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(1)

SUMMARY

1-Methoxy and 1Abenzyloxy—j,3«iﬁnethyl—2~phenylcycloproPene,
the methyl and benzyl enol~ethers of 2 ,2-dimethyl-J=phenylcyclo=
propanone respectively, have been synthesised. The synthesls required
a key intermediate, lpamethoxyn_%,B—dimethyl—B—phenyl-}H-pyrazole in
the case of the methyl enol-ether and J=benzyloxy=3s3~dimethyl-5-
phenyl~2~pyrazole for the benzyl anslogue. These compounds were
synthesised by elimination of lrtoluenesulphinic acid from J-methoxy-
5,5—djmethyl—3-phenyl—1fp—toluenesulphonyl—2~pyrazoline and L~benzyloxy-
5,5-dimethyl~3—phenylm1ﬁE—tolugnesulphonyl—z—pyrazoline respectivelyo
These compounds were produced by alkylation of l=hydroxy-5 ;5-dimethyl-~
j-pheny1~11E—toluenesulphonyl-Z-pyrazoline which was synthesised by
a novel reaction involving the treatment of ( s f=dime thylacrylophenone
oxide with.Ertoluenesulphonylhydrazine under acidic conditionse

Elimination of_E~toluénesulphinic acid from L-methoxy-3,:5 ;5=
trmnethyl~11B-toluenesulphony1~2wpyrazoline gave L-methoxy-5,5-dimethyl-~
3-methylene-1=pyrazoline., A molecular rearrangement has been found
to occur on elimination of_Eutoluenesulphinic acid from l~alkoxy—3;5-
diphenyl—1TE—toluenesulphony1~2-éyrazolines. The products obtalned
from this rearrangement were 1~alkyl-3,5=diphenylpyrazolese

A1l attempts to synthesise urhydroxy-B—methyl-j,5—dipheny1—1—

lrtoluenesulphonyl—Z—pyrazoline proved unsuccessfule



(ia)

Two other approaches towards the synthesis of L —=al koxy—3H~
pyrazoles are reported. The first approach involved ls-alkoxy—2-
pyrazolines as intermediates but the attempted synthesis of these
compounds was unsuccessful. The second pathway incorporating a 1,3~
dipolar cycloaddition reaction between an alkynyl ether and a di-

substituted diazocompound also proved unsuccessfule
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Although cyclopropene (1) was first isolated in 1922,1 it was
not until recently that it and related substances received the atten-

tion they deserved.

(1)

As the cyclopropene skeleton incorporates a high-degree of
"Baeyer Strain", it makes the cyclepropene system a suitsble subject
for theoretical treatments of bonding in organic compounds.

Studies of the electron dii“fraction2 and microwave3 spectral
properties of cyclopropene have enabled the structural parameters of
the compound to be determined. The values obtained for the more
accurate microwave spectral studies are outlined in Table 1.

Of special note are the bond lengths of the carbon-carbon double
bond and the vinyl carbon~hydrogen bond. The decrease in the carbon-
carbon double bond length relative to ethylene (1.31AR) indicates an
increase in the S character of the ¢-component of the double bond.
This short bond length in cyclopropene should allow good Ti=overlap
which should manifest itself in cyclopropene having a relatively
strong double bond.

The short vinyl carbon=hydrogen single bond also indicates an
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Table 1. Structural Parameters of Cyclopropene

———

Parameter Value

a (c=C) 13008,

a (cc) 1.,5158

a (c..H)vinyl 1.070%

& (C-H), e pnylene 1,087 + 004%

g (c-c-C) 50° 48!

g (C=C-H) 11,.9° 55!

g (1-C-K) 143,° 12t + 10

— -

increase in the S contribution in the bonding orbitals of the carbon
atome From this short vinyl carbon-hydrogen bond length one would
predict that cyclopropenes would possess properties intermediate
between unstrained olefins and acetylenese

In cyclopropene the angle between the carbon orbitals at the
methylene position which are used in bonding to the ring is 1050 Kt
As the carbon-carbon internuclear angle is 50o 48" these orbital
formed bonds lie 270 2),! outside the direct internuclear line and are
therefore termed "bent bonds', The "bent bond" distance has been
calculated at 1.5742 along a 270 2.1 arc.5 The orbital deviation of

270 21,8 from the internuclear line in cyclopropene constitutes a

larger degree of "bond bending" than in cyclopropane where the
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corresponding valve is about 200 ®

The unusual hybridization and bond "bending" in cyclopropene
manifests itself in a high degree of ring streine The heat of come
bustion of cyclopropene has been determined by the use of a flame
calorimeter to be 485 + 0.6 kcal/moleeh This corresponds to a heat
of formation of 6646 + 0¢6 kcal/mole. From these figures the extra
strain energy in cyclopropene, gbove that in cyclopropane is close to
27 kcal/mole while the total strain in cyclopropene has been calcula-
ted to be 56 kcal/mole.5

Although many cyclopropenes have been synthesised and their
chemical reactions studied5 no reports of the synthesis of either
cyclopropenyl ethers (2) or esters (3) have appeared. The synthesis

and chemistry of these two systems was considered to be of great

RO
(2) R = Alkyl or aryl
(3) R = R'CO[R' = Alkyl or aryl |
e The geometrical parameters of cyclopropane have not been

determined with the same degree of accuracy as in the case of cyclo=-

Propene »
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interest., Of particular interest was the generation of the cyclo-
propenol anion 4 which has two contributing forms, 5 and 6. Alkyla-

tion and acylation studies were plarned on the above system.

(5) (6)

Normally alkylation of enolate anions with alkyl halides favours
carbon allgrlations although a few examples of oxygen alkylation are
lmowrﬂe? Tt was therefore anticipated that alkylation of the anion L
would lead to cyclopropanones (7). Acylation, however, favours the
formation of O=-acyl derivatives rather than C=alkylated productse

Reaction of the anion L with anhydrides or acid chlorides was

therefore expected to give cyclopropenyl esters (3)s
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RCOO 0 R

(3) (7

Recently,9 the cyclopropenolate anion 8 has been postulated as
an intermediate on the addition of rhenyl lithium to diphenylcyclo=-
propenone (9)e The enolate anion rearranges ta the ketenyl anion 1C.
The workers, however, have not determined whether the enolate anion
8 and the ketenyl anion exist in equilibrium. Addition of a saturated
aqueous solution of potassium dihydrogen phosphate to a solution of
the ketenyl anion in tetrahydrofuran gave o,B,p~triphenyl propionic
acid (11). No alkylation or acylation studies have yet been reported
for the anion 8.

Two separate routes to the cyclopropenolate anion were
envisaged, It has been shownno that sodium=potassium alloy in ligroin
under reflux cleaves benzyl ethers to the potassium salts of the

corresponding alcohol and toluene, the salts being precipitated during
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0 OLi
0
"
G
% Ph — Ph-O-CL:L‘Fh?
_ (10)
Ph Ph Ph Ph
(9) (8)
0
I
c ?oon
Il
KH,FO, /H.0 H.O
gl ) 5 Ph-C-CHPh, 7 i Ph-C~CHPh,,
H ()

the reaction. If a benzyl cyclopropenyl ether (12) couvld be synthe=
sised, it was anticipated that subsequent treatment with sodiumie
potassium alloy in ligroin under reflux couid lead to the required

anion. Since the reaction requires temperatures in the vicinity of

Na=K alloy

PhoH,0 X0

(12)
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10000, the thermal stability of the benzyl cyclopropenyl ether would
be criticale. Cyclopropene is smoothly isomerised to methyl acetylene

at 14_2500.11 Tn the condensed phase it can only be kept for prolonged

] S 1,11
periods at liquid nitrogen temperatures. ’

Al kyl substitution,
especially at the 3-position, enhances the stability of the systemo
The most stable cyclopropenes are those in which the hydrogens at C=3
have been replaced by alkyl groups. Neat 34 3=dimethylcyclopropene can
be heated in a sealed tube at 100°C for many days without noticeable
decornpositiono12 Substitution at the vinyl carbon also has a stabile
izing ef'fect on r;ycloprolmnee13 This stabilizing effect is not as
pronounced as is the case with the methylene carbon. As the thermal
stability of the benzyl cyclopropenyl ether is of extreme importance
it was decided to attempt the synthesis of a fully substituted analogue.
A second possible route to the cyclopropenolate anion was based
on work by De Puy et al.“" He found that treatment of trans-2-phenyl-
cyclopropyl acetate (13) with methyl lithium in ether at room temperature
resulted in cleavage of the acetate group to give the lithium salt of
_’c_}:gn_;:;=2—phenylcyclopropanol (14)» Subsequent treatment of compound 14
with boric acid gave Eg;gng-phenylcyclopropa.nolo If a cyclopropenyl
acetate (15) could be synthesised then subsequent treatment of compound
15 with methyl lithium could lead to the cyclopropenolate anion.

Nucleophilic addition of the methyl lithium to the highly strained
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Me Li

E‘b20, RaeTe

0 .
CH,000 Fh Li0 Fh

(13) (1)

Me Li

Et,0
CH,000 Li0

(15)

double bond of the cyclopropenyl acetate could be a competing reaction.
It has, however, been shown that electron withdrawing groups are
necessary for such addition.5 Simple alkylcyclopropenes arce usually
resistant to nucleophilic attack by alkoxide iqn.15 Steric effects
also appear to be important in nucleophilic addition to cyclopropenes
since Breslow and I)owd16 have shovm that 1,2 ,jmtx‘iphenyl-Z—methyl-
cyclopropene 1s recovered unchanged after prolonged treatment with
potassium amide. Therefore, as in the case with the benzyl cyclo-
propényl ether, the synthesis of a fully substituted analogue was
plannedo

The question of the synthesis of the benzyl cyclopropenyl
ethers and cyclopropenyl acetates now arises. It was decided to

determine a route to the benzyl ether of a trisubstituted cyclopropenol
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and later modify the route to give the corresponding cyclopropenyl
acetates Cyclopropenyl ethers, other than benzyl, would be of great
use for reference compounds in the proposed alkylation studies.
Therefore the synthesis of the other simple ethers was planned .

As cyclopropenyl ethers incorporate the cyclopropene skeleton
the methods available for the synthesis of the unsaturated 3-
membered ring were examined.

Closs5 in an excellent review of the synthesis and the chemical
and physical properties of cyclopropenes divides the routes to cyclo=-
propenes into three classes, namely, P-elimination of cyclopropanes,
addition of carbenes to acetylenes, and ring closure of acyclic
Precursorss

The thermally induced B-elimination of neutral molecules from
suitably substituted cyclopropanes was avoided, The high tempera-
tures (300-5000) necessary for the elimination may have had a dele-~
terious effect on the end product, the stability of which was unknown.
The base induced P-elimination of nitrite jon from nitro-substituted
cyclopropanes1? appears to be limited to aryl=-substituted cyclopro-
panes where the aryl groups provide the necessary activation to
facilitate the elimination.

The second route to cyclopropenes, that of addition of carbenes
to acetylenes, suffers from a severe sethacke Carbenes undergo

extremely repid intramolecular rearrangements and as the addition

of carbenes to acetylenes constitutes only a minor reaction path
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the yields are consequently poore As alkyl carbenes rearrange rapidly
to olefins and cyclopropanes this method fails in the preparation of
cyclopropenes alkylated at the 3-position. As we desired a cyclo-
propene disubstituted at the 3-position this method of synthesis was
unsuitable.

The third general method of synthesis of cyclopropenes, that
of ring closure of acyclic precursors, is thought to proceed. through

an alkenyl carbene (16) «*
R! 2

(16)

The hypothetical alkenyl carbene 17 can be generated by several
methodse 1,3%s3=Trimethylcyclopropene (21) results on addition of
methylene chloride to 1,2—djmethylpmpenyllithiwn18 (18) ¢ The same
compound is produced by o~dehydrochlorination of 1wchloro=~2 ,5=Aimethyl-
2—butene19 (19) and a-debromination of 1 ,1-3dibromo~2 ,3-dimethyl=2-

butene (20) e

* 1t has not been estsblished whether the carbon species 1is

truly divalente
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H,C CH, H,C o, H, Ty
Cl . Br
H.C H.C Li E.C 2
5 (19) 37 (18) 3 (20)
n Buli ‘CHOL Ot L
}
3
H‘i : e f
i3 (17) H,C (21)

Closs:llz’JI9 has developed a convenient route to alkyl substi-
tuted cyclopropenes by the base-induced pyrolysis of p-toluene-
sulphonylhydrazones of o,Pf-unsaturated aldehydes and ketoness The
reaction is thought to proceed by way of the alkenyl carbene 22,
presunably generated from the dilazoalkene 23. One important limita-
tion of this route to cyclopropenes is that the 0,Pf-unsaturated
aldehyde or ketone must be di-alkylated in the P=position, otherwise
pyrazole formation becomes the major reaction path.

Recent1y20’21 322 5t has been found that irrediation of 3H~
pyrazoles leads to cyclopropene formation, often in good yields. A
20

study of the -mechanism indicates that two distinct steps are involved.

