ml)
and cooled to 0°C while chlorine gas was bubbled in. The solution

immediately turned dark blue. Chlorine gas was added until the solution
turned yellow. This indicated the end of the reaction and the gas was

turned off. The solution on evaporation gave a pale yellow oil which
was dissolved in hot petroleum ether (b.p. 60-80°C). The solution was

evaporated to give benzhydroximoyl chloride (12.5 g, 80.4%) as a white
crystalline solid, m.p. 52-54°C (lit.12) m.p. 48°C)
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ii) Acetohvdroximovl chloride

The method ofWieland13 was used. A solution of sodium carbonate

(25.5 g, 0.24 mol) in water (70 ml) was added to a solution of

hydroxylamine hydrochloride (32.5 g, 0.47 mol) in water (30 ml) at 0°C.
After stirring for 10 min a solution of acetaldehyde (20 g, 0.45 mol) in
water (10 ml) was added dropwise over 1 h. The mixture was further
stirred at R.T. for 18 h. It was then saturated with sodium chloride and

extracted with ether (5 x 100 ml). The combined organic extracts were

dried, evaporated and distillation of the residue gave acetaldoxime (19.6 g,

73%) as a colourless liquid, b.p. 112-114°C (lit.13) b.p. 112-114°C).
Chlorination

This preparation is also based on the method of Wieland35. A
solution of acetaldoxime (10 g, 0.17 mol) in 5% HC1 (40 ml) was stirred at

0°C while chlorine gas (12 g, 0.17 mol) was bubbled in. The resultant

yellow green solution was allowed to stand at R.T. for 1 h. The solution
was saturated with ammonium chloride and extracted with ether (6 x 100

ml). The combined organic extracts were washed with water (2 x 100 ml),
dried and evaporated at reduced pressure to give acetohydroximoyl
chloride as an unstable pale yellow oil, 8h 2.15 (3 H,s) and 10.6 (1 H, br, s).
This was used for cycloaddition without further purification.

b) Preparation of Imines

i) A-Benzvlideneaniline

The method of Bigelow and Eatough36 was used. Aniline (18.2

ml, 0.2 mol) was added to benzaldehyde (20.4 ml, 0.2 mol) and the
mixture stirred at R.T. for 20 min. The cloudy mixture was added to

ethanol (40 ml) and cooled. A few drops of water was added to the

mixture and the product precipitated out. The solid was filtered off and
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washed with aqueous ethanol to give N-benzylideneaniline (25.2 g, 70%) as
a pale yellow crystalline solid, m.p. 53°C (lit.36 m.p. 51°C).

ii) /V-Benzvlidenebenzvlamine

This procedure was based on a method by Mason and Winder37.
Benzylamine (10.7 g, 0.1 mol) was added to a solution of benzaldehyde

(10.6 g, 0.2 mol) in dry ether (100 ml) and stirred at R.T. Anhydrous

MgSC>4 was added and the solution stirred at R.T. for a further 2 h. The

dry solution was filtered and evaporated. The resultant oil was kugelrohr
distilled to give A-benzylidenebenzylamine (16.5 g, 82.5%) as a colourless
oil, b.p. 190-200°C at 20 mm Hg (lit.37 b.p. 200-202°C at 10-20 mm Hg).

iii) A-Ethvlidenebenzvlamine

The procedure used was same as above. A solution of benzylamine

(26 g, 0.24 mol) in ether (50 ml) was stirred at R.T. while acetaldehyde (16
g, 0.36 mol) was added. Anhydrous MgSC>4 was added to the mixture and
it was stirred for a further 3 h at R.T. The dry solution was filtered and

evaporated. The resultant orange oil on distillation gave N-

ethylidenebenzylamine (13.4 g, 42%) as a pale yellow oil, b.p. 95-100°C at
2.5 mm Hg (lit.38; b.p. 94°C at 21 mm Hg).

iv) A-Benzvlidene-f-butvlamine

A solution of benzaldehyde (21.2 g, 200 mmol) and r-butylamine

(14.6 g, 300 mmol) with some solid NaOH (-20 g) was heated under reflux
in toluene (100 ml) for 3 h. After 3 h NaOH was filtered off. Distillation

of the mixture removed excess of r-butylamine (b.p. <60°C) and then
toluene. Finally the imine was collected as a colourless liquid (12.3 g,

38%), b.p. 120-125°C at 20 mm Hg (lit.39 b.p. 90-92°C at 11 mm Hg).
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v) A-fo-MethoxvbenzvlideneW-butvlamine

The procedure used was similar to (iv) A solution ofp-anisaldehyde

(24 g, 200 mmol) and t-butylamine (14.6 g, 300 mmol) in toluene (100 ml)
was heated under reflux for 3 h with some solid NaOH (-20 g). After 3 h,
the NaOH was filtered off and the solvent was evaporated. The resultant

orange oil on distillation gave the required imine as a colourless liquid (23
g, 60%), b.p. 150°C at 0.5 mm Hg (lit.40,b.p. 110-113°C at 2.1mm Hg); 5h
1.25 (9 H, s), 3.6 (3 H, s), 6.8 and 7.65 (4 H, AA'BB' pattern, J 10 Hz) and
8.1 (1 H, s).

vi) A-(p-Chlorobenzvlidene)-t-butvlamine
A solution of p-chlorobenzaldehyde (28 g, 200 mmol) and r-butyl-

amine (14.6 g, 300 mmol) in toluene (100 ml) was heated under reflux for 3
h with solid NaOH (-20 g). The solid NaOH was filtered off after 3 h and
the solvent evaporated. This gaveA-(p-chlorobenzylidene)-t-butylamine
(28.5 g, 73%) as colourless crystals, m.p. 44-45°C (lit.40, b.p. 89-90°C at 1
mm Hg), 5H 1.25 (9 H, s), 7.4 and 7.7 (4 H, AA'BB' pattern, J 10 Hz) and
8.25 (1 H, s).

vii) A-(p-Methylbenzvlidene)-f-butvlamine
A solution of p-tolualdehyde (24 g, 200 mmol) and r-butylamine

(14.6 g, 300 mmol) in toluene (100 ml) was heated under reflux for 3 h
with NaOH pellets (-20 g). After 3 h the NaOH was filtered and the solvent

evaporated. The residual oil on distillation gave A-(/?-methylbenzylidene)-

r-butylamine (20 g, 57%) as a colourless oil, b.p. 100-110°C at 2.5 mm Hg
(lit.40 ,b.p. 83-84°C at 1.4 mm Hg), 5H 1.3 (9 H, s), 2.3 (3 H, s), 7.15 and
7.65 (4H, AA'BB' pattern, J 8Hz) and 8.25 (1 H, s).
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viii) A-(p-Nitrobenzvlidene)-f-butvlamine
A solution of /?-nitrobenzaldehyde (30.2 g, 0.2 mol) and t-

butylamine (14.6 g, 0.3 mol) in toluene (100 ml) was heated under reflux
for 3 h with NaOH (-20 g). After 3 h the NaOH was filtered off and the
solvent evaporated to give A-(p-nitrobenzylidene)-t-butylamine (34.8 g,

84.5%) as a pale yellow solid, m.p. 72-74°C (lit.40,m.p. 72-75°C).
ix) A-Ethvlidene-f-butvlamine

A solution of acetaldehyde (9.8 g, 223 mmol) in ether (70 ml) was
stirred at about 15°C while r-butylamine (12.8 g, 175 mmol) was added

dropwise. After complete addition anhydrous MgSC>4 was added and the
solution stirred at R.T. for a further 2 h. The MgSC>4 was filtered off
and the solvent evaporated. Distillation of the residual oil gave N-

ethylidene-r-butylamine (9.9 g, 57%) as a colourless liquid, b.p. 100-
110°C (lit 41 ,b.p. 112-118°C).

x) A-Ethvlidenecvclohexvlamine

The preparation was based on a method by Wittig and Hesse42.
Cyclohexylamine (29.7 g, 0.3 mol) was stirred at -20°C (dry ice -

acetone bath) while acetaldehyde (13.2 g, 0.3 mol) was added dropwise
over a period of 15 min. The solution was stirred at -20°C for 45 min
and allowed to stand at that temperature for a further 15 min.

Anhydrous sodium sulphate (5 g) was added to the cold mixture and it
was allowed to warm to R.T. The mixture was filtered and the filtrate

washed with ether and dried (MgS04). The mixture was allowed to stand

overnight and MgSC>4 was filtered off. The filtrate was distilled under
reduced pressure using a water pump. A-Ethylidenecyclohexylamine

(24.5 g, 65%) distilled out at 50°C at 20 mm Hg (lit.42 ,b.p. 54-55°C at

16 mm Hg) as a colourless liquid.
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xi) TV-Butylidenecvclohexylamine
The method used was similar to (x). Cyclohexylamine (9.9 g, 0.1

mol) and n-butyraldehyde (8.6 g, 0.1 mol) were used. After a series of
similar steps the butylidenecyclohexylamine (11.8 g, 77%) distilled out

(using a water pump) at 80-82°C (lit.43 ,b.p. 80-82°C at 12 mm Hg) as a

colourless liquid.

c) Preparation of A2-3-Phenvl-4,5-disubstituted-l ,2,4-
oxadiazolines

The method used was similar to the 'method B' of Huisgen and co¬

workers44.

i) A2-3,4,5-Triphenvl-l,2,4-oxadiazoline
A mixture of benzhydroximoyl chloride (1.1 g, 7 mmol) and

N'benz^aniline (1.18 g, 6.5 mmol) in ether (50 mol) was stirred at 0°C
while a solution of triethylamine (0.72 g, 7.5 mmol) in ether (5 ml) was

added dropwise over 30 min. The mixture was stirred for a further 30
min at R.T. The precipitate of triethylamine hydrochloride was filtered
off and the filtrate washed with water. The ethereal layer was separated,
dried and evaporated. Recrystallisation of the resultant brown oil from

petroleum ether gave the oxadiazoline as a pale brown solid (0.96 g,

49%), m.p. 72-74°C (lit.44 ,m.p. 74-75°C).

ii) A2-4-Benzvl-3,5-diphenvl-l,2,4-oxadiazoline
A mixture of benzhydroximoyl chloride (5 g, 32 mmol) and N-

benzylidenebenzylamine (6.3 g, 32.5 mmol) in ether (50 ml) was stirred
at 0°C while triethylamine (3.5 g, 35 mmol) in ether (10 ml) was added

dropwise. The mixture was stirred at R.T. for a further 2 h. The

precipitated triethylamine hydrochloride was filtered off and the solvent

evaporated. The resultant orange oil was distilled to give the
oxadiazoline (9.6 g, 95.5%) as a red brown glass-like solid, b.p. 250°C at
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1 mm Hg (lit 45, b.p. 150-160OC at 0.2 mm Hg) 5H 4.9 (2 H, s), 6.3 (1 H,

s), and 7.2-8.1 (15 H, m).

iii) A2-4-f-Butvl-3.5-diphenvl-l,2,4-oxadiazoline
A solution of benzohydroximoyl chloride (1 g, 6.4 mmol) and N-

benzylidene-r-butylamine (1.04 g, 6.4 mmol) in ether (50 ml) was stirred
at 0°C. Triethylamine (0.8 g, 7 mmol) in ether (10 ml) was added

dropwise. After complete addition the mixture was stirred for a further
2 h at R.T. and the precipitated triethylamine hydrochloride was filtered
off. Evaporation of the solvent gave a pale yellow oil which crystallised
on standing. The crystals were washed with a mixture of ether and
dichloromethane (5:1) to give A2-4-/-butvl-3,5-diphenvl-l ,2,4-
oxadiazoline (1.15 g, 64%) as colourless crystals, m.p. 130-131°C.
(Found: C, 77.1; H, 7.8; N, 10.1; m/z 280.1575 Ci8H2oN20 requires

C, 77.1; H, 7.2; N, 10.0% ; m/z 280.1575). 5H 1.2 (9 H, s), 6.6(lH,s)
and 7.26-7.75 (10 H, m). 6C 29.83, 57.69, 93.64, 126.01, 128.27,

128.37, 128.61, 128.75, 129.41, 130.19, 141.09 and 158.3; m/z 280 (M+,

9%), 224 (97), 207 (2), 193 (27), 165 (14), 147 (99), 119 (57) and 104

(100).

iv) A2-4-f-butvl-5(p-methoxvphenvl)-3-phenyl-1,2,4-oxadiazo-
line

The procedure used was similar to (iii). Benzohydroximoyl
chloride (1 g, 6.4 mmol) was stirred at 0°C in ether (50 ml) with the p-

methoxybenzylidene-Tbutylamine (1.22 g, 6.4 mmol). Triethylamine
(0.8 g, 7 mmol) was added. The usual workup, after filtering off

triethylamine hydrochloride, gave A2-4-f-butvl-5(p-methoxvphenvl)-3-
phenvl-1.2-oxadiazoline as pale yellow crystals (0.9 g, 50%), m.p. 105-
106°C- (Found: C, 73.2; H, 7.4; N, 9.1. Ci9H22N202 requires C

73.5; H, 7.1; N, 9.0%). 5H 1.2 (9 H, s), 3.8 (3 H, s), 6.6 (1 H, s) and

7.35-7.75 (9 H, m); 6C 29.85, 55.3, 57.59, 93.6, 113.78, 127.35, 128.28,
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128.78, 129.5, 130.14, 133.47, 158.2 and 159.9; m/z 310 (M+, 16%),
254 (50), 253 (40), 151 (52), 135 (50), 134 (100), 119 (12), 108 (27) and

104 (29).

v) A2-4-t- Butvl-5-(p-chlorophenvl)-3-phenvl-l .2.4-oxadiazo-
line

A solution of benzhydroximoyl chloride (1.2 g, 7.6 mmol) and N-

(p-chlorobenzylidene)-t-butylamine (1.25 g, 6.4 mmol) in ether (50 ml)
was stirred at 0°C while triethylamine (0.8 g, 7 mmol) in ether (10 ml)
was added dropwise. The mixture was stirred for a further 2 h at R.T.
and the triethylamine hydrochloride was filtered off. The solvent was

evaporated and the A2-4-f-butvl-5-(p-chlorophenvl)-3-phenyl-1,2,4-
oxadiazoline crystallised on standing. Recrystallisation from hexane gave

pale yellow crystals (1.9 g, 95%), m.p. 136-137°C. (Found: C, 69.1;
H, 6.5; N, 8.7. Ci8Hi9C1N20 requires C, 68.5; H, 6.3; N, 8.9%). 5H
I.2 (9 H, s), 6.6 (1 H, s) and 7.25-7.75 (9 H, m); 5C 29.81, 57.85, 92.89,

127.46, 128.35, 128.55, 128.69, 129.64, 130.36, 134.43, 139.65 and

158.32; m/z 314 (M+, 7%), 258 (35), 227 (6), 192 (7), 147 (23), 139

(20), 119 (23) and 104 (62).

vi) A2-4-f-Butvl-5-(p-methvlphenyl)-3-phenvl-l,2.4-oxadiazo-
line

A solution of benzhydroximoyl chloride (5 g, 32 mmol) and N-(/?-

methylbenzylidene)-t-butylamine (5.6 g, 32 mmol) were stirred in ether
(50 ml) at 0°C. A solution of triethylamine (3.53 g, 35 mmol) in ether

(10 ml) was added dropwise and the mixture was stirred at R.T. for a

further 2 h. The triethylamine hydrochloride was filtered and solvent

evaporated to give a buff coloured solid. Recrystallisation from hexane

gave A2-4-f-butvl-5-(p-methylphenvl)-3-phenyl-1,2,4-oxadiazoline as a

colourless crystalline solid (8.8 g, 93%), m.p. 137-138°C. (Found: C,
78.0; H, 8.1; N, 9.5. C19H22N2O requires C, 77.5; H, 7.5; N, 9.6%);
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SH 1.2 (9 H, s), 2.35 (3 H, s), 6.6 (1 H, s) and 7.2-7.75 (9 H, m); 5C

21.2, 29.84, 57.6, 93.73, 125.97, 128.25, 128.77, 129.06, 129.54, 130.12,

138.3, 138.39, 158.19; m/z 294 (M+, 9%), 238 (68), 237 (57), 207 (24),

147 (24), 135 (17), 119 (80), 118 (100), and 104 (47).

vii) A2-4-f-Butvl-5-(p-nitrophenvD-3-phenyl-l,2,4-oxadiazoline
A solution of benzohydroximoyl chloride (2 g, 12.8 mmol) and N-

(p-nitrobenzylidene)-f-butylamine (2.64 g, 12.8 mmol) in ether (50 ml)
was stirred at 0°C while triethylamine (1.6 g, 16 mmol) in ether (10 ml)
was added. The mixture was further stirred at R.T. for 2 h. The

triethylamine hydrochloride was filtered off and solvent evaporated to

givQ the product as a waxy yellow solid. Recrystallisation from hexane

gave A2-4-f-butvl-5-(p-nitrophenyl)-3-phenvl-l,2,4-oxadiazoline as a

straw coloured feathery solid (0.64 g, 15.4%), m.p. 146-148°C. (Found:
C, 66.0; H, 6.3; N, 11.4; m/z 325.1421 C18H19N3O3 requires C, 66.5;
H, 5.9; N, 12.9% ; m/z 325.1426); 5H 1.25 (9 H, s), 6.75 (1 H, s) and

7.45-8.45 (9 H, m); 5C 27.93, 29.83, 58.26, 92.32, 123.64, 127.07,

128.46, 128.63, 128.77, 130.64, 148.05 and 158.56; m/z 326 (M+1+,

4%), 325 (M+, 4%), 269 (10), 239 (3), 192 (6), 165 (7), 150 (6), 147

(21), 119 (16), 104 (29) and 57 (100).

viii) A2-4-f-Butvl-5-methyl-3-phenvl-1,2,4-oxadiazoline
The procedure used is similar to the 'method A' of Huisgen and co¬

workers. N-ethylidene-t-butylamine (3.2 g, 32.5 mmol) and triethyl¬
amine (3.3 g, 32.5 mmol) were stirred in ether (25 ml) at R.T. while a

solution of benzohydroximoyl chloride (5 g, 32 mmol) in ether (25 ml)
was added dropwise. The mixture was stirred for another 2 h at R.T.
and the precipitated triethylamine hydrochloride was filtered off.

Evaporation of ether gave a pale yellow solid. This was recrystallised
from hexane to give A2-4-f-butvl-5-methyl-3-pheny1-1,2,4-oxadiazoline,
(5.7 g, 82%) as very pale yellow crystals, m.p. 169-170°C. (Found: C,
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70.2; H, 8.3; N, 12.5; m/z 218.1418 C13H18N2O requires C, 71.5; H,

8.3; N, 12.8% ; m/z 218.1419); 5H 1.1 (9 H, s), 1.35 (3 H, d, J 5 Hz),

5.85 (1 H, q, J 5Hz) and 7.3-7.75 (5 H, m); 5C 22.75, 29.57, 29.69,

91.05, 128.77, 128.95, 129.92, 130.03 and 157.82; m/z 218 (M+, 8%),

203 (2), 162 (20), 147 (56), 130 (8), 119 (34), 104 (17) and 57 (100).

ix) A2-4-Cvclohexyl-5-methvl-3-phenyl-1,2,4-oxadiazoline
The method of preparation is similar to (viii). A solution of N-

ethylidenecyclohexylamine (1.125 g, 9 mmol) and triethylamine (1.01 g,

10 mmol) in ether (50 ml) was stirred at 0°C (ice bath) while a solution

of benzhydroximoyl chloride (1.5 g, 10 mmol) in ether (25 ml) was

added dropwise over 30 min. The mixture was stirred for a further 15
min in the ice bath and another 45 min. at R.T. The precipitated

triethylamine hydrochloride was filtered off and the solvent evaporated to

give the product as a yellow oil. This on cooling gave A2-4-cvclohexvl-
5-methvl-3-phenvl-l,2,4-oxadiazoline as a pale yellow wax-like solid (2.0

g, 90%), m.p. 67-68°C. (Found: C, 72.7; H, 8.2; N, 11.0; m/z
244.1577 C15H20N2O requires C, 73.7; H, 8.25; N, 11.5% ; m/z
244.1576); 5H 0.9 (11H, br,m), 1.4 (3H, d, J 6Hz), 5.85(1H, q, J 6Hz)
and 7.4-7.8(5H, m); 8C 23.89, 25.27, 26.12, 33.51, 56.45, 89.11, 126.14,

18.22, 128.77, 130.51 and 157.65; m/z 244 (M+9% ) , 229 (22), 147

(100), 130 (7), 119 (35) and 105 (20).

x) A2-4-Cvclohexvl-3-phenvl-5-;2-propvl-1.2,4-oxadiazoline
The addition is similar to (i). A mixture of benzhydroximoyl

chloride (1 g, 6.4 mmol) and A-butylidenecyclohexylamine (0.97 g,

6.4 mmol) in ether (25 ml) was stirred at 0°C. Triethylamine (0.7 g,

7 mmol) in ether (5 ml) was added dropwise over 2 h. The solution was

further stirred at R.T. for 1 h. The precipitated triethylamine

hydrochloride was filtered off and solvent evaporated to give A2-4-
cyclohexyl-3-phenyl-5-/2-propyl-l,2,4-oxadiazoline (1.5g,86%), as a
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brown oil, which was triturated with ether to give a brown solid m.p. 65-
66°C (lit46,m.p.63-65°C).

d) Preparation of A2-3-methvl-4,5-disubstituted-1.2.4-
oxadiazolines

These were synthesized according to the method of Clapp and
Srivastava47.

i) A2-4,5-Diphenvl-3-methvl-1.2,4-oxadiazoline
A solution of nitroethane (7.5 g, 0.1 mol) and triethylamine (5

drops) in toluene (10 ml) was stirred at R.T. while a solution of phenyl

isocyanate (23.8 g, 0.2 mol) and A-benzylideneaniline (13.6 g, 0.075 mol)
in toluene (12.5 ml) was added dropwise over 1 h. The reaction mixture
was heated under reflux for 1 h and subsequently cooled in ice to

precipitate diphenylurea. Diphenylurea was filtered off and washed with
toluene. Concentration of the brown filtrate gave a dark brown oil
which was chromatographed (silica gel, 1:1 ether:petroleum ether).

Evaporation of the solvent gave the product as a brown oil which

crystallised on standing. Treatment with charcoal and recrystallisation
from ethyl acetate gave the 4,5-diphenyl-3-methyloxadiazoline (12.8 g,

72%), as pale brown crystals, m.p. 80-81°C (lit.47 ,m.p. 78°C).
ii) A2-4-r-Butvl-3-methvl-5-phenvl-l,2,4-oxadiazoline
The method used was same as (i). A solution of nitroethane (3.75

g, 0.05 mol) and triethylamine (5 drops) in toluene (25 ml) was stirred at
R.T. while a mixture of phenyl isocyanate (11.9 g, 0.1 mol) and N-

benzylidene-r-butylamine (6.04 g, 0.0375 mol) was added. A similar

workup as (i) after heating the reaction mixture under reflux for 1 h gave

A2-4-f-butvl-3-methvl-5-phenvl-l,2.4-oxadiazoline (1.96 g, 25%) as a

waxy solid, m.p. 72-73°C, (Found: C, 68.5; H, 7.8; N, 13.8; m/z
218.1426 C13H18N2O requires C,71.5; H, 8.3; N, 12.8% ; m/z
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218.1419); 5h 1.3 (9 H, s), 2.2 (3 H, s), 6.5 (1 H, s) and 7.3-7.7 (5 H,

m); 5C 28.6, 29.3, 54.6, 95.0, 126.6, 128.6, 129.0, and 131.0. m/z

218 (M+,24%), 203 (4), 192 (6), 176 (4), 161 (82), 141 (7), 130 (23),
121 (89), 105 (71) and 57 (100).

iii) A2-4-Benzvl-3-methyl-5-phenvl-l,2,4-oxadiazoline
The method of preparation was similar to (i). A solution of

nitroethane (3.75 g, 0.05 mol) and triethylamine (5 drops) in toluene

(25 ml) was stirred at R.T. while a mixture of phenyl isocyanate (11.9 g,

0.1 mol) and A-benzylidenebenzylamine (7.3 g, 0.0375 mol) in toluene
(10 ml) was added. Heating the reaction mixture under reflux followed

by a similar workup gave A2-4-benzyl-3-methyl-5-phenyl-l,2,4-
oxadiazoline (1.54g,16% ) as a dark brown oil, b.p. 150° C at 0.5 mm Hg

(lit.45 ,b.p. 135-148°C at 0.35 mm Hg).

iv) Attempted preparation of A2-4-t-Butvl-3.5-dimethvl-l ,2.4-
oxadiazoline

The synthesis was based on a method of Harada, Kaji and Zen45.
A solution of nitroethane (3 g, 40 mmol) in anhydrous DMA (20 ml) was
stirred in an ice bath. 1M sodium methoxide (40 ml) was added and the

reaction mixture was maintained at about 5°C. Acetyl chloride (3.2 g,

41 mmol) was added followed immediately by A-ethylidene-t-butylamine

(3.96 g, 40 mmol). The reaction mixture was allowed to stir at R.T.

overnight. It was partitioned between water (75 ml) and toluene (25 ml)
and the water layer extracted (4 x 25 ml), dried (anhydrous Na2SC>4),
filtered and the solvent evaporated to give a brown oil. *H N.M.R. gave

large peaks due to DMA with traces of required product.

v) Attempted preparation of A2-4-Cvclohexvl-3-methvl-5-
propvl-1,2,4-oxadiazoline

The method used was similar to (iv). A solution of nitroethane

(0.3 g, 4 mmol) in DMA (20 ml) was stirred at 5°C. 1M sodium
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methoxide (4 ml) was added and the mixture stirred in an ice bath for

about 5 min. Acetyl chloride (0.32 g, 4.1 mmol) was added and

immediately A-butylidenecyclohexylamine (0.612 g, 4 mmol) was added
and the reaction mixture stirred at R.T. for 24 h. A similar workup to

(iv) gave an orange oil. !H N.M.R. showed only peaks due to DMA.

vi) Attempted preparation of A2-4-Cvclohexvl-3.5-dimethvl-
1,2,4-oxadiazoline

The procedure was the same as (i). A solution of nitroethane (7.5

g, 0.1 mol) and triethylamine (10 drops) in toluene (20 ml) was stirred
while a solution of phenyl isocyanate (23.8 g, 0.2 mol) and N-

ethylidenecyclohexylamine (9.4 g, 0.075 mol) was added over 1 h. The
usual workup gave a very thick viscous substance. !H N.M.R. showed
unreacted A-ethylidenecyclohexyl-amine and aromatic peaks due to

phenyl isocyanate.

e)Novel cvcloreversion in the attempted preparation of A2-3-
methvl-4-r-butvl-1,2,4-oxadiazolines

i) Cvcloreversion of A2-4-f-Butyl-3-methvl-5-phenvl-l,2,4-
oxadiazoline

A solution of acethydroximoyl chloride (1 g, 10.6 mmol) and N-

benzylidene-t-butylamine (1.61 g, 10.6 mmol) in dry ether (25 ml) was
stirred at 0° C while triethylamine (1.11 g, 11 mmol) in dry ether (5 ml)
was added dropwise. The reaction mixture was stirred overnight at R.T.
and then the triethylamine hydrochloride was filtered off. The ether was

evaporated and the residue, on kugelrohr distillation, gave benzaldehyde.
This was confirmed by adding 2,4-dinitrophenylhydrazine (1.8 g,

10.6 mmol). This gave the hydrazone (1.3 g, 43.4%), as a yellow orange

solid, m.p. 239°C (lit.48, m.p. 237°C). !H N.M.R. of the residue showed
the presence of A-t-butylacetamidine.
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ii) Cvcloreversion of A2-4-f-Butvl-3,5-dimethvl-1.2.4-
oxadiazoline

The same method as (i) was used. A solution of acetohydroximoyl
chloride (1 g, 10.6 mmol) and A-ethylidene-r-butylamine (1.06 g,

10.6 mmol) in dry ether (25 ml) was stirred at 0°C while triethylamine

(1.11 g, 11 mmol) in dry ether (5 ml) was added. The usual workup gave

acetaldehyde which was precipitated as its 2,4-dinitrophenylhydrazone
(1.02 g, 43%), m.p. 169°C (lit.4^ ,m.p. 163-164.5°C).