3 ,3-=Dimethyl-—5-phenyl-—}H—pyrazole (22‘L) initially undergoes ring opening
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R1 R3
(‘H ONa
1)0 = =
q —— N—hm-l o N - N
R
(23  BY
et
R! R?
e
. L
Rj R
(22) )
R’%L" = Alkyl or Ho

to the diazoslkene 25. Nitrogen is then eliminated from the diazo-
alkene, resulting in the formation of the alkenyl carbene 26, which
then cyclises to the cyclopropene 27e

As irradiation can be carried out at very low temperatures this
method of synthesis is particularly suited to the preparation of thexm-
ally unstable cyclopropenese The photolysis of compounds of the
general formula o8 was selected as the most promising route to cyclo~
propenyl ethers as the irradiation could be carried out at low
temperatures if necessary. This method may also be applicable to the

synthesis of trisibstituted cyclopropenyl acetates.
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N N 0 "
|
HZ}CMP : iy
H.C h
5 H.C Ph
(21) 3
(25)
H.C
HBC 3 01{3
..\
Ph
HBC
(26) Ph
(27)

gince h=alkoxy-3H-pyrazoles (28) have not been reported, the

various methods of synthesis of ZH=pyrazoles were examinedwith the

intention of modifying the route to afford L~alkoxy=-3H-pyrazoles.

Three possible routes are outlined belowe

! r%
R l hv
—— e
R gl L
4
or” R0 R
(28) rr&R* - Mgl or axyl

R’ = Alkyl
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The first method involves the base-catalysed elimination of p-
toluenesulphinic acid from 1-_'_Q-etoluenesulphonyl—Z-pyrazolines, die-
suhstituted at the 5-position. Using this method B—-toluenesulphinic
acid has been eliminated from 5 y5=dime thyl=3=-phenyl-1 -p~toluene-sul=
phonyl=-2-pyrazoline (29) to give 3, 3-dimethyl-5~phenyl=3H-pyrazole
(30

Ts
|
N —N 1 N——N
R1 | R S
2 L i
R R
R3 33
“ ra
(29) r'R? - CH,, R” = H, r - Phenyl (30) rR? = CHys r? = H,
(31) R1R?'R’" = Alkyl or aryl, R3 = gl = Phenyle

oR[R = alkyl]

If compounds of the gereral formula 31 could be synthesised
it was anticipated that elimination of p=toluenesulphinic acid could
lead to the required L,.—alkoxy—BI—Impyrazoles.

While a-keto epoxides usually react with hydrazine to yield
allylic alcohols ,24 it has been known for some ‘t:ime25 that aromatic
a~keto epoxides, such as benzalacetophenone oxide (32), give h~hydroxy-
2-pyrazolines (33) when treated with hydrazinee Padwa26 has extended

this to the preparation of ly=hydroxy=3s5 -diphenyl-~1-p-toluene sulphonyl=-
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P=pyrazoline (31+) by treatment of benzalacetophenone oxide

with _p_-toluenesulphonylhydrazine under acidic conditions.

R
0 —_— |
PhelHe——sCHelmPh 2 H
Lo, I\O/; A H+ 3
Ph
Ph
(32) OH
(33) R =H
(34) R = Tosyl

It was thought these pyrazolines were probably formed because
the stability of a benzylic carborium ion outweighed the stabili;;étion
resulting from a lone pair on nitrogen and this caused the benzylic
carbon-oxygen bond of the epoxide to cleave in the intermediate
hydrazone, Other groups capable of stabilizing a carbonium ion,
particularly epoxides disubstituted at this position, should also yield
similar pyrazolinese Such a reaction would make available compounds
of the type 35 Transfomation of compounds of general type 75 to the
corresponding ether 36 followed by elimination of _p_-toluenesw.phi.nic
acid should give h.-alkoxy—-}H—pyrazoles.

A second possible route to l,.—alkoxy-jH-pyrazoles involved
bromination followed by dehyd robromination of suitably substituted
2=pyrazoliness Clossg3 has shown that treatment of 5,5—dimethyl-—3-=

thenyl-2-pyrazoline (37) with bromine gave 5-bromo=3,3 ~dime thyl=5=
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Ts Ts
|

; N——N 4 N—N

R - R

R? R R R*
OH 0R”

(35) (36)
2! N——N rRiR%&RY - Alkyl or aryl
ol R? =  Alkyl

R 7

OR”

phenyl-1-pyrazoline (38) which on treatment with base afforded the
3H-pyrazole 30 If compounds of the type 39 could be synthesised
it was anticipated that bromination, followed by dehydrobromination
could lead to the required L,.-alkoxy-jH—pyrazoles.

A possible route to compounds of the type 39 utilizes a 5=
disubstituteds=l-hydroxy=-2=pyrazoline (40)« Examples of these com-
pounds were unknown at the initiation of this projecte If compounds
of the type 40 could be synthesised and selective protection of the
amino group effected then subsequent ether formation followed by

removal of the amino protective group could realise compounds of the
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}v N N N

N Br g N——
R1 ._.._g.._._a- R Br
R s R2 L
R’ 33
(37) R'r% = CHy 5 RO = H, - (29 r3? - i R = H
Lo
rY = Phenyl R™ = Phenyl

(39) R'RARY = Alkyl or aryl

RZ = OR[R = alkyl]

N——N

(30) r1R? - 01{3, R> = H, ¥ = Phenyl

(28) R'REY = Alkyl or aryl; R = OR[R = alkyl]

general type 39 (see Scheme below).

A third possible route to Jy=alkoxy-3H=-pyrazoles makes use of
a 1,3-dipolar cycloaddition reaction between a disubstituted diazo
compound and an alkynyl ether (1) Cycloadditions between disubsti-
tuted diazo compounds to both carbonyl conjugated27 and non-carbonyl
conjuafed27’28’29 acetylenes are knowmo

It was anticipated that the ether group in an alkynyl ether
should facilitate cycloaddition as conjugation of multiple bonds with

electron attracting or electron releasing substituents increases the
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OH

0R3
(39)
rlczc-or°
(1) rl
>" N,
R
N—N
R
2 R
R b
R
(13)
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dipolarophilic activity of that bond.30

This is manifested in the
increased rate of cycloaddition showm by these systems. Huisgen30
has explained this phenomenon by two effects which may be inter-
related. Conjugation leads to an increased polarisability of the Te
systemes If in the transition state the two new o=bonds are formed to
s different extent then the residual partial charges can be stabilised
by the substituents with a consequent lowering of the activation
energy for the reaction.

On electronic grounds it is impossible to predict whether
isomer L2 or 43 should predominate. Polarisation of the alkynyl ether
would lead to lJy and nucleophilic attack by the diazo compound. would
favour the G~carbon atome Huisgen,Eo however, stresses that due to

+
R-C=C-0-R" 3 R-LC=C=0-R

p o
(4 (L)

mesomerism it is impossible to identify unequivocally an electrophilic
and nucleophilic centre in a diazo compounde As a result either the
outer nitrogen or the central carbon atom might link with the a=carbon

atome
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Approaches towards the synthesis of L=alkoxy=Fl-pyrazolese
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(a) Studies dirscted towands the synthesis of l=al Koxy-=2=Dy

e =l b -

lines, unsubstituted on nitrogen.

Soon after the commencement of this project, 1=acetyl =lhydroxXy=-
3 s5=diphenyl=2=pyrazoline (15) becane availab]_e,-ﬂ This seemed
an ideal compound to test one of the proposed. routes to L =2l koxy=3H-
pyrazoles (see Scheme 1, page 21)« Although the final product in this
scheme is not a Lh—alkoxy~ZH-pyrazole, compound 50 is. This route to
ly~alkoxy-3il-pyrazoles would be tested because the tautomerism of the
3H~pyrazole 50 to the isomeric 1H-pyrazole 51 can be prevented when
the 5-position of the initial Jp=hydroxy=2-pyrazoline 1s disubstituted.

The amido=al.cohol 45 was formed on hydrolysis of the acetate
group of l~acetoxy=1-acetyl=3 J5—diphenyl-2-pyrazoline (46)e The
latter compound resulted from the action of acetic anhydride in
pyridine on L-hydroxy-3 ,h=diphenyl=2-pyrazoline (L,_?) 5 S:incla.ix‘j L
found that treatment of the amido-acetate 146 with 1% potassium hydroxe
ide in methanol under reflux for 90 min gave the amido alcohol 45,
while reflwring for 3% hr afforded 3,5-diphenylpyrazole (52)s He was
also able to show that the amido-~alcohol 15 could be converted to the
pyrazole 52 by the action of 10% potassium hydroxide in methanol undexr
reflux for 35 hre

The comversion of the amido alcohol L5 to the pyrazole 52 can
be explained by two mechanismse The first involves initilal dehydra~

tion followed by hydrolysis of the anide function (see Mechanism 1).
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CHl

3
H ¢-0
I 1\11 .
N N
H Ae,0/py H,
th M\Ph ‘R.T. o). hr P Ph
OH OCOCH
(47) (16) ’
cH. | KOH/MeOH
ciﬂj { 2 | aH, 90 min.
(i= C..O
. N____N N =
Ph h S\(/Lk
R
(48) B = CHy (h5)
(49) R = Tetrahydropyranyl
‘ KOH/MeOH
H
N )
—_— 1) Br
H 2) NelCH, - St
Ph Ph %}
, Ph 1
Or 5
(53) R = CHyg (50)
H
I
N—N
Ph /§/U\rh
OR
(51)

_‘_J_qheme 1.
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13 |
C=0 =0
§ N KOH,/ieOH I% N
H H
AH 90 mine
Ph Ph 2 = Ph
(ozc))CH3 CH
I
(15)
KOH /MeOH KOH /MeOH
AH, 3% hr = AH, 3% hr
|
Ne——N
Ph Ph
H

(52)

The second mechanism is based on work by Padwa.26 He showed that
treatment of lL=hydroxy=3,5 ~diphenyl~1 -_p—toluenesulphonyl-2--pyrazol ine
with sodium hydride in boiling tetrahydrofuran gave 3,5=-diphenylpyra-
zolc. The mechanism proposed incorporates the transfer of the p-
toluenesulphinyl group from nitrogen to oxygen and subsequent
elimination as the _E—toluenesulphonyl anion., In the case of compound
15 the acetyl group may be transferred from nitrogen to oxygen followed.
by subsequent elimination as the acetate anion (see Mechanism 2) o

Although several attempts were made to determine which of

the two mechanisms operate, no definite conclusions have been drawne
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Mechanism 1.

Ph
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ci
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(52)
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Mechanism Z2e

(52)
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In Mechanism 1 the N-acetyl pyrazole 53 is postulated as an inters
mediates It was shown that this compound was hydrolysed to 35—

diphenylpyrazole under similar conditions as those employed in the

Ph Ph
H

(53)

conversion of the amido-alcohol 45 to 3 ,5=diphenylpyrazoles Evidence

in favour for the exclusion of the first mechanism was provided by

the shsence of any Neacetylpyrazole (53) during the course of the

reaction, the reaction being monitored by thin-layer chromatographye

Although this result suggested that Mechanism 41 could be discounted,

no evidence in support of the alternative mechanism eould be forwarded.
The initial step in Scheme 1 was the conversion of the hydroxyl

function of compound 45 to an ether function. It was found that 1-

acetyl=3,5 —diphenyl-h_-tetra.hydropyranyloxynz-pyrazol ine (49) could

be feadily obtained on dissolving the amido-alcohol 15 in 2,3~

dihydropyran in the presence of a crystal of _'g—toluenesulphonic acide

A second ether, the methyl ether 148, was synthesised by addition of

compound b to a mixture of sodium hydride and methyl lodide in
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dimethoxyethané‘ at room temperaturee

Tt was anticipated that hydrolysis of the amide func{;ions of
the amido-ethers 48 and L9 would lead to L~alkoxy=2-pyrazolines,
unsubstituted on nitrogen. These compounds were key intermediate in
one of the proposed routes to L,~al koxy-3H-pyrazoles (see Introduction,
page 16) » The amido ether 8 was dissolved in a 10% potassiun hydrox-
ide in methanol solution and heated under reflux for L hr. Instead of
the expected product, compound 53 (see Scheme 1, page 21) the compound
isolated was identified as 3, 5-diphenylpyrazolee The same result was
obtained using compound L9

Two separate mechanians could account for the formation of
3,5-diphenylpyrazole from the amido-ethers 1,8 and 49. The first
mechanism involves the initial elimination of methanol, in the case
of compound 48, followed by hydrolysis of the amide groupe Mechanism
3 is therefore, similar to mechanism 1 (see page 23) except methanol
instead of water is climinated in the initial stepe The second
mechanism coWld also account for the observed product (see Mechanism
). In an effort to distinguish between these two mechanisms the
reaction was monitored by thin-layer chromatography. Very strong
evidence that the first mechanism (Mechanism 3, page 23%) did not
operate was provided by the fact that no N-acetyl pyrazole 53 could
be detected during the hydrolysis of the amido-ether 48e In view of
this result it seems likely that the transformation occurs by way

of Mechanism Le

/ Tn this thesis 1,2-dimethoxyethane is referred to as dimethoxyethane.
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At this stage it was decided to synthesise a new L=hydroxy=2=
pyrazolinse Af'ter suitable modification to this pyrazoline the
gencrality of Mechandism could be tested.

The new L=hydroxy-2-pyrazoline synthesised was 3w=teri=butyl-
hrhydroxyh5-phenyl—Qmpyrazoline (54) and this compound was produced
in excellent yield (95%)_on heating under reflux in ethanol a mixture
of_Eggggébenzalpinacolone oxide and hydrazine hydrate. This compound
was conveniently converted to the amido-acetate 55 by the action of
acetyl chloride in pyridine at room temperature for %+ hr. The selective
hydrolysis of the ester group of compound 55, to give the amido~alcohol
56, was achieved by boiling the amido-acetate 55 in e 10% potassium
hydroxide in methanol solution for 90 min., The synthesis of the methyl
ether 57 was then smoothly carried out by the addition of sodiumn hydride
ard methyl iocdide to a solution of the amido-alcohol 56 in dimethoxy-
ethane at room temperature.

When the amido-ether 57 was beated vnder reflux in a solution
of potassium hydroxide in methanol the product was 3mtert-butyl-5=~
phenylpyrazole (58)s The identity of the product was confirmed by
comparison with the compoﬁnd obtained on base-catalysed dehydration
of the J~hydroxy-2-pyrazoline 54. Once again no N-gicetyl pyrazole
(59) could be detected during the reaction, therefore the mechanism
for the conversion of the smido=ether 57 to the pyrazole 58 was

thought to be the same as outlined in Mechanism . (see page 27) o



H
|
. N N AL/ py
t:>L~\\r/Jl‘7(\ % hr, R.Te
Ph
OH
(54)
CH
| 3
P
N——-N NeH, MeI/DM.Ee

H J% :
R.T.
P;>J\\‘r o

(57)

KOH /MeOH
AH, l. hr

N

HM
Ph

OGOOI-I3
(55)

KOH /ifeOH
4H, 90 min

SN%

on

(56)

N —N

H:)J\\\T/,”n74\
Ph

OH

(54)



Ph

(59)

No lL~alkoxy=2-pyrazolines were formed on hydrolysis of the
amido=ethers L8, 49, and 57 indicating that the formation of the

razole products from the anion 60 occurs to the exclusion of protona-

Py
tion (sece below)e
CH
| 3
C=0
|
N N N-——N

A I
1 N

H |
N_._.»N N—N N-—0N

NLTAA
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During the course of the work mentioned above, S:an:lai::‘3 1
found that treatment of trans-dypnone oxide (61) with boiling hydrazine
hydrate in ethanol gave L=hydroxy-b-methyl=3 ,5-diphenyl-z-pyreizoline
(62) in 30% yield. This compound is the first L-hydroxy-2-pyrazoline

disubstituted at the 5-posit ione

H
S
CH 0 NH_NH
| 3 i Zm 2 H
B4OH 3
Ph.-OK--H{}H-GmPh A
0 A4, 3hre Ph Fh

OH

(61) (62)

Tt was decided to employ the L-hydroxy=2-pyrazoline 62 in the
same reaction sequence as outlined in Scheme 1 (see page 21)+ This
was wdertaken to determine whether Mechanism ) could be extended to
cover the case of a 1-acetyl-u-alko:w-»z—pyrazoline, disubstituted at
the S5=~position.

Acetylation of the l,~hydroxy-2-pyrazoline 62 to the amido-
acetate 63 proceeded smoothly using acetyl chloride in pyridine at
room temperatures The next step, the hydrolysis of the ester group
of the amido-acetate 63 to give the amido-alcohol 6l was carried out
using boiling 10% potassium hydroxide in methanole Compound 6l was
then smoothly converted to the methyl ether 65 by treatment with a

mixture of sodium hydride snd methyl iodide in boiling ethere
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Since treatment of the amido-ether 65 with boiling 10%

potassiun hydroxide in methanol for 4 hr resulted in no change,

severe conditions were required to cleave the amide group. 5<Methyl=

3 4 ~diphenylpyrazole

(66) was obtained on refluxing the amido=sther

65 in a LU potassium hydroxide in methanol mixture, in an atmosphere

of nitrogen, for 2 dayse The product was thought to result from the

isomerisation of 3-methyl=3,5 -diphenyl-3H-pyrazole (67) under the reac-

tion condi{;:ionso Huttel et a,l.s?' have reported the isomerisation of

the 3H=pyrazcle 67 to the {H-pyrazole 66 in the presence of either

acid or heat. The formation of the ZH-pyrazole 67 from the amido-ether

H
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H.
3
Ph Ph
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65 cen be explained by mechenism L (see page 27) and therefore, this
mechanism can be extended to 1-acetyl—u—alkoxy-z—pyrazol:'mes, disub-
stituted at the S5—position.

The difference in reactivity of the amide group in compound. 65
and the compounds 148, L9 and 57 may be attributed to steric hindrancee
While examination of molecular models of the smido-ethers 65 and 48,
49 and 57 indicate that the carbonyl group in compound 65 is more
sterically hindered than those in the other compounds, the severe
corditions of hydrolysis necessary in the casge of the amido-ether 65
are surprising as the amount of steric hindrance does not appear
extremely severce.

At this stage this route to }4_—-alkoxy—3H-pyrazoles was abane

doned.
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(b) Attempted 1,3-dipolar cycloaddition reactions betwsen

1.ethoxyprop-tyne and disubstituted diazocompounds .

As L=alkoxy-3H~pyrazoles could not be prepared by the route
discussed in section (a) , a second route which involved in the key
step, a 1,3=dipolar cycloaddition reaction between a disubstituted
diazocompound and an alkynyl ether was investigated. On electronic

grounds, it is impossible to predict whether isomer 42 or L3 would

N—"n N—N
R L
> cdl, R2.0zC-0RY ——
R? or
(42) (13)

aR%% - allyl or aryl; R* = alkyl.

predominate and so the importance of steric factors on these reactions
had to be considered. Huisgen3 3 in an excellent review on the mechanism
and kinetics of 1,3-dipolar cycloadditions outlines several. examples
where steric factors alone determine the orientation of additione

While diphenyldiazomethane adds to the triple bond of methyl propiolic
ester (68) in one direction only to give the 3H-pyrazole 69, the
direction is reversed when the diazocompound adds to methyl phenyl

proplolic ester (70)e This reversal in orientation is due to the
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greater steric requirements of the phenyl group compared. with the

methoxy carbonyl group. When compound 70 is treated with the sterically

Ph ON .y N
H-GE0-00 CH. L2 2 o PR
23
7 00, CH,
(68) H
(69)
Ph,ON,, Ph
Ph-0Z0-C0 _CH 22
A Ph
(70) =
70
o

less demanding phenyl diazomethane, a mixture of the two possible
isomers 71 and 7274 is obtained, in which the isomer which is favoured
on steric grounds ( compound 71) is again dominant. Steric effects,

therefore, can play an important role in concerted cycloadditionse.

¥4 These 1H-pyrazoles result on tautomerism of the corresponding

3H-pyrazolese
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Ph-CEC~CO,CH,
PRCHN,

H H

|
1l1-—— | N — N

co
Th Lo Ph L3
Ph
CO CH,

(71) (72)

The rate of cycloaddition between the disubstituted diazo-
compound and the alkynyl ether was anticipated to be slow even though
the ether group increases the electron density of the triple bond.

It has been found that diphenyldiazomethane adds to acetylene
when acetylene is added to the diazocompound under a partial pressure
of 20 étmosPheres.Eh The addition of the same diazocompound to phenyl-

35

acetylene occurs after stirring for several days at room temperature
while addition to methyl thenyl propiolic ester occurs readily.28
The relative rates of addition of diphenyldiazomethane to phenyl-
acetylene and methyl phenyl propiolic ester at AQO in dimethylforma~

mide are 1,18 to 1065.55 It was anticipated that the reactivity of
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the alkynyl ether would lie close to that of phenylacetylene.

The choice of the alkynyl ether was important. As steric
effects have been shown to influence, and sometimes control, the
orientation of addition, the presence of a bulky group attached to
the Pwcarbon atom of the alkynyl ether seemed desirable. This situa~
tion would favour the formation of the l-alkoxy-3H-pyrazole (AZ) over
the isomeric 5-alkoxy=3H-pyrazole (43). Ideally phenylmethoxyacety-
lene (73) would be the acetyleﬁic ether of choice. This compound,
however. has the distinct disadvantage of readily undergoing poly-
merisation¢36 Instead 1-ethoxyprop—1-yme (74) was selected as it
is known to be stable at ordinary temperatures. In the case of com-
pound 73, the phenyl group increases the polarisability of the triple
bond but in compound 7k the methyl group has a much less significant

Ph-C=C-0 CH3 CHB—-C=..-’C--=OCH.2CH3

(73) (74)

effect, However, in cycloaddition reactions it is suspected that
the polar effects of a methyl group is less significant than its
steric influence.33

The first 1,3-dipolar cycloaddition was attempted between
diphenyldiazomethane and 1-ethoxyprop-1-yne. The two possible products
are lL~ethoxy-5-methyl=3,3~diphenyl=3H-pyrazole (75) and 5=ethoxy-lL=

methyl~3 ,3~diphenyl=3H-pyrazole 76) with compound 75 favoured on
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steric grounds. A mixture of diphenyldiazomethane and 1=ethoxyprop-
leyne in light petroleum was stirred for several days at room
temperature, An infrared spectrum of the reaction mixture indicated
the presence of unchanged acetylene. Neither of the expected products
were produced in this reaction. The products cbtaired from this reac-

tion were benzophenone azine and a 1:1 molecular complex of benzo-

Ph | Ph | —
Ph CH Th OCH_CH

2 ,5

(7) (76)

phenone azine and sym tetraphenylethane, known decomposition products
of diphenyldiazomethane .37 When benzene was used as the solvent
benzophenone azine was the only product. Once agein an infrared
spectrum of the reaction mixture indicated the presence of Lmqklanged
acetylene. A similar reaction employing a Carius tube at 80° for 2l
hr was undertaken, however, this modification to the reaction condi-
tions failed to alter the course of the reaction.

The possibility of a cycloaddition employing a more reactive

diazocompound, 2-~diazopropane, was then investigated. Whiting and Daf £
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have successfully added 2-diazopropane to 3-methylbutyn-3-yl propionate

(77) to give the 3H-pyrazole 78, In this case the high reactivity of

o-diazopropane more than compensates for the weakly active dipolaro-

philes A cycloaddition reaction was then attempted between 1

~cthoxy-
Gt N ——N
HBC Et,0 HBC S .
>N HOECOWOE0CH, ————> 3
2 E 0°/21, hr
H.C l HC OCOCH .
3 5 H CH 3
GH 3
77y’ (78)

prop=1=-yne and 2-diazopropane, the two possible products being L=—cthoxy-

343 y5=trime thyl=3H=~pyrazole (79) and Swethoxy-3,3,4—trimethyl-3H-

pyrazole (80)s Compound 79 18 favoured on consideration of steric

N——N
H,C
3
OCH, CH
OCH,CH,, HC 23
CH,

(79) (80)

effectse A mixture of 2-diazopropane and 1-ethoxyprop=1-yne in etker,

initially at Oo, was allowed to reach rodm temperature overnighte.
Neither of the expected products were produced in this reaction, the

only product being acetone azine, a known decomposition product of
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2-diazopropane.39 No reactions were attempted at higher {temperatures
due to the instability of 2-diazopropane.

It appears, therefore, that, under the conditions outlined
above , diphenyldiazomethane and o-diazopropane do not add to 1w=ethoxy=-
prop=1=yne. Apparently, the rate of decomposition of the diazo=
compounds is greater than the rate of addition in all casés. Although
ﬂ,}-dipolar cycloadditions have been shown to be reversible,30 it is
more likely in this case that the ether group is not sufficiently
activating to ensure cycloadditions It has been stated above (see
Introduction, page 17) that groups increasing or decreasing the elec-
tron density in multiple bonds increase the rate of 1,3-dipolar cycleo—
additione It has been found, however, that double bonds bearing
fluorine or chlorine substituents are especially poor dipolarophiles.33
TIn this case, the decrease in electron density of the double bond
cannot, therefore be the controlling factor ard no explanation for
the difference in dipolerophilicity has been forwarded.

Bearing in mind that the dipolarophilic character of a carbon-
carbon double bond is almost identical to that of a triple bond,53 it
was of interest to detemmine whether the ether group aleo has a
deactivating effect on the sddition of diazocompounds to double bondse

As diazocompounds, in particular diphenyldiazomethane,27 have
been added to styrene, the 1,3-dipolar cycloaddition between B—methoxynl

styrene (81) and diphenyldiazomethane and 2-diazopropane should indicate



the effect of the ether group on such additions with olefinse Out~
1ined below are the expected products resul ting on the addition of
diphenyldiazomethane and 9-diazopropane to Pe-methoxystyrene.
Compounds 82 and 8% are favoured on consideration of steric factorse
Tn all cases the only products isolated were those resulting from

decomposition of the diazocompound.

Ph~C=CH-0CH

3
(81)

R (W,
H H
' ;
g NN R 1J\I\
R Fh R>}\) 0CH5
Ph
OCH,
(82) R = Ph (8,) R ="Pn
(83) R =CH () R =CH

3 3

This aspect of the work was abandoned at this stage. It

appears that the presence of an ether group attached to either a
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triple or double bond deactivates that bond to such an extent as to
prevent it entering in 1,3-dipolar cycloadditions with disubstituted
diazocompoundse No explenation for this effect can be forwarded at

this stagee



CHAPTER IIL.

BElimination of _}_)-toluenesu.lphinic acid from l—alkoXyw

{wp-toluenesulphonyl=2~pyrazolines.
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(2) Elimination of p-toluenesulphinic acid from L—alkoxy=3,5-

e

diphenylel«p~toluenephonyl=2-pyro zolines.