The brown residual solid on recrystallisation from hexane/ether gave

A-t-butylacetamidine as a colourless solid. 8h 1-35 (9 H, s), 1.9 (3 H, s)
and 7.85 (1 H,s,br).

iii) Action of 5M HC1 on A2-4-f-butvl-3-methyl-5-phenvl-l,2,4-
oxadiazoline

A2-4-r-Butyl-3-methyl-5-phenyl-l,2,4-oxadiazoline (0.218 g, 1

mmol) was stirred in methylene chloride (10 ml) at R.T. 5M aqueous HC1

(2 ml) was added and the reaction mixture was stirred for another 20 mins

at 40° C and the reaction mixture turned to a dark brown oil. This was

separated between water and methylene chloride and the aqueous layer
extracted with methylene chloride (3 x 10 ml). The combined organic
extracts were dried and solvent evaporated to give an oil. *H N.M.R..
showed that the oxadiazoline had decomposed (singlet at 6.5 ppm had

disappeared) and it also showed the presence of benzaldehyde (singlet at 8h
9.75 ).

iv) Preparation of A-f-butvlacetamidine
This was prepared by a multi-step procedure. f-Butylacetamide was

prepared first by a method of Vogel4^.
Acetyl chloride (7.8 g, 0.1 mol) was added dropwise to well stirred

r-butylamine (7.3 g 0.1 mol) at 0°C. The reaction mixture was allowed to

stir overnight at R.T. The white residue was separated between ether
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and ice-cold water and the aqueous layer was extracted with ether (3 x 25
ml). Evaporation of the combined organic layers gave N-t-
butylacetamide as colourless needles, m.p. 97° C (lit.50 ,m.p. 98°C).

A-r-butylacetamide (0.8 g, 7 mmol) was chlorinated based on a
method of Vaughan5! using thionyl chloride (0.826 g, 7 mmol) and
heating the mixture under reflux in toluene (10 ml) for 1 h. Evaporation
gave A-(a-chloroethylidene)-r-butylamine which was stirred in toluene
(10 ml) and heated in a water bath to dissolve all the solid. Excess liquidammonia (2 ml) was added and the reaction mixture was stirred overnightat R.T. Evaporation gave A-r-butylacetamidine as buff coloured solid.
Recrystallisation from hexane/ether gave needle shaped white crystallineamidine (0.1 lg, 14%) m.p.72-73°C (lit.52 ,m.p. 72-74°C); 5H 1.35(9H,
s), 1.9(3H, s) and 5.3(2H, s); 8C 24.6, 28.8, 51.2 and 169.4.

v) Attempted trapping of the expected nitrene with benzene
A mixture of acethydroximoyl chloride (1.0 g,10.6mmol) and A-benzy-lidene-r-butylamine (1.7g, 10.6mmol) in dry benzene (25ml) was stirred
at 0°C using an ice bath. Triethylamine (l.lg, llmmol) was added
dropwise over 30min and the reaction mixture was allowed to warm to
R.T. It was further stirred at R.T. for 12h. Triethylamine
hydrochloride was filtered off. Evaporation of benzene followed bykugelrohr distillation gave N-r-butylacetamidine. 5h 1.4(9H, s), 2.0(3H,
s) and 7.3(2H, s, br)

vi) Attempted trapping of the expected nitrene with cvclohexane
A mixture of acethydroximoyl chloride (lg, 10.6mmol) and N-
benzylidene-f-butylamine (1.7g, 10.6mmol) in cyclohexane (10ml) was
stirred at 0°C using an ice bath. A solution of triethylamine (l.lg,llmmol) in cyclohexane (5ml) was added over 30min after which the
reaction mixture was allowed to warm to R.T. It was stirred at R.T. for a
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f* • • •

futher 12h and the precipitated triethylamine hydrochloride was filtered
off. Distillation of the filtrate at atmospheric pressure separated the N-t-

butylacetamidine (0.79g, 66%) from cyclohexane, triethylamine,
benzaldehyde and the starting imine. 8h1.35(9H,s), 2.0(3H,s) and 7.5

(2H, br, s).

2. Preparation of A2-l,4,2-dioxazolines

i) A2-3,5-Diphenyl-l ,4,2-dioxazoline
The procedure of Huisgen and Mack53 was adopted.
A mixture of benzhydroximoyl chloride (5 g, 32 mmol) and

benzaldehyde (40 g, excess) was stirred at 0°C under nitrogen.

Triethylamine (5 ml, 36 mmol) in ether (40 ml) was added dropwise and
the reaction mixture was stirred overnight at R.T. Triethylamine

hydrochloride was filtered off and the ether evaporated. Kugelrohr
distillation of the product after distilling off excess benzaldehyde gave A2-
3,5-diphenyl-l,4,2-dioxazoline (4.52 g, 63%), as a pale yellow solid, m.p.
46-47°C (lit 54,m.p. 41-42oQ.

ii) A2-5-o-Chlorophenvl-3-phenyl-l A2-dioxazoline
The same procedure as in (i) was used. Benzhydroximoyl chloride

(5 g, 32 mmol) and o-chlorobenzaldehyde (20 ml) in dry ether (70 ml)
were stirred and triethylamine (5 ml, 36 mmol) in dry ether (20 ml) was
added dropwise. A similar workup after distilling off the excess

aldehyde and recrystallisation from ethanol and petroleum ether gave the

A2-5-o-chlorophenyl-3-phenyl-l,4,2-dioxazoline (2.13 g, 26%), m.p. 59-
60°C (lit.53, m.p. 61° C).

iii) A2-5-p-Chlorophenvl-3-phenvl-1.4,2-dioxazoline
The same procedure as in (i) was used. Triethylamine (5 ml,

36 mmol) in ether (20 ml) was added to a mixture of benzhydroximoyl
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chloride (5 g, 32 mmol) and p-chlorobenzaldehyde (20 g, excess) in ether

(70 ml) at 0°C. After addition the reaction mixture was allowed to

warm up to R.T. and stirred at R.T. overnight. Following an analogous

workup A2-5-p-chlorophenvl-3-phenvl-1.4.2-dioxazoline (5.45g,59%)
was obtained as a pale yellow solid, m.p. 210-212°C.(Found: m/z
259.0727 Ci4H1035C1NO2 requires m/z 259.0400) 5H 8.2-7.3(9H, m) and
6.82(1H, s); 8C 58.4, 127.35, 127.9, 128.2, 128.4, 131.0, 131.5, 133.75,
139.25 and 166.0; m/z 261(6%, 37C1-M+), 259(18, 35C1-M+), 243(4),

139(4), 121(10), 105(100) and 77(32).

iv) Attempted preparation of A2-5-methyl-3-phenvl-l,4,2-
dioxazoline

The preparation was based on a method by Morocchi55 and
coworkers. A solution of boron trifluoride etherate (5.7 g, 40 mmol)
and benzohydroximoyl chloride (5 g, 32 mmol) in ether (25 ml) was

added to a mixture of acetaldehyde (20 ml) and triethylamine (3.2 g, 32

mmol) and the reaction was heated under reflux for 2 h. Evaporation of
ether followed by kugelrohr distillation gave a dark residue. !H N.M.R.
showed it to be a mixture of the starting materials

3. Preparation of A2-l,2,4-thiadiazolines

a) Attempted conversions of oxadiazolines to thiadiazolines

i) Using phosphoms pentasulphide

A2-4-t-Butyl-3,5-diphenyl-l,2,4-oxadiazoline (280 mg, 1 mmol)
and phosphorus pentasulphide (444 mg, 1 mmol) were heated under
reflux in toluene (25 ml) for 2 h. The reaction mixture was separated
between dichloromethane and water and the water layer was extracted
with dichloromethane (3 x 25 ml). The combined organic layers were
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dried and evaporated. *H N.M.R. and mass spectrometry showed
unreacted oxadiazoline; M+ 280.

ii) Using thiourea

A2-4-r-Butyl-3,5-diphenyl-l,2,4-oxadiazoline (280 mg, 1 mmol)
and'thiourea (0.152 g, 2 mmol) were heated under reflux in ethanol (50

ml) for 18 h. TLC shows no reaction (spots due to both oxadiazoline and

thiourea). The reaction mixture was separated between water and

petroleum ether and the aqueous layer washed with petroleum ether.

Evaporation of the solvent after drying gave the unreacted oxadiazoline;
M+ 280.

iii) Using triphenvlphosphine sulphide
A mixture of A2-4-r-butyl-3,5-diphenyl-l,2,4-oxadiazoline (2.8 g,

10 mmol) and triphenylphosphine sulphide (2.98 g, 10 mmol) in dry
benzene (35 ml) was stirred at 35-40°C under nitrogen. Trifluoroacetic
acid (1.14 g, 10 mmol) in 5 ml benzene was added. After stirring at 35-
40°C for 90 min a little sodium bicarbonate was added and the reaction

mixture stirred at the same temperature for a further 30 min. The
reaction mixture was separated between water and toluene. The aqueous

layer was washed thrice with toluene and the combined organic extracts

were dried and evaporated to give a white solid. !H N.M.R.and mass

spectrometry (m/z 294, 293, 280) showed unreacted oxadiazoline and

triphenylphosphine sulphide.

iv) Using Lawesson's reagent

A2-4-r-Butyl-3,5-diphenyl-l,2,4-oxadiazoline (2.8 g, 10 mmol) was
heated under reflux with Lawesson's reagent (4.04 g, 10 mmol) in

anhydrous toluene (25 ml) under nitrogen for 6 h. The reaction mixture
was- washed twice with aqueous sodium hydroxide. The organic layer
was dried and evaporated to give a buff coloured solid. Mass

spectrometry showed unreacted oxadiazoline; M+ 280.
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b) Preparation of 1.3,4-oxathiazol-2-ones
The l,3,4-oxathiazol-2-ones were prepared by the method of Howe

and co-workers56.

i) 5-Phenvl-1.3.4-oxathiazol-2-one

Benzamide (1.21 g, 10 mmol) and chlorocarbonylsulphenyl
chloride (1.64 g, 12.5 mmol) were stirred in toluene (25 ml) at R.T. until
all the amide was dissolved and evolution of hydrogen chloride had

stopped. Evaporation of the solvent gave the product as a dull solid
which was recrystallised from ethyl acetate to give the white crystalline
oxathiazolone (1.6 g, 98%), m.p. 71.5°C (lih56 , m.p. 69-71° C).

ii) 5-p-Methoxvphenvl-l,3,4-oxathiazol-2-one

p-Methoxybenzamide (12.1 g, 0.08 mol) was heated under reflux
with chlorocarbonylsulphenyl chloride (17.5 g, 0.13 mol) in toluene (50

ml) for 7 h until all the amide had dissolved. The reaction mixture was

allowed to stand overnight and a solid separated out. This was filtered
off and recrystallised from methylcyclohexane to give the oxathiazolone

(2.1 g, 13%), m.p. 98-99° C (lit.57, m.p.99-101°C).

iii) 5-p-Chlorophenvl-1,3,4-oxathiazol-2-one
The procedure used was the same as (ii). p-Chlorobenzamide

(15.5 g, 0.1 mol) and chlorocarbonylsulphenyl chloride (19.5 g, 0.15
mol) were heated under reflux in toluene fpr 7 h. Similar workup and

recrystallisation from methylcyclohexane gave the oxathiazolone (15.3 g,

85%) as a white crystalline solid, m.p. 130.5°C (lit.56, m.p. 129-130°C).
iv) 5-p-Tolvl-l,3,4-oxathiazol-2-one
The procedure used was the same as (ii). 4-Methylbenzamide

(6.75 g, 50 mmol) was heated under reflux with chlorocarbonylsulphenyl
chloride (9.75 g, 75 mmol) in toluene (50 ml) for 8 h. Evaporation of
toluene and recrystallisation from methylcyclohexane gave white

crystalline oxathiazolone (6.8 g, 70%), m.p. 89-90°C (lit.56, m.p. 89°C).
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v) 5 -m-Tolvl-1.3.4-oxathiazol-2-one

The method used was similar to (ii). 3-Methylbenzamide (1.35 g,

10 mmol) was heated under reflux with chlorocarbonylsulphenyl chloride

(1.96 g, 15 mmol) in toluene (25 ml) for 7 h. Evaporation of the solvent
and recrystallisation from hexane gave the oxathiazolone (0.4 g, 21%) as

a colourless solid, m.p. 84-85° C (lit.56, m.p. 80°C).

c) Direct preparation of A2-l,2,4-thiadiazolines
i) A2-4-r-Butvl-3.5-diphenvl-1.2.4-thiadiazoline

The procedure was based on the method of Paton.58 5-Phenyl-

l,3,4-oxathiazol-2-one (1.8g, 10 mmol) and A-benzylidene-/-butylamine

(1.61 g, 10 mmol) were heated under reflux in chlorobenzene (25 ml)

overnight. Evaporation of the solvent gave a solid which was washed
with cold ether to separate product from sulphur. Evaporation of the
solvent gave pale yellow crystals.

ii) A2-4-/-Butyl-5-(p-nitrophenvl)-3-phenvl-1.2.4-thiadiazoline
5-Phenyl-l,3,4-oxathiazol-2-one (3.58 g, 20 mmol) and N-p-

nitrobenzylidene-t-butylamine were heated under reflux in xylene (100

ml) for 2.5 h. Evaporation of the solvent gave a solid which on column

chromatography gave the required thiadiazoline as a pale yellow solid.
. In both the above cases !H N.M.R and 13C N.M.R indicate that the

thiadiazolines might be present, but the results are not reproducible and
the spectral data is not completely conclusive.

iii) Attempted preparation of A2-4-/-butvl-5-(p-chlorophenvl)-3-
phenvl-1,2,4-thiadiazoline

5-p-Chlorophenyl-l,3,4-oxathiazol-2-one (2.2 g, 10 mmol) and N-

benzylidene-r-butylamine (3.2 g, 20 mmol) were heated under reflux in
chlorobenzene (25 ml) for 5 h. Evaporation of the solvent gave a pale
brown solid. !H N.M.R.. showed largely the unreacted imine.
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iv) Attempted preparation ofA2-3-(p-Chlorophenyl)-4,5-
diphenvl-l,2,4-thiadiazoline

5-/?-Chlorophenyl-l,3,4-oxathiazol-2-one (2.13 g, 10 mmol) and
idwe

Isf-benzijl^niline (9.05 g, 50 mmol) were heated under reflux in dry xylene
(50 ml) for 16 h. Evaporation of the solvent gave a mixture of sulphur
and unreacted imine.

v) Attempted preparation of A2-4-r-Butvl-3-(p-chlorophenvl)-5-
phenvl-1.2.4-thiadiazoline

The 5-phenyloxathiazol-2-one (1.76 g, 10 mmol) and N-p-

chlorobenzylidene-r-butylamine (9.75 g, 50 mmol) were heated under
reflux in mesitylene (25 ml) for 48 h. Evaporation of solvent gave a

pale yellow solid. lH N.M.R. showed it to be a mixture of unreacted
imine and mesitylene.

vi) Attempted preparation ofA2-4-f-Butvl-3-(p-chlorophenvl)-5-
phenvl-l,2,4-thiadiazoline (using ultrasound bath)

The 5-phenyloxathiazolone (1.76 g, 10 mmol) and N-p-

chlorobenzylidene-r-butylamine (9.75 g, 50 mmol) were reacted together
in mesitylene (50 ml) in an ultrasound bath for 7 h. Distillation of

mesitylene gave an oil. 1H N.M.R. showed largely the unreacted imine
with a peak at 8h 4.6 which might be due to traces of the thiadiazoline.

4. Preparation of A2-l,2,4-triazolines

a) Preparation of oc-chlorobenzvlidenephenvlhydrazine
CAUTION THIS COMPOUND MAY CAUSE A SEVERE

ALLERGIC REACTION IN SOME INDIVIDUALS.
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The procedure involves two stages. First benzoyl chloride (28.1 g,

200 mmol) in ether (50 ml) was added to a solution of phenyl hydrazine

(43.2 g, 400 mmol) in ether (100 ml).while the reaction mixture was cooled
in ice. The mixture was partitioned between ether/ethyl acetate and water.
The organic layer was washed with water, dried and evaporated.

Recrystallisation from ethanol gave 8-benzoyl phenylhydrazine (27.8 g,

66%) as pale yellow crystals.
The chlorination of 6-benzoylphenylhydrazine was based on a

method by von Pechmann.23 A mixture of 6-benzoylphenylhydrazine (20

g, 95 mmol) and phosphorus pentachloride (27 g, 115 mmol) in ether (50

ml) was heated under reflux for 3 h. The clear solution was then cooled

and phenol (40 g) in ether (30 ml) was cautiously added followed by
methanol (40 ml) while the reaction was cooled in ice. Evaporation of
ether gave a solution which crystallised on standing. It was filtered and
washed with ether to give a-chlorobenzylidenephenylhydrazine (14.5 g,

66%) as a pale brown solid, m.p.l30-131°C (lit 59, m.p.l31°C)

b) Preparation of A2-l,2.4-triazoline
i) A2-1,3,4,5-Tetraphenvl-l ,2,4-triazoline

The method of Huisgen27 was used. A mixture of a-

chlorobenzylidenephenylhydrazine (2.3 g, 10 mmol) and N-

benzylideneaniline (4.5 g,25 mmol) in benzene (20 ml) was stirred at R.T.
while triethylamine (2.77 g, 27.5 mmol) was added. The reaction mixture
was allowed to stir for 48 h at R.T. Triethylamine hydrochloride was

filtered off and the solvent evaporated to give a brown oil. This was

kugelrohr distilled to remove excess imine. Recrystallisation of the residue
from ethanol gave the required triazoline (2.38g, 63.5% ) as a pale brown
solid, m.p.l08-109oC (lit.27, m.p. 112-114oQ.
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ii) A2-4-r-Butvl-l .3.5-triphenvl-1.2.4-triazoline
A similar procedure to (i) was used. A mixture of a-

chlorobenzylidenephenylhydrazine (2.3 g, 10 mmol), A-benzylidene-r-

butylamine (3.9 g, 25 mmol) and triethylamine (2.77 g, 27.5 mmol) in
benzene (20 ml) was stirred at R.T. for 48 h. A similar workup gave a

brown oil which on column chromatography (silica gel, ether:petroleum
ether, 1:4) gave the triazoline (0.8 g, 23%) as a dull brown solid. 8h 1.2

(9 H, s), 6.3 (1 H, s) and 6.7-7.85 (15 H, m).

5. Preparation of A2-l,3,4-oxadiazoIines

i) A2-2,3.5-Triphenvl-l,3,4-oxadiazoline
The preparation was based on a method of Huisgen26. A mixture

of a-chlorobenzylidenephenylhydrazine (2.3 g, 10 mmol) and

benzaldehyde (2.44 g, 23 mmol) was stirred in benzene (20 ml) at R.T.

Triethylamine (2.77 g, 27.5 mmol) was added and the reaction mixture
was heated under reflux for 3 h. Triethylamine hydrochloride was

filtered off and the solvent evaporated. Excess benzaldehyde was

removed by kugelrohr distillation and recrystallisation of the residue
from petroleum ether gave A2-2,3,5-triphenyl-l,3,4-oxadiazoline (0.54 g,

18% ) as a yellow solid,m.p. 120-121 °C (lit.26, m.p. 116-117°C).
ii) Attempted preparation of A2-5-(p-chlorophenvD-2.3-

diphenvl-1.3,4-oxadiazoline
The procedure used was similar to (i). A mixture of a-chloro-

benzylidenephenylhydrazine (2.3 g, 10 mmol) and p-chlorobenzaldehyde

(3.3 g, 23 mmol) in benzene (20 ml) were stirred at R.T. while tri¬

ethylamine (2.77 g, 27.5 mmol) was added and the reaction mixture
stirred for a further 36h at R.T. A similar workup gave a dark brown
oil. !H N.M.R. showed the presence of unreacted aldehyde.
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D Deprotonation of Heterocycles

1. Deprotonation of A2-l,2,4-oxadiazolines

a) A2-3.4.5-Triphenvl-1,2.4-oxadiazoline

i) Electrophile - water

A2-3,4,5-Triphenyl-l,2,4-oxadiazoline (1.4 g, 4.6 mmol) and

potassium r-butoxide (0.6 g, 5.4 mmol) were stirred in dry THF (25 ml)
at R.T. for 2 h. Excess water was added and the reaction mixture was

allowed to stir at R.T. overnight. It was then separated between a

saturated aqueous solution of ammonium chloride and dichloromethane.
The aqueous layer was extracted with dichloromethane (3 x 25 ml). The
combined organic extracts were dried. Evaporation of solvent gave a

brown solid. Recrystallisation from ethanol gave the required
benzanilide (0.6 g, 66%) as a pale brown solid, m.p. 158-159°C (lit.59
,m.p. 163°C).

ii) Electrophile - iodomethane
The procedure used was similar to (i). Deprotonation of A2-3,4,5-

triphenyl-l,2,4-oxadiazoline (1.4 g, 4.6 mmol) with potassium r-butoxide
(600 mg, 5.4 mmol) followed by alkylation with iodomethane (0.65 g, 4.6
mmol) and a workup similar to (i) gave the required A-methylbenzanilide

(1.00 g 96%) as a brown solid, m.p. 60-61°C (lit 60,m.p. 63°C).
b) A2-4-Benzvl-3,5-diphenyl-l,2,4-oxadiazoline
i) Electrophile - water

A mixture of A2-4-benzyl-3,5-diphenyl-l,2,4-oxadiazoline (1.57 g,

5 mmol) and potassium r-butoxide (1.68 g, 15 mmol) in dry THF (25 ml)
was heated under reflux for 2 h. Excess water was added and the

reaction mixture allowed to stir at R.T. for a further 30 min. It was then

separated betweena saturated solution of ammonium chloride and
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dichloromethane. The aqueous layer was extracted with dichloromethane
(3 x 25 ml) and the combined organic layers were dried and evaporated

give a pale yellow solid which upon recrystallisation from petroleum
ether and ethanol (1:1) gave A-benzylbenzamide (0.77 g, 73%), m.p. 102-
104° C (lit.61 ,m.P.105-106°C).

ii) Attempted alkvlation with iodomethane

Deprotonation of A2-4-benzyl-3,5-diphenyl-l,2,4-oxadiazoline
(1.57 g, 5 mmol) with potassium t-butoxide (1.68 g, 15 mmol) by heating
under reflux in THF (25 ml) for 2 h followed by alkylation with
iodomethane (0.79 g, 5.2 mmol) and a workup similar to (i) gave the

non-alkylated A-benzylbenzamide (0.95 g, 90%) as a pale yellow solid
after recrystallisation from ether and petroleum ether (1:1), m.p. 110° C

(lit.61 ,m.p. 105-106°C).

c) A2-4-f-Butvl-3,5-diphenvl-l,2,4-oxadiazoline
i) Electrophile - water

A solution of A2-4-r-butyl-3,5-diphenyl-l,2,4-oxadiazoline (1 g,

3.6 mmol) and potassium r-butoxide (0.6 g, 5.4 mmol) in dry THF (25

ml) was heated under reflux for 30 min. Excess water was added and the

reaction mixture was stirred at R.T. for a futher 30 min. A workup as

before gave the required A-r-butylbenzamide (0.88 g, 88%), as a

colourless crystalline solid, m.p. 129°C (lit.62 ,m.p. 135.5°C).

ii) Electrophile - iodomethane

A2-4-r-butyl-3,5-diphenyl-l,2,4-oxadiazoline (lg,3.6mmol) and

potassium r-butoxide (0.6g, 5.4mmol) were heated under reflux in THF

(25ml) for 30min. Iodomethane(l.02g,7.2mmol) was used as an

electrophile. The usual workup gave A-r-butyl-A-methylbenzamide

(0.5g,75%) as a colourless solid, m.p. 74-76°C (lit.63,m.p. 78.5-80°C).
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iii) Electrophile - benzyl bromide/HMPA

A2-4-t-Butyl-3,5-diphenyl-l,2,4-oxadiazoline (1.12 g, 4 mmol) was
heated under reflux with potassium r-butoxide (1.34 g, 12 mmol) in a

mixture of THF (20 ml) and HMPA (5 ml) for 1 h. Benzyl bromide

(2.052 g, 12 mmol) was added and the reaction mixture was heated under
reflux for another 1 h. It was then separated between a saturated
solution of ammonium chloride and dichloromethane. The organic layer
was dried and the solvent evaporated to give a colourless oil which was

washed with water (5 x 25 ml) to remove excess HMPA. Evaporation of
solvent followed by recrystallisation with petroleum ether gave largely
the A-t-butylbenzamide (0.24 g, 34%) as a colourless solid, m.p. 98°C.
(Found: C,75.8; H,8.4 ; N, 7.1 C11H15NO requires C,74.5; H, 8.47; N,
7.9%); 5h 1.5(9H,s) and 7.25-7.75(5H,m);-5c 28.8, 51.6, 126.7, 128.4,

131.0, 135.9, 166.9; m/z 267(M+,1%), 252(2), 210(8), 177(17), 162(17),

134(4), 122(28) and 105(100).