The third possible route to ), ~alkoxy-3H~pyrazoles (28) was
then exploredes This route has as its key step the elimination of p-
toluenesulphinic acid from suitably substituted Yy=alkoxy =l =pm=

toluenesulphonyl—-2-pyrazclines (31) (See Introduction, page 1) e

N ——0N N——N
‘R1 B! R1 ‘

R.ll- ? W
OR3 O'R3

(31) (28)

As L=hydroxy=3 ,5~diphenyl-1 -_B-toluenesulphonyl-z—pyrazoline (31)

was readily available ,26 it was decid;ad to use it as a model compound
in a sequence of reactions vwhich would test the possibility of obtain-
ing compounds of the type 28 from sultably substituted L—~alkoxy=1=p-
toluenesulphonyl-z—pyrazolines. Compound 3. is synthesised under
acidic conditions by the action of _E—toluenesulphony]_hydrazine on
benzalacetophenone oxide in a reaction in which the syn-p-toluene-

sulphomfihydrazone 86 is believed to be an intermediate. Compound

3. can also be synthesised by the addition of alkaline hydrogen
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peroxide to the _p—toluenesxﬂ,phonylhydrazone derivative of chalcones.
The conversion of the 4—hydroxy-—2—pyrazoline 3),. to its tetra~
hydropyranyl ether 87 (a 1:1 mixture of diastereoisomers, by NelleTe)
was smoothly effected using 2,3-dihydropyran in chloroform in the
presence of acid. Tt was expected that treatment of the tetrahydro-
pyranyl ether 87 with base would lead to the elimination of p~toluene-

sulphinic acid to give the 3H-pyrazole 88 which would then tautomerise

Ts H

| |
N N N—— N —N

N
H H
Fh hh Th Ph Th Ph
e e

()

0 0 0

(87) (e8) (89)
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to the more stable 1H-pyrazole 89. The base~-catalysed elimination
would test the proposed route to J—alkoxy-3H~pyrazoles as the
tautomerism of compound 88 to compound 89 can be prevented if the
3~position is disubstituted.s It must also be emphasised that the
driving force for the reaction would be the elimination of p-toluene-
sulphinic acid and not the conversion to an aromatic compounde. When
the tetrahydropyranyl ether 87 was heated with sodium hydride in
dimethoxyethane the expected product was not obtained. Instead, a
compound CzOHZONzO’ in which the tetrahydropyranyl group was still
present and which on acidic hydrolysis gave 3,5-diphenylpyrazole (52)
was obtained. That the product was the tetrahydropyranyl derivative
(90) of 3,5-diphenylpyrazole was confimed by comparison with the
product obtained from treatment of 3,5-diphenylpyrazole with 2 25—
dihydropyran under acidic conditions. If treatment of the L=hydroxy-
2-~pyrazoline 3l with acid resulted in the migration of the p-toluene-

sulphonyl group from nitrogen to oxygen, then subsequent reaction with

0 H

N——"—N + N ——-~N

&U\ =
S c—
Fh
Ph . Ph Fh
H s H H
0

(90) (52)




2 ,3=dihydropyran would give compound 91. Base-catalysed elimination

of _p—toluenesulphonic acid from compound 91 would give the observed

0 0
H >1lV;_ N N—N
FPh
Bh h Ph
0T H

(91) (90)

product. However, comparison of the nem.r. spectra of compounds 87
and 90 provided definite proof that in compound. 87 the tetrahydro=
pyranyl group is fixed on oxygen and not on nitrogen. In the ne.m.re
spectrum of compound 87 the hydrogen at the 2-position in the tetra-
hydropyranyl ring appears as & broad signal, while the hydrogens at
the 3,4~ and 5-positions in the tetrahydropyranyl ring resonate as a
fairly sharp peake This indicates that the tetrahydropyranyl ring is
not in a fixed conformation but is rapidly interconverting, relative
to the neme.r. time scale, between two chair forms. In the neMmeTe
spectrum of compound 90 the hydrogens at the 2- and 3-positions in
the tetrahydropyranyl ring form an ABX system. The X part of the
system, which resonates as a doublet=of-doublets, is observed while

the AB part is concealed beneath other resonancese As JAB could not



(87)

Ph

Ph

(90)
be observed values of JAX and. JBX could not be determined.ho Another

feature of the nem.r. spectrum is that the hydrogens at the 3,4= and .

S5~positions in the tetrahydropyranyl ring exhibit very broad absorption
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and the sbsorptions cannot be resolved with certainty. The above
evidence indicates that the bulky pyrazole ring locks the tetrahydro-
pyranyl ring into a chair conformation in which the bulky substituent
occupies an equatorial configuration. It would be expected that the
Nemers resonances of the tetrahydropyranyl group of compound 91 would
be similar to those of compound 90, Additional evidence for structure
87 was provided by the infrared spectrum of the products. The infrared
spectrun exhibited an absorption at 1166 cm"'1 which is indicative of a
B—toluenesulphonyl group attached to nitrogen.m If the p-toluene-
sulphonyl group had been attached to oxygen, as in structure 91, then
characteristic absorptions at 1170 and 1190 cmm'l would have been
evidentoh’z The sabove physical evidence for structure 87 was further
supporved by some chemical evidenceo. It was found that the tetrahydro-
pyranyl ether 87 could be smoothly hydrolysed by acid to the l=hydroxy-
o~pyrazoline 3le

A new l=hydroxy-i -_B-—-toluenesulphonyl-2-—pyrazoline was prepared
to test the generality of the above result. When m~benza.lpinacolone
oxide and _E—toluenesulphonylhydrazine were dissolved in a mixture of
chloroform and acetic acid and heated under reflux for 3 hr, 3=lexrt-
butyle=l~hydroxy-5 ~phenyl-1=p~toluene sulphonyl—Z-—pyrazoline (92) was
obtained, This compound was then smoothly converted to its tetrahydro-
pyranyl ether 93 (a 1:1 mixture of diastercoisomers, by nemeT.)e When

the tetrahydropyranyl ether 9% was treated with sodium hydride in
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boiling dimethoxyethane 3mtert-butyl-b ~phenyl=1-te trahydropyranyl=
pyrazole (9L) was formed. As was expected, the nemers spectrum of
this compound was very similar to that of compound 90. Therefore the
formation of 1-tetrahydropyranylpyrazoles by the base-catalysed
elimination of _p—toluenesulphinic acid from the tetrahydropyranyl

ethers of 4—hydroxy—1-e_p_-toluenesulphonyl-z-pyrazolines , mono=-substituted
at the 5-position, seems generaloe

At this stage the work on the tetrahydropyranyl ethers was
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discontinued and an attempt to synthesise the benzyl and methyl ethers
of compound 3l was initiated. Tt was planned to eliminate p~toluene-
sulphinic acid from these ethers to determine whether these ethers
also underwent the above rearrvangement. A complication in the synthesis
of the ethers is that when compound 3l 1is treated with sodium hydride
in boiling tetrahydrofuran _B-toluenesulphonic acid is eliminated and
this results in the formation of 3,5-diphenylpyrazole (see Chapter Il,
page 22) ., It was hoped that cther formation would compete favourably
with the elimination at low temperatures. 1t was found that when
compound 3l was stirred in a mixture of sodium hydride and benzyl
bromide in dimethoxyethane at room temperature the product was 1-benzyl=
3,5~diphenylpyrazole (95). This product presumably arises from the
benzylation of 3,5—diphenylpyrazole which arises from the elimination
of _E—toluenesulphonic acid from compound 3. However, when benzyl
bromide was added to the anion derived from compound 34 at -300, a
compound , assigned structure 96, was isolated in good yield (71%) »
Inspection of the infrared spectrum of the bengyl ether 96 indicated
that the _E—toluenesulphonyl group was attached to the nitrogen (absorp-
tion at 1166 cm_1 , sce page 48). When the anion derived from compound
3L was methylated at -300, a compound , assigned structure 97 was
isolated in good yield (61%5) |
Attempts were then made to substantiate beyond dotbt the

structures of the benzyl and methyl ethers mentioned aboves Padwa2
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has shown that on treatment of compound. 3l with sodium hydride in

boiling tetrahydrofuran the _'Q—toluenesxﬂ.phonyl group is transferred

from nitrogen to oxygen and subsequently eliminated as _p_-toluenesulphonic



acid (see Chapter II, page 22) .
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ment of the L-hydroxy-2-pyrazoline 3L at —-300

ting agent
nitrogen to oxygen to give the anion 98,
eliminating p-toluene sulphonic acid,
give compounds of the general type 99
toluenesulphonyl group did not occur at this

tion would give compounds of the general type 100

Ph

then made to trap the possible intemmediate anion 98.
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Tt is therefore possible that treat-
with base and an alkyla-
results in the transfer of the _p—toluenesulphonyl group from
The anion 98, instead of
may be alkylated on nitrogen to
If the transfer of the p-

temperature then alkyla=

Two attempts were

N —N
H
Ph Ph
OTs
(98)
RX
R
l
N ——N
H
Ph ’h
0Ts

(99)

In the first

experiment the anion of compound 3l was generated at —30o and pro-~

tonated (with acetic acid) at this

the compound 101,

However,

the lF—hydroxy-z-—pyrazoline 3). was recoverede

temperature in an attem'pt to form
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i i
N N N—N
H H
Ph h Ph Fh
OTs OCOCH,,
(101) R =H (103)
(102) R = CHSCO

Tn the second experiment the anion of compound 34 was generated at --300
and acetic anhydride was added at this temperature in an attempt to
form the amide 102. The reaction product was identified as the acetate
10% by comparison with the compound .obtained on treatment of compound
3l with acetlc anhydride in pyridine. These two experiments verify
that treatment of compound 3L with base at -—300 does not result in the
transfer of the _p—toluenesulphonyl group from nitrogen to oxygene.

An attempt was then made to synthesise unambiguously compound.
104 in order to compare it with the product obtained on methylation of
the L=hydroxy-2-pyrazoline 3. at —300. Chalcone oxid;e was readily
converted into L-hydroxy-1-methyl-3 ,5=diphenyl-2-pyrazoline (105) by
treatment with methylhydrazine under scidic conditions. All attempts
to prepare 1-methyl-3,5 ~diphenyle-l~p-toluene sulphonyloxy-zupyrazol ine
(10L) were unsuccessfule In all cases the product isolated was 1-methyl—
3 ,5-‘diphenylpyrazole (106). Apparently under the reaction conditions

_}_)-toluencsulphonic acid is eliminated from compound 10L to give the
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observed product. When an attempt to acetylate the l-hydroxy—2-
pyrazoline 105 was made, the infrared spectrum of the crude product
exhibited an sbsorption at 1760 cmm'I which suggests the presence of
an ester function., However, crystallisation of the crude product
gave only compound 106.

Although compound 104 could not be synthesised, comparison
of the nemore spectra of compounds 105 and 97 added support to the
structure 97 assigned to the product obtained on methylation of the
L-hydroxy=2-pyrazoline 3l at —300. The methyl group of compound 105
exhibits resonance at d2.8 while the methoxyl group of compound 97
_sbsorbs at 83.05. While the rescnance at $2,8 in the nem.re spectrum
of compound 1(5 is in the region attributed to a methyl group attached
to nitrogen it must be pointed out that the absorption at 305 attri-

buted to the methoxyl group of compound 97 occurs at a slightly lower
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value than anticipated for a methyl group attached to oxygen.
However, it is doubtful whether the presence of a _p_-toluenesulphonyl-
oxy group at the J=~position in compound 1C5, would alter the methyl
resonance appreciably and so this nemers evidence adds support to
structure 97,

. Having esteblished that the structures of compounds 96 and 97
are as shown, these compounds were then subjected to sodium hydride in
boiling dimethoxyethane. The respective products were 1-benzyl-3,5-
diphenylpyrazole (%) and 1 -methyl-3,5~-diphenylpyrazole (106) and they
were isolated in reasonable yielde The sbove rearrangement constitutes
the loss of _E-toluenesulphinio acid and an atom of oxygen or alterna-
tively the loss of _B-toluenesulphonic acide In an effort to detemmine
the mechanism of this rearrangement it was decided to synthesise
Jyme thoxy=3 ,5-diphenylpyrazole (107) ; a possible reaction intermediate

(see below), and subject it to the elimination conditions. It must be
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2,
emphasised that the transformation of compound 107 to compound 106

constitutes the loss of an atom of oxygen and this seems unlikelyo,
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Early wo_rkersu" had shown that treatment of dimethyltriketone (pentene-
2 ,3,4-trione) with hydrazine hydrate gave L~hydroxy-3 s5=dimethylpyrazole

(108) in good yield. When the reaction with hydrazine hydrate was applied

CH
5 OH

(108)

to diphenyltriketone an almost quantitative yield of L~hydroxy-3,5-
diphenylpyrazole (109) was obtained. Compound 109 was converted into
the amido—acetate 110 when treated with either acetic anhydride or
acetyl chloride in pyridine. After the synthesis of‘ compounds 109

and 110 had been completed an identical route to these compounds was
reported.)*E When the amido-acetate 110 was boiled in a 1C% potassium
hydroxide in methanol solution for 30 min, both the ester and amide
groups were hydrolysed to give the L-~hydroxypyrazole 109 It was
found that the selective hydrolysis of the ester group could be effected
by stirring the amido-acetate 110 with sodium carbonate in methanol for
15 min. The conversion of the amido—alcohol 111 to the methyl ether
112 was smoothly achieved using a mixture of sodium hydride and methyl

iodide in dimethoxyethane at room temperature. Evidence for the
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proposed structure 142 was provided by examination of physical data
and this data clearly distinguished between the proposed structure

and structure 113 which could have arisen by rearrangement on treatment

Th
Ph
0C0 CH.3

(113)

of the amidowalcohol with base and an alkylating agent. The infrared
spectrum of the product exhibited an absorption at 1740 cmmJl and this
is in good agreement with the valve of 1745 cm"1 reported for ‘the
amide group in the amido=-acetate 11011'5 Resonances at 82,1 and 838
in the nemer. spectrum of the product were attributed to the N—acetyl
and methoxyl groups respectivelye. The value of 82.1 obtained for the
N-acetyl group in the smido~ether 112 is in good agreement with a
value of 2.0 obtained for the Neacetyl group in the amido-acetate
110, Furthermore the methoxyl group in compound 112 resonates at
8380 while the Ne-methyl group in 1-methyl~> ,5=diphenylpyrazole (106)

resonates at 53.85. Subsequent hydrolysis of the amide group of

compound 112 gave L=methoxy=3 ,5-diphenylpyrazole (107) in high yield
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(8%%) . Since compound 107 was not affected by treatment with sodium
hydride in boiling dimethoxyethane it is unlikely that the elimination
of p-toluenesulphinic acid from campound 97 to give 1-methyl=3 5~
diphenylpyrazole involves compound 107 as an intermediate.

At this stage work on the rearrangement was discontinued as
further work on this problem would have deviated from the main

objectives of this thesis.



(o) Elimination of pwtoluenesulrhinic acid from Ji~me thoxy=3 ;5 )5=

trimethyl-1~p=toluenesul phonyl=2-py: azoline e

At this stage the work was directed towards the synthesis of
a L,_-hydroxy-“l-—_B-toluenesulphonyl—-z—pyrazoline, disubstituted at the
5-position (35). Elimination of p-toluenesulphinic acid from an
ether of the compound of general type 35 should give a L-alkoxXy=3H-
pyrazole (28). It has been predicted in the Introduction that 2~pyra-

zolines of the general type 35 mentioned above would result from the

Ts Ts
I . |
1 N—o— N ———N
R l R R1
R R3 R 33
OH ORh'
(35) /
N ———N
R1
W
R ] &
OR™*

(28)

condensation of p-toluenesulphonylhydrazine with B,B-disubstituted
o, B~epoxy ketones under acidic conditions. In fact, L4-hydroxy=3,5 sh=

trimethyl-1-p-toluenesul phonyl-2-pyrazoline (114, 46% yield) was formed
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when mesityl oxide epoxide was treated with_B-toluenesulphonylhydrazine

under acidic conditions. The infrared spectrum of the product exhibited

Ts
H,C ﬂ TEVHNH,, N'_*_"N
><_7011— C —CHy }\‘)l\
H0 0 H+ CH
3
| (11&)

an sbsorption at 3300 cm"'1 which was attributed to the hydroxyl group.

A resonance at 8302 in the nem.r. spectrum of the product was attri-

buted to the hydrogen of the hydroxyl groups Compound 11} formed an

acetate (115) -and could be oxidized to the ketone (116).

Ts Ts
| |
N - N
G
HBC H3
CH
H,C CHg H,C 3
3 0COCH, 0
(115) (116)

As compound 11} was formed in only low yield, it seemed. of
interest to ascertain whether it was only the sxg—-_p—toluenesulphonyl—

hydrazone of mesityl oxide epoxide (117) that underwent cyclisation to
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compownd. 114 (see Chapter III, page 13)e It was decided to synthe-
sise both the syn- (117) and. anti-isomers (118) and subject them to

the same conditions used in the synthesis of the l=hydroxy=~2=-pyrazoline
11L. As both the sym- (119) and anti-isomers (120) of the p-toluene-
sul phonylhydrazone of mesityl oxide have been syh‘bhesised12 the initial
attempt to synthesise the two epoxides 117 and 118 involved epoxidation
of these two isomers. It was found, however, that both isomers were
recovered unchanged when treated with either alkaline hydrogen peroxide
or Q-chloroperbenzoio acide Apparently the presence of the gem~
dimethyl group in the _p—toluenesulphonyjhydrazones 119 and 120 prevents
attack by the reagents. The successful syntheses of the two epoxides

was accomplished by treatment of mesityl oxide epoxide with Pp-toluene~

sulphonylhydrazine in chloroform at room temperature. Separation of
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the two isomers (A, mepe 115-116°, B, mepo 96-~97") was effected by
fractional crystallisation. The two epoxides exhibited different
physical properties (see Experimental, page 133)o When isomer A was
treated under acidic conditions, a good yield (71%) of the cyclic
alcohol 114 was realised. However, only a poor yield (5%) of the
cyclic alcohol 11} was obtained when isomer B was treated under similar
conditions. This result was presumsbly due to contamination of isomer
B with isomer Ao On the basis of this chemical evidence compound. A was
assigned structure 117. An interesting result was obtained when either
the sym= (117) or anti-epoxide (118) was treated with boron trifluoride
diethyl etherate. The product, in both cases, was identified as

3 )35 =t rimethyl-1=p-toluenesul phonylpyrazole (121) on the basis of
physical evidence, One possible mechanism for the formaition of the
pyrazole 121 from the syn-epoxide (117) is outlined below. This
mechanism, however, must be discounted as compound 114 is recovered
unchanged when treated with boron trifluoride diethyl etherate. The
mechanism outlined below also camnot explain the formation of the
pyrazole 121 from the anti-epoxide 118, - It has been mentioned above
that the anti-epoxide 118 is not cyclised to the alcohol 114 on
trestment with acid. A possible mechanism to account for the observed
product from both the syn- and anti-epoxides is outlined on page 66
It is of interest to note that the 5-hydroxy-2~pyrazoline 122 under-

goes rearrangement to the pyrazole 123 on treatment with sulphuric
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acid at room temperature.

Ph ‘ Ph

|
. N N B,80, N —N
oTe CH
o ] CH; Rl 1,0 i
3 3 H
(122) - (1 23’5

Compound 114 was then smoothly converted to the methyl ether
12), when treated with a mixture of sodium hydride and methyl iodide in
dimethoxyethane at room temperaturee In anticipation of later work
two other ethers, the benzyl (125) and tetrahydropyranyl (126, 2 1:1

mixture of diastereolsomers; by n.mer.) ethers were also synthesised.

Ts
I
N N
H3t:>|\/u\ (124) R = CH,
H.C Gl (125) R = PHCH,
3 OR

(126) R

1

Tetrahydropyranyl

Clossg3 has shown that treatment of 3,5 ,5=trime thyl-1~p=
toluene sul phonyl=2-pyrazoline (127) with base gave a mixture of the
FH-pyrazole 128 and the isomeric 3=-methylene-1~pyrazoline 129. He

was able to separate the FH-pyrazole isomer from the mixture by chemical



a8

means. Tt was therefore anticipated that elimination of p-toluene-
sulphinic acid from the ethers 12, 195, and 126 should give a mixture
of the L~-alkoxy=3H-pyrazole 130 and the isomeric 2%-me thylene—=1=

pyrazoline 1 3.
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(428) R = H  (130) R = OR! (129) R =H (131) R = OR?

When the methyl ether 124 was treated with sodium methoxide in
boiling tetrahydrofuran it gave an unstable product, consisting of at
least three compounds which were not further investigated. However,
when compound 12l was treated with either the anion of dimethylsul-
phoxide or sodium hydride in boiling dimethoxyethane, a colourless
liquid which was homogeneous and vhose structure was shown to be L=
e thoxy=5 ,5=dime thyl=3-methylene ~1-pyrazoline (132) on the basis of

spectral data, was obtained. Infrared absorptions were observed at
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3090, 1640, and 930 cmmJl which are consistent with the presence of
an exocyclic double bond in the producte. The NeMeTs Spectrum exhie
bited resonances at o1.3 (singlet, €H), 3435 (singlet, 3H), Led
(dGoublet, Jc 1.5 Hz, 2H), ard 8655 (triplet, Jc 147, 19 Hz, 1)
The sbsorptions at 6163 and 33.35 can be attributed to the gem—
dimethyl group and tre methoxy group respectively, while the signal
at 3.5 can be attributed to the nydrogens of the exocyclic double
bond, Clear evidence for the presence of the exocyclic double bond
was provided by the signal at 36.55. This absorption can be attri-
buted to the hydrogen at the L-position and as a result of allylic
coupling to the exocyclic double bond hydrogens this signal is split
into a triplet. Further support for the proposed structure 132 was
provided by the ultraviolet spectrum of the products Absorptions at

- (ethanol) 248 (& 2,000) and 315 (¢ 150) nem. are close to those
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of A (ethanol) 241 (€ 6,400) and 352 (e 250) n.m. exhibited by
A
1ps5 s5=trimethyl-3-me thylene~i-pyrazoline (133) 27 14 is of interest

to note that the values for 353 ,,4,5—‘betramethyl-'jﬂ—pyrazole (134) are

»

- (ethanol) 269 (€ 6,900) and 339 (e 250) n.,rm,‘Zj Since no L=
methoxy-=3,3 ,5—trim‘ethyl-5H—pyrazole (135) was produced on elimination
of p-toluere sulphinic acid from compound 12 1t indicates that the
hydrogens of the methyl group at the }-positidn are more accessible
than the hydrogen at the L~position. The formation of only one isomer
was surprising as it was thought that the hydrogen at the L=position
would probably be more acidic than the methyl hydrogens at the 3=
positione

Attempts to isomerise compound 132 to the L~alkoxy~3H~pyrazole
135 using potassiunm tert-butoxide in dimethylsulphoxide were unsuccessw

ful as starting material was recovered unchanged.

N N N ———N
H, H,0
CH cH
H,C L 5 H,C 3
3 CH 5

(133) | (13L)
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The benzyl (125) and tetrahydropyranyl (126) ethers were
not further investigated.

This aspect of the work indicated that a L~alkoxy-3H-pyrazole
was likely to be formed on elimination of _E—toluenesulphinic acid from
a lL-alkoxy-1-p-toluensc sulphonyl-2-pyrazoline, disubstituted at the 5=
position, provided the 3~position is blocked with a group which camnot

lose =a hydrogen on treatment with base.
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(c) Studies directed towards the _synthesis of ), ~hyd roxy=hm=me thyl~

o e el e . e e R

3 ,5=diphenyle]~p-toluene sul.phonyl=2-pyrazoline.

It was then decided to use trans-dypnone oxide in an attempt to
synthesise l~-hydroxy-5 ~mzthyle3;5~diphenyl-1 -B-tolwanesulphonyl-z—
pyrazoline (136). In this pyrazoline the 3-position is blocked by a
phenyl substituent and the importance of this has been discussed above
(Chapter III, page 71)s Several acids, including acetic, sulphuric,

_p—toluenesulphoni_c , and perchloric acid were used in the attempts to
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(136) R = CH3
(1437) R ="Fh

synthesise compound 136 by condensation of _p—toluenesﬂphonylhydrazine
with trans-dyprione oxide., However, in all cases there was obtained a
mixture, chromatography of which gave only gums which after preliminary
spectral studies were not further investigated. It is noteworthy that
recently Padwalﬂ has isolated L-hydroxy-3s5 ,5=triphenyl-1=~p~toluene-

sulphonyl-2-pyrazoline (137), in poor yield (10%) 5 from the reaction of
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B,B-diphenyl acrylophenone oxide with _E-toluenesulphonylhydrazine under
acidic conditionse.

Another approach to compound 136 was attempted through the
synthesis of the __s_xg—_p—toluenesulphonylhydrazone of trans-dypnone

oxide (138). It was anticipated thav subsequent treatment of compound

T eNH
H.C ™~
3 1]
><'o“7 CH—C —Fh
Th
(138)

138 with acid should give compound 136 (see Chapter IIT, page 64) o

The initial attempt to synthesise the epoxide 138 involved the addition
of _E-toluenesulphonylhydrazine to a methanolic solution of trans-dypnone
oxide., However, no addition took placee This is in contrast to the
case of mesityl oxide where the _'Q-toluenesulphonylhydrazone was readily
formed. It was found, however, that _}g—tolnenesulphomrlhydrazine
condensed with dypnone to give two products, A (mepe 1520) and B (mepe
1120)_. Although spectral data indicated that the products were p-

toluenesulphonylhydrazones of dypnone, no structural assignments to
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the syn- (139) and anti-structures (140) could be made. A1l attempts
to epoxidise these isomers, either by addition of alkaline hydrogen
peroxide or m~chlorope rbenzolc acid, failed. In all cases unchanged
material was recovered. Apparently the presence of the extra methyl
group in compounds 139 and 14,0, in contrast to compound 141, prevents
attack by the reagentse Compound 111 has been shown to react with
alkaline hydrogen peroxide (Chapter ITI, page 13) .