M+ peak indicates traces of the alkylated A-r-butyl-A-benzyl
benzamide

iv) Attempted alkvlation with benzyl chloride
A procedure similar to (i) was used. The oxadiazoline (1 g, 3.6

mmol) was heated under reflux with potassium r-butoxide (0.8 g, 72.

mmol) for 30 min in dry THF (25 ml). Benzyl chloride (0.45 g, 3.6

mmol) was added and the reaction mixture stirred overnight at R.T. It
was then heated under reflux for 30 min. The usual workup gave the

non-alkylated A-r-butylbenzamide (0.6 g, 95%) as a colourless crystalline
solid, m.p. 132-1340 C (lit 64 ,m.p. 135.5<>C).
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v) Attempted alkvlation with 2-bromopropane

Deprotonation of A2-4-/-butyl-3,5-diphenyl-l,2,4-oxadiazoline (2.5

g, 9 mmol) was carried out by heating it under reflux in dry THF (50 ml)
with potassium r-butoxide (2.02 g, 18 mmol) for 2 h. Alkylation with 2-

bromopropane (2.2 g, 18 mmol) failed and the usual workup gave the

non-alkylated A-FbutyUbenzamide (1 g, 62%), m.p. 130°C (lit.64 ,m.p.

135.5°C).

vi) Attempted alkvlation with 2-bromopropane/HMPA
The procedure used was similar to (iii). A2-4-r-butyl-3,5-

diphenyl-l,2,4-oxadiazoline (1.12 g, 4 mmol) was heated with potassium
r-butoxide (1.34 g, 12 mmol) in a mixture of boiling THF (20 ml) and
HMPA (5 ml) for 2 h. 2-Bromopropane was added and the reaction
mixture was heated under reflux for another 1 h. A workup similar to

(iii) gave the non-alkylated A-r-butylbenzamide (0.28 g, 40%) as a

colourless solid, m.p. 128-130° c (lit.64 ,m.p. 135.5°C).

vii) Attempted alkvlation with f-butvldimethvlchlorosilane
The oxadiazoline (0.5 g, 1.8 mmol) and potassium r-butoxide (0.3

g, 2.7 mmol) were stirred in dry THF (25 ml) at R.T. for 2 h.

r-Butyldimethylchlorosilane (0.3 g, 2 mmol) was added and the reaction
mixture was heated under reflux for a further. 1 h. The usual workup

gave A-/-butylbenzamide (0.3 g, 60%) as a white solid, m.p. 130-132°C

(lit 62 ,m.p. 135.5°C).
with

viii) Attempted alkvlationAr-butvldimethvlchlorosilane/HMPA
The method used was similar to (iii). The oxadiazoline (1.12 g, 4

mmol) was heated under reflux with potassium r-butoxide (1.34 g,

12 mmol) in a mixture of THF (20 ml) and HMPA (5 ml) for 2.5 h.

r-Butyldimethylchlorosilane (1.2 g, 8 mmol) was added and the reaction
mixture was heated under reflux for a further 1 h. A workup similar to
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(iii) gave the non-alkylated A-r-butylbenzamide (0.38 g, 54%) as a white
solid, m.p. 136-138°C (lit.62 ,m.p. 135.5°C).

d) A2-4-f-Butyl-5-(p-methoxyphenvl)-3-phenvl-1,2,4-
oxadiazoline

i) Electrophile - water

The title oxadiazoline (5 g, 16 mmol) was heated under reflux with

potassium r-butoxide (5.4 g, 48.6 mmol) in dry THF (50 ml) for 3 h.
Excess water was added and the reaction mixture was stirred at R.T. for a

further 30 min. A workup procedure as before gave the required N-t-

butyl-/?-methoxybenzamide (1.4 g, 47%) as a pale yellow solid, m.p. 114-
115° C (lit 64 ,m.p. 115°C).

ii) Electrophile - iodomethane/HMPA
The method used was similar to (c.iii). The oxadiazoline (3 g, 10

mmol) was heated under reflux with potassium f-butoxide (3.36 g, 30

mmol) in THF (20 ml) with HMPA (5 ml) as a co-solvent for 3 h.

Iodomethane (4.26 g, 30 mmol) was added and the mixture heated under
reflux for a further 1 h followed by the usual workup which gave a pale

yellow oil. This was washed with water several times to remove excess

HMPA. Evaporation of solvent followed by recrystallisation from
hexane gave A-f-butvl-/V-methyl-p-methoxybenzamide (0.52 g, 24%), as a

white solid, m.p. 60-62°C. (Found: C, 69.8; H,9.2; N, 6.9 ; m/z
221.1413 C13H19NO2 requires C,70.6; H,8.7; N, 6.3 % ; m/z 221.1416).
5H 1.35(9H,s), 2.9(3H,s), 3.9(3H,s) and 6.95 and 7.4 (4H,AA'BB'

pattern,J 7Hz); 5c 28.3, 29.5, 36.1, 55.9, 114.0, 127.6, 130.0, 161.25
and 173.7; m/z 221(M+,4%), 206(15), 178(3), 165(3), 148(7.5),

135(100) and 105(13).

iii) Electrophile - benzyl bromide/HMPA
A procedure similar to (ii) was used. The oxadiazoline (1 g, 3.33

mmol) was heated under reflux with potassium f-butoxide (1.21 g, 10
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mmol) in dry THF (20 ml) with HMPA (5 ml) as a co-solvent for 2 h.

Benzyl bromide (1.71 g, 10 mmol) was added and the reaction mixture
heated under reflux for another 1 h. The usual workup gave a yellow oil
which was washed several times with water, dried and evaporated to give
the non-alkylated amide (0.79g, 80%) as a colourless solid , m.p. 115-
116°C (lit.64,m.p.H50C)

e) A2-4-f-Butvl-5-p-methvlphenvl-3-phenyl-l,2,4-oxadiazoline
i) Electrophile - water

The title oxadiazoline (0.7 g, 2.5 mmol) was heated under reflux
with potassium r-butoxide (0.56 g, 5 mmol) in dry THF (25 ml) for 2 h.
Excess water was added after the reaction mixture cooled to RT. and it

was further stirred for 30 min. The usual workup using a saturated
solution of ammonium chloride and recrystallisation from aqueous

ethanol gave the required iV-r-butyl-/?-methylbenzamide (0.4 g, 85%),

m.p. 110-1 lloC (lit.64 ,m.p. 116.5-117oQ.

ii) Attempted alkvlation with benzyl chloride
The oxadiazoline (1.4 g, 5 mmol) was heated under reflux with

potassium r-butoxide (1.2 g, 10 mmol) in dry THF (25 ml) for 2 h.

Benzyl chloride (0.63 g, 5 mmol) was added after cooling and the
reaction mixture was further stirred overnight at R.T. A workup similar
to (e i) gave the non-alkylated A-r-butyl-/?-methylbenzamide (0.6 g,

63%), m.p. 117-118°C (lit.64 ,m.p. 116.5-117oQ.

iii) Attempted alkvlation with benzyl bromide
A procedure similar to (e i) was used. The oxadiazoline (0.7 g,

2.5 mmol) was heated under reflux with potassium /-butoxide (0.84 g, 7.5
mmol) in dry THF (25 ml) for 2 h. Benzyl bromide (0.64 g, 3.75
mmol) was added after cooling and the reaction mixture further stirred at

R.T. overnight. A workup similar to (e i) gave colourless crystals of the
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non-alkylated A-r-butyl-/?-methylbenzamide, m.p. 116-118°C (lit.64 ,m.p.

116.5-117oC).

f) A2-4-f-Butvl-5-methvl-3-phenvl-l,2,4-oxadiazoline
Attempted deprotonation with:

i) Potassium f-butoxide

The oxadiazoline (0.8 g, 3.6 mmol) was heated under reflux with

increasing quantities of potassium r-butoxide (1.5-3 eq) in dry THF (25

ml) for up to 3 h. Excess water was added and the usual workup

procedure was followed. Evaporation of the solvent gave the unchanged
oxadiazoline quantitatively. 8h 1.1 (9 H, s), 1.3 (3 H, d, J 6 Hz), 5.7 (1

H, q, J 6 Hz) and 7.1-7.6 (5 H, m).

ii) Lithium diisopropvlamide
A solution of A2-4-r-butyl-5-methyl-3-phenyl-l,2,4-oxadiazoline

(1.09 g, 5 mmol) in dry THF (25 ml) was stirred at 0°C under an

atmosphere of nitrogen. A preformed solution of lithium

diisopropylamide (16 mmol, from 2.156 ml diisopropylamine + 6.5 ml
2.5M n-butyllithium in 10 ml dry THF) was added using a syringe.
After the addition the reaction mixture was allowed to warm up to R.T.
and further stirred at R.T. for 2.5 h. Water was added and the reaction

mixture was further stirred at R.T. for 1 h. The usual workup gave a

yellow solid which was identified as the unchanged oxadiazoline after
recrystallisation from petroleum ether. 8h 1.1 (9 H, s), 1.3 (3 H, d, J 6

Hz), 5.7 (1 H, q, J 6 Hz) and 7.1-7.6 (5 H, m).

iii) n-Butvllithium

A solution of the above oxadiazoline (1.09 g, 5 mmol) in dry THF

(25 ml) was stirred at 0°C under an atmosphere of nitrogen. n-

Butyllithium (6.5 ml, 2.5 M solution in hexane) was added and the
reaction mixture was allowed to stir at 0°C for 15 min. It was further
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stirred at R.T. for 2.5 h. Excess water was added and the mixture was

stirred for 1 h at R.T. The usual workup gave the unchanged
oxadiazoline as a pale yellow solid. 8h 1.1 (9 H, s), 1.3 (3 H, d, J 6 Hz),
5.85 (1 H, q, J 6 Hz) and 7.3-7.83, (5 H, m).

g) A2-4,5-Diphenvl-3-methvl-l,2,4-oxadiazoline
i) Electrophile - water

A mixture of A2-4,5-diphenyl-3-methyl-l,2,4-oxadiazoline (1.2 g,

15 mmol) and potassium r-butoxide (1.68 g, 45 mmol) was heated under
reflux in dry THF (20 ml) for 2.5 h. Excess water was added and the
reaction mixture was stirred at R.T. for a further 30 min. A workup

using a saturated solution of ammonium chloride as usual gave a pale
brown coloured solid. Recrystallisation from ethanol gave the required

A-phenylbenzamide (0.70 g, 71%) as shiny white crystals, m.p. 164-165°
C (lit.59 ,m.p. 163°C).

ii) Attempted alkylation with iodomethane
The title oxadiazoline (6.71 g, 28 mmol) and potassium r-butoxide

(9.4 g, 84 mmol) was heated under reflux in dry THF (30 ml) for 3 h.
Iodomethane (3.97, 28 mmol) was added and the mixture was stirred at

R.T. for a further 1 h. The usual workup gave a brown solid which on

recrystallisation from ethanol gave the non-alkylated amide (2.39 g ,

43%),as a white solid, m.p. 164-165°C (lit.60 ,m.p.l63°C).

iii) Electrophile - benzyl bromide/HMPA
A mixture of the above oxadiazoline (1.2 g, 15 mmol) and

potassium r-butoxide (1.68 g, 45 mmol) was heated under reflux in THF

(20 ml) with HMPA (5 ml) as a co-solvent for 2.25 h. Benzyl bromide

(7.7 g, 45 mmol) was added and the reaction mixture was heated under
reflux for a further 2 h. The usual workup followed by washing several
times with water gave a brown oil which on precipitating using petroleum
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ether gave the A-phenyl-A-benzylbenzamide (0.44 g, 10.2%) as a pale
brown solid, m.p. 102-103°C (lit.65 ,m.p. 104°C).

h) A2-4-f-Butvl-3-methyl-5-phenvl-1,2,4-oxadiazoline
i) Electrophile - water

A procedure similar to (a i) was used. A mixture of the title
oxadiazoline (2.18 g, 10 mmol) and potassium r-butoxide (2.24 g, 20

mmol) was stirred at R.T. in dry THF (20 ml) for 2 h. Excess water was
added and the reaction mixture was stirred at R.T. for a further 1 h.

The usual workup gave a brown oil which on crystallisation from aqueous

ethanol gave A-r-butylbenzamide (0.2 g, 11.3%) as a pale yellow solid,

m.p. 133-134°C (lit.62 ,m.p. 135.5°C).

2. Deprotonation of A2-l,4,2-dioxazolines

a) A2-3,5-Diphenvl-l ,4.2-dioxazolines
i) Electrophile - water

A2-3,5-Diphenyl-l,4,2-dioxazoline (1.125 g, 5 mmol) with was

heated potassium r-butoxide (1.68 g, 15 mmol) under reflux in dry THF

(25 ml) for 2 h. Excess water was added after cooling to R.T. and then
the mixture was allowed to stir for a further 1 h at R.T. It was then

separated between dichloromethane and water. The organic layer was
washed twice with water. The aqueous layer was acidified with HC1 to

give a white solid which was filtered, washed with water and dried to give
benzoic acid (0.59g, 97%), as a white solid, m.p. 124-125°C (lit.66, 122-

123°C).

ii) Electrophile - iodomethane
A similar procedure to (a i) was used. The A2-3,5-diphenyl-

dioxazoline (2.24 g, 10 mmol) was heated under reflux with potassium t-
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butoxide (3.36 g, 30 mmol) in dry THF (25 ml) for 2 h. Iodomethane
(2.84 g, 20 mmol) was added after cooling to R.T. and stirred for a

further 1 h at .R.T. It was then separated between dichloromethane and
water and the aqueous layer washed with dichloromethane (3 x 10 ml).
The combined organic fractions were dried and the solvent was

evaporated followed by kugelrohr distillation to give methyl benzoate

(0.65 g, 48%) as a colourless liquid, b.p.l98-200°C (lit.66, b.p. 199.6°C).
b) A2-5-(o-ChlorophenvP-3-phenvl-l,4,2-dioxazoline
i) Electrophile - water

A2-5-(e>-Chlorophenyl)-3-phenyl-l,4,2-dioxazoline (2.13 g, 8.3

mmol) and potassium f-butoxide (2.8 g, 24.9 mmol) was heated under
reflux in dry THF (25 ml) for 1.5 h. After cooling, excess water was

added and the reaction mixture was stirred for a further 1 h at R.T. An

aqueous workup as in (a i) followed by recrystallisation from aqueous

ethanol gave the o-chlorobenzoic acid (1.04g, 80.6%), as a dull white

solid, m.p.l40-141°C (lit.62, m.p. 142oQ.

c) A2-5-(p-Chlorophenyl)-3-phenvl-l A2-dioxazoline
i) Electrophile - water

A2-5-(/?-Chlorophenyl)-3-phenyl-l,4,2-oxadiazoline (1.53 g, 5.9
mmol) and potassium r-butoxide (1.98 g, 17.7 mmol) was heated under
reflux in dry THF (50 ml) for 1 h. Excess water was added after cooling
to R.T. and it was further stirred at R.T. for 1 h. An aqueous workup as

usual gave /?-chlorobenzoic acid (0.74 g, 80%) as a pale white solid, m.p.
230-232°C (lit.68, m.p. 243oC).

ii) Electrophile - iodomethane
A similar procedure as (a ii) was used. The above dioxazoline (0.5

g, 2 mmol) was heated under reflux with potassium t-butoxide (0.67 g, 6

mmol) in dry THF (25 ml) for 3 h. Iodomethane (0.6 g, 4 mmol) was
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added and stirred at R.T. overnight. A workup similar to (a ii) followed

by recrystallisation from ethyl acetate and petroleum ether gave methyl p-
chlorobenzoate (0.17g, 51%), m.p.40-41°C (lit.68 ,m.p. 44°C).

3. Attempted deprotonation of A2-4-f-butyl-l,3,5-triphenyl-
1,2,4-triazoline

The above triazoline (0.3 g, 1 mmol) was heated under reflux with

potassium r-butoxide (0.33 g, 3 mmol) in dry THF (20 ml) for up to 3 h.
Excess water was added and the reaction mixture was stirred at R.T. for

30 min. The usual workup using saturated solution of ammonium
chloride gave brown solid. !H N.M.R. showed the presence of the

unchanged triazoline.
5H 1.1 (9 H, s), 6.2 (1 H, s) and 7-7.8 (15 H, m).
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A Preparation of Heterocycles

1. Preparation of A2-l,2,4-oxadiazolines

The preparation of A2-3-phenyl-4,5-disubstituted-l ,2,4-
oxadiazolines (74) was achieved by the method of Huisgen44.

The reaction was accomplished by the 1,3-dipolar cycloaddition
between benzonitrile oxide (75) and 1 eq of dipolarophiles containing

Nci
(7)

+ R'CH = NR2

(76)

/

R2

(74)

(82) R1=p-OCH3-C6H4, R2=t-Bu(86) R!=Me, R2=t-Bu.

(83) R^p-CI-CeHj, R2=t-Bu. (87) R^Me, R2=C6Hn.

(84) R1=p-CH3-C6H4,R2=t-Bu (88) R^n-Pr, R2=C6Hn.

(85) R1=p-N02-C6H4, R2=t-Bu.

Et3N
Ph —C= N+- Cr + Et3NH+Cl~

(75)

(79) R* = Ph, R2=Ph.

(80) R!=Ph, R2=CH2Ph.

(81) R^Ph, R2=t-Bu.
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C=N viz the imines (76). Benzonitrile oxide is itself prepared in situ by
the dehydrochlorination of benzhydroximoyl chloride (7) with

triethylamine. The main problem in such cycloadditions is the
dimerisation of benzonitrile oxide to diphenylfuroxan (9) in neutral
media12. In acidic media the "azoxime" (77) is formed69.

The formation of diphenylfuroxan (9) can be explained on the basis
of a concerted one-step formation of a furoxan ring70 (route B) via the
transition state (78) with partial dipolar character in the transition state. In
both the routes A and B the o-bond between nitrogen and oxygen is formed
first. The carbon -carbon bond may form either after( route A) or during
(route B) the formation of the first bond Route A is strongly solvent

dependent whereas route B is comparatively independent of the type of
solvent.

Ph

// w
N Cx

(77)

Ph —C=N+-0"
C+Ph C-Ph

+ II II
Ph —C= N+- O"

B

Ph

(9)

(7S)
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Route B, however does not obey the principle of maximum gain in
o-bond energy71 and an alternative pathway was postulated by Huisgen71
which involves the intermediate formation of a 1,2-dinitrosoethylene
derivative from two molecules of nitrile oxide via a carbene structure.

In the cycloadditions the dimerisation of benzonitrile oxide can be

kept to a minimum by adding triethylamine very slowly to a mixture of

benzhydroximoyl chloride and the imine at 0°C. The base abstraction of
HC1 from benzhydroximoyl chloride gives the intermediate benzonitrile
oxide (75) which cycloadds to the imine (76) to give the product (74). A

variety of such A2-3-phenyl-4,5-disubstituted-l,2,4-oxadiazolines were

prepared as seen from compounds (79) to (88). The preparation of
imines 36,37 by the reaction between aldehydes and primary amines

accompanied by a loss of a molecule of water and the in situ generation of
benzonitrile oxide using aliphatic tertiary amines like triethylamine are

both very well known reactions.
Arv\

C= NOH

CI

A

1 4*
c= NO"" NR,

X*

(89)

-R3NH+Cr

Ar—C= N+— O"

Scheme 9
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The y-elimination of HC1 from the hydroximoyl chlorides is

explained on the basis of the following mechanism by Beltrame and
co-workers72 as shown in Schemes 9 and 10. In the transition state (89)

the C-Cl bond appears a little extended and the proton transfer to the
amine is highly advanced. This gives anionic character to the transition
state. The large 'Bronsted B' value favours an ionisation mechanism
which can be imagined as an irreversible EjCB mechanism which

requires the intermediate anion ArC(Cl)=NO~ to lose Cl~~ much faster
than it is reprotonated. This type of behaviour seems improbable for an
intimate ion pair (90) but is sufficiently conceivable for a solvent-

separated ion pair (91) in a polar solvent.

Ar.
\
C= NOH

r3n

CI
/

ArCNO
K2
fast

Ar.

CI

\
I
/
c = NO"HNR3

(90)

K_i'
K,

Ar.
\
c = Ncr

ci
/

H N*R3

(91)

Scheme 10

Attempts to make A2-4-r-butyl-3-methyl-5-substituted-l,2,4-
oxadiazolines (93) by the y-elimination of HC1 from acethydroximoyl
chloride (92) using triethylamine were unsuccessful. Instead, a novel

cycloreversion to give the aldehyde and amidine was observed. (Details
discussed later in Section B). Thus, a better established method for the
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Me
\

CI
/

:NOH y Et3N
i\ pinu —

Me

R'CH = NBu1

r"~o
NA

(92) Bul
r1

(93)

generation of aliphatic nitrile oxides, viz the dehydration of primary
nitroalkanes was used.

Dehydration of primary nitroalkanes73'47 is an important method
for the in situ generation of aliphatic nitrile oxides. The most common

dehydrating agent is phenyl isocyanate73 with catalytic amounts of

triethylamine as shown in Scheme 11.

rch2no2
Et3N

rch= n02~

(94)

r'nco o-
► I t

rch= n*- OCON k

(95)

CC>2 + r'nh2 + [ r— c= n+ - o ]
r'ncoi

o
ii

r'nh— c— hnr1

(96)
x 2

r

n

dipolarophile
11

r Cycloadduct

N N+^.
N0^ °"

Scheme 11

In the presence of the catalyst the nitroalkane first forms a

nitronate ion (94). One of the oxygen atoms of the nitronate ion
combines with the positively charged carbon of the isocyanate to give the
addition compound (95) which by a proton transfer decomposes to nitrile
oxide and carbamic acid. The latter decomposes easily to amine and
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CC>2. The amine then reacts with a second mole of isocyanate to form the

symmetrical disubstituted urea (96). The nitrile oxide dimerises to give
the furoxan in the absence of a dipolarophile trap.

2PhNCO
McCHoNOo ► Mc—C=N+-0- + PhNH HNPh

Et3N C
(97) (98) U

PhCH= NR

R=Ph,t-Bu,CH2Ph.

(99) R=Ph.

(100) R=t-Bu.

(101) R=CH2Ph.

Thus, the reaction of nitroethane (97) with two equivalents of

phenyl isocyanate and a variety of imines in the presence of a catalytic
amount of triethylamine in boiling toluene gave diphenyl urea and
acetonitrile oxide (98) which added to the imines to give the required A2-
1,2,4-oxadiazolines (99-101)

An attempt was also made to convert acetaldoxime directly to the
nitrile oxide using A-bromosuccinimide in a dimethylformamide solution
which is a very good dehydrogenating agent for conversion of aldoximes to
nitrile oxides. This strategy was based on a method by Grundmann and
Richter74. The reaction proceeds via hydroximic acid bromide which is

subsequently dehydrobrominated by a base like sodium ethoxide or

triethylamine to the nitrile oxide. Even though this method works well in
case of aromatic nitrile oxides74 it does not however work with
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acetaldoxime probably due to the greater tendency of aliphatic nitrile
oxides to dimerise.

Another approach by Harada et al45 was the O-acylation of primary

aliphatic nitro compounds with acid chlorides in A/OV-dimethylacetamide
which led to the formation of nitrile oxides which in turn cycloadd in situ
with suitable dipolarophiles to give 5-membered heterocycles.

RCH— Nt,
*0"

R=Ph,Me,Et,Me02C.

/
RCH=

Or

cr

M+ RCOX RCH= N+ OCOR
I
o-

-RCOOH

[ R — C= N+ — O" ]

Scheme 12

Unfortunately in our hands the method using acetyl chloride gave

either none or just traces OH N.M.R.) of the required A2-3-methyl-4,5-
disubstituted-1,2,4-oxadiazolines.

2. Preparation of A2-l,4,2-dioxazolines

The syntheses of A2-3-phenyl-5-substituted-l,4,2-dioxazolines were

carried out by the method of HuisgenO0'52 As usual the

dehydrochlorination of benzhydroximoyl chloride (7) with triethylamine

gave the intermediate benzonitrile oxide (75) which immediately

cycloadds to the aromatic aldehydes (102) to give the A2-1,4,2-
dioxazolines (103-105). The dimerisation of benzonitrile oxide (75) to
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(9) is suppressed by using a large excess of the

Et3N ►J Ph —C5N+—O" j + Et3NH+Cr
(75)

R—CH=0

(102)

(103) R=Ph.
(104) R=o-Cl- C6H+
(105) R=p-Cl-C6H4.

This method30 has proved to be a very versatile method of

synthesising A2-l,4,2-dioxazolines. A2-3,5,5-triphenyl-l,4,2-dioxazoline
(106) has been previously reported by Exner75, from the reaction of

benzohydroxamic acid with the diethyl acetal of benzophenone.

N^0
Ph—^ PhO^Ph

(106)

Schmitz and Schramm76 have also reported the formation of A2-3,5-
diphenyl-l,4,2-dioxazoline (103). When 2-benzoyl-3-phenyloxaziridine

(107) was heated in benzene it underwent ring enlargement to give

dioxazoline(103).

(107) (103)

In contrast to aromatic aldehydes, Huisgen's30 method was not

suitable for addition to aliphatic aldehydes. Although there are a few

diphenylfuroxan

aldehydes.
NOH

Ph— C CT +
CI

(1\
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examples, these all involve cases in which the electrophilic character of
the C=0 group was enhanced by the presence of a CI adjacent to the C=0
or by neighbouring C=0 or -CO2R groups30.