One more approach to the s ynthesis of compound 136 was then
tried., It would be possible to synthesise the L-hydroxy—Z—pyrazoline
136 if the nitrogen of compound 62 (seec Chapter II, page 31) reacted
selectively with _E-toluenesulphonyl chlorideo In an initial study
the u-hydroxy—z-pyrazoline L7 was treated with p~toluene sulphonyl
chloride in pyridine at room temperature, It was found that the p—

toluenesulphonyl chloride reacted preferentially on the nitrogen to
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give a good yield of compound 3l.. However, when compound 62 was
subjected to similar conditions, no reaction took place. At a higher
temperature (25-300, 12 hr) there was obtsined a mixture, chromatog.-
raphy of which gave only gums which after preliminary spectral studies
were not further investigated. An interesting product, 5=methyl=3,L-
diphenylpyrazole (66), was obtained on heating compound 62 with p-
toluenesulphonyl chloride in pyridine at 80° for 15 min. It is thought
that initially _Q—-tOluenesulphonyl chloride reacts with the hydroxyl
function of compound 62, A subsequent solvolysis, accompanied by a
phenyl migration could account for the observed product (see below) .
At this stage all work directed towards the synthesis of compound 136

was discontinued,
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(a) Synthesis of J=methoxy=? ,3 s~dimethyl-h ~phenyl-3H~-pyrazole and

J=benzyloxy=3 ,3=dime thyl-5 wphenyl-Jl-pyrazole,

As the reaction of trans-dypnone oxide with p-toluene-
sulphonylhydrazine under acidic conditions gave only gums, it was
decided to substitute [,B-dimethylacrylophenone oxide (142) in the
reaction to determine if the replacement of a phenyl group by a methyl
group in the epoxy-ketone would have the desired effect on the course
of the reaction. Indeed, when a mixture of _E-toluenesulphonylhydrazine
and B,PR-dimethylacrylophenone oxide was heated under reflux in a mix-
ture of acetic acid and chloroform, L~hydroxy-H ,5=dimethyl-3-phenyl-1=

_p—toluenesulphonyl—z-pyra.zoline (143) was formed (30% yield). Evidence
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0 H Nph
HBC Hzc OH
(142)
(143)

supporting structure 145 was provided by an absorption at 3480 cm"1 in
the infrared spectrum which suggested the presence of a hydroxyl func-
tion. Cbmpound 143 formed an acetate (412) and a Ln—-dinitrobenzoate

(1345) » and could be oxidized to the ketone (146)
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The methyl (147) and benzyl (14,8) ethers were also readily obtained
when the sodium salt of compound 143 was treated with the appropriate

alkyl halide in dimethoxyethane at room temperature.
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The elimination of _E—toluenesulphinic acid from the methyl ether
147 was then studied. When compound 147 was subjected to sodium hydride
in boiling dimethoxyethane for % hr, followed by aqueous work—-up, &
yellow crystalline solid was the only products Although the product
exhibited absorptions at 3300 and 1680 cmmJl in the infrared spectrum,
these values corresponded to the N-H and the conjugated carbonyl group
of the proposed structure 11,9, no signal attributable to a hydrogen on
a nitrogen could be detected in the nem.rs spectrum. However, it must
be emphasised that it is not unusual that such a signal could not be

detec’l:ed.l"8 In order to confirm that the product was L=keto-H 35~

H
]
0.0 N ——N
3
Ph
HZ?C
0
(149)

d:'unethyl-_'{g-phenyl-nZ-pyrazoline (1J+9) it was decided to syx}thesise an
analogue of compound 149 in order to compare the physical properties

of the two compoundss Accordingly, the hydroxy=amide 6l., available

" from earlier work (Chapter 1I, page 31), was oxidized to the ketone 150,
Subsequent base-catalysed hydrolysis of the amide function of compound

150 gave i,.—ke to-H-methyl=3,5 —diphenyl—z-pyrazoline (151) as a yellow
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crystalline solids Comparison of the infrared and ultraviolet absorp-
tion values of compounds 149 and 151 clearly established that the
product obtained an elimination of _B—-toluenesulphinic acid from the
methyl ether 147 was in fact compound 149. Infrared absorption values
of 3300 and 1680 c:m'-Jl obtained for compound 149, corresponding to the
N-H and unsaturated ketone groups respectively, were in good agreement
with those of 3280 and 1680 o™ obtained for compound 151. The ul tra-
vuilet values of A . (ethanol) 257 (€ 11,400) and 372 (e 45000) nem.
obtained for compound 149 were also close to those off A . (ethanol)
261, (€ 12,700) and 382 (e 1,,800) nem. obtained for compound 151e As

was observed for the keto-pyrazoline 1,9 the hydrogen on the nitrogen
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of compound 151 could not be detected in the nem.re spectrums To
account for the product 149 it was postul.ated that the enol~ether func-~
tion of the l—-alkoxy=3H=—pyrazole 152 underwent base~-catalysed hydrolysis
on work-up. However, as enol-ethers are usually hydrolysed in acidic
media, this result is not easy to understand., The isolation of com- .

pound 149 therefore provided evidence for the existence of the }~alkoxy-

3H-pyrazole 152
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When the E—dinitro‘oenzoate ester 145 was subjected to sodium hydride in
boiling dimethoxyethans, and the product isolated by aqueous work=~up;
it was found that the ketone 149 was the only product. Again it is
likely that the product arose from the hydrolysis of the enol-ester
153s The importance of such a pyrazole as compound 153, especially
with an acetate group at the J, -position, has been mentioned in the
Introduction (see pages 7 and 9) e

The conditions for elimination were then modified in order to
avoid an agueous Work-upe In the modified procedure, the methyl ether
1),7 was heated with sodiun hydride in dimethoxyethane under reflux for
4 hr and the product was isolated by filtration of the reaction mixture,
followed by evaporation of the solvent in vacuo. The product was rather
unstable and was identified as L,.-»methoxy—B,j-djxnethyl-rﬁmphenyl-jﬂ—
pyrazole (152) by physical methods onlye An absorption at 1630 -
in the infrared spectrum of the product was assigned to the conjugated
enolecther function. Resonances at 5140 (singlet, 6H) , 37k (singlet,
3H), and 87D (multiplet, 5H) in the nemers. spectrum were attributed to
the hydrogens of the _gg_m-djmethyl, methoxyl, and phenyl groups respec—
tively. The mass spectrum of the product showed a parent ion peak at
m/ec 202, which is the expected molecular weight for the compounde. The
compound zbsorbed at A (ethanol) 237 (€ 8,200) end 293 (€ 2,000) nomMme
in the ultraviolet region.

When the benzyl ether 11,8 was treated with sodium hydride in
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N_—N
HC
H.C ’h
2 OR
(152) R = CH3
(154) R = PhCH

boiling dimethoxyethane and the product isolated using a non—adueous
work-up L=benzyloxy=-3,3 ,—dimethyl—B—phenyl-}H-—pyrazole (151) was
isolated in good yield (81%). An absorption at 1640 em™) in the
infrared spectrum was assigned to the conjugated enol=cther function,
while signals at 81.42 (singlet, 6H) , 1..93 (singlet, oH), and 575
(multiplet,1CH ) in the nem.r. spectrun were attributed to the hydro-
gens of the _ggl_r_l—dimethyl, benzylic methylene, and phenyl groups
respectivelye Compound 154 absorbed at }Lmax (etha.nol) 236 (& 8,900)
and 297 (E: 3,500) nems in the ultraviolet region, This compound

proved to be more stable than the methyl analogue.

(e) Preparation of 1-me thoxy-3 , 3=dimethyl-2-phenyl cycloprovene and

1-benzyloxy=3,3 J~dimethyl-2-phenyl CYCloDnTODENE o

The next step in the scheme to cyclopropenyl ethers was the
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irradiation of the L-alkoxy=3H-pyrazoles 152 and 154 It can be seen
from the ultraviolet spectrum of compounds 152 and 151 (see Figure 1)
that these compounds exhibit considerable absorption above 300 nem.
and so it was hoped that these compounds would undergo a pho tochemical
reaction when irradiated in a Pyrex apparatus which allows light of
wavelength longer than 300 meme to enter the solution. It was hoped
that, by analogy with the work of Closs (see Introduction, page 13),
on irradiation, compounds 152 and 15} would eliminate a molecule of

nitrogen to give the corresponding cyclopropenyl ethers 155 and 156.

H,C CH

3 3
N N
Hy - hv
5 OR RO Fh
(152) R = CH3 (155) =R = CH3
(154) R = PhCH, (156) R = PHCH,

After several unsuccessful attempts (see Experimental, page 157)
o convert compound 152 to the cyclopropenyl ether 155, the transe—
formation was finally achieved, Of critical importance was the use
of thin-walled Pyrex photochemical reactors and of very dilute solutions.
It was found that when a very dilute solution of the 3H-pyrazole 152

was irradiated for 1 hr and the reaction mixture subjected to chromas-
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Figure 1. = Ultraviolet sbsorption spectrum of l=-methoxy=-3 s 3=dimethyl=

5-phenyl~3H-pyrazole (152) ¢ ) and of L=benzyloxy-3 3=

dimethyl-5~phenyl=3H-pyrazole (154) (=w=-==)e
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tography, 1-methoxy-3 ,j—dimethyl-2—phenylcyclopropene (155) was obtained
in low yield (5-10%)e The product was obtained as an 0il and was stable
at room temperature. It was charackerised on the basis of physical data.
The infrared spectrum (1iquid film) of the product is shown in Figure 2.
Of particular note is a strong gbsorption at 18,0 c:mm‘l° Closs5 has

found that the absorption value of the ring skeleton vibrations® in
cyclopropenes depends almost entirely on the nurber of substituents
attached to the double bond and not on the nature of the substituentse
For instance a considerable shif't to higher wavenumber occurs on
increasing the methyl subs’citut;ion on the double borde 1,3,3=
Trimethylcyclopropene (157) has been found to dbsorb at 1768 cmm1 in

the infrared region as compared with an absorption at 1641 crlf'"l for

.
cyclopropene .’ An increase of over one hundred wavenunbers occurs on

H,C CH H.C CH:6

H,C H.C H,y
(157) 3 (158)

This band has sometimes been incorrectly referred to as "the

double bond stretching vibration'e
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Figure 2. = Infrared absorption spectrum of 1-methoxy-3 »3-dimethyl~2~phenylcyclopropene
(155) 6



substitution of the second methyl group on the double bond, 1525395~
tetramethylcyclopropene (158) absorbing at 1877 c:mm1 in the infrared
region.5 In contrast, substitution at C=3 in cyclopropene causes
little change in the infrared absorption values of the skeletal vibra-
tions. Outlined below are the values obtained for cyclopropene (1),

3.methylcyclopropene (159), and 3,3-dimethylcyclopropene (160) 2Tt

H 30 HBC /H 3

(1) (159) (160)

1 1

1644 am 1638 om 1632 cm™

has been mentioned sbove that the nature of the substituents attached
to the double bord in 1,2-disubstituted cyclopropenes have little effect
on the absorption value of the skeletal vibrations in the infrared
region, In the cyclopropenes 161, 162, and 163 shown below, the
chromophoric groups are derivatives of methyl crotonate, cis-B=chloro-
styrene and cis-stilbene respectively. In the parent compounds the
double bond absorb at 1713,1"9 1620,50 and. 159451 cm'-1 respectively,

yet when these compounds are incorporated in the cyclopropene system
they all exhibit skeletal dbsorption at 1840 cmmjI .5 From this, there-

fore, it could be likely that 1-me thoxy-3 s 3=dimethyl~2-phenylcyclopro-

pene (155) would also absorb at 1840 em™! and this, in fact, is found
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H Co,CH,CH H.C CH HC CH

27273 3 3 3 3
P ol
HBC co 20}13 Ph cl Ph
(161) (162) (163)

to occurs The infrared spectrum of the product exhibits two absorp-
tions between 1000 and 1025 cm_1 and these absorptions were attributed

to a ring deformation mode°52 Derfer, Pickett, andeoord?

5 have
established that absorption between 1000 and 1620 c:m"JI is typical of
the cyclopropane structure. It has also been found71 that if two
methyl groups are substituted around the ring the infrared spectrum
exhibits absorption at 1100 cm“‘l. A band at this wavenumber was
present in the spectrum. It was considered likely that the absorption
at 1100 c:m"'1 may also contain an sbsorption attributable to the C-0
stretching vibrations of the ether groupe The presence of the phenyl
group was substantiated by absorptions at 1600, 690, and 750 cm'"1 in
the infrared spectrum, the two latter values being indicative of a

monosubstituted benzene compounde

Additional support for the proposed structure 155 was provided
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by the nem.r. spectrumn of the product. Absorptions at 51 .37 (singlet,
€H) , 3098 (singlet, 3H), and §7.0-7.3 (multiplet, SH) in the n.m.T.
spectrun were attributed to the pgem~dimethyl, methoxyl, and phenyl
groups respectively. The values obtained for the gem-dimethyl and
phenyl groups are in close agreement with those of &1 «38 (singlet, 6H)
and d7eli=T7e7 (multiplet, 5H) obtained for 3,3=-dimethyl-1-phenylcyclo-

propene (27) =8

H.C CH

Ph

(27)

The ultraviolet spectrum (see Figure 3) of the product exhibited
a maximm at 277 (€ 2,100) neme The low value obtained for the extinc-.
tion coefficient was unexpected as Closs5 has found that the electronic
spectra of cyclopropenes are not significantly different from those of
more conventional gystemse

The mass spectrum exhibited a parent ion peak at m/e 17, which
is the expected molecular weight for this compound, with peaks at m/e
159 and 144 due to losses of one and two methyl radicals respectively

(see Figure L)+ The presence of a phenyl group in the product was
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Figure Lo - Mass spectrum of 1-methoxy-3 ,3-dimethyl-2-phenylcyclopropene (155) .
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This loss is supported by the appropriate metastable peake
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substantiated by peaks at m/e 77, 65, 51, and 43, these peaks being
characteristic of a phenyl groupe

The poor yields in the final step are presumed to be due to
sbsorption of radiation by the product with subsequent decomposition.
It is interesting to note that the extincfion coefficient of the cyclo-
propenyl ether 155 at 300 nm is 1,196 which is comparable with that of
1,720 for the starting material.

When L-benzyloxy-3,3,-dimethyl-5-phenyl-3H-pyrazole (151) was
irradiated under similar conditions to those used for the methyl ana-
logue 152, 1-benzyloxy-3,3,~dimethyl-2-phenylcyclopropene (156) was
produced in low yield (5—40%). The product, an oil, was identified

on the basis of physical data. An sbsorption at 1840 cm"1 in the

HC iy
N N
H.C o
3 -
H.C Ph
3 PHCH 0 h
OCH Ph 5
156
(152) (156)

infrared spectrum was attributed to the skeletal vibration, while
signals at 1.33 (singlet, 6H), 5.18 (singlet, 2H), and 57.2=7e3

(multiplet, 1CH) in the n.mer. spectrum were attributed to the gem-



dimethyl , benzylic methylene, and phenyl groups respectively. The
mass spectrum showed a parent ion peak at m/e 250, which is the expected
molec.ular weight for the compound. The compound absorbed at Kmax (pen-—
tane) 277 (¢ 2,000) neme in the ultraviolet regione

Once again the yield of the cyclopropenyl ether was low (5-10%)
and it was thought that the reason for this was the same as outlined
for the methyl analogue, il.€s absorption by the product of the incident
light with subsequent decompositione

At this stage the synthetic work described in this thesis was
concluded and no attempts to cleave the benzyl group of the cyclo=
propenyl ether 156 were made.

oL,

Hamor? ¥ has now used the experience gained by this work to
synthesise 1 “benzyloxy-2=tert-butyl-3,3-dimethylcyclopropene (16L) by
the general method outlined below. The infrared gbsorption value of
the ring skeleton vibration was 1860 cm'-"l which is in agreement with
Closs! work.5 Although this compound was produced in better yield
(207%) than the cyclopropenyl ethers 155 and 156 the product was

contaminated with an unknown compound
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General s

Melting points were determined using a Koffler hot stage, and
are uncorrected.