An attempt was made to make A2-5-methyl-3-phenyl-l,4,2-
dioxazoline based on the method of Morrocchi and co-workers55 using
boron trifluoride etherate as a catalyst. The reaction was postulated to

follow the mechanism shown below:

Boron trifluoride etherate like other Lewis acids forms

coordination compounds with the aldehydes, ketones or nitriles which
alters the original system by increasing its dipolar character and its

electrophilicity. There are two possible routes, either a one-step

cycloadditon (route A) or an initial nucleophilic attack on the activated

electrophilic carbon of the BF3-coordinated complex followed by a fast

ring closure (route B). Although the authors55 have reported the

cycloaddition with acetaldehyde and n-propionaldehyde in 40 and 25%

yields respectively and other cyclo-additions with a series of aliphatic
ketones (also in moderate about 15-50% yields) we were unable to make

A2-3-phenyl-5-methyl-1,4,2-dioxazoline. This reaction was not pursued
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any further because the presence of the methyl group in the 5-position of
the expected cycloadduct would make it unfit for deprotonation (details
discussed in section C).

Mention must also be made of Harada's45 syntheses of

A2-l,4,2-dioxazolines of the type (108). The authors prepared the
nitrile oxide via the (9-acylation of nitrocompounds and used ketones

possessing an electron withdrawing group. The reaction was carried out

in the presence of boron trifluoride etherate.

N"
OR1—& l,R2

R3

(108)

R!=Ph, Ph, Ph, Ph,
R2=Me, Me, Me, CH2C1,
R3=C02Me, C02Et, COMe, Ph.

Lee77 has reported a phase-transfer process for the in situ

generation of nitrilium betaines followed by trapping with dipolarophiles
to produce the desired heterocyclic systems.

NaOCl / CH2C12Ph C= NOH - Ph — C= N+— O"
1 Et3N
H (75)

PhCHO

eh~<X Ph

(103)

This method provides an improvement in yield over previous
methods.
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3. Preparation of A2-l,2,4-triazolines

The synthesis of A2-l,2,4-triazolines was based on the method of

Huisgen et afil.
Diphenyl nitrile imine is generated in situ by the

dehydrochlorination of a-chlorobenzylidenephenylhydrazine (109) with
a base like triethylamine. Conde and co-workers78 have also reported
the dehydrochlorination of a-chlorobenzylidenephenylhydrazine (109)

using a Lewis acid like aluminium chloride. Nitrile imines can also be
formed by the thermal breakdown of 2,5-disubstituted tetrazoles17 but the
elimination of hydrogen chloride from (109) is now the preferred
method for the in situ generation of diphenyl nitrile imine79 despite the
severe allergenic effect of (109) on some individuals.

Thus, the 1,3-dipolar cycloaddition of diphenyl nitrile imine to

imines (76) gave the required A2-l,2,4-triazolines as exemplified by

(110) and (111). The triethylamine hydrochloride formed during the
course of the reaction is removed by washing with water.

As in the other cycloadditions the formation of a head-to-tail dimer
of the 1,3-dipole viz the tetrazine (112) is a possible problem.

Ph —C= N—NHPh Et3N
[ Ph-C=N+—N-Ph ] + Et3N+HCl

CI

(109) R'CH = NR2

(76)

/
R2

(110) R!=ph, R2=Ph.
(111) R^Ph, Rz=t-Bu.
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Dimerisation is minimised by adding triethylamine dropwise to a mixture
of the nitrile imine and the imine.

Other previously known methods for the synthesis of A2-1,2,4-
triazolines are the method of Baccar et al 80 in which co-phenyl-
benzamidrazone hydrochloride reacts with aldehyde in the presence of a

base in absolute alcohol and the method of Busch and Ruppenthal81 in
which 6-diphenyl-phenylhydrazidine is heated under reflux with the

aldehyde in alcohol.

4. Preparation of A2-l,3,4-oxadiazolines

The preparation was carried out by a method of Huisgen27. The
reaction is similar to that of diphenyl nitrile imine with imines.

Thus, a-chlorobenzylidenephenylhydrazine (109) is dehydro-
chlorinated using triethylamine and the intermediate diphenyl nitrile
imine is trapped by benzaldehyde to give A2-2,3,5-triphenyl-l,3,4-
oxadiazoline(l 13).

Ph

Ph

(112)
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Ph —C=N— NHPh f Ph — C= N+— N"Ph 1 + Et3N+HCl
CI

(109) PhCHO

Ph

Ph

Ph

(113)

5. Preparation of A2-l,2,4-thiadiazolines

a) Attempted conversions of A2-l,2.4-oxadiazolines to A2-

The initial attempts for the conversion of A2-l,2,4-oxadiazolines to

the corresponding thiadiazolines were based on the well established
conversions of epoxides83 to thiiranes which is the method of choice for
the synthesis of thiirane rings. Previous work in this laboratory has also
established the ready conversion of 2-oxazolines (114) to the

corresponding thiazolines (115) using P2S582.

Phosphorus pentasulphide seemed to be the first obvious choice. It
was heated under reflux with A2-4-r-butyl-3,5-diphenyLoxadiazoline (81)
in toluene followed by a separation between water and dichloromethane.

Drying and evaporation of the organic extract gave a colourless solid
whose 1H N.M.R. and the M+ ion peak at 280 in the mass spectrum

indicated it to be the unchanged oxadiazoline (81).

1.2,4-thiadiazolines

(114) (115)
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Thiourea is another commonly used reagent in such exchange
reactions. The reaction between epoxides and thiourea is generally
carried out in aqueous solutions and proceeds by the following
mechanism 83. Addition of at least an equimolar quantity of an inorganic
acid increases the yields as the reaction proceeded through an

isothiouronium salt (116). Thiiranes could be obtained either by

\
nh2

v s h2nx £n + h2 h2n ^nh2
cC— oT — «e X

-c-< A-<
h2nconh2

1J

neutralization of the isothiouronium salt (116) with sodium carbonate or

by its pyrolysis.

oh

f *p + h2 x~
S—C\

snh2
(116)

Our reaction of A2-4-t-butyl-3,5-diphenyl-l,2,4-oxadiazoline with
thiourea was boiled under reflux in ethanol but it failed to give the

expected A2-4-r-butyl-3,5-diphenyl-l,2,4-thiadiazoline.
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The method of Chan and Finkenbine84 which reacted

triphenylphosphine sulphide with oxiranes in benzene using
trifluoroacetic acid as a catalyst seemed encouraging as it involved a

pentavalent phosphorus species (117) as an intermediate which would

proceed to give triphenylphosphine oxide and thiirane.

PK /
Ph^j\

Ph

O-

(117)

Hie formation of the phosphoryl bond is the probable driving force for
the reaction. Thus, A2-4-r-butyl-3,5-diphenyl-l,2,4-oxadiazoline (81)
was reacted with triphenylphosphine sulphide with equimolar quantity of
trifluoracetic acid in benzene at about 40° C to give a white solid. M+

peaks in the mass spectrum for triphenylphosphine sulphide (294) and the

starting oxadiazoline (280) indicated the failure of the conversion.
In all these cases it appears that the 5-membered ring is less

strained than a 3-membered ring and therefore does not allow an initial

ring opening to afford an oxygen-sulphur exchange.
Lawesson's reagent can be considered as one of the most efficient

thionation reagents know to date85 and it has largely replaced the

previous reagents both because of convenience and excellent yields. A

large variety of oxo compounds can be converted to the corresponding
thioxo compounds86'87.

The thionation of the ring oxygen can be seen from the ring
thiolated thiones (120) derived from the reaction of 3,l-benzoxathian-4-

ones (119).
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MeO
.—/ ||NS/

S 6

S^M
P. p ^ A— OMe

(118)

Lawesson 's Reagent
2,4-Bis-(4-methoxyphenyl)-l,3,2,4-dithiadiphosphetane-2,4-<iisulphide.

O

(119)

R=Ph,p-N02-Ph.

(118)

with (118)86.
The thionation of benzofurazan-l-oxide (121) to 2,1,3-

benzothiadiazole (122) via thionitrosoyl intermediates87 also illustrates
the potential of (118) to bring about ring oxygen-sulphur exchange.

(121)

(118)

(118)

i r

(122)

Based on these results we heated A2-4-r-butyl-3,5-diphenyl-1,2,4-
oxadiazoline (81) with Lawesson's reagent in dry toluene for 6 h under
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reflux in an atmosphere of nitrogen. The M+ peak at 280 in the mass

spectrum of the resultant solid indicated that thionation had not taken

place.

b) Direct preparation of A2-1.2.4-thiadiazolines
The preparation of A2-l,2,4-thiadiazolines was achieved by the

method of Paton.58 This involves the thermolytic decarboxylation of a

5-substituted-l,3,4-oxathiazol-2-one (49) to give the nitrile sulphide
which cycloadds to the imine (76) to give the desired heterocycle.

Thus, a variety of 5-substituted-oxathiazol-2-ones were prepared by
a method of Howe et al 56. The amides (123) react with

chlorocarbonylsulphenyl chloride to give the oxathiazol-2-ones (49) in

reasonably good yields in most cases. The reaction proceeded by the loss
of 2 molecules of HC1.

The cycloaddition of nitrile sulphides to imines has only been reported
once before by Paton29 et al who reported low yields of the A2-1,2,4-
thiadiazoline (<13%). This could be attributed to the thermolytic
behaviour of the A2-l,2,4-thiadiazolines (125) which undergo a retro

1,3-dipolar cycloaddition to give back the imine (76) and the nitrile

sulphide, which is itself highly thermally labile28 and can easily

decompose to give the nitrile (124) and free sulphur.

R

(49)

R=Ph,p-OMe-Ph,

p-Cl-Ph ,p-Me-Ph,

m-Me-Ph
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The 1,3-dipolar cycloaddition of nitrile sulphides to imines can be
summarised as follows:

y\
(49)

o

heat

Zco2 - [ R-C-N'-S- j

heat'

R!CH = NR2
(76)

R~ix

R-ON + S

(124)

I
R2

(125)

(126) R=Ph, R^Ph, R2=t-Bu.
(127) R=Ph, R1=p-N02-C6H^2=t-Bu.

Thus, an attempt was made to prepare two thiadiazolines (126, 127)
which on one occasion probably did give the thiadiazolines, on the basis of
1H N.M.R and 13C N.M.R data. However, these results were not

reproducible and since the yields are also very poor we do not think that it is
a synthetically useful method, at least for the purpose of further

decomposition of the thiadiazolines.

B Novel Cycloreversions

As mentioned earlier the attempts to prepare A2-4-r-butyl-3-methyl-
5-substituted-l,2,4-oxadiazolines (93) via the dehydrochlorination
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of acethydroximoyl chloride (92) failed. Instead, the aldehyde and the
amidine were recovered from the reaction mixture.

Thus, the reaction of acethydroximoyl chloride (92) with imines
(76, R!=Ph, Me; R2=r-Bu) in the presence of triethylamine in dry ether

gave a mixture of benzaldehyde/acetaldehyde and TV-r-butylacetamidine

(128). In both the cases the aldehydes were separated by kugelrohr
distillation and characterised after converting them into the respective

2,4-dinitrophenylhydrazones. Recrystallisation of the residue from
hexane and ether gave the N-r-butylacetamidine (128) as a colourless
solid which was identical with an authentic sample.

N-o
"-<1KS"—N

Me—C%
^NOH Et3N
CI R!CH = NBu1

(92) (76)

Me

N

Bul

(93)

/ R1

R^Ph.Me. ^ RlcH0
+

./
NH2

Me—
^ NBu1

(128)

This novel cycloreversion could possibly proceed through the

following mechanism via the protonated nitrene - "nitrenium ion" (129)
The cycloreversion may be acid catalysed (traces of hydrochloric acid

being present in the reaction mixture from the dehydrochlorination of

acethydroximoyl chloride). This has been indicated by separately

reacting A2-4-r-butyl-3-methyl-5-phenyl-l,2,4-oxadiazoline (100) from
the EtN02/PhNC0 route with aqueous HC1. XH N.M.R. indicated the
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presence of benzaldehyde 8h 9.9 and the characteristic singlet 5h 6.5 of

the oxadiazoline had disappeared.

Me—4^
NOH Et3N

CI R1CH=NBut
(92)

Me
N-n

N^^rI
Bul

t

H

-RCHO

NH2 +2H N+H NH
Me—^ Me—^ Me—^

NBu1 NBu1 N BU
(128) (129)

Scheme 13

The intermediate nitrene (130) or the nitrenium ion (129) might
be trapped using suitable traps. The proposed mechanism for the

trapping of the intermediate nitrene (122) using cyclohexane is as shown
below.

But, instead of the N-t-buty\-N- cyclohexylacetamidine (131) only
the original N-r-butylacetamidine (128) was formed. It is possible that

cyclohexane being a fully saturated system reacts with the nitrene or

nitrenium ion not by insertion but rather by abstraction and itself gets
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converted to cyclohexene. A similar result was obtained when the
reaction was carried out in benzene.

Attempts to trap the nitrene in the form of a phosphinimine with
triphenylphosphine gave only the triphenylphosphine oxide.

N+H NH

Me—^ ► Me—^
NBu1 N Bu

(129)
0

or

Me ^
N:

NBu1

(130)

N-0

R

N-O PhCH2OH

N

(132) R=Ph.
(133) R=p-tolyl.

Me

N
H

OCH2Ph

(134)

Me—^
NHC6Hn

PhCH2OH

NBu1

Me—^
NC6Hn

NHBu'

(131)

PhCH2OCOMe
+

R—cC
N: 1

NH

(135)

NH,

RvV
n^n -

Ph

(136)

— R—C.

NH

(137)
+

PhCHO

R

N-0

X X

NHCOMe
- R—C.

MeCONH2

Scheme 14
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Wilson88 and co-workers recently observed that in the formation of
1,2,4-oxadiazoles from acylamidoximes the oxadiazole reacted with

benzyl alcohol at the reaction temperature. Thus, 5-methyl-3-phenyl-
1,2,4-oxadiazole (132) when heated with excess of benzyl alcohol gave

benzyl acetate, benzaldehyde, benzonitrile and 2,4,6-triphenyl-l,3,5-
triazine (136) as the main products. They accounted for the major and
minor products based on a mechanism, Scheme 14, which proceeds by an

initial nucleophilic attack at C-5 of the oxadiazole ring to give an

intermediate (134). The intermediate (134) collapses into benzyl
acetate and a second intermediate viz the nitrene (135). This shows some

resemblance to the cycloreversion observed by us.

Further, Wilson et al 89 have reacted the 3-tolyl-5-methyl-l,2,4-
oxadiazoles (133) with benzyl alcohol in the presence of triphenyl-

phosphine with the aim of trapping the intermediate nitrene (135).

MeCN

Scheme 15
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But in the presence of triphenylphosphine the reaction takes a different

pathway based on a nucleophilic attack at C-3 as shown in Scheme 15.

Tributylphosphine does not react with oxadiazoles under similar
conditions.89 In the course of their discussion the authors suggest the

possibility of heterocycles of structures (139) or (140) being generally

subject to the above mentioned fragmentation reaction.

Ns c

-f ?
X'Y
(140)

X=C,Y=N
or X=N,Y=C.

C Base-induced Ring Cleavage of Heterocycles

1. Background

As mentioned in the Programme of Research the present work was

based on Huisgen's observation30 that the anion obtained from the
dioxazoline(62) undergoes fragmentation with elimination of
benzonitrile, thus resulting in the overall transformation of ethyl

gloxylate to oxalic acid.

PhCN + C02H

co2h

Other examples of the spontaneous cycloreversion of heterocyclic
carbanions are provided by the intermediate ethylenethioketal (64) which

N-n
r— e?

x-Y
(139)
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has been used by Cava31 to achieve the overall conversion of aldehydes

(63) to dithioesters (65).

The anions (141)90 (142)91 and (143)91 give respectively

formaldehyde, thioketones and thioketenes with the loss of vinyl

sulphinate anion.

>0 CH2 = o +

-O.S
J

(141)

R
R +

R1

(142)

R1 "02S
)

R

R>==s +
-o2s

Similarly, the elimination of vinyl sulphide from the sulphonium ylides

(144) and (145) gives thioaldehydes92 and thioketenes93 respectively.
R R\

R
S
Me

(144)

*■ R.^=s+
Me

(145)

2,5-Dihydrothiophene-l ,1-dioxide on treatment with unhindered
bases gave the anion (146) which undergoes cycloreversion to give the

butadienyl sulphinate anion94.
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O
so, so,

(147) loses ethene to give vinyl sulphinate anion.

Q1 ~ )502
(147)

"0,s

In the following sections the base-induced cycloreversion of

heterocycles (69) is described which allows overall conversion of (70) to

ron+- x-
r<x-y^^ri

(69)

r

-rcn

x

A
,e—y r1

e+

x e

A ,y r1

e+

(72)

A

A..
t
x-

(71)

(72). As mentioned earlier the heterocycle (69) formed by a

cycloaddition between a nitrilium betaine and an aldehyde or imine (70)
is deprotonated at the 5-position and the resulting anion undergoes

cycloreversion with the loss of the nitrile to give an anion (71) which
reacts with an electrophile E+ resulting in an overall functional group
interconversion.
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2. Imines to amides

Standard methods of preparation of simple amides involve the
reaction of carboxylic acids, acid chlorides, anhydrides or even esters with
either the appropriate amine, aqueous ammonia or even an ammonium salt.,

e.g. benzanilide can be prepared by the reaction between benzoic acid and
aniline accompanied by the loss of a mole of water.

The cycloadditions of nitrile oxides to imines (76) gave A2-1,2,-4-
oxadiazolines. We have observed that the oxadiazolines can be effectively

deprotonated using potassium t-butoxide (1.5-3 eq) in dry THF and boiling
the reaction mixture under reflux for 1.5-3 h. Some of the oxadiazolines

(R=Ph, RiPh, R2=Ph, But; R=Me, R!=R2=Ph) can be deprotonated even at

R.T. The intermediate anion (148) immediately

Scheme 15
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R
N_n

-<x
LKOBu1

THF

2.E+ R

O

II
M—

R2

N—E
I
r2 (150)or (151)

A^-l ,2-4-oxadiazolines
Amount

of
KOBut

Reaction

time and

temp.

E+
(150)
or (151)
E

%
Yield

R Rl R2

79 Ph Ph Ph -1.2 Eq 2 h ; R.T. h2o h 66

79 Ph Ph Ph -1.2 Eq 2 h ; R.T. Mel Me 96

80 Ph Ph CH2Ph 3 Eq 2 h ;
65-66°C

h2o h 73

80 Ph Ph CH2Ph 3 Eq 2 h ;
65-66°C

Mel
no

alkylation
(h)

90

81 Ph Ph But 1.5 Eq 2h ; R.T. h20 h 88

81 Ph Ph But 1.5 Eq 30 min;
65-66°C

Mel Me 75

81 Ph Ph But 2 Eq 30 min;
65-66°C

PhCH2Cl
no

alkylatior
(h)

95

81 Ph Ph But 2 Eq 2 h ;
65-66°C

PrnBr
no

alkylatior
(h)

62

81

82

Ph

Ph

Ph

p.MeO-
Ph

But

But

1.5 Eq

-3 Eq

2 h ; R.T.

3 h;
65-66°C

ButMe2
SiCl
h2o

no

alkylatior
(h)
h

60

47

84 Ph 9-MePh But 2 Eq 2 h; h2o
65-66°C

h 85

Table 3
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A^-1,2-4-oxadiazolines
Amount

of
KOBut

Reaction

time and

temp.

E+
(150)
or (151)
E

%
Yield

R Rl R2

84 Ph p-MePh But 2 Eq 2 h ;
65-66°C

PhCH2Cl
no

alkylatior 63

84 Ph p-MePh But 3 Eq 2 h ;
65-66°C

PhCH2Br
no

alkylatior 54

99 Me Ph Ph 3 Eq 2.5 h ;
65-66°C

h2o H 71

99 Me Ph Ph 3 Eq 3 h ;
65-66°C

Mel no

tlkylation
43

100 Me Ph But 3 Eq 2 h ; R.T. h2o H 11

Table 3 (continued)

undergoes cycloreversion to give the nitrile and the amide anion (149)
which can be treated with either water to give a secondary amide (150)
or an alkyl halide to give a tertiary amide (151). This represents a

convenient conversion of an imine (76) to a secondary (150) or a tertiary

(151) amide under mild conditions. Table 3 shows the results obtained.

Singh95 and co-workers have reported a one-pot conversion of
imines to amides, using phosphorus pentachloride to convert the imines to

imidoyl chlorides which are hydrolysed with water or aqueous sodium

hydroxides to give the required amides as shown below. However, our
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R1

H

I
•C*.

N

I
R2

PC15 / Xylene

-PCI3,
-HC1 '

CI

R1
I
R2

imidoyl chloride

H20
R

amide

NH

I
R2

method has decided advantages over this since many functional groups
would be attacked by PCI5.

In some cases the alkylation proved difficult and non-alkylated

R
N-n

-<x
,N R'

l.KOBu1

R2

THF/HMPA
2.E+

R

O

II
1 N—E

I
R2

(150) or (151)

-1,2-4-oxadiazolines
Amount

of
KOBut

Reaction

time and

temp.

E+
(150)
or (151)
E

%
Yield

R Rl R2

81 Ph Ph But 3 Eq lh;
reflux

PhCH2Br -CH2Ph 23

81 Ph Ph But 3 Eq 2 h ;
reflux

PrnBr
no

alkylatior
(H)

40

81 Ph Ph But 3 Eq 2.5 h ;

reflux
ButMe2-
SiCl

no

alkylation 54

82 Ph p-MeO-
Ph

But 3 Eq 3 h ;
reflux

Mel Me 24

82 Ph /?-MeO-
Ph

But 3 Eq 2 h ;
reflux

PhCH2Bi
c

no

lkylation
80

99 Me Ph Ph 3 Eq 2.25 h ;
reflux

PhCH2Br CH2Ph 10

Table 4 Reactions usins HMPA
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amide was isolated. In order to overcome this problem and facilitate

alkylation the cosolvent hexamethylphosphoramide (HMPA) was used
along with dry THF (1:4). In most cases alkylated amides were isolated
but in comparatively poor yields. This could be due to the fact that
removal of HMPA requires repeated washing with water following the

aqueous workup. The amides are probably partly soluble in water which

may lower the recovered yields. The results are given in Table4,

During the course of our studies we observed that A2-4-r- butyl-5-
methyl-3-phenyl-l,2,4-oxadiazoline (86) failed to undergo deprotonation.
The reaction was carried out using potassium r-butoxide (1.5-3 eq) and

boiling the reaction mixture under reflux for up to 3 h. Lithium di-

isopropylamide and n-butyllithium also failed to deprotonate the above
oxadiazoline. This is probably due to the methyl group in the 5-position
which makes the 5-proton less acidic compared to the aryl cases and hence
it cannot be abstracted by the above mentioned bases.

In each case the unchanged oxadiazoline N.M.R) was recovered.
Aksensov et al 96 have reported a conversion of imines, RN=CHMe

(R=Me, Et,Pr,Bu) via acylation with (RlC0)20 (Ri=Me, Et) in benzene

containing triethylamine giving A-alkyl-N-vinylcarboxamides of the type

R1CONRCH =CH2- Jitao and co-workers97 have also reported a

conversion of imines like RCH=NR! (R=Ph, 2-ClC6H4, 2-MeO-C6H4;

R ^Me^LP^Bu^-pentyLn-hexykn-heptyl) v(a hydrozirconation

Me

(86)
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followed by acylation with acid chlorides like R2COCl(R2=Me,Ph) to give
amides like RCH2N(COR2)Rl.

Although the above two examples involve the conversion of imines
to amides they cannot be considered as functional interconversions.

3. Aldehydes to carboxylic acids

Aldehydes are known to undergo oxidation quite readily. Acid
dichromate, permanganate and silver oxide are among the best known

oxidising agents to convert aldehydes to carboxylic acids.

RCHO or ArCHO

KMnQ4

Ag20

K2Cr207

- RC02H or ArC02H

A wide variety of oxidants have been developed through the years

to bring about such conversions. Miyajima and co-workers98 proposed
O3 as an initiator for the autoxidation of isobutyraldehyde to isobutyric
acid via an initially formed peroxyisobutyric acid.

Pr'CHO + 02 ► Pr'C03H

Pr'C03H + Pr'CHO Pr'C02H

Anderson and Pinnick" successfully converted aldehydes to the

corresponding carboxylic acids by first converting them into dioxolanes
which on reaction with A-bromosuccinimide give bromoesters which are

transformed to acids by a zinc-induced 1,2-elimination using a mixture of
zinc and zinc chloride and heating the reagents under reflux for 24 h.
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Ganem100 et al have described the synthetic utility of 2-

hydroperoxyhexafluoro-2-propanol (152) as a selective nucleophilic

reagent for the oxidation of aldehydes to carboxylic acids in presence of
other oxidisable functional groups.

Our method of functional interconversion via heterocycles offers a

method of converting aldehydes into acids under mild and non-oxidising
conditions. Thus, A2-5-aryl-3-phenyl-l,4,2-dioxazolines were prepared

by the 1,3-dipolar cycloaddition of benzonitrile oxide to aromatic

aldehydes. The dioxazolines were deprotonated at the 5-position using
about 3 equivalents of potassium t-butoxide by boiling the reaction
mixture under reflux in dry THF.
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Deprotonation gives an intermediate anion (153) which undergoes

cycloreversion to give the carboxylate anion (154) accompanied by the
elimination of benzonitrile. The anion (154) on hydrolysis with water

N.
Ph —C

(75)

N+ — O

o

PhCN + JL
O R

(154)

H20

Ph

u R

KOBu'.THF

u R

(153)

Scheme 16

A2-5-aryl-3-phenyl-
1,4,2-dioxazoline Amount

of
Reaction
time and E Carboxylic %

R
KOBut temp. Acid Yield

(103) Ph 3 Eq 2 h;
65-66°C

H20 PhCOOH 97

(104) o-Cl-CgH4 3 Eq 1.5 h;
65-66°C

h2o o-C1C6H4COOH 81

(105) f?-Cl-C6H4 3 Eq lh;
65-66°C

h2o p-cic6h4cooh 80

Table 5
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gives the corresponding carboxylic acid as seen in Scheme 16. The
different examples are listed in Table 5

4. Aldehydes to Esters

The esterification of carboxylic acids is the typical method of

preparation of esters. Taiseki101 has prepared esters in high yields

following the oxidation of either an alcohol or an aldehyde using Pd, Rh or

Ir catalysts. Ei and co-workers102 have reported the oxidation of

aldehydes to esters using peroxysulphuric acid. Aldehydes can also be
made to undergo Cannizzaro reaction using aluminium ethoxide. Under
these conditions the acid and the alcohol combine together in what is called a

Tischenko reaction to form the ester, e.g. acetaldehyde gives ethyl acetate
and propionaldehyde gives propyl propionate. The mechanism is as

follows:

R—C+H
I

RCHO 0-=C+HR
RC'S*R-CH

O
II

R-C—OCH,R

+

Al(OEt)3

Wilson and co-workers103 also describe a novel non-oxidative

method for the conversion of aldehydes to esters. The aldehyde is
converted to an acid chloride using f-butyl hypochlorite. The acid then
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reacts with alcohol in presence of a base like triethylamine or pyridine

giving the ester.