Microanalyses were carried out by the Australian Microanalytical
Service, Melbournec.

Organic extracts were dried over anhydrous magnesium sulphate.

Spectroscopic Measurements,

Infrared spectra were determined in Nujol mulls (unless stated
otherwise) with Perkin-Elmer 237 and 337 Grating Spectmphotqmeters
ond 5 Unicam SP200 Spectrophotometer. Mass spectra were recorded using
a Hitachi Perkin-Elmer RMU-6D spectrometer, fitted with a double
focussing device, Nuclear magnetic resonance spectra were recorded
with Varian DP60 and T60 spectrometers at 60 me/s and chemical shifts

were measured relative  to tetramethylsilane as the internal standard.
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Work described in Chapter IT

(part 2)

Benzalacetophenone.

i Benzalacetophenone, MePe 56-»-570 (lit.55 56-570) , was prepared

F
by the base-catalysed condensation of acetophenone with benzaldehyde .,5)

Benzalacetophenone oxide (32) .

6

Benzalacetophenone oxide, mepe 88-89° (lit.5 90%) , was prepared

by the action of alkaline hydrogen peroxide on benzalacetophenone .56

),~Hyd roxy=3 ,5=diphenyl~2-pyrazoline (33).

L~Hydroxy=3 ,S-diphenyl-?_-pyrazoline, MePe 208n?.09o (lit¢25 2090) s
was prepared by the action of hydrazine hydrate onlbenzalacetOphenone

oxide (32) 025

)-Acetoxy—1=acetyl=3,5~diphenyl-2-pyrazo line (16).

hrAcetoxy=1-acetyl-3,5 ~diphenyl-2-pyrazoline, MePe 177-1 780

(lit.31 177-—-1780) , was prepared by the action of an acetic anhydride-

pyridine mixture on 4=hydroxy-3,5 -diphenyl-2-pyrazoline (33) J L

4 mhcetyl -l -hydroxy-3,5-diphenyl-2-pyrazoline (15)..
1-Acetyl=l~hydroxy=-3,> ~diphenyl=2-pyrazoline, mepPe 1281 290

(11t .'-51 128-129°) , was prepared by the method of Sincl air’! in which

~acetoxy-1-acetyl—>3 ,5-diphenyl=2~pyrazoline (46) was heated under

reflux in 10% potassium hydroxide in methanol solution for 90 min.
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1-Acstyl~3 H=diphenyl=l~tetrahydropyranyloxy~2-pyrazoline (1.9) W

1-Acetyl-l~hydroxy-3,5-diphenyl-2-pyrazoline (15; 20 g5 045
mmole) was added to freshly distilled 2,3-dihydropyran (5 ml) and the
mixture was acidified by the addition of a crystal of p-toluenesulphonic
acid, After the reaction mixture had been stirred for 1 hr, it was
neutralised by the addition of agueous sodium hydroxide. The organic
material was extracted into ether, which was washed several times
with weter, dried, and evaporated. The residue, an oil, was triturated
with hexane and the resulting solid was recrystallised from a hexane-

ether mixture to give 1-acetyl-3,5 ~diphenyl~l~tetrahydropyranyloxy~

o-pyrazoline (18 g, 69%) as colourless prisms, mepe 138-115°  (Found:

C, 72 Hy, 6.5; W, 7.8 022}1213\1203 requires C, 72.5; H, 646; N, 7.70) e

Vo 1675 ! (N—CO-CHB), NelleTo (001L): 51 o6 (multiplet, 6 methylene,

H), 82.) (singlet, 3H, cgj-c'-), 538 (multiplet, 2H, -cg_z-o), &l9
(overlapping doublets, Jy 1.0 Hz, 2, 0-CH-0, and Ph-CH~-), 85.2 (doublet,
Jo 10 Hz, 1H, Ph-CH-) , 85 o4 (doublet, Jy 10 Hz, 1H, ~CH-0=) 5 85 46

(doublet, J,., 1.0 Hz, 1H, ~CH-0), and §7¢5 (multiplet, 10 aromatic pro-

c
tons). Integration of the signals at d5e). and & o6 indicated a mixbture

of diastercolsomers in the ratio of 2:1.

1-Acctyl-h-methoxy-3,5-diphenyl~2-pyrazoline (1.8) .

Sodiun hydride (.02 g, 0.9 mmole) was added to a solution of
1-acetyl~l-hydroxy-3,5-diphenyl-2-pyrazoline (455 «20 g, 045 mmole)
in anhydrous dimethoxyethane (10 m1) and the solution was then stirred

at room temperature for 2 min, Methyl iodide (5 ml, 0.08 mmole) was
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then added and the stirring was continued at room temperature for L hr.
After ethanol (5 ml) had been carefully added, the resulting solution
was poured into water and the organic material was extracted into ether.
The ethereal layer was washed with water, dried, and evaporated.

Recrystallisation of the residue from hexane gave 1=~acetylel-methoxy-

3 ,5-diphenyl-2-pyrazoline (.18 g, 8%) as colourless prisms, mep. 92~93°

(Found: C, 73.8; H, 602; Ny Je2e C18H181\1202 requires C, 73.5; H, 642;
N, 9o5%)e v .. 1665 o (N—CO-CHB), NeMeTe (cclh): 5203 (singlet,

3.1{,,0_1;_3-@_), 53.k (singlet, 3H, -o-cg_j), bhe75 (dorblet, J, 240 Hz, 1H,
Ph-CH-) , 5.3 (doublet, J, 2.0 Hz, 1, ~CH-0-) and 37.2 (multiplet, 10

aromatic protons).

Hydrolysis of 1-acetyl-l-me thoxy-%,5~diphe nyl-2~pyrazoline (1,8).

1.Acetyl=l—me thoxy=3 ,5=-diphenyl-2-pyrazoline (48; 06 g5 2 mmole)
was dissolved in a solution of potassium hydroxide in methanol (10%, 10
ml) and the solution was heated under reflux for 4 hre The cooled
solution was poured into water and the organic material was extracted
into ether. After the ethereal layer had been washed thoroughly with
water, it was dried and evaporated. The residue was recrystallised
from ethanol to give 3p-diphenylpyrazole (03 g, 70%) as colourless
prisms, mepe and mixed M.Pe 200_2010 (1it..5? 200-2010). The infrared
spectrum was identical with that of an authentic sample.

A similar result was obtained using 1=-acetyl-3,5~-diphenyl—=l=

tetrahydropyranyloxy-2-pyrazoline (19) »
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1-Acetyl=3,5-diphenyloyrazole (53).

1=Acetyl-3,5-diphenylpyrazole,; mepe 86-—-87o (lit.58 870) , Was
prepared by the action of an acetic anhydride-pyridine mixture on

. 58
3,5-diphenylpyrazole (52)

Benzalpinacolone.

Benzalpinacolone, mep. 14.0—410 (lit.59 11 o) , was preparcd by the
59

base-catalysed condensation between pinacolone and benzaldehyde.

trans-Benzalpinacolone oxides,

A solution of sodium hydroxide in methanol (8%, 30 ml) and 30%
hydrogen peroxide (40 ml) was added to benzalpinacolone (18 g, «096
mole) in methanol (200 ml) in small portions over %+ hre The tempera-
ture was not allowed to exceed J+O°, and the stirring was continued for
2 hr. The solution was then poured into water and the precipitate
(1645 g, 81%) was removed by filtration, dissolved in ethanol (100 ml),
and kept at 0°. trans-Benzalpinacolone oxide (8 g, 42%) was obtained

6

as colourless needles, MePe 20~81° (1ite . 810). Concentration of the

mother liquor gave a further quantity (2 g) of the trans-isomers,

3-tert-Butyl-l~hyd roxy-5-phenyl-2-pyrazol ine L“'»J.L,)‘.

Hydrazine hydrate (4 mL, 20 mnole) was added to a solution of
trans~benzal pinacolone oxide (2 g, 9.8 mmole) in ethanol (20 ml) and
the solution was heated under reflux for l hr. The solvent and excess

hydrazine hydrate were then removed in vacuo to yield a solid which was
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recrystallised from hexane-e there 3=-tert-Butyl-l-hydroxy-5 ~phenyl—=2=

17° (Found: C, 71.6; H, 8.3; N, 12.8. O, NN 0 requires C, 71453
H, 8.3; N, 12.85). vm 3950 and 3125 et (OH and N-H respectively) ,
NeMels (CCl)+/CDCl5): 81.2 (singlet, 9H, tert-butyl group), dhek
(doublet, Jo bed Hzs 1H, Ph-CH- ), d4e65 (doublet, o, b Has 1H,
LCH-0-) amd 87.2(multiplet, 5 aromatic protons) . The hydroxylic and

amino protons could not be detecteds

~Acetoxy=1=acetyl=3~tert-butyles ~phenyl-2-pyrazoline (55).0

Acetyl chlcoride (4 ml) was added to a solution of 3=tert-butyl-
L+-=hydroxy-5—phenyl—-2—pyrazoline (5u; 1 & Lob mmole) in pyridine (10
nl) and the reaction mixture kept at room temperature for 30 mine
After the reaction mixture had been diluted with water, the organic
material was extracted into ether and the ether extract was washed
with 10% aqueous hydrochloric acid and dried. Evaporation of the
solvent gave a solid which was recrystallised from hexane to give L=

acetoxy=-1=acetyl~3-tert=butyl=h-rhenyl=2-pyrazo line (1.2 g, 86%) as

oy

colourless prisms; MePe 103-—1040 (Found: C, 6765 Hy 7ol N, 963

. -1
C17}{221\]203 redulres C, 67.5; I'I’ 7.3; N, 9.370)0 Vmax 17’-{-0 and 1680 cm

(-0COCH; and N-LO-CH;

(singlet, 9H, tert~butyl group), d2.1 (singlet, 3H, N-CO-CH.), 823
= =3

respectively) , nemeTe (0011‘/01)013): o1 2

(singlet, 3H, O—CO~CI_~_I_3), 85 .2 (doublet, J, 20 Hz, 1H, Ph-CH-0), 3545

(doublet, Jy 200 Hz, 1H, -CH-0-) ond 87.3 (multiplet; 5 aromatic protons) e
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)-hcetoxy~1-ace tyl-3~tert-butyl-5-phenyl-2-pyrazoline (55;
LO gy 143 mmole) was dissolved in a solution of potassium hydroxide
in methanol (1C%, 10 ml) and the reaction mixture was heated under
reflux for 90 min. The cooled solution was poured into water and the
organic material was extracted into ethere. After the ether extract
had been washed thoroughly with water, it was dried and evaporated.
Recrystallisation of the residue from hexane gave d-acetyl=j~tert-

butyl-h=hvdroxy-5-phenyle2=pyrazoline (.23 g, 674 as a colourless

solid, mepe 133-134° (Found: C, 69435 H, 7495 N, 1141 CH N0,
requires C, 69.2; H, 7+7; N, 10.80) o %MXEQOaMJ%M)mf1(@Ham1
N.co-CH3 respectively) s NeleTe (001A/CD015); 51.2 (singlet, 9, tert-
butyl group), 52.25 (singlet, 3H, -N-CO-Q§3), dle5 (doublet, J, 100 Hz,
1H, Ph-CH~ ), 801 (dowblet, J, 20 Hz, 1H, ~CH-0-) ; and 5703
(multiplet,; 5 aromatic protons) . The hydroxylic proton could not be

detected.

1-Acetyl-3-te rt-butyl-l-methoxy=5 -phenyl- P-myrazoline (57) o

Sodium hydride (0.2 gy 049 mmole) was added to a solution of
1-»acetyl—}-s_’“c_g_gj:‘nbutyl—br-hydroxy—S-phenyl-Q—pyrazoline (56; «20 gy 045
mmole) in anhydrous dimethoxyethane (10 ml) and the solution was then
stirred at room temperature for 2 min. Methyl iodide (5 ml, 08 mole)
was then added and the stirring was continued at room temperature for

), hr. After ethanol (5 ml) had been carefully added, the resulting
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solution was poured into water and the organic material was extracted
into ether. The ethereal layer was washed with water, dried, and
evaporated. The residue, an 0il, was crystallised from hexane to give

A=acetyl-3-te rt-butyl-l-methoxy-5-phe nyl-p-pyrazoline (10 g» 9NM%) as

colourless needles, MePe 95.5—-91,..50 (Found: C, 70.2; H, 802; Ny 104k
. -1

C, Ho N0, requires G, 70415 Hy 815 N, 10628) e Vo0 1665 cm

(N-—CO—CHB), NeMeTe (0014): $1.2 (singlet, 9H, tert-butyl group) »

52.3 (singlet, m,N-CO—c_}z}), 53ol (singlet, ZH, ‘0‘05-3)’ ohe’ (doublet,

Jg 1ok Hzy 18, Ph-Cli- Yy 525 (Gowblet, Iy 1.2 Haz, 1H, ~CH0-), ard

57 a3 (multiplet, 5 aromatic protons).