O BuOCl 0 hase O

rA„ R^ci R,°H ' RAor1

Our method of converting an aldehyde to an ester is similar to the
conversion to a carboxylic acid. The same mechanism as shown in Scheme
16 is involved. Reaction of the carboxylate anion (154) with iodomethane

gave the methyl esters as shown in Table 6

A2-5-aryl-3-phenyl-
1,4,2-dioxazoline Amount

of
KOBut

Reaction
time and

temp.
E Ester %

Yield
R

(103) Ph 3 Eq 2 h; Mel PhCOOMe 48
65-66°C

(105) p-ClCgH4 3 Eq 3 h; Mel /?-ClC6H4COOMe 51
65-66°C

Table 6

In summary the cycloaddition of aromatic aldimines with nitrile
oxides followed by base-induced cyclorevers ion provides an useful method
for the overall conversion of the imines to secondary and tertiary amides.
For aliphatic aldimines the deprotonation is unsucessful. Similarly the

cycloaddition of aromatic aldehydes with nitrile oxides followed by

cycloreversion allows convenient conversion of aldehydes to
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carboxylic acids and esters. The corresponding reaction of aliphatic

aldehydes is frustrated by difficulties in cycloaddition.
The cycloadducts of nitrile imines with imines and aldehydes have

been prepared and their cycloreversion to amidines and amides is likely to

be successful although there was not time to investigate this. The

cycloreversion of imines and aldehydes to thioamides and thioacids or

thioesters using the corresponding route with nitrile sulphides is frustrated

by the failure of cycloaddition in these cases.



PART 2

INTRODUCTION
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A Structure and Reactivity of Trialkylphosphine-CS2
Adducts

The brightly coloured, crystalline compounds formed by the addition
of trialkylphosphines (R3P) to carbon disulphide in an inert solvent have
been known for over a hundred years104. Most of the adducts are bright
red but different coloured compounds are also reported105. Especially
in the case of the aryldialkylphosphine -CS2 adducts colour depends on

the substituents on the aromatic ring. The adducts were originally
considered to be loose addition products and their chemistry was not well
studied. Early literature106'1 °7,108 Up to the 1960's refers to the
formation of these adducts [R3PCS2] only as a test to confirm the actual
formation of trialkylphosphines in various reactions.

1. Structure

Jensen109 was the first to propose a zwitterionic structure

[R3P+-C(S)S-] for these compounds because like other betaines they
formed phosphonium salts with methyl iodide of the type

[R3P+-C(S)SCH3]I-. This was not very strong evidence and the proposal
was rejected by Issleib and Brack110, who suggested that the adducts were

in fact loose addition compounds since the reaction between trialkyl¬

phosphines and carbon disulphide is reversible, especially for the higher

trialkylphosphines where the adducts are easily dissociated.
The question was finally settled in 1961 when Margulis and

Templeton111 carried out X-ray diffraction studies on the red monoclinic

crystals of the triethylphosphine adduct. The distance between P and C
of CS2 was 1.78A which confirmed the presence of a chemical bond.
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The X-ray structure as shown in Figure 1 is in full agreement with
Jensen's proposal of a zwitterionic structure (CH3CH2)3P+-C(S)S-.

Figure./- Bond distances in A and bond angles (not to scale)

The trialkylphosphine carbon disulphide adducts have high dipole
moments112 in agreement with the zwitterionic form. Jensen et

<2/112,113,114 have published a series of short communications describing
infra-red studies on the dithiocarboxylates and diselenocarboxylates of

tertiary phosphines in support of their proposed structure. They

compared the i.r. spectra of dithiocarboxylates of trimethyl-, triethyl- and

tripropylphosphines with the corresponding methyl iodide addition

products112. The dithiocarboxylates all showed a very strong band at

1040-1065 cm-1 which could be assigned to the dithiocarboxylate ion
-CSS- due to its similarity with a strong band around 1000 cm-1 in a

number of other dithiocarboxylates.

Beg and Siddiqui115 provided additional infra-red evidence for the
constitution of the trialkylphosphine-carbon disulphide adducts by

comparing the i.r. spectra of a series of tervalent and quatervalent
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phosphorus compounds (e.g. R3P, R3PO, R3CH3PI, R3PCS2). The shift
of the P-C asymmetric vibrations to higher frequencies and the large
shifts in the fundamentals of the acceptor molecule could be attributed to

a quadruply connected phosphorus compound.
Butler and Svedman*16 extended the support for a zwitterionic

formulation by measuring the i.r. and laser Raman spectra of R3P+-CS2-
(R=n-Bu,c-C6Hn) at ambient temperatures.

2. R3PCS2 adducts as transition metal ligands

The use of CS2 in replacing a labile ligand to produce group 6 and 7
transition metal-thiocarbonyl complexes is known*

(Ring)M(CO)2L + CS2 + PPh3 -> (Ring)M(CO)2CS + PI13PS + L

where,

(Ring) = q5_c5H5,p5-C5H4Me,Ti6-C6H6, Tl6-C6H5C02Me
M = Mn, Re, Cr

L = CgHi4 (cyclooctene), THF.
This led Butler and Svedman1*8 to suggest the use of R3P+-CS2- as

an in situ source of CS according to the following scheme
cis -Mn(CO))2L(L') + R3P-CS2 ► Mn (CO)2L(CS) +

minor product

Mn(CO)2L(PR3) + Mn(CO)3L
major product traces

where,

L = ti5-C5H5
L' = C8H14 (cyclooctene)
R = Bu, C6Hn
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However, Mn(CO)2L(CS) was produced in too low yields for the method
to be of any practical value and Mn(CO)2L(PR.3) was the major product

along with traces of Mn(CO)3L.
The analogy between R.3P+-CS2- and other derivatives of

CS2(X-CS2~) which display both monodentate and bidentate coordination
to metal centres has led to a number of useful reactions. Uson et a/119

successfully isolated high yields of pink coloured cationic derivatives
(155) of group 10 metals by reacting rra«s[M(OC103)(C6H5)(R3P)2] with

R'3P+-CS2-:

pr,

I
ph — m - 0c103 + ~s_c— p+r\

I
pr3

(155)

The unidentate coordination and the trans configuration of the PR'3

ligands is proved by crystallographic studies and 31P N.M.R.
Uson et al120 have also studied the role of phosphonium

dithiocarboxylates in gold chemistry. Not only do they replace the
neutral ligand tetrahydrothiophene (THT) in a complex like
[Au(C6H5)3(THT)] to give [Au(C6H5)3(S2C-PR3)] but they also form
binuclear gold (I) and gold (III) complexes where both the S atoms are

used to bridge to the metal centres. X-ray crystallographic studies of
[Au(C6H5)3(S2C-PEt3)] and [Au2(li-S2C-PEt3)(C6H5)6].CH2Cl2 prove

the monodentate and bidentate complexation respectively.
Complexes of the type M(CO)5SC(S)PR3 (where, M=Cr, W; R=Me,

n-Bu) have also been reported121.

pr3 s
I 11

ph — m — (s - c - pr'3)

pr,

cio4"
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3. R3P+-CS~2 as a 1,3 dipole

In 1971, Hartzler122 reported the formation of tetrathiafulvalenes
(157) in poor yield when the adduct of tri-n-butylphosphine and CS2

(156) was reacted with electron deficient acetylenes. If the addition was

carried out in the presence of an aromatic aldehyde then good yields of 2-

benzylidene-l,3-dithioles (158) could be obtained {Scheme 17).

RC=CR + Bun3P+

(15

ArCHO

Y\_ij V=CHAr + Bun3P=0
R^S

(158)

Scheme 17

Pittman and Narita123 showed the reaction between Bun3P+-CS2~ and

propiolic acid or acetylene dicarboxylic acid to be a one-step concerted

1,3-dipolar reaction (route A) giving the zwitterionic adducts (159a and

159b), which are converted into the corresponding substituted 1,3-
dithioles (161a and 161b) as shown in Scheme 18. The formation of

(159) rather than (160) supports the one-step reaction, although a route
similar to route (B) is involved in the addition of acetylenes with CS2124.

A crystalline tetrafluoroborate salt (162) was successfully isolated

by Cava and co-workers125 from the reaction of (156) with

< XKI
>6)

(157)



104

r=h,co2h

R-oc - c02H + Bun3P+ -c£
S

(156)

Route A

Rv ^CQ2H
/=\
Vs
Bun3P

Route B
ho2C R

R

YBun3P+
c09h

:

~0-

Y
Bun3P+

(160)

Rs yco2- \ ^co2H
Ya 1. r=\
Vs xBun3+P H H
(159) 061)
a,R=H l.aq.NaOH
b,R=C02H 2-HCL

Scheme 18

dimethyl acetylenedicarboxylate at -65°C in the presence of HBF4. This
stable salt could then be used to generate the ylide (163) by deprotonation
for in situ trapping by a variety of carbonyl functions to give dithiafulvenes

(164,165) as in Scheme 19. Hindered ketones like benzophenone and
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Bun3P+CS2""
(156)

+

MeO,C— C= C— CO,Me

HBF4 Me02CN^^^ S
- X,x
Me02C

S„ P+Bu",
BF4

S H

(162)

Et3N

Me02C

Me02C
x> PBiA

(163)

PhCHO

Me02C. c

.x> CHPh

Me02C
(164)

o o

MeO,C.

MeOX
X>o

CM)
o

Ph

Ph
>=0

s s

)=H
Me02C C02Me

(165)

Me02C. s Ph

X^Ph
MeOzC

Scheme 19

less reactive carbonyl functions like cyclohexanone did not give any of the

expected dithiafulvenes.

4. Application of Bun3P+-CS2~ in the synthesis of organic
metals

The tri-«-butylphosphine-CS2 adduct (156) and the corresponding
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CSe2 adduct have been used in the double Wittig reaction strategy

developed by Sugimoto et al^6 for the synthesis of extended analogues

r2c=cr2

hx

R2
Y

XX'"R2

X"

Y=S,Se.
Et3N,THF.

r!c = cr1
hx.

R =Me,Ph,C02Me,
- (ch= ch)2 - y

R2
*x> pbia

cho

cho
,Si02

R'

R
X>

Et3N or

P+Bun3 BunLi
x" >

j» Y H THF

R1

R1

YV», "YXr2^y cho
x=bf4~cio4~

R1=MeX3h,C02Me
- (ch=ch)2-

(166)
Scheme 20

of tetrathiafulvalene (THF) and tetraselenafulvalene (TSF) (166) as new

donors for organic metals, as shown in Scheme 20. These have proved
to be comparable or even better donors than TTF and TSF on the basis of
redox potential studies.

The phosphoranes were prepared by Hartzler's method122 or by the
similar method of Akiba127.
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B Programme of Research

The 1,3 dipolar cycloaddition of an R.3P+-CS2~ adduct was first

reported by Hartzler122 nearly twenty years ago. The reported

cycloadditions so far can be summed up in Scheme 21. The addition of
the tri-«-butylphosphine-CS2 adduct (156) to electron-deficient

acetylenes either in the presence of an acid or an aldehyde gives 1:1

symmetrical adducts, the formation of which suggests the involvement of
a reactive phosphorane intermediate (163).

s

Bu^F* \

(156) S

J R
(159)

Scheme 21
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However, no cycloadditions of (156) to electron deficient acetylenes
under neutral conditions have been carried out. Also, no cycloadducts
were isolated in the addition of (156) to electron-poor alkenes in the
work of Hartzler122. Instead dimethyl maleate was reduced to dimethyl
succinate when the reaction was carried out in methanol.

The aim of the present work was to conduct a detailed investigation
of the behaviour of (156) as a 1,3-dipole and to examine its cycloaddition
reactions with C=C, C=C, C=N, N=N and other types of dipolarophile.
The impetus for this work was provided by the preliminary observation
in this laboratory128 that (156) gives a 1:2 adduct with DMAD under
neutral conditions. As well as the known mode of addition through the
two S atoms to give (165) it seemed possible that in some cases the
alternative addition through P and S might occur to give (166). The
success of either of these reactions for a variety of dipolarophile types

would provide access to a wide range of novel heterocyclic compounds.

s

s
0

Bun3P+'^^S-
(156

X=Y (165)

S

Bun3P s
\ /
Y—X

(166)
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The adducts (167) of trialkyl phosphines and aryl isothiocyanates
have also been reported by Akiba et al129 and their betaine structure is
suggested on the basis of the 8p values. However, no cycloadditions of
(167) have been studied. Success of the cycloadditions of Bun3P+-CS2~

might provide a prototype for similar cycloadditions with (167) where
three possible modes of addition are conceivable.

rV + r-n=c=s

s nr

nr \ /
x—y

\ / or
x—y x—y

\

s

r1,!*-— c.

(167)
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A Symbols and Abbreviations
These are the same as in Part. 1.

B Instrumentation and general techniques
These are the same as in Part 1.

C Preparation and cycloadditions of Bun3P+CS2~

1. Preparation of tri-n-butylphosphoniodithioformate

Tri-n-butylphosphine (20 g, 0.10 mol) in dry ether (50 ml) was

added dropwise to a solution of carbon disulphide (7.5 g, 0.10 mol) in dry
ether (100 ml) at 0-5°C. After complete addition the mixture was stirred at

R.T. for a further 4-5 h. Evaporation of the solvent gave sticky red

crystals which were washed with petroleum ether to give dark red needles

(9.85 g, 37%), m.p. 65-66°C (lit.106, m.p. 65.5°C).

2. Preparation of alkynes

a) Methyl benzovlpropiolate
FVP of methyl-3,4-dioxo-4-phenyl-2-triphenylphosphoranylidene

butanoate (1 g, 500°C, 10~3 mm Hg) gave a dark solid at the furnace exit
which was a mixture of Ph3P=0 and the product. Kugelrohr distillation

gave the acetylene (0.27 g, 66%) as a white solid, m.p. 68-69C (lit.!305 m.p.
65-66°C).

b) Dibenzovlacetvlene

FVP of l,4-diphenyl-2-triphenylphosphoranylidenebutane-l,3,4-
trione (5 g, 9.8 mmole, 500°C, 10~3 mm Hg) gave a dark solid at the
furnace exit. 31P N.M.R. and *H N.M.R. indicated it to be a mixture of
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Ph3P=0 and the product. Column chromatography (silica gel, ethyl

acetate) gave the dibenzoylacetylene (0.9 g, 82%) as a pale yellow solid,

m.p. 110-lirC (lit.131, m.p. 112°C).
c) l-(p-nitrophenvl)-3.3.3-trifluoroprop-l-vne
The synthesis was carried out in two steps.

The first step involved the preparation of l-(p-nitrophenyl)-3,3,3-

trifluoro-l-(triphenylphosphoranylidene)-propan-2-one based on a

method by Hamper132. A solution of triethylamine (0.81 g ~8 mmol) in

dry THF (5 ml) was added to a well stirred mixture of /?-nitrobenzyl-

triphenylphosphonium bromide (1.91 g, 4 mmol) in THF (25 ml) in an

ice-water bath. After addition the mixture was stirred for a further 30

min. Then trifluoroacetic anhydride (0.97 g, 4 mmol) in THF (10 ml)
was added dropwise. The solution was further stirred overnight at R.T.
and poured into water to give a yellow solid which was extracted with

ethyl acetate (3 x 25 ml). Evaporation of the solvent gave the required
keto ylide (1.81 g, 92%) as a bright yellow solid, m.p. 203-210°C (lit.133,
m.p 219°C).

FVP of the above ylide (0.5 g, 1 mmol, 500°C, 10~3 torr) gave

l-^-nitrophenyl^^^-trifluoroprop-l-yne (0.2 g, 93%) at the furnace
exit as a white solid, m.p. 74-76°C (lit.133, m.p. 72-73°C).

3. Cycloaddition of Bun3P+CS2~ with alkynes

a) DMAD

i) in ether or dichloromethane

Dimethyl acetylenedicarboxylate (2.04 g, 14.4 mmol) was added to

a well stirred solution of tri-n-butylphosphoniodithioformate (2 g, 7.2

mmol) in dry ether or dichloromethane (50 ml) for 18 h at R.T.

Evaporation of the solvent gave a thick red oil. !H N.M.R. showed the
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presence of a 1:2 adduct (4 esters). Flash column chromatography (silica

gel, ethyl acetate:ether 1:1) followed by recrystallisation from hexane

gave the 1:2 adduct of tri-n-butvlphosphoniodithioformate and DMAD

(180) (1.3 g, 32%) as bright yellow crystals, m.p. 114-115°C. (Found:
C, 53.7; H, 6.95, S, 11.2; P, 5.6. C25H39O8PS2 requires C, 53.4; H,

7.0; S, 11.4; P, 5.5%); 6P + 21.9; 8H 0.75-2.25 (27 H, m), 3.55 (3 H,

s), 3.75 (3H, s), 3.90, (3 H, s) and 3.92 (3 H, s); 5c(Jp_c) 13.6, 22.1

(54.8), 24.2 (15.1), 24.6 (3.7), 42.05 (122.1), 50.0, 51.5, 53.0, 53.1,

109.2, 109.3, 136.2, 130.7, 160.4, 160.45, 167.8 and 169.2 (19.7), m/z

562 (M+, 7%), 491 (14.5), 361 (48), 344 (11), 301 (23), 285 (16), 259

(10), 243 (33), 201 (72), 176 (17), 159 (20), 145 (21), 117 (16) and 59

(100).

ii) in the presence of HBFa

The preparation was based on Cava's125 method. A solution of

m-n-butylphosphine (4.04g, 0.02 mol) and carbon disulphide (1.52g,
0.02 mol) in dry ether (50 ml) was cooled to -65°C. To the deep red

complex were added, simultaneously an excess of fluoroboric acid
etherate (3.5 g) and DMAD (2.84g, 0.02 mol). After stirring at -65°C
for 15 min the solution turned colourless and a gummy red solid

precipitated out. Manual stirring gave a sticky white solid which on

recrystallisation with acetonitrile and ether gave 4,5-dimethoxycarbonyl-

l,3-dithiol-2-yl-tri-n-butylphosphonium tetrafluoroborate (6.6 g, 65%) as

colourless crystals, m.p. 120°C (lit.125, 120-121°C).
b) Diethyl acetvlenedicarboxvlate

A solution of tri-n-butylphosphoniodithioformate (2 g, 7.2 mmol)
in dichloromethane (10 ml) was stirred at R.T. while a solution of diethyl

acetylenedicarboxylate (2.5 g, 14.4 mmol) in dichloromethane (10 ml)
was added and the mixture stirred at R.T. for 48 h. Evaporation of the
solvent gave a dark orange oil. 31P N.M.R. showed it to be a mixture of
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Bun3P=0, Bun3P=S, Bun3P+CS2_ and two new products. Column

chromatography (silica gel; ethenpetroleum ether 2:1) gave the 1:2
adduct of /T/-fl-butvlphosphoniodithioformate and diethyl
acetvlenedicarboxvlate (192) (1.8 g, 43%), m.p. 90-91°C. (Found: C,

55.8; H, 7.0; m/z 618.2443 C29H47O8PS2 requires C, 56.3; H, 7.6% ;

m/z 618.2450). 5P + 21.4; 5H 0.8-2.05 (39 H, m), 4.25 (4 H, q, J 8Hz),
4.15 (2 H, q, J 8Hz) and 4.0(2H, m); 5c(Jp-c) 13.66, 22.3 (54.8), 24.3

(15.1), 24.6 (3.5), 42 (122), 57.8, 60.53, 62.49, 109.5, 109.65, 130.7,

136.3, 160.05, 160.1, 167.7 and 169 (19.3); m/z 618 (M+, 33%), 573

(7), 545 (9), 533 (84), 417 (100), 387 (70), 372 (10), 359 (9), 345 (41),

309 (10), 299 (13), 271 (16), 259 (23), 201 (80), 190 (16), 171 (20), 159

(14), 145 (16) and 103 (21).

c) Methyl benzovlpropiolate
A solution of tri-/2-butylphosphoniodithioformate (0.28 g, 1 mmol)

in dichloromethane (10 ml) was added to a well stirred solution of methyl

benzoylpropiolate (0.19 g, 1 mmol) in dichloromethane (10 ml) at R.T..
The- reaction mixture was stirred at R.T. for a further 48 h. Evaporation
of solvent gave a brown oil. 31P N.M.R. showed it to be a mixture of
Bu3P=S, BU3P and two new products. Flash column chromatography

(silica gel, ethyl acetate) gave the 1:2 adduct of tri-^z-

butvlphosphoniodithioformate and methyl benzovlpropiolate (194) as a

3:2 mixture of isomers (0.15 g, 23%) as an orange solid, m.p. 95-96°C.
(Found: C, 64.8, H, 6.6 C35H43O6PS2 requires C, 64.2, H, 6.6%). 8p
+ 20.5 and + 20.42; 5H 0.75-2.5 (54H, m), 3.55 (3H, s), 3.6 (3H, s), 3.8

(3H, s), 3.9(3H, s) and 7.2-8(20H, m); 8C(JP_c) 13.63, 21.3 (13), 24.2

(15), 24.63 (4), 51.66, 51.71, 52.64, 52.73, 65.7 (103.3), 66.1 (103.2),

159.18, 159.35, 162.4 (6.5), 167.6 (9.6), 186.2 (8.6), 186.65 (8.4),

187.36, and 188.32, m/z 654 (M+, 36%), 596 (22), 549 (29), 526 (14),
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436 (22), 419 (14), 405 (10), 387 (9), 378 (16), 363 (9), 349 (6.5), 334

(7), 219 (6), 201 (10), 189 (12), 161 (14) and 105 (100).

d) Dibenzovlacetvlene

The procedure was similar to (iii). A solution of tri-n -

butylphosphoniodithioformate (1.1 g, 4 mmol) in dry dichloromethane
(10 ml) was added to a well stirred solution of the dibenzoylacetylene (0.9

g, 4 mmol) in dichloromethane (10 ml) at R.T. After addition the
reaction mixture was stirred overnight at R.T. Evaporation of the
solvent gave an orange oil. Column chromatography (silica gel,

ethenethyl acetate, 1:1) followed by recrystallisation from hexane gave a

sticky orange solid. Trituration with petroleum ether gave the 1:2
adduct of tri-n-butvlphosphoniodithioformate and dibenzovl acetylene

(193), (0.13 g, 12%) as an orange red solid, m.p. 161-162°C. (Found:
C, 71.7; H, 6.5 ; m/z 746.2643 C45H47O4PS2 requires C, 72.4; H, 6.3%
; m/z 746.2653); 6P +19.54; 5H 0.75-2 (27H, m) and 7.2-8.0(20 H, m);

5C(Jp_c) 13.55, 22.7 (53.2), 24.2 (15.5), 25.13 (4), 65.1 (122), 117.7,

117.8, 127, 127.8, 128, 128.1, 128.5, 128.6, 128.9, 129, 129.1, 129.3,

129.35, 129.5, 130.8, 133.6, 133.7, 136.8 (7.4), 138.3, 139.6, 141, 141.2,

144.8, 182.6 (8.3), 187, 187.2 and 189.7; m/z 746 (M+, 5%), 641 (3),
528 (7), 500 (5), 480 (5), 239 (12), 189 (25), 149 (25) and 105(100).

e) 1 eq of DMAD + 1 eq diphenvlacetvlene
A mixture of tri-n-butylphosphoniodithioformate (2 g, 7.2 mmol) and

diphenylacetylene (1.28 g, 7.2 mmol) in dichloromethane (100 ml) was

stirred in an ice bath. Dimethyl acetylenedicarboxylate (1.02 g, 7.2
mmol) was added dropwise and then the reaction mixture was warmed to

R.T. and stirred at R.T. overnight. Evaporation of the solvent gave a

brown oil. !H N.M.R. showed diphenylacetylene and 1:2 adduct of tri-n-
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butvlphosphoniodithioformate and DMAD (4 esters). 31P N.M.R.
showed the presence of Bun3PO, Bun3PS and the 1:2 adduct (180).
Flash column chromatography (silica gel, ethenethylacetate, 1:1) gave an

orange oil which on recrystallisation from hexane gave the 1:2 adduct of

tri-n-butylphosphoniodithioformate and DMAD (0.43 g, 11%) m.p. 115-
116°C. Sp + 21.8; 8h and 5c(Jp_c) same as in (a 0

f) Attempted cvcloaddition with l-(p-nitrophenvl)-3,3,3-

trifluoroprop-1 -vne
A solution of tri-n-butylphosphoniodithioformate (1 g, 3.6 mmol)

in dry dichloromethane (25 ml) was stirred at R.T. l-(p-nitrophenyl)-

3,3,3-trifluoroprop-l-yne (0.75 g, 3.6 mmol) was added and the reaction
mixture was stirred at R.T. for a further 24 h. Evaporation of the
solvent gave a deep red brown oil. 31P N.M.R. indicated the presence of

tri-n-butylphosphine sulphide and one unidentified compound. ipl
N.M.R. indicated that a 1:1 adduct was probably formed. Sp + 51.97;
8H 0.75-2 (27 H, m), 7.5-8 (2 H, m) and 8.25-8.75 (2 H, m), 8C(Jp_c)

13.5, 23.5 (2.9), 24.2 (14.4), 27 (65.3), 36.1 (128.8), 123.25, 123.4 and

123.55 (10.9),

g) Attempted cvcloaddition with phenvlacetvlene
A mixture of tri-n-butylphosphoniodithioformate (1 g, 3.6 mmol)

and phenylacetylene (0.36 g, 3.6 mmol) in dichloromethane (50 ml) was
stirred at R.T. for 24 h but TLC showed no reaction. TLC did not show

any reaction even after 72h at R.T. Evaporation of solvent gave a brown
oil. lH N.M.R. showed it to be a mixture of the starting dipole and
phenylacetylene and 31P N.M.R. showed Bun3PO, Bun3PS and the starting

dipole.
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4. Reactions of Bun3P+CS2~ and DMAD adduct

a) i) with HC1

A solution of the tri-n-butylphosphoniodithioformate and DMAD
adduct (180) (0.5 g, 1 mmol) in dry ether (15 ml) was stirred at 0-5°C
(ice bath) while HC1 gas was passed through. A sticky yellow solid

precipitated out which crystallised on standing giving the corresponding

phosphonium chloride (18$) (0.15 g, 25%) m.p. 60-61°C. (Found: C,
45.3; H, 6.7%. C25H40CIO8PS2 requires C, 50.2; H, 6.7%); 6P +

39.2; SH 0.95 (9 H, t), 1.4-1.7 (12 H, m), 2.4-2.8 (6 H, m), 3.75 (3 H, s),
3.85 (3 H, s), 3.90 (3 H,s), 3.95 (3 H, s) and 5.9 (1 H, d, J 20 Hz); Sc(Jp_

c) 12.9, 19.3 (44), 23.6 (16), 23.9 (5), 45.35 (53), 52.1, 53.3, 53.4(2C),

100.2, 100.3, 129.5, 135.9,158.2, 158.8, 163.9 and 166.0; m/z 562 (M+-

HC1, 5%), 504 (20), 491 (8), 473 (6), 445 (9), 433 (40), 405 (10), 391

(9), 373 (9), 361 (19), 345 (9), 303 (100), 287 (23), 271 (9), 252 (12),
243 (21), 201 (49), 185 (21), 173 (25), 159 (18), 148 (18), 131 (13) and
117 (14).

ii) Action of triethvlamine on the chloride

A solution of the tri-n-butylphosphoniodithioformate and DMAD
adduct chloride (188) (0.1 g, 0.17 mmol) in dry THF was stirred at R.T..

Triethylamine (5-10 drops) was added and the reaction mixture stirred
for a further 1 h at R.T. Evaporation of the solvent gave the original 1:2
adduct of tri-n-butvlphosphoniodithioformate-DMAD (180), m.p. 112-
113°C. (Found: C, 53.3; H, 6.8; C25H39O8PS2 requires C, 53.4; H
7.0%); 5p + 21.8; 8h and 5c(Jp_c) same as in section (3a); m/z 562.

b) i) with fluoroboric acid etherate

Fluoroboric acid etherate (0.175 g) was added to a solution of the
1:2 of tri-n-butylphopshoniodithioformate and DMAD adduct (180) (0.56
g, 1 mmol) in dry ether (25 ml) at 0°C. The deep yellow solution
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immediately turned pale yellow and a yellow oil separated out. The
reaction mixture was stirred at R.T. for a further 15 min and the

corresponding tetrafluoroborate (IS'?) was filtered off as a pale yellow
solid (0.55g, 91%), m.p. 140-141°C; (Found: C 46.3; H, 6.2.
C25H40BF4 O8PS2 requires C, 46.2; H, 6.15%); 8p + 39.75; 8h 0.75-

2.7 (27 H, m), 3.8 (3H, s), 3.95 (3 H, s), 4.0 (3 H, s), 4.025 (3 H, s) and
4.7 (1 H, d, J 16 Hz); 5C(Jp-c) 13.3, 19.6 (44), 23.9 (13.5), 24.1, 45.1

(53), 52.9, 53.9, 54.0, 54.2, 100.5, 100.6, 129.2, 137.6, 158.4, 159.3,
164.2 and 166.0; m/z 563 (M+-BF4, 13%), 491 (23), 361 (100), 345

(24), 303 (21), 285 (10), 243 (24), 201 (68), 183 (49), 176 (13), 159

(10), 145 (11), 134 (8) and 117 (10).

ii) Action of triethvlamine on the tetrafluoroborate

The tri-n-butylphosphoniodithioformate and DMAD adduct tetra¬
fluoroborate (187) (0.1 g), was stirred with triethylamine (10 drops) in

dry ether (50 ml) overnight at R.T. Evaporation of the solvent gave an

orange oil. Recrystallisation from hexane gives orange yellow crystals
of the original 1:2 tri-M-butvlphosphoniodithioformate and DMAD adduct
(180), m.p. 110-111°C; 8p + 22.1; 5h and 8c(Jp-c) same as in section

(3a); m/z 562.

c) Conversion of the chloride to the tetrafluoroborate

The chloride was prepared as in (a) using (0.56 g, 1 mmol) of the
adduct (180) in dry ether (25 ml) at 0°C. Silver tetrafluoroborate

(0.195 g, 1 mmol) was added to a solution of the chloride in dry THF and
the reaction mixture was stirred at R.T. for 15 min. The precipitated
silver chloride was filtered off and solvent evaporated to give the
tetrafluoroborate (18 7) as a yellow solid (0.05 g, 8%). 8p + 39.9; Sh

Sc(Jp-c) identical to b(i).
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d) with sodium hydroxide
A mixture of tri-n-butylphosphoniodithioformate-DMAD adduct

(1 g, 2 mmol) and sodium hydroxide (0.8 g, 2 mmol) in methanol (25 ml)
was stirred for 3 h at R.T. Evaporation of the solvent gave a yellow solid.
lH N.M.R. and i3C N.M.R. indicated the presence of only two esters. The
solid was separated between water and dichloromethane (3x10ml) . The
combined organic layers were dried and evaporation of the solvent gave a

yellow solid (l.Og, 94%), m.p.l76-177°C-decomp., Sp+26.4; 5^0.75-
2.75(27H, m), 3.8(3H, s), 3.9(3H, s) and 9.5(2H, s, br); 5c(JP_c) 13.4,

19.9(44), 24.1(23), 24.2, 45.2(54.5), 52.6, 54.1, 99.1, 136.8, 142, 161.5,
164.5 and 166.6; m/z 501(M+-2CH3,10%), 445(9), 433(44), 405(8),

391(10), 375(5), 361(6), 303(100), 287(19), 271(5), 259(8), 252(19),

245(55),215(13), 201(96), 185(49), 176(20), 159(28), 145(28), 134(13),

127(10) and 117(23).

The microanalysis of this compound is not possible as it gains weight

during weighing.

e) FVP

FVP of the title compound (180) (1.5 g, 500°C, 2.2 x 10~2 mm Hg),

gave three fractions. At the furnace exit a dark oil was collected which
showed six peaks in the 31P N.M.R. of which only tri-n-butylphosphine

sulphide could be identified. The brown liquid in the cold trap showed
eleven peaks in the 31P N.M.R. of which the tri-n-butylphosphine sulphide,

tri-n-butylphosphine oxide and traces of the starting material were known.
The dark tar-like material in the inlet tube had three main peaks in the 31P
N.M.R., the major component being the starting material which was

confirmed by N.M.R. Besides this there was tri-«-butylphosphine

sulphide and one unidentified component.

FVP of the title compound (0.5 g, 700°C, 10-3 mm Hg) gave two

components. The pale yellow liquid from the cold trap was probably tri-n-
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butylphosphine sulphide and 31P N.M.R. showed the dark solid from the
inlet tube to be the starting material.

FVP of the title compound (0.5 g, 800°C, 10~3 mm Hg) gave three
fractions. The dark oil at the furnace exit showed only one peak in 31p
N.M.R. corresponding with tri-/2-butylphosphine sulphide. The oil in the
cold trap was an unidentified material with no phosphorus present while the
tar-like dark solid from the inlet tube showed three peaks in the
31P N.M.R.. The major component was the starting material, one peak

corresponded to tri-«-butylphosphine sulphide and the other was

unidentified.

f) Attempted Wittig Reactions

i) p-nitrobenzaldehvde
The mixture of tri-n-butylphosphoniodithioformate-DMAD adduct

(0.56 g, 1 mmol) and /?-nitrobenzaldehyde (0.14 g, 1 mmol) in toluene

(50 ml) was heated under reflux for 8 h. Evaporation of the solvent

gave an orange oil with some solid. *H N.M.R. showed it to be a

mixture of p -nitrobenzaldehyde and the starting tri-n -

butylphosphoniodithioformate-DMAD adduct (180); 8p + 21.9, 8h 0.5-
2.3 (27 H, m), 3.55 (3 H, s), 3.8 (3 H, s), 3.9 (6 H, s), 8.1 and 8.5 (4 H,

AA'BB' pattern, J 8 Hz) and 10.3 (1 H, s).

ii) 2.4-dinitrobenzaldehvde
A mixture of tri-/2-butylphosphoniodithioformate-DMAD adduct

(0.56 g, 1 mmol) and 2,4-dinitrobenzaldehyde (0.185 g, 1 mmol) in toluene
(50 ml) was heated under reflux for 5 h. Evaporation of the solvent gave a

brown solid. *H N.M.R. showed it to be a mixture of the two starting
materials. 31P N.M.R. similar to the starting DMAD adduct (180); Sp +
21.8; 8h 0.75-2.2 (27 H, m), 3.4 (3 H, s), 3.75 (3 H, s), 3.9 (6 H, s), 8.15-

9.1(3 H, m) and 10.3 (1 H, s).
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5. Cycloadditions to electron-poor double bonds

a) Maleic anhydride

A solution of tri-n-butylphosphoniodithioformate (2.0g, 7.2 mmol)
in dichloromethane (50 ml) was stirred at R.T. while a solution of maleic

anhydride (0.7 g, 7.2 mmol) in dichloromethane (10 ml) was added and the
reaction mixture stirred at R.T. for a further 18 h. Evaporation of the
solvent gave a brown oil. 31P N.M.R. showed it to be a mixture of tri-n-

butylphosphine oxide, tri-n-butylphosphine sulphide, the starting dipole
and an unidentified peak which may be due to the product 1:1 adduct of tri-

n-butvlphosphoniodithioformate and maleic anhydride (211) as a thick
brown oil (1.31 g, 48.5%); 5P + 33.63; 6H 0.75-2.7 (27 H, m) and 6.25 (2
H, d, J 2 Hz); 5C(JP_c) 13.5, 21.3 (55), 23.6 (5), 23.9 (18), 31.2 (123),
37.5 (49) and 174.8 (17).

Besides the relevant peaks there are peaks due to Bun3P=S, Bun3P=0
and Bun3P in the 13C N.M.R. The adduct is highly unstable and 13C
N.M.R. after a few days showed exclusively Bun3P=S.

b) Dimethyl fumarate

A solution of tri-n-butylphosphoniodithioformate (2.0g, 7.2 mmol)
in dichloromethane (50 ml) was stirred at R.T. while dimethyl fumarate

(1.04 g, 7.2 mmol) was added. The reaction mixture was stirred at R.T. for
a further 24 h. The colour of the reaction mixture changed from a deep
red to orange. Evaporation of the solvent gave a brown oil. 31p N.M.R.
indicated the presence of Bun3P=S and a new compound. *H N.M.R.

indicated a mixture of dimethyl fumarate and the desired product.

Recrystallisation from a mixture of hexane and ethyl acetate helped separate

dimethyl fumarate as colourless needles and gave the 1:1 adduct of tri-n-

butvlphosphoniodithioformate and dimethyl fumarate (212) as a brown oil

(2.45 g, 81%); 8P + 23.87; 5H 0.9-2.2 (27 H, m), 3.0 (1 H, s),
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3.2 (1 H, s), 3.65 (3 H, s) and 3.7 (3 H, s); 6C(Jp_c) 13.6, 21.34 (55),
24.1 (3.5), 31.6 (8.3), 32.5 (114), 49.7, 51.4, 170.4 (14.4) and 175.4;
m/z 346 (M+ -CS2, 11%), 315 (23), 287 (100), 275 (24), 261 (7), 245

(6), 233 (13), 189 (15), 173 (12), 161 (12), 147 (12), 131 (11), 120 (18)
and 113 (12).

c) Methyl acrvlate

A solution of tri-n-butylphosphoniodithioformate (4.0g, 14.4

mmol) in dichloromethane (50 ml) was stirred at R.T. while a solution of

methyl acrylate (1.2 g, 14.4 mmol) in dichloromethane (10 ml) was added

dropwise and the reaction mixture stirred at R.T. for a further 48 h.

Evaporation of the solvent gave a brown oil whose 31p N.M.R. showed
six peaks viz tri-n-butylphosphine oxide, tri-n-butylphosphine sulphide,
tri-w-butylphosphine, the starting dipole and two new products (8p+30.4
and +33.65 ). Flash column chromatography [silica gel, ether and

ethylacetate (3:1)] gave the 1:1 adduct of tri-n-butvlphosphinio-
dithioformate and methyl acrvlate (213) as a brown oil (0.97 g, 19%);

Sp + 30.4; dH 0.75(27H, m), 3.7(3H, s)and 4.15(2H, d J12Hz); The
N.M.R. spectrum is too complicated to assign definite peaks to each C
atom.

d) 4-Phenvl-1,2,4-triazoline-3.5-dione

i) Preparation

4-Phenyl-l,2,4-triazoline-3,5-dione was prepared based on a

method by Stickler and Pirkle134. A preformed solution of excess

nitrogen dioxide in dichloromethane was added to a slurry of 4-

phenylurazole (0.966 g, 5.46 mmol) and anhydrous sodium sulphate (10

g) in dichloromethane (25 ml) at 0°C. The mixture was stirred for
another 1 h at 0°C until all the urazole dissolved and the solution turned

crimson red. Filtration of sodium sulphate followed by evaporation of
the solvent gave a red solid. Sublimation (150°C, 0.2 mm Hg) gave the
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4-phenyl-l,2,4-triazoline-3,5-dione (0.87 g, 91%) as shiny red crystals,

m.p. 175-180°C decomp.(lit.134, m.p. 160-180°C).
ii) Cvcloaddition with Bu^P+CS?-
A solution of tri-«-butylphosphoniodithioformate (0.695 g, 2.5

mmol) was stirred in dry ether (25 ml) at R.T. 4-Pheny1-1,2,4-triazoline-
3,5-dione (0.43 g, 2.5 mmol) was added and the reaction mixture was

stirred at R.T. for 2 h under an atmosphere of nitrogen. The 1:1 adduct

(223) precipitated out as a yellow solid (0.95 g, 84%). (Found: C, 55.6;
H, 7.1; N, 9.3%. C21H32O2N3PS2 requires C, 56.5; H, 7.7; N, 9.3%); 5P
+ 28.2; 5h 0.75-2.6 (27 H, m) and 7.2-7.6 (5 H, m), 5C(JP-C) 13.1, 20.3

(42), 23.2 (15), 23.9 (3.4), 27.1 (64), 125.8, 128.3, 128.5, 129.3 and 157.5

(26).

e) Diethyl azodicarboxvlate

A solution of tri-«-butylphosphoniodithioformate (2.0g, 7.2 mmol)
in dichloromethane (25 ml) was stirred at R.T. Diethyl azodicarboxylate

(1.25 g, 7.2 mmol) was added dropwise and the mixture was stirred at R.T.
for 72 h. Evaporation of the solvent gave the 1:1 adduct of tri-n-
butvldithioformate and diethyl azodicarboxvlate (225) (2.58 g, 79%) as a

pale brown oil, 5P + 55.2; 5C(JP_C) 13.6, 14.5, 23.6 (13.7), 24.2 (14.5),

26.8 (64.5), 47.13 (52), 61.75 and 157.05

Attempts to purify this by recrystallisation from hexane gave only

I,2-bis(ethoxycarbonyl)hydrazine, m.p. 130-132°C (lit.1m.p. 130°C).

6. Reaction of adducts with SiC>2 and H2O or D2O

a) Maleic anhydride adduct
A mixture of tri-n-butylphosphoniodithioformate-maleic anhydride

adduct (211) (0.75g, 2mmol) and some dry silica gel in dry ether (25 ml)
was stirred at R.T. D2O (2 ml) was added and the mixture was stirred for
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a further 12 h at R.T. Filtration of silica gel and evaporation of ether

gave a brown oil. !H N.M.R. indicated the presence of 1,2-deuterio
succinic anhydride and tri-rc-butylphosphine containing compound.

Kugelrohr distillation separated out tri-n-butylphosphine oxide with some

tri-/z-butylphosphine sulphide (8p + 49.4, +47.9).

b) Dimethyl fumarate

i) Hvdrogenation

A mixture of fumarate adduct (212) (0.5 g, 1.18 mmol) and some

dry silica gel in dry ether (50 ml) was stirred at R.T. D2O (1 ml) was

added and the mixture stirred for a further 12 h at R.T. Filtration of

silica gel and evaporation of ether gave a yellow-brown oil. lH N.M.R.
indicated the presence of dimethyl succinate and some in-n-butyl
containing compound. 31P N.M.R. confirmed it to be Bun3P=0.

Kugelrohr distillation gave the dideuterio-dimethyl succinate, b.p. 200°C
(lit.136, b.p. 200°C) as a clear liquid (0.08 g, 47%). 8h 2.6 (2 H, s) and
3.65 (6 H, s).

ii) Partial hydrolysis of dideuterio-dimethyl succinate
A solution of dideuterio-dimethyl succinate (0.34 g, 2.32 mmol) in

methanol (25 ml) was stirred at R.T.. A solution of potassium hydroxide

(0.129 g, 2.32 mmol) in the minimum quantity of water was added and
the mixture stirred at R.T. for a further 12 h. The solvent was

evaporated and the product separated between water and ether. The

aqueous layer was acidified with 2 M HC1 and extracted with
dichloromethane. Evaporation of the solvent gave the 1,2-dideuteriated

monomethylester of succinic acid as colourless crystals (0.1 g, 33%). !H



124

N.M.R. indicated a non-stereospecific deuteriation, 8h 2.6 (2 H, m), 3.7 (3

H, s) and 8.8 (1H, s, br).

c) 4-Phenvl-1,2,4-triazoline-3,5-dione adduct
A solution of tri-w-butylphosphoniodithioformate and 4-phenyl-

I,2,4-triazoline-3,5-dione adduct (223) (0.9g, 2mmol) in dry ether (25 ml)
was stirred at R.T. with some dry silica. Water was added and the mixture
was stirred at R.T. for a further 12 h. Filtration of silica gel followed by

evaporation of solvent gave a pale yellow solid. Recrystallisation from
petroleum ether gave 4-phenyl urazole (0.22 g, 62%) as a colourless
solid, m.p.200-201 °C (lit.142 m.p.203°C).

d) Diethyl azodicarboxvlate adduct .

A solution of the tri-n-butylphosphoniodithioformate and diethyl
azodicarboxylate adduct (225) (1 g, 2.2 mmol) in ether (25 ml) was stirred
at R.T. with some dry silica gel. Water was added and the mixture was

allowed to stir for another 12 h. Filtration of silica gel followed by

evaporation of the solvent gave a pale yellow solid. Recrystallisation with
hexane gave l,2-bis(ethoxycarbonyl)hydrazine (0.28 g, 72%) as a

colourless solid; m.p. 132°C (lit.135, m.p. 130°C).

7. Cycloadditions to electron-rich double bonds

a) Norbornene
A solution of tri-n-butylphosphoniodithioformate (2.0g, 7.2 mmol)

in dry ether (50 ml) was stirred at R.T. Norbornene (0.7 g, 7.2 mmol)
was added gradually and the mixture allowed to stir at R.T. for 4 h. A

pink solid precipitated out of the solution which was filtered off.
Evaporation of the filtrate gave a brown oil whose 31P N.M.R. indicated
it to be mainly a mixture of Bun3P, Bun3P=0 and Bun3P=S. Drying of

the solid gave the 1:1 adduct of tri-n-butvlphosphoniodithioformate-
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norbornene.CS? (230) as a pink powder. (Found: C, 57.6; H, 8.6; S,
27.8; P, 7.1%. C21H37PS4 requires C, 57.5; H 8.7; S, 28.6; P
6.9%); 5P + 41.74; 8H 0.9-2.27 (37 H, m); 5C(Jp-c) 14, 21.1 (42.9),

24.85 (14.4), 25.8 (5), 27.3, 32.6, 43.4, 67.4, 90.9 (38.8) and 240 (7.8);

m/z 416 (M+-S, 4%), 372 (4), 304 (9), 234 (18), 225 (9), 214 (30), 202

(18), 178 (30), 173 (20), 169 (8), 146 (13), 122 (100), 118 (20) and 104

(16).

b) Norbornadiene

i) 1 eg of Bun3P+CS?~
A solution of tri-n-butylphosphoniodithioformate (2.8 g, 10 mmol)

in dichloromethane (50 ml) was stirred at R.T.. Norbornadiene (0.96,

10 mmol) was added and the reaction mixture stirred at R.T. for a

further 6 h. A dull pink solid precipitated out which was filtered off and
dried to give the tri-n-butvlphosphoniodithioformate-norbornadiene
adduct (234), m.p. 86-88°C. (Found: C, 52.1; H, 7.6. C35H62P2S8

requires C, 52.4; H, 7.7%); (solid state) 15.0, 17.2, 22.2, 48.3, 61.6

and 90.0.

ii) 2 eq of Bu^P+CS?-
A solution of tri-n-butylphosphoniodithioformate (11.02 g, 40

mmol) was stirred at R.T. in dry ether (100 ml). Norbornadiene (1.92

g, 20 mmol) was added dropwise and the reaction mixture stirred at R.T.
for a further 3 h. A yellow-orange solid precipitated out which was

filtered off and dried to give the adduct (6.24 g); (Found: C, 54.6; H,
8.5. C35H62P2S8 squires C, 52.4; H, 7.7%); 8p +24.66(major product);

8h0.5(35H, m); 5c(Jp-C) 13.3, 24.2(18.9), 24.5(3.6), 27.7(64.8), 44.1,

49.0(131.6), 59.4(76), 65.8 and 136.9(117).
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Attempted cycloadditions to

c) Cvclohexene

A mixture of tri-Az-butylphosphoniodithioformate (2.0g, 7.2 mmol)
and cyclohexene (0.6 g, 7.2 mmol) in dichloromethane (50 ml) was stirred
at R.T. for 48 h. Evaporation of the solvent gave an orange oil. 31P
N.M.R. shows Bun3P, Bun3P+CS2-, Bun3P=0, Bun3P=S; 8p -30.45,

+20.4, +49.2 and +49.5 and one unidentified peak at +35.8. lH N.M.R. and
13C N.M.R. did not indicate the formation of a cycloadduct.

d) Stilbene

A mixture of tri-«-butylphosphoniodithioformate (2 g, 7.2 mmol)
and stilbene (1.3 g, 7.2 mmol) in dichloromethane (25 ml) was stirred at

R.T. The reaction was followed by TLC. There seemed to be no reaction
even after 48 h. Evaporation of the solvent gave a red solid. 31P N.M.R.
indicated it to be the starting dipole. XH N.M.R. showed it to be a mixture
of Bun3P+CS2- and stilbene; 5H 0.75-2.4 (27 H, m), 7.2 (2 H, s) and 7.3-
7.8 (10 H, m).

e) Stvrene
A method similar to previous sections was used. A solution of tri-n-

butylphosphoniodithioformate (0.5 g, 1.8 mmol) and styrene (0.19 g, 1.8

mmol) in dichloromethane (25 ml) was stirred at R.T. for 48 h.

Evaporation of the solvent gave a red solid. !H N.M.R. showed that no
reaction had taken place.

f) M-Benzvlideneaniline

A solution of tri-n-butylphosphoniodithioformate (2.0g, 72. mmol)
in dichloromethane (50 ml) was stirred at R.T. A solution of N-

benzylideneaniline (1.3 g, 7.2 mmole) in dichloromethane (50 ml) was

added slowly and the reaction mixture allowed to stir at R.T. for 72 h.

Evaporation of the solvent gave a brown solid. iH N.M.R. indicated it to
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be a mixture of the starting dipole and A-benzylideneaniline. 31P N.M.R.
showed a mixture of Bun3P, Bun3P+CS2~, Bun3P=S; 8p -30.67, +18.91,
+48.13; 5h 0.5-2.65 (27 H, m), 7-8.1 (10 H, m) and 8.5 (1 H s).

g) Benzoyl cvanide
A mixture of rr/-«-butylphosphoniodithioformate (2.0g, 7.2 mmol)

and benzoyl cyanide (0.94 g, 7.2 mmol) in dichloromethane (50 ml) was
stirred at R.T. for 48 h. Evaporation of the solvent gave a deep red oil with
some solid. *H N.M.R. showed it to be a mixture of benzoyl cyanide and a

tri-n-butyl containing compound. 31P N.M.R. indicated mainly Bun3P=S
with traces of Bun3P=0; 8p +49.15, +48.42; 8h 0.6-2.2 (27 H, m) and 7.1-
8.1 (5 H, m).

D. Preparation and reactions of Bun3P+C(S)NPh~

1) Preparation of Bun3P+C(S)NPh~
The preparation was based on a method by Akiba and co-workers129.

A solution of tri-n-butylphosphine (2.0 g, 10 mmol) in dry ether (25 ml)
was stirred at R.T.. Phenyl isothiocyanate (1.35 g, 10 mmol) was added.
The mixture was allowed to stir at R.T. for a further 12 h. Evaporation of
the solvent gave a pale yellow oil. Column chromatography (silica gel,

dichloromethane) followed by evaporation of the solvent gave the required
betaine as a pale yellow oil (2.72 g, 81%); 8p +19.79 (lit.,129 8p +20.)

2) Cvcloaddition with DMAD

A solution of tri-n-butylphosphine phenyl isothiocyanate adduct

(3.3 g, 10 mmol) in dry ether (25 ml) was stirred in an ice bath. DMAD

(1.45 g, 10 mmol) was added dropwise and the reaction mixture was

allowed to warm up to R.T. Evaporation of the solvent gave a brown oil;
8p +22.6; 8h 0.75-2.5 (27H, m), 3.7 (3H, s), 3.9 (3H, s) and 7.25-7.6 (5H,
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(5H, m); 8C(Jp-c) 13.6, 22.0 (56), 24.3 (15.5 ), 24.5 (4), 49.0 (121.5),

51.4, 53.4, 125.7, 127.4, 129.6, 131.3, 133.4 and 152.1.

3) Reaction with DMAD in the presence of HBFa
The method used was a modification of Cava's125 method.

A solution of the adduct of tri-n-butylphosphine and phenyl

isothiocyanate (2.7 g, 8 mmol) in dry ether (25 ml) was stirred at -20°C
(solid carbon dioxide/acetone bath). A solution of DMAD (1.136 g,

8 mmol) and HBF4 (1.75 g) in dry ether (10 ml) was added. The
reaction mixture was allowed to warm up to R.T. and stirred for a

further 24 h at R.T. Evaporation of the solvent gave the protonated
dipole 1241): 8P +36.18; 5H 0.75-2.8(27H, m), 3.9(6H, s), 7.3-
8.3(5H,m) and 10.85(lH,d J8Hz); 8c(Jp-C) 13.3, 19.5(45.2), 22.8(3.7),

23.7(4), 123.9, 129.1, 129.6, 137.7(10.1) and 182.6(66.8).



DISCUSSION



129

A Preparation of tri-n-butylphosphoniodithioformate

Tri-n-butylphosphoniodithioformate (156) the adduct of tri-n-

butylphosphine and carbon disulphide is simply prepared by the addition
of an equimolar quantity of tri-n-butylphosphine to an ice-cold solution of
carbon disulphide in ether.

Bu^P*

s

(156)

Yields are not very high as the sticky adduct needs repeated

washing with petroleum ether. It is a well known reaction and was

formerly used to either isolate or derivatise alkyl phosphines. As
mentioned in the Introduction, the betaine (156) has been effectively used
as a ligand in organometallics117>118 and in the synthesis of organic
metals126. It has been used as a 1,3 dipole122'123,124 jn recent years but
it does not enjoy extensive use like the better known nitrilium betaines.

B Preparation and reactions of tri-n-butylphosphonio-

dithioformate-acetylene adducts

The adducts of tri-n-butylphosphoniodithioformate and actetylenes

having at least one electron-withdrawing substituent has been known for

nearly twenty years.116 The previously known reactions122>123,124 have
been listed before in Scheme 21. In the absence of a trap Hartzler122
reported poor yields of tetrathiafulvalenes (168) from the reaction of
(156) with acetylenes.
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s RN .S S ». . R

(!56) (168)

However, in the presence of aromatic aldehydes excellent yields of 2-

benzylidene-l,3-dithioles (169) are reported.

s R>V \
y + RC= CR + ArCHO ► J| VcHArBiAP+^^S- R*^^S

(156)
(169)

Bun3P = O

The reaction proceeds through a nucleophilic attack of (156) on the

acetylene to give an intermediate phosphorane (163) which undergoes a

Wittig reaction with the aromatic aldehyde to form the dithiole (169) as

in Scheme 22. The remarkable rapidity of the reaction can be attributed
to the zwitterionic contribution to the structure of the phosphorane which
is a destabilized cyclic 8jt-electron, antiaromatic system.

Both Pittman and Narita123 and Cava and co-workers125 have

reported symmetrical 1:1 adducts in acidic media. Pittman and Narita123
reported that propiolic acid and acetylenedicarboxylic acid both reacted

rapidly with tri-n-butylphosphoniodithioformate to give crystalline
zwitterionic adducts (159) via the phosphorane (163) as mentioned in the
Introduction in Scheme 18 .

Cava and co-workers125 have isolated the adduct of tri-rc-

butylphosphoniodithioformate (156) and DMAD as a tetrafluoroborate

(162) by protonation with fluoroboric acid etherate^-65°C (also shown in
Scheme 19 ). While examining the different routes to tetrathiafulvalenes
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Bu^P*A,
RCSCR

(156)

Bu"3P - Bu1

ArCH

R S R

(163)

ArCHO

S'—^ R
jj + Bun3P=0
'R

(169)
Scheme 22

Hartzler et al138 found that in neutral media both the cis and trans

isomers of tetrathiafulvalene (170) were formed by the reaction of

methyl propiolate, tri-n-butylphosphine and carbon disulphide in THF at

-30°C.

H
s

HC=C-C02Me + CS2 + PBun3 ► V VpfBu»3^ X>
Me02C s

(163)

-PBu 3

+CS2

HVS S HC=C-C02Me H
— r©w

Me02c Me02C s S
(170)

Scheme 23
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The reaction apparently proceeded by a mechanism shown in
Scheme 23 involving the phosphorane intermediate (163). Thus, it is
not as if the reactionsbetween tri-n-butylphosphoniodithioformate and

acetylenes were completely unknown. The present work was influenced

by a previous observation in this laboratory128. The reaction of tri-n-

butylphosphoniodithioformate with DMAD under neutral conditions gave

a 1:2 adduct (!H N.M.R. showed four different esters). This has now

been reexamined. The M+ peak at 562 confirmed the formation of the
1:2 adduct and correct elemental analysis was obtained. Based on the !H
N.M.R. and 13C N.M.R. the following three structures (171), (172) and

(173) were proposed.
A mechanism as shown in Scheme 24 was postulated assuming the

addition of the first molecule of DMAD through P and anionic S to

support structures (171) and (173). We were inclined to favour the

bicyclic structure (171) as 13C N.M.R. showed a P-C coupling of 9.3 Hz
on the signal assigned to C(B). In the seven-membered ring (173) C(B)
is three bonds away from P which would be rather far stretched to expect

s

(171) (172) (173)

a P-C coupling. The structures (171), (172) and (173) assume the
presence of the rare quinqevalent P incorporated within the heterocyclic
ring.
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A good precedent exists for the formation of (173) as Brunn and

Huisgen139 have reported a heterocyclic methylenephosphorane (177)
when the quasi- 1,3-dipole (175) reacted with two equivalents of methyl

propiolate. They have postulated the formation of (177) via ring
contraction of a seven-membered cycloadduct (176).

Bu^P*—^

Bun3P

o C02MC

<X
C02Me

(156)
+ DMAD

S"

\
A.

Bun,P S:
DMAD

Me02C" J C02Me

Me02C—C=C— C02Me

Me02C | C C02Me
Me02C C02Me

(173)

(171)

Scheme 24
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i
^,C02Me

Ph-fP N 2

C02Me
2 HC =C-C02MC

/
N—N-—C02Me

Me02C
MeOzC(175)

C02Me

(176)

N—C02Me

Me02C
(177)

A ?i5-phosphorus heterocycle is also reported by Hendrickson and
co-workers 140. The unstable phosphole (178) is formed when triphenyl-

phosphine reacts with two molecules of DMAD.

Despite these precedents none of the structures (171-173) were in
full agreement with the spectroscopic data and the true structure was

revealed by X-ray crystallography. A single crystal X-ray diffraction

study of the bright yellow crystals of our 1:2 adduct of tri-n-butyl-

phosphoniodithioformate and DMAD showed that the structure was in
fact (180). The structure is depicted in Figure 2.

Ph3

(178)
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(180)

X-ray intensity data from a single crystal of (180) were collected
on an Enraf-Nonius CAD4 computer controlled kappa axis
diffractometer equipped with a graphite crystal incident beam
monochromator with Mo-Ka radiation (k =0.71073A) using the co-2©

scan technique. The material crystallised in the monoclinic system, space

group P2i/n with cell parameters a= 13.039(3)A, b=17.909(4)A,

Figure 2
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c=13.226(2)A; (3=100.23(2)° and v=3039.4A3 and 1200 electrons per unit
cell. The structure was solved by direct methods (Relevant data is listed in

Appendix A).
The P-C(7) bond length of 1.726A corresponds to that of stabilised

ylides which show long P-C bond lengths e.g 1.73 A in
Ph3P=CClCOPh or 1.71A in Ph3P=CHS02C6H4Me.

The C=C bond lengths between C(2) and C(6) of 1.360A and
between C(4) and C(5) of 1.331A correspond well with the normal C=C
bond length of 1.33A.

The C-S bond lengths of C(2)-S(l) (1.733A), C(2)-S(3) (1.756A)
C(5)-S(l) (1.742A) and C(4)-S(3) (1.725A) are shorter than 1.83A
which is the distance between C-S in alkyl sulphides and longer than
1.61A which is the predicted C=S bond length in thiocarbonyls.

The formation of (180) can be visualised as proceeding via the
initial formation of the intermediate phosphorane (181). Reaction of the

phosphorane with a second molecule of DMAD gives an intermediate

phosphacyclobutane (179) which ring opens by breaking the P-C bond to

give the 1:2 adduct (180) as shown in Scheme 25. It is interesting to

notice that the 1:2 adduct was also formed even in the presence of excess

(156) implying that the ylide intermediate (181) reacts with DMAD
much more rapidly than does (156).

There is evidence in the literature for such cyclic four-membered
intermediates which ring open to insert the acetylene molecule between
the ylide P=X bond by initially breaking the P-X bond.
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i
Bun3PfX^'S-

(156)

MeC^C-C^C-CC^Me
S ^ .CO,Me

le 2

Bu"3P=^ I!
S C02Me
(181)

Me02C-C=C-C02Me

Me02C

Bun3P

C02Me
(180)

Scheme 25

Brown and co-workers141 have reported phosphazacyclobutenes

(183) as intermediates in the addition of phosphinimines (182) to DMAD
to give 1:1 adducts (184). The intermediacy of phosphacyclobutene

r\ ■RPh3P= N

R=H,Br,C02Me,C0Me>N02.

(182)

DMAD

Me02C C02Me

(183)

t
C02Me

Ph,P

)=N—0- R

Me02C

(184)
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(186) has also been reported again by Brown142 in the reaction of

methylenephosphoranes (185) with DMAD to give the adducts (187) as

shown below:

DMAD
PhoP= CR'R2 ► Ph,P -r— CR'R2

R2=Ph, Ph, CH=CHPh. MeOzC ^ ^C02Me

— L-K'j

A.R1 =Ph, H, H,

, Ph, CH

(185) (186)

C02Me

Ph3P=/
VziCR^2

Me02C

(187)

Initially, simple reactions of the tri-rc-butylphosphonio-
dithioformate-DMAD adduct (180) with HC1 and sodium hydroxide
obscured rather than clarified the structure of the adduct. However,

once the X-ray stmcture was obtained the structures of the salts could be

predicted. The reaction with dry HC1 gas gave the chloride (188) and
reaction with tetrafluoroboric acid etherate gave the tetrafluoroborate

(189). The tetrafluoroborate can also be prepared via the chloride

(188) by reaction with silver tetrafluoroborate with precipitation of
silver chloride. Both (188) and (189) are easily reconverted into the

starting adduct (180) by deprotonation with triethylamine as follows:
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Me02C

Bun3P
Sp +21.9

Me02C S _/C°2Mc
BF4-W 1

Me02C

BF4

Bu^P* -/ S C02Me Bun3P+
H

COzMe

8p +39.8
(189)

g C02Me

C02Me

Surprisingly, !H N.M.R. indicated a 1 p.p.m. difference between
the shifts of the H atoms adjacent to Bun3P. This could be indicative of

the difference in structures of the two salts as shown in structures (190)

and (191). The chloride ion is likely to be co-ordinated to the cationic P
while in the tetrafluoroborate it exists as an ion pair with the cationic P
coordinated to one of the ring S atoms. This could well be attributed to

the difference in size of the chloride ion and the tetrafluoroborate ion.
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Hydrolysis of the adduct (180) with sodium hydroxide resulted in
the hydrolysis of two of the ester groups. It would have been possible to

decipher which esters are hydrolysed by comparing the 13C N.M.R.

spectra of the original DMAD adduct (180) with that of the hydrolysis

product, but since all the four carbonyl signals have shifted it is difficult
to tell which two esters have hydrolysed. There are still two methoxy

signals at 8 52.36 and 53.98 in the 13C N.M.R. which confirms the

presence of two esters. Therefore, the structure of the hydrolysis product
could be depicted as(192):

Several analogues of (180) were prepared by the reaction between

tri-n-butylphosphoniodithioformate (156) and a variety of acetylenes

having electron deficient substituents to give the 1:2 adducts as stable,

brightly coloured solids. The results are summarised in Table 7.

Dibenzoylacetylene (197) and methyl benzoylpropiolate (198)
were both prepared using a convenient new route developed in this

laboratory!43 which involves the FVP of the tricarbonyl ylides (196) as

shown:

co2x

(192) 2X = H, 2X = Me

O,

O o
(197) R = Ph
(198) R = OMe(196) R = Ph

R = OMe
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x
Bu^P* ;

R*C = CR2

1:2 adduct yield m.p. 5p

No. R1 R2

(180) CC>2Me C02Me 32 114-115 +21.9

(193) C02Et C02Et 43 90-91 +21.4

(194) COPh COPh 12 161-162 + 19.54

(195) COPh C02Me 23 95-96 +20.53, "I
+20.42 J

3:2 mixture

of isomers

Table 7

With the only unsymmetrical acetylene examined only two of the
four possible isomers were formed suggesting complete regioselectivity in
the [2+2] cycloaddition step.

The cycloaddition with l-(/?-nitrophenyl)-3,3,3-trifluoroprop-l-yne
does not give the expected 1:2 adduct. Instead 1H N.M.R. and 13c
N.M.R. indicate the probable formation of a symmetrical 1:1 adduct

(199).

F,C

NO,
(199) 5p+51.97

Under mass spectrometric conditions, however, this appears to

decompose with the formation of tetrathiafulvalene (200) (M+ peak at

582). This process is analogous to the reaction observed by Hartzler122
in the reaction of acetylenes and tri-n-butylphosphoniodithioformate. To
summarise l-(p-nitrophenyl)-3,3,3-trifluoroprop-l-yne does not give a

clean reaction like the other acetylenes in spite of the two highly electron

withdrawing substituents viz trifluoromethyl and p-nitrophenyl.

Bun,P
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s

i
Bun3P+ S~

nsm (203)

s

Bu"3P=<[ |
s

no2
(199) n02 o2n

(200)

The other acetylenes have carboxylic ester groups as opposed to the

trifluoromethyl and p-nitrophenyl which may be the reason for the
difference in reaction.

l-(/?-nitrophenyl)-3,3,3-trifluoroprop-l-yne (203) was itself

prepared by the FVP of l-(/?-nitrophenyl)-3,3,3-trifluoro-l-(triphenyl-

phosphoranylidene)-propan-2-one (202) which is a modification of the
method of Trippett and Walker144 who were the first to synthesise
disubstituted acetylenes by the thermolysis of B-ketoalkylidene-

triphenylphosphoranes. The ylide (202) was in turn prepared by the
method of Hamper132 which is a one-step conversion of the readily

no2

(201)
(202)

FVP -Ph3PO
11

(203)
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available phosphonium salt (201) to the phosphorane (202) by the
addition of 2 equivalents of Et3N followed by 1 equivalent of
trifluoroacetic anhydride.

Electron-rich alkynes like phenylacetylene did not react with tri-n-

butylphosphoniodithioformate. The strategy to try and intercept the
electron-rich diphenylacetylene by adding one equivalent of dimethyl

acetylenedicarboxylate to an equimolar mixture of tri-n -

butyldithioformate (156) and diphenylacetylene at 0-5°C seemed a

promising one. Unfortunately, none of the expected mixed adduct (204)
was isolated, instead the 1:2 DMAD adduct (180) and unreacted

diphenylacetylene were recovered from the reaction mixture. The ylide
intermediate (131) clearly reacts much more easily with DMAD than
with PhC=CPh.

(156)

S DMAD

(181)

Ph — C= C—Ph

+

(180) Ph

(204)
+

Ph —C=C—Ph
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Phosphoranes of the type (163) are known to undergo Wittig-type
reactions. As mentioned earlier Hartzler122 and Cava et a/125 have

effectively trapped the phosphoranes (163) with a variety of aromatic

aldehydes and ketones. Akiba and co-workers127 have synthesized 1,3-
benzodithiafulvenes (205) from phosphonium salts and phosphonates by

exploiting the Wittig reaction.

(206)

r2r'p
-r2r1ps

(207)
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Miles and co-workers145 have also reported Wittig reactions with

terephthalaldehyde and benzaldehyde during the desulphurization of 4,5-

dicyano-1,3-dithiole-2-thione (206) with tertiary phosphines. The
intermediate dicyanophosphorane (207) is responsible for the reaction
with the aldehydes.

Misaki et a/146 have reported the use of the Wittig reaction in the

synthesis of tris{\,3-dithiol-2-ylidene)propane (208) and tetrakis (1,3-

dithiol-2-ylidene)butane (209).

R= C02Me,
R2=-(CH=CH)2-

1.(COCl)2/DMF
i

2.NaOH / H20
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Based on this literature background it seemed worthwhile to

attempt Wittig reactions with the 1:2 adduct of tri-n-butylphosphonio-
dithioformate-DMAD (180). Unfortunately however the reactions with

both /?-nitrobenzaldehyde and 2,4-dinitrobenzaldehyde failed to give

Wittig products. Only the two starting materials were recovered even

after boiling the reaction mixture under reflux in toluene for up to 8h.
The results are based on N.M.R. and 31P N.M.R.

This is partly due to the fact that the P in (180) is highly sterically
hindered due to the three rc-butyl groups hence making it difficult for the
formation of the corresponding betaine (210).

Perhaps more importantly it is known147 that phosphorus ylides
become more stable and hence less reactive when an electron-withdrawing

group is present on the a-position. The presence of the

methoxycarbonyl function on the a-C may be delocalising the negative

charge and thus making it inert towards a Wittig reaction.

MeO.C

o2n



Bun COzMe

(210)

C Cycloadditions of Bun3P+CS2~ with electron-poor double

bonds.

Unlike the cycloadditions of tri-n-butylphosphoniodithioformate to

acetylenic dipolarophiles which gave the highly stable 1:2 adducts as

brightly coloured crystalline solids, double bonded dipolarophiles gave

unstable 1:1 adducts as thick brown oils which could not be purified
without decomposition and hence isolation of the adducts from the
reaction mixture was the major difficulty encountered during these

cycloadditions.
The sole representative of the addition of alkenes to tri-n-

butylphosphoniodithioformate mentioned in the literature is the reaction
of dimethyl maleate with tri-n-butylphosphoniodithioformate (156) in
methanol by Hartzler122. The paper does not give full experimental
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details but they mention that dimethyl succinate, tri-n-butylphosphine

oxide, carbon disulphide, and dimethyl ether were isolated.

1. Cycloadditions to C=C

As mentioned earlier the cycloadducts of tri- n -

butylphosphoniodithioformate and alkenes could not be isolated in pure

form and were identified on the basis of spectroscopic data.

Cycloadditions were carried out with maleic anhydride, dimethyl
fumarate and methyl acrylate to give the adducts (211), (212), and (213)

respectively. The reaction probably proceeds via a concerted 1,3-

cycloaddition. The appearance of the 13C N.M.R. signal of the
quaternary C directly bonded to the P as a doublet at 5^ 31.96

(JP_C123.2 Hz) and 32.5 (JP_C114 Hz) f°r (211) and (212) respectively

s

(156)
S~

C09Me
/ Me02C-HC = CH2

/
Me02C

PBu" PBun?

5P+33.6
(211)

C02Me

8P+30.4, +33.6
(213)

5P+23.9
(212)
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favoured the symmetrical phosphorane type of structure where addition
takes place through the two sulphur atoms. In the case of the methyl

acrylate adduct (213) there were two different P containg products which
were separated using column chromatography (5p +30.3 and +33.6 ).

The 13C N.M.R. of (213) was not as conclusive as the other two adducts

(211) and (212).

Just as for electron-rich acetylenes like phenylacetylene no reaction
was observed with alkenes like stilbene, styrene and cyclohexene. This
confirms the fact that a least one electron-withdrawing substituent is

required for cycloaddition.
31p N.M.R. of the dimethyl fumarate adduct (212) indicated the

presence of tri-u-butylphosphine sulphide and the symmetrical 1:1 adduct.
lH N.M.R. signals at §h 3.63 and 3.72 and N.M.R. signals at 8c 41.8

and 51.5 indicate the presence of two different esters. The carbonyl
signals in the 13c N.M.R. viz 5c 175.4 (s) and 170.4 (d, J MHz) indicate

that only one of the ester carbonyl carbon atoms is coupled to the

phosphorus. This can be rationalised on the basis of the following bent
structure for (214).

o
\\

Bu",P
C-OMe

OMe 5h 3.63 (3H), 3.72 (3H)
C=0 5C 175.4 (s), 170.4 (d, J MHz)

//
,C-OMe

O
(214)

Either one of the carbonyl C atoms could couple with the

phosphorus. C(A) most likely couples through a W-coupling, but
another possibility is a through-space spin-spin coupling mechanism of P
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with C(B) as shown in (214a) rather than a through-bond coupling, as the

intervening S would screen the coupling due to its electronegativity.

C-OMe

o/A
(214 a)

A review of Hilton and Sutcliffe148 provides evidence for through-

space coupling between two nuclei which are spatially close to each other.
There is no direct evidence for a spatial coupling between a phosphorus
and carbon nucleus, but based on the review it seems possible that in the
case of the dimethyl fumarate adduct (214) a through-space spin-spin

coupling may occur between the P and C(B) possibly transmitted through
the lone pair of electrons of the carbonyl oxygen.

The cycloaddition of tri-«-butylphosphoniodithioformate (156)
with dimethyl maleate was briefly examined to see if the cycloaddition of

(156) was stereospecific, but the reaction with dimethyl maleate gave

only decomposition products like Hartzler's reaction122 and no adduct
could be detected.

Column chromatography of (212) using silica gel in an attempt to

purify the cycloadduct gave dimethyl succinate similar to Hartzler's122
observation. The overall reduction of dimethyl fumarate to dimethyl
succinate bears a resemblance to the Mitsunobu Reaction149 in which

diethyl azodicarboxylate (216) and triphenylphosphine (215) behave as a

redox system where the phosphine gets oxidized to the triphenyl

phosphine oxide (217) and (216) gets reduced to diethyl

hydrazinedicarboxylate (218).
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Ph3P +

(215)
Et02C- • n= n— C02Et + h20

(216)
Ph3P = O
(217)

El02C- HN— NH— CO,Et
(218)

In our case the tri-n-butylphosphine gets oxidised to the oxide while
the dimethyl fumarate like diethyl azodicarboxylate (216) gets reduced to

the dimethyl succinate (219) with the two hydrogen atoms coming from
an unusual source viz water. The mechanism of the reaction could

proceed by the following pathway shown in Scheme 26.

Bun,P
•:oh2

sA
H

Si02 / H20 (D20)

Mc02C C02MC

(212)

Me02C-CH2CH2-C02Me
(219)
or

Me02C-CHD-CHD-C02Mc
(220)

h2o / d2o

O-H/D

Bun3P

Me02C C02Me

h2o/d2o

Bun3P

O r H / D :OH2
V

h / D - Bun3PO

{ — s- -S
(k.

Me02C C02Me
-CS2 H/D

Scheme 26
Me02C C02Me

This unexpected observation provides a mild method for the

hydrogenation of electron-poor dipolarophiles and could be exploited to

make dideuteriated, reduced dipolarophiles. Thus, the dimethyl fumarate
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adduct (212) was stirred with dry silica gel and D2O and it gave the

dideuteriodimethyl succinate. This is a valuable procedure as it uses the

inexpensive D2O as opposed to D2. Partial hydrolysis of the

dideuteriodimethyl succinate (220) with potassium hydroxide in methanol
followed by acidification with HC1 was carried out to study the

stereospecificity of the deuteriation but !H N.M.R. (the two hydrogen
atoms appear as an irregular multiplet rather than an AB pattern) showed

non-stereospecific deuteriation. This indicates that, perhaps not

surprisingly, the anionic intermediates shown in Scheme 26 are protonated
non stereospecifically.

KOH
Me02C-CHD-CHD-C02Me ► Me02C-CHD-CHD-€02H

(220)

2. Cycloaddition with N=N

Reactions with two dipolarophiles were studied viz 4-phenyl-l,2,4-
triazoline-3,5-dione (222) and diethyl azodicarboxylate (216). The
triazoline dione was obtained by the oxidation of 4-phenylurazole (221)

using dinitrogen tetroxide by the method of Stickler and Pirkle134

° o

HN^X N2°4 • N"\
1 N— Ph "i N—Ph

O O

(221) (222)

This method is superior to previous methods using other oxidising

reagents134 like lead peroxide in cold dilute sulphuric acid, iodine, t-butyl
hypochlorite in acetone, lead tetraacetate in acetonitrile, manganese
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dioxide, calcium hypochlorite and A-bromosuccinimide, in convenience,

yield and purity of the product. Due to the equilibrium between nitrogen
dioxide and dinitrogen tetroxide it is difficult to predict which one is the
active reagent.

Cycloaddition of 4-phenyl-l,2,4-triazoline-3,5-dione (222) with tri-

n-butylphosphoniodithioformate (156) gave an unstable 1:1 adduct (223)
which could be characterised by N.M.R. in solution but readily undergoes

hydrolysis to give back the 4-phenylurazole (221). As in the case of C=C

dipolarophile adducts, stirring the phosphorane adduct (223) with dry
silica gel followed by addition of .water also gave the 4-

phenylurazole(221).

o

A,
N"\
II N—Ph

Bun,P+3 O

/-n-A0
Bun3P=K | N-Ph

O

(223)

Si02 ,-A
o

(D)HN'
I N— Ph

H2O/D2O (D)HN^^
O

(221)

Diethyl azodicarboxylate also cycloadds to tri-«-butylphosphonio-
dithioformate. Diethyl azodicarboxylate was chosen because besides

having two electron withdrawing substituents, it is the component of the
Mitsonubu reagent (DEAD and PI13PO ) which gets reduced to the

hydrazine as mentioned before. The cycloaddition at R.T. initially gave the

phosphorane type of cycloadduct (224). The smaller coupling constant of
the 13C N.M.R. signal due to the ylide carbon at 8c 47.13
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(J=52 Hz) indicates a greater contribution of the form with a P-C single
bond in this case rather than a P=C double bond.

Again the phosphorane (224) was highly unstable and an attempt to

recrystallise it with hexane gave colourless crystals of diethyl hydrazine -

dicarboxylate. As a double check, stirring the adduct (224) with silica

gel in ether gave exclusively tri-n-butylphosphine oxide and diethyl

hydrazinedicarboxylate. The reaction probably proceeds by the
mechanism as shown in Scheme 27.

s
_ *

BuV^ — + Et02C— N= N—COzEt
s- S" "C02Et

(224)

S

N
II

N.

S- C02Et

•N^CO Et^u2fcl (224)

S" N>*C02Et

Si02 I
H20 (D20) y

EtO?C2 \
NH(D)
I

SCf ^-COjEt (D)HNS
C02Et

Scheme 27
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3. Cycloaddition with C=N

As expected tri-n-butylphosphoniodithioformate did not react with

A-benzylideneaniline. The absence of strong electron-withdrawing

groups on the dipolarophile was the most probable cause of this

unreactivity. 31p N.M.R. showed the reaction mixture to contain mainly
unchanged 1,3-dipole (5p +18.91), Bun3P (-31.67) and Bun3PS (48.13).
lH N.M.R. signals at 5h 8.4 (1 H) and 6.9-8.0 (10 H) were indicative of

unreacted TV-benzylideneaniline.
C=N dipolarophiles were of interest as they would be intermediate

between the C=C and N=N dipolarophiles. After A-benzylideneaniline
the obvious choice was ethyl ethoxycarbonyliminoacetate (227). The
reaction between glyoxylic acid monohydrate and ethyl carbamate gave

the hydroxyacid (225). Treatment of the hydroxyacid with ethanol and

sulphuric acid gave the corresponding ethoxy ethyl ester (226). The
method used was analogous to the method of Ben-Ishai150.

HC0C02H.H20 + H2N-C02Et

l
HO— CH - C02H

NH-C02Et

(225)

Et02C
v CH = N

C02Et

(227)

Et0H/H2S04

i f

EtO— CH - C02Et x,BF3.etheratc
1

NH-C02Et

(226)



156

The conversion of the ester to the aldimine (227) was attempted

using boron trifluoride etherate in the presence of sulphuric acid based on

a method by Krow*51 and others but the paper lacks experimental detail
and the ester could not be converted to the required imine (227)

reproducibly. Cycloaddition of tri-n-butylphosphoniodithioformate (156)
with the imine (227) was tried by reacting the ethoxy ester (226) with
the dipole (156) in the presence of boron trifluoride etherate, hoping
that the imine might be produced in situ by the elimination of ethanol and

subsequently add to the dipole (156) to give the required cycloadduct in a

one-pot reaction. However the !H N.M.R. indicated that ethanol was not
eliminated.

D Cycloadditions of Bun3P + CS2~to electron-rich

dipolarophiles

Tri-«-butylphosphoniodithioformate reacted with norbornene in
ether to give a pink powder. 13c N.M.R. and Hi N.M.R. signals and

microanalysis indicated the product to be a 1:1 adduct with an extra mole
of carbon disulphide.

The reaction was complete within 4 h, longer reaction times leading
to decomposition products. The structure of the product (229)was clear
from the 13C N.M.R. spectrum as shown in Scheme 28 with the P-C

coupling constants being particularly informative. The reaction

presumably proceeds via an initial 1:1 adduct (228). The phosphorane

Pink powder
1:1 adduct + CS2
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Bun

8C 240 JC_P 8 Hz

BuM5*

BiAP*

BIAP+

5C 90.9 JC_P 39 Hz (228)

8p+41.7
(229)

Scheme 28

The product (229) precipitates out of the reaction mixture and is
filtered off but is difficult to recrystallise.

The exceptional reactivity of norbomene as compared to simple

cycloalkenes in such reactions was initially attributed to the release of ring
strain in the transition state. The heat of hydrogenation of norbomene is
25 KJ mole-1 greater than that of cyclohexene. It appears now that release
of ring strain is only partly responsible for the reactivity of norbomene.

Huisgen's8 "factor x" could also be responsible for the enhanced reactivity
of norbomene. The "factor x" has been explained on the basis of an orbital

mixing rule by Fukui and others152. They applied the rule of orbital

mixing to norbornene and deduced non-equivalent
orbital extensions. This gives greater exo than endo n HO lobes as shown
in Figure. 3.
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This change in hybridisation not only affects reactivity but also favours a

preferential exo addition in unsymmetrical cyclic alkenes.
Norbornene also shows pyramidali2ation or orbital distortion

according to Houk9 and co-workers. The alkene C-H bonds are bent 3.4° in
the endo direction i.e. away from the one carbon bridge and hence only a

10° cis bending is required to attain the cycloaddition transition state (TS)

geometry.The above explanations support sufficiently the reactivity of
norbornene..

It should have been possible to determine whether the norbornene
adduct (229) was exo or endo adduct by the signals due to 2-H and 3-H in
the !H N.M.R. and whether or not they couple with the bridge methylene

protons. If it is an exo adduct then the two protons viz 2-H and 3-H would
be simple doublets with no coupling to the bridge protons. An endo adduct
would allow for coupling of 2-H and 3-H with the bridge methylene

protons. Unfortunately the relevant signals are masked under the large

signals due to the tri-n-butyl group and so no such assignment was possible.
However we tend to favour the exo addition based on the "exo rule" as

mentioned by Taniguchi et a/153 which can be applied to 1,3-dipolar

cycloadditions to bicyclic alkenes with the bicyclo[n.2.1] alkane (n=2 and 3)
skeleton.
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1

Bun3P+

H 6

■5

H

(229)

Besides this, the explanation by Fukui152 of the "orbital mixing rule"
which deduces nonequivalent orbital extension resulting in larger exo than
endo 71-HO lobes also favours preferential exo attack. Schleyer154
favours exo over endo attack based on torsional strain in norbornane

derivatives. According to Brown155 steric hindrance to an endo attack

may also be responsible for a preferred exo attack.
The cycloaddition of one equivalent of norbornadiene with tri-n-

butylphosphoniodithioformate in an atmosphere of nitrogen also

produced a pink powder, but unlike the norbornene adduct it was

insoluble in any common organic solvent. It dissolved in trifluoroacetic
acid and nitrobenzene but with decomposition. This made the

spectroscopic study of the adduct rather difficult. Elemental analysis

supported a structure (230) similar to the norbornene adduct (229)
which is a 1:2 adduct with two extra molecules of carbon disulphide.

Solid state 13C N.M.R. did not show any signals due to C=S or C=C
and hence we proposed the structure (231) formed by the elimination of

tri-rc-butylphosphine.

(230)
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+ PBun3

(231)

Based on the solid state 13C N.M.R. Figure 4 it seems more likely
that the adduct may be a polymeric material which probably explains its

high insolubility.

Thus, the norbornadiene adduct may have the following polymeric
structures (233) or (234). Structure (234) also agrees with the

microanalysis.

Bun3 s

(233)

S
Bu"3P.

S

(234)

It could be formed by the polymerisation of the initially formed 1:2
monomeric adduct (232). The adduct is highly unstable at R.T. and was

stored at low temperature.
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Since a solid state !H N.M.R. was not possible it is difficult to say

whether the direction of attack is exo or endo. Besides unlike

norbornene, norbornadiene does not exclusively give exo adducts.
Photoelectron spectroscopy of norbornadiene has indicated the presence

of homoconjugation between the two carbon-carbon double bonds.156

The orbital mixing as suggested by Inagaki et a/152 may also be

present in norbornadiene but due to homoconjugation on the endo side the
difference in the 7t-electron distribution between the exo- and endo-sides

is much smaller than is norbornene which could result in the formation of

endo as well as exo-adducts156. Since the elemental analysis of the pink
adduct of norbornadiene and tri-«-butylphosphoniodithioformate

supported the 1:2 adduct structure (230) with two extra carbon

disulphide molecules attached to it, the reaction was repeated with two

equivalents of the dipole (156). The cycloaddition now gave an

yellow/orange solid which unlike the previous adduct was soluble in most

organic solvents. The changed stoichiometry may be causing the

polymerisation to stop at a certain point giving a smaller number of

s

0
Bu^P4" S

(233)



163

monomers in each chain which could explain the formation of the soluble

product.
The simple electron-rich alkenes like cyclohexene, stilbene and

styrene did not undergo any cycloaddition to tri- n -

butylphosphoniodithioformate (156). This could be due to the absence
of electron-withdrawing substituents as mentioned by Hartzler122.

E. Preparation and cycloadditions of Bun3P+C(S)NPh~
with DMAD

Previous observations in this laboratory!28 showed that unlike with
carbon disulphide, tri-/i-butylphosphine did not form adducts with carbon
dioxide or carbonyl sulphide.

Bun3P + X=C=0

X=0,S

The adducts (235) are probably highly labile and dissociate even at R.T.
Previous observation128 also indicated the reaction of tri-n-

butylphosphine with dicyclohexylcarbodiimide gave none of the expected

dipole (236).

n—(3
Bun3P + —N=C=N—^ ► Bun3P+ ^ ^

N—Q
(236)

The adduct of tri-w-butylphosphine and phenyl isothiocyanate (237)
is however known and was prepared at R.T. by simple addition of the two

-ff ► Bu"3P+—
X̂"

(235)
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components in ether following the method by Akiba129_ xhe 31p N.M.R.

signal at +19.79 was indicative of a betaine structure.

The presence of the negative charge either on the sulphur or

Ph-N=C=S + Bun3P

nitrogen in the two isomers of the 1,3-dipole makes it an interesting

system which could have three modes of addition as shown below:

Ph-N=OS + Bu 3P

The reaction of betaine (237) with DMAD followed by column

chromatography lead to a loss of aniline. We therefore presume that the

following transformation must be taking place where the initial addition
takes place through P and S to give (238) which eliminates aniline to give
the 75-thiaphospholin-2-one (239) as shown:

The loss of aniline would be unlikely if nitrogen formed a part of
the ring.
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Based on Cava's125 method the addition of the tri-n-butylphosphine

phenyl isothiocyanate adduct (237) to DMAD was also carried out in the

presence of fluoroboric acid.

II
_ Me02C-C=C-C02Me

Bu^P* NPh

5p +19.8

o

5p +22.4
Bun,P
A
w

NPh

Bun3P

MeO,C

A
<

W
(238)

CO,Me

Si02
- PhNH2

MeO,C CO,Me

(239)

Bu",P+ - C
NPlr

(237)

DMAD

HBF4

Bu"3P - Cv
NHPh

(241)

Bu"3P+v

XX
CO,Me

BF4 + DMAD

N CO,Me
l
Ph

(240)

BF4"

13C N.M.R. and lH N.M.R. signals showed that instead of the

expected adduct (240) the reaction mixture contained the protonated

dipole (241) along with DMAD and phenyl isothiocyanate. The

protonated dipole being an ionic salt did not move on column

chromatography so only phenyl isothiocyanate was obtained after this

procedure.
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No detailed study has previously been carried out on the reactions
of the dipole (237) and its cycloaddition behaviour represents an

interesting area for future work with the potential to provide access to a

whole variety of new heterocyclic systems.
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APPENDIX A

X-Ray diffration data for compound (180)
from studies carried out by Professor George Ferguson

University of Guelph, Canada.
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A. Crystal Data

C25 H39 08 P S2

F.W. 562.69 F(OOO) = 1200

crystal dimensions: 0.28 x 0.36 x 0.51 mm

peak width at half-height = 0.30

Mo-Ka radiation (7. = 0.71073 A)
temperature = 21 ± 1 °C

monoclinic space group P21/n

a = 13.039 ( 3) A b = 17.909 ( 4) A c = 13.226 ( 2) A
(3 = 100.23 ( 2)°

v = 3039.4 A3

z = 4 y = 1.23 g/cm

(I = 2.6 cm*1
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B. Intensity Measurements

Instrument:

Monochromator:

Attenuator:

Take-off angle:

Detector aperture:

Crystal-detector dist.

Scan type:

Scan rate:

Scan width. deg:

Maximum 2

No. of refl. measured:

Corrections:

Enraf-Nonius CAD4 diffractometer

Graphite crystal< incident beam

Zr foili factor 17.6

2. 8

2.0 to 2.4 mm horizontal

4. 0 mm vert i c a 1

21 cm

w—2,0

1-7 /min (in omega)

0. 6 + 0. 350 tanG

46. 0

4711 total. 2271 unique

Lorentz—polarization

Reflection averaging (agreement on I

Extinction (coefficient = 0.0000002)
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C. Structure Solution and Refinement

So 1u tion:

Refinement:

Minimization function:

Least-squares weights:

Anomalous dispersion:

Reflections included:

Parameters refined:

Unweighted agreement factor:

Weighted agreement factor:

Esd of obs. of unit weight:

Convergence, largest shift:

High peak in final diff. map:

Computer hardware:

Computer software:

Direct methods

1 east-squares

w<!Fo!-!Fc!)

4Fo / (Fo )

All non-hydrogen atoms

2271 with Fo >3. 0 (Fo )

326

O. 055

0. 077

2. 75

O. 12

0. 27 ( 4) e/A

PDP-11

SDP—PLUS (Enraf-Nonius &

B. A. Frenz & Associates, Inc.
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Positional and thermal parameters and their

Atom

SI

S3

P

□ 1 1

012

021

022

031

032

041

042

C2

C4

C 5

C6

C7

CI 1

C 12

C21

C22

C31

C32

C41

C42

C 51

0. 2701 ( 1 )

0. 1 1 66 ( 1 )

0. 4996 < 1 )

-0. 0931 (3)

-0. 0872(3)

0. 06012(9)

0. 1169( 1 )

0. 19601 (9)

0. 1131 (3)

0. 0113(3)

0. 0244(3) -0. 0214(3)

0. 1922(3) -O. 0136(3)

0.2240(3)

O. 3962(3)

0. 5869(3)

0.4427(3)

O. 2484(4)

0.0695(4)

O. 1387(4)

0.3314(4)

O. 4381 (3)

-O.0473(4)

-0.2000(5)

O. 1819(2)

0. 2027(2)

O. 0488(2)

0. 0083(2)

0. 1089(3)

O. 0715(3)

O. 0444(3)

O. 1366(3)

O.1252(3)

O. 0669(4)

O. 0019(5)

O. 1 102(5) -0. 0006(4)

0. 1765(6) -0. 0559 ( 5 )

O.3102(4)

O. 3821 (5)

0. 4961 (4)

O. 4978(6)

O. 4019(5)

O. 1750(3)

0. 2385(4)

0. 0602(3)

-O. 0604(4)

0. 2646(3)

-O. 2176 ( 1 )

-0. 3899 ( 1 )

-0. 2330 ( 1 )

-0. 2592(4)

-0. 3501 (4)

-0. 1244(4)

-0. 0575(4)

-0. 5204(3)

-O. 4970(3)

-O. 2740(3)

-0. 3788(3)

-O. 3326(4)

-0. 2925(5)

-O. 2151(4)

-O. 3699(4)

-O. 3093(4)

-O. 2993 ( 5 )

-0. 3559(7)

-0. 1287(5)

0.0309(7)

-0. 4680(4)

-0. 5951 (5)

-0. 3167(4)

-O. 3918(6)

-0. 2169 ( 5 )

e. s. d . ' s

B (A )

6. 07(4)

7. 03(4 )

6. 22(4)

12. 5(2)

9. 7( 1 )

12. 6(2)

11.0(1)

7. 8( 1 )

7. 0( 1 )

7. 6( 1 )

7. 4( 1 )

5. 2( 1 )

6. 6(2)

6. 4( 1 )

5. 0( 1 )

5. 0( 1 )

8. 2(2)

12. 3(3)

8. 6(2)

16. 3(3)

5. 8( 1 )

9. 4(2)

5. 7( 1 )

10. 6(2)

8. 1(2)
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Positional and thermal parameters and their e. s. d. 's (cant. )

Atom x y z B(A )

C 52 0.4361(7) 0.3294(4) -0.1457(6) 11.4(3)

C 53 0.3410(9) 0.3747(4) -0.1317(7) 17.3(4)

C 54 0.2874(12) 0.3671(9) -0.0782(11) 28.5(6)

C61 0.5632(5) 0.1664(4) -0.1082(5) 8.5(2)

C62 0.4963(6) 0.1330(4) -0.0412(5) 10.8(2)

C63 0.5424(8) 0.1018(5) 0.0708(7) 18.6(3)

C64 0.5812(12) 0.1557(10) 0.1288(10) 26.9(7)

C71 0.5997(6) 0.2443(6) -0.2823(6) 15.2(3)

C72 0.6310(8) 0.2443(7) -0.3529(7) 23.5(3)

C73 0.7215(9) 0.2879(6) -0.3838(7) 17.2(4)

C74 0.6865(9) 0.3248(7) -0.4761(10) 21.5(5)

^tropically refined atoms are given in the form of the
ropic equivalent thermal parameter defined as:

) * Ca2*B(l<l) + b2*B(2/2) + c2*B(3» 3) + ab(cos g amma)#B(1 • 2)
(cos beta)*B(1»3) + bc(cos a 1pha)*B(2/3)1
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Molecular dimensions

(a) Bond lengths (A)

SI C2 1. 733 ( 5 )

SI C 5 1.742(5)

S3 C2 1.756(5)

S3 C4 1. 725(6)

P C7 1. 726(5)

P C51 1.810(7)

P C61 1. 791 (6)

P C71 1. 783(9)

011 Cll 1. 196(9)

012 Cll 1. 262(8)

012 C12 1.468(8)

021 C21 1. 191(8)

022 C21 1. 314(7)

022 C22 1.437(10)

031 C31 1. 218(6)

032 C31 1. 344(7)

032 C32 1.430(8)

041 C41 1.234(6)

042 C41 1. 350(6)

042 C42 1. 451(8)

C2 C6 1. 360(7)

C4 C5 1. 331 (7)

C4 Cll 1. 513(7)

C5 C21 1. 498(9)

C6 C7 1. 492(6)

C6 C31 1. 450(7)

C7 C41 1. 402(7)

C51 C52 1. 511(9)

C52 C53 1. 520(14)

C53 C54 1. 088(20)

C61 C62 1. 476(10)

C62 C63 1. 597(11)

C63 C64 1. 281(18)

C71 C72 1. 084(13)

C72 C73 1. 529(16)

C73 C74 1.392(16)
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Bond an g1e s ( )

SI C 5

S3

P

P

P

P

P

P

012

022

032

042

C2

C2

C2

C4

C4

C4

C 5

C 5

C 5

C6

C6

C6

C 4

C 51

C61

C71

C61

C 7 1

C 71

C 12

C22

C32

C42

S3

C6

C 6

C 5

C 1 1

C 11

C4

C21

C21

C7

C31

C31

95. 2(3)

95. 2(2)

107. 7(3)

114. 4(3)

115. 9(3)

108. 2(3)

106. 9(4)

103. 3(3)

115. 7(5)

117. 4(5)

116. 4(4)

116. 3(4)

114. 5(3)

1 19. 1 (3)

126. 4(4)

117. 7(4)

118. 0( 4)

124. 3(6)

117. 4(5)

118. 6(4)

123. 9(5)

118. 8(4)

117. 4(4)

123. 9(4)

P

P

C6

Oil

011

012

021

Q21

022

031

031

032

041

041

042

P

C51

C52

P

C61

C62

P

C71

C72

C7

C7

C7

CI 1

CI 1

CI 1

C21

C21

C21

C31

C31

C31

C41

C41

C41

C51

C52

C53

C61

C62

C63

C71

C72

C73

C6

C41

C41

012

C4

C4

022

C 5

C 5

032

C6

C6

042

C7

C7

C 52

C 53

C 54

C62

C63

C64

C72

C73

C74

120. 4 ('

1 16. 8C

122. 7('

126. 2C

120. 9 (<

113. 0( !

124. 2 ('

124. 5 (<

111. 2(!

122. 2 ( '■

124. 6C

113. 2 (-

121. 0(:

126. 2 (

112. 8 (

117. 3(

109. 2 (

130( 1 )

116. 5 (

122. 2 (

109. 6 (

136. 7 (

131(1)

109. 2 (
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Calculated hydrogen coor

Atom X

H121 -0. 2223 -0.

H122 -0. 2148 -0.

HI 23 -0. 2349 0.

H221 0. 2407 -0.

H222 0. 1283 -0.

H223 0. 1488 -0.

H321 0. 4472 0.

H322 0. 3533 0.

H323 0. 3357 O.

H421 O. 4527 -0.

H422 O. 5575 -o.

H423 0. 5176 -0.

H51 1 0. 3478 0.

H512 O. 3751 O.

H521 0. 4827 0.

H522 O. 4695 0.

H531 0. 2948 0.

H532 0. 3645 0.

H541 0. 2354 0.

H542 O. 2592 O.

H543 0. 3289 O.

H61 1 0. 5963 0.

H612 0. 6144 0.

H621 0. 4619 0.

H622 0. 4462 0.

H631 0. 5943 0.

H632 0. 4871 0.

H641 O. 6075 0.

H642 0. 6360 0.

H643 0. 5288 0.

H71 1 0. 6606 0.

H712 0. 5834 0.

H721 0. 5723 0.

H722 0. 6474 o.

H731 0. 7750 o.

H732 O. 7478 0.

H741 0. 7439 o.

H742 0. 6610 0.

H743 0. 6339 0.

d inates (C-H 0. 95( 1 ) A)

y

0412

z

-0. 3957 13

0036 -0. 2890 13

0445 -0. 3879 13

0617 0. 0761 16

0304 O. 0646 16

1037 O. 0091 16

2559 -0. 6077 11

2039 -O. 6467 11

2795 -0. 5951 11

0925 -O. 4368 1 1

0493 -O. 4206 11

0838 -0. 3272 11

2392 -O. 1911 11

2847 -O. 2827 1 1

3601 -O. 1744 12

3111 -O. 0808 12

3719 -O. 1973 16

4244 -0. 1207 16

4020 -O. 0854 28

3172 -O. 0855 28

3696 -0. 0089 28

2088 -0. 0736 11

1305 -O. 1 173 11

0917 -0. 0786 11

1698 -0. 0328 1 1

0660 O. 0665 18

0793 0. 0989 18

1349 O. 1967 24

1775 O. 1034 24

1907 0. 1358 24

2308 -0. 2324 17

2944 -O. 2729 17

2587 -0. 4028 23

1937 -0. 3633 23

2537 -0. 3938 18

3226 -O. 3325 18

3517 -O. 4944 25

2901 -0. 5275 25

3590 -O. 4661 25
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Torsion Angles

Atom 1 Atom 2

C 5 SI

C 5 SI

C2 SI

C2 SI

C 4 S3

C4 S3

C2 S3

C2 S3

C51 P

C 51 P

C61 P

C61 P

C71 P

C71 P

C7 P

C61 P

C71 P

C7 P

C 51 P

C71 P

C7 P

C 5 1 P

C61 P

C 1 2 012

C 12 012

C22 022

C22 022

C32 032

C32 032

C42 042

C42 042

SI C2

SI C2

S3 C2

S3 C2

S3 C4

S3 C4

CI 1 C 4

CI 1 C4

S3 C 4

S3 C 4

C 5 C4

C 5 C4

SI C 5

SI C 5

C4 C5

C4 C 5

C2 C6

C2 C6

C31_ C6

C31 C6

C2 C6

C2 C6

Atom 3 Atom 4

C2 S3

C2 C6

C 5 C4

C 5 C21

C2 SI

C2 C6

C4 C 5

C4 Cll

C7 C6

07 C41

07 C6

07 C41

07 C6

07 C41

C51 C 52

C 51 C 52

C 51 C52

C61 C62

C61 C62

C61 C62

C71 C72

C71 C72

C 71 C72

CI 1 Oil

CI 1 C4

C21 021

C21 C 5

C31 031

C31 C6

C41 041

C41 C7

C6 07

C6 C31

C6 07

C6 C31

C 5 SI

C 5 C21

C 5 SI

C 5 C21

Cll 01 1

CI 1 012

C 1 1 Oil

Cll 012

C21 021

C21 022

C21 021

C21 022

07 P

07 C41

07 P

07 C41

C31 031

C31 032

Ang 1 e

-1. 6 ( 0. 3)
178. 6 ( 0. 4)
-0. 2 ( O. 5)
177. 7 ( 0. 5)
2. 4 ( 0. 3)

-177. 8 ( 0. 5)
-2. 7 ( O. 5)
175. 7 ( O. 5)
15. 4 ( O. 5)

-169. 3 ( O. 4)
135. 7 ( O. 4)
-48. 9 ( O. 5)

—104. 2 ( O. 5)
71. 2 ( O. 5)
175. 4 ( O. 5)
51. 2 ( O. 6)
-59. 5 ( O. 6)
-61. 1 ( O. 6)
59. O ( O. 6)
172. 1 ( O. 6)

5. 7 < 1.4)
-1 14. 3 ( 1.3)
131. 6 < 1.3)
-2. 6 ( 1. O)
177. 6 ( 0. 6)

O. 2 ( 1. O)
179. 5 ( O. 6)
-2. 3 ( O. 7)
177. 4 ( O. 5)

O. O ( 1. 2)
179. 2 ( O. 5)
-1. 1 ( O. 6)
178. O ( O. 4)
179. 1 ( 0. 4)
-1. 8 ( O. 7)
2. 1 ( O. 7)

-175. 8 ( O. 5 )
-176. 2 ( O. 5)

5. 9 ( O. 9)
-92. 7 ( O. 7)
87. 1 ( 0.6)
85. 6 ( O. 8)
-94. 6 ( O. 7)
-171. 9 ( O. 6)

8. 7 ( O. 7)
5. 9 ( 1.0)

-173. 4 ( O. 6)
-99. 9 ( O. 5)
85. 1 ( O. 6)
81.0 ( O. 6)
-94. O ( O. 6)
-2. 4 ( O. 8)
177. 8 ( O. 4)



Atom 1 Atom

C7 C6

C7 C6

P C7

P C7

C6 C7

C6 C7

P C 51

C 51 C52
P C61
C61 C62
P C71
C71 C72

Torsion Angles

Atom 3 Atom

C31 031
C31 032
C41 041

C41 042

C41 041

C41 042

C 52 C 53

C53 C 54

C62 C63
C63 C64

C72 C73
C73 C74

186

(continued)

4 Angle

176. 7 ( O. 5)
-3. 1 ( 0.7)
O. O ( O. 7)

-179. 1 ( O. 3)
175. 2 < O. 5)
-3. 9 ( O. 7)

-172. 7 ( O. 5)
85. 7 ( 1.5)
178. 1 ( O. 6)
64. 9 ( 1.2)

-177. 6 ( O. 9)
-126. 7 ( 1.4)