F-tert-Butyl-5-phenylpyrazole (58) o

(a) 1--Acetyl~3—g1_1<_a_x;’q—butyl—«4—methoxy—B—phenyl-Q—pyrazoline (57; «20 g,
.75 mmole) was dissolved in a solution of potassium hydroxide in
methanol (10%, 20 ml) and heated under reflux for L hr. The cooled
solution was poured into water and the organic materiel was extracted
into ethere After the ether extract had been washed thoroughly with
water, it was dried and evaporated. The residue, an oil, was crys-
tallised from petrcleum ether (bepe 30-24_00) to give 3-tert-bulyl-H-

phenylpyrazole (10 g, 66%) as colourless plates; Mepe 12005=121 5°

(Found: C, 77.7; H, 8¢te C,JH, N, requires C, 77.9; H, 8.1%); mnemero
(CD013): 8102 (singlet, 9H, tert-butyl group) 5 86.4 (singlet, 1H,

proton at the umposition), 87.3 (multiplet, 5 aromatic protons), and



510445 (broad singlet, 1H, N-H).

(b) Sodium (01 gy Lol mmole) was added to a solution of 3-tert-
butyl—h-hydroxy—B-phenyl—-Z-pyrazoline (543 50 g, 18 mmole) in
anhydrous methanol (20 ml) and the solution was heated under reflux
for 3 hre The cooled solution was poured into water and the organic
material was extracted into ether. After the ethereal layer had been
washed with water, it was dried and evaporateds The residue, an oil,
was crystallised from petroleum ether (bepe 30—-1;.00) to give 3-tert-
butyl-5-phenylpyrazole (.41 g, 8%%) as colourless plates, mMspo and.
mixed mepe. 120.5=121 .50., The infrared and nem.r. spectra were identi-
cal with those of the M'pxk'oduct isolated from the hydrolysis of compound

57

1-Acetyl=—3-te rt-butyl-5-rhenylpyrazole (59).

Acetic anhydride ()y ml) was added to a solution of 3=tert-
butyl-5-phenylpyrazole (58; Lg, 12 mmole) in pyridine (10 ml) and
the reaction mixture was kept at room temperature for 2l hr. After
the reaction mixture had been diluted with water, the organic material
was extracted into ether. The ether extract was then washed thoroughly
with water and dried. Evaporation of the solvent gave an oil which
crystallised from petroleun ether (bepe 30-}.,.00) to afford 1=—acetyl—35-

tert-butyl-5-phenylpyrazole (3.6 g, 78%) as colourless prisms, meps

g5-86° (Found: C, 7hehs H, 7ok Ny 11eke CygH,y V0 requires C, o3
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Hy, 753 Ny 11.6%) Vo 1740 (N-CO-CHB), NeMoTe (0014/013013): 512
(singlet, 9H, tert-butyl group), 52.7 (singlet, 3H, N-Co-cgj), 56413
(singlet, 1H, proton at the L..-position), and 57.3 (miltiplet, 5 aroma~

tic protons) .
Dypnone .

Dypnone , bepe 160~165°/2 mmn (lit.61 150-155°/1 mm) , was pre-

pared by the method of Wayne and Adkinsosll

trans-Dypnone Bpoxide (€1).

Dypnone was epoxidised by treatment with alkaline hydrogen

peroxide and the two isomers, Cis— mep. 158-159° (li’c.62 159.6°),

6

trans~ mepe 91—920 (1it. 2 930) were separated by fractional crystallisa-

tione

L-dTyd rosy-5 ~nethyle3 5 ~diphenyl=2-pyrazoline (62)..

L~Hydroxy-H~methyl=3 ,5-diphenyl=2-pyrazoline, MepPe 207'-208o
(J.:i.t.31 207—2080) , was prepared by the action of hydrazine hydrate on
)"

trans-dypnone oxide (61

h=Acetoxy=1-acetyl-5-me thyl=3,5-diphenyl-2-pyrazol ine (63).

Acetyl chloride (1 ml) was added to a solution of J~hydroxy-H=
methyl=3,5-diphenyl=2~pyrazoline (62; 12 gy Oel5 mmole) in pyridine

(3 ml) and the reaction mixture kept at room temperature for 30 mine
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After the reaction mixture had been diluted with water, the organic
material was extracted into ether and the ether extract was washed
with 10% aqueous hydrochloric acid and dried. Evaporation of the

solvent gave a solid which was recrystallised from ethanol to give

L=acetoxy=1=acetyl-h-methyl-3,5-diphenyl=2-pyrazoline (13 g, 82%) as

colourless needles, MoPo 196-1970 (Found: C, 71.1; H, 5.9; N, 830

‘ / 7 -1
0201{201\1205 requires C, 71.4; H, 6.0; N, 843%) o Ve 1730 and 1660 cm
(-ocooH3 and -N-CO~CH respectively) , nomere (CDCl;) : 8149 (singlet,

3, N-C—CEZ]), 52415 (singlet, 3H, N-oo-cy_s), 52.50 (singlet, 3H, o-co-.c%),

5643 (singlet, 1H, ~CH-0), and 573 (muiltiplet, 10 aromatic protons) .

{eAcetyle)-hydroxy=5-methyl-3 ,5-diphenyl~2-pyrazoline (62.) o

L-hAcetoxy-1-acetyl-s-methyl=3 ,5~diphenyl-2~pyrazoline (63; .08 g,
0.22 mmole) was dissolved in a solution of potassium hydroxide in
methanol (10%, 10 ml) and the reaction mixture was heated under reflux
for 90 mine. The cooled solution was poured into water and the organic
material was extracted into ether. After the ether extract had been
washed thoroughly with water, it was dried and evaporatede Recrys-
tallisation of the solid from carbon tetrachloride gave l—acetyl-—l-

hyd roxy=5-methyl-3,5~diphenyl-2-pyrazcline (.05 g, 73%) as a colourless

s0lid, mep. 161-162° (Found: C, 7315 H, 6425 N, 9ake G, g, N0,
requires G, 73di; Hy 642; N, 95%)+ v___ 3250 and 1665 cm™' (-OH and

N-CO-CH, respectively), Noem.Te (CDClB): 5.9 (singlet, 3H, -C-C_ILI_B),

3
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52.2 (singlet, 3H, N-Co-cg%), 8h.69 (singlet, 1H, ~CH-0), and 373
(multiplet, 10 aromatic protons) . The hydroxylic proton could not be

detected,

4 --Ace tyl=h-nethoxy=5 -methyl=3 ,5-diphenyl-2~pyrazoline (€5)

Sodium hydride/ (0,020 g, »9 mmole) was added to a solution
of 1=acetyl=l~hydroxy-5-methyl->3 s5-diphenyl-2-pyrazoline (64; 6 g,
55 miole) in anhydrous ether (20 ml) and the solution was heated
under reflux for 10 min. Methyl lodide (5 ml, .08 mmole) was then
added and the reaction mixture was heated under reflux for 3 hre
After ethanol (5 ml) had been carefully added, the resulting solution
was poured into water and the organic material was extracted into
ether. The cthereal layer was waghed with water, dried, and evaporated..
The residue, an oil, was crystallised from petroleun ethexr (bepe 40-600)-

methylene chloride to give 1 ~acetyle-l—methoxy=5-methyl~3 ,Hediphenyl=2=

pyrazoline (0.156 g, 93%) as colourless needles, MePe 101-102° (Found:

C, 7he2; Hy 6aly Ny 9.0, 0191{2014202 requires C, 7heO; H, 6455 N, 961%) e
- .

Voo 1665 cm (N-nCO--CHB), NeMeTs (CDCl5): 52.05 (singlet, 3H, -c_c;-%),

52,1 (singlet, 3H, N£O£ﬂ3), 53645 (singlet, 3, -oucgj), Sho? (sing-

let, 1H, —C_I:I_-nO), and 57.3 (multiplet, 10 aromatic protons).

SeMethyle3,-divhenylpycazole (66) »

{-Acetyl-lh~methoxy-5H-methyl-3 ,5=dirhenyl=2-pyrazoline (65; «10 g,

# The sodium hydride mineral oil dispersion was repeatedly washed

with hexane and heated under reflux in hexane (20 ml) for 2 hre
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33 mmole) was dissolved in a solution of potassium hydroxide in
methanol (4,0%, 20 ml), and the system was pleced under an atmosphere
of nitrogen. The solution was then heated under reflux for 2 days.
The cooled solution was poured into water and the organic material
was extracted into ether. After the ether extract had been washed
thoroughly with water, it was dried and evaporated. The residue, an
0il, was purified by sublimation (2000, o1 mm) to give 5-methyl=3 -
diphenylpyrazole (+05 g, 65%) as colourless prisms, MoPe 174,-175°
(1ite22 175°), namer. (oDC1,):  b2.1 (singlet, 3, ~GH,) and 7.3
(multiplet, 10 aromatic protons)o The amino proton could not be

detected, The mass spéctm showed an m/e 23)., requires 234.
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Work described in Chepter 1T

(part b).

1-Ethoxyproo=1=yne (74) «

1-% thoxyprop-1-yne, bepo 86-88° (1it .6L" 88=~90 .50) s was prepared

by the method of Farnum, Heybrey, and \‘Jebster.63

Diphenyldiazomethane.

Diphenyldiazomethane was obtained from the oxidation of benzo-

65

phenone hydrazone using yellow mercuric oxides

2-Diazopropance.

2-Diazopropane was prepared by the oxidation of acetone hydra~

zone with yellow mercuric oxide in the presence of basee

p-dethoxystyrene (81).

67

BAlethoxystyrene, bopo 210-21 2° (Lite ' 210-21 30) , was prepared

by heating a mixture of phenylacetylene and potassium hydroxide in

67

methanoloe

Attempted 1,3~dipolar cycloaddition between diphenyldiazomethane and

1 e thoxyprop=1-yne (7).

(a) A solution of diphenyldiazomethane (1.2 g, 6.2 mmole) in
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petroleum ether (bepe )4.0--600, 10 ml) was added to a solution of 1=
ethoxyprop-1=yne (75; «5 g5 59 mmole) in petroleum ether (bope 4O~
60°, 10 ml). The reaction mixture was protected from light, and
stirred at room temperature for I days. An absorption at 2300 cm-'1

in the infrared spectrum of the reaction mixture indicated the presence
of 1-ethoxyprop-1-yne. After the reaction mixture had been cooled, the
precipitate was removed by filtration. Recrystallisation of the pre-
cipitate gave a 1:1 molecular complex of benzophenone azine ard sym-
tetraphenylethane (52 gy L7%) as yellow needles, moePe 176-1 770 (litoj—/
177-1 77.50) o Evaporation of the filtrate gave a solid which was re-—
crystallised from ethanol to afford benzophenone azine (L7 2 4(}/2’) as
a yellow crystalline solid, m.p. 162-163° (1it.37 163~163.5"). No

other products could be detected using thin-layer chromatography.

(b) A mixture of diphenyldiazomethane (1.2 g5 642 mmole) and 1=
ethoxyprop-1=yne (7hs 5 g5 59 mmole) in benzene (20 ml) was stirred
in the dark, at room temperature for L days. An absorption at 2300 cnn"ll
in the infrared spectrum of the reaction mixture indicated the presence
of 1-ethoxyprop=tsnee. Evaporation of the solvent and 1-ethoxyprop~1i-
yne gave a yellow solid which was recrystallised from ethanol to give
benzophenone azine (83 g, 71%) as a yellow crystalline solid, mep.

162-163° (1it.57 163-163.5°)s No other product could be detected

using thin-layer chromato graphy.
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A similar result was obtained on heating the above mixture
under reflux for I hr or by heating the reaction mixture in a Carius

tube at 80° for 12 hre

Attempted 1,3-dinolar cycloaddition between o-diazopropane and 1~

ethoxyprop=1-=yne (78) «

A mixture of 1-ethoxyprop-1-yne (7h4s 1 g5 12 mmole) and 2~
diazopropane (1 g, 14 mmole) in ether (20 ml), initially at 0°, was
stirred at room temperature for 24 hr. The solvent was then carefully
removed to yield an o0il, which was identified as a mixture of 1=
ethoxyprop~1-yne and acetone azine by comparison of the infrared
spectrun of the oil with those of the authentic compounds. Carbon
tetrachloride (20 ml) was then added and the solvent removed 1n vacuoe
After this process had been repeated several times, a small amount of

residue remained. This residue was identified as acetone azine by

comparison of the infrared spectrum with that of authentic material.

Attempted 1,3-dinclar cycloadd ition between diphenyldiazomethane and
e 8 s g s L T i S et 0 A i 8 PR B LS el a e e e e S S e i 48

B-methoxystyrene (81).

A mixture of diphenyldiazomethane (2 g, 10 mmole) and f-
methoxystyrene (81; 1o4 gy 10 mmole) in benzene (15 ml) was stirred
in the dark, at room temperature for ) days. After the solvent had

been evaporated, the residue, an oil, was dissolved in ethanol and
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set aside at 0°. Benzophenone azine (1.1 g, 56%) was obftained as
yellow crystals, Mope 162-163° (1it°37 163—163950). The residue
was identified as a mixture of P-methoxystyrene and benzophenone azine
on the basis of spectral data and thin-layer chromatography. No other
products could be detected using thin-layer chromatography.

A similar result was obtained on heating the above mixture
under reflux for ) hr or by heating the reaction mixture in a Carius

tube at 80° for 12 hr.

uuuuu

ey e

A mixture of 2-diazopropane (3 g, 43 mmole) and P-methoxystyrene
(81; H5e¢7 gy 42 mmole) in ether (30 ml), initially at OO, was stirred at
room temperature for 24 hre. The .solvent was then removed to yicld an
0il, which was identified as a mixture of B-me thoxystyrene and acetone
azine on the basis of spectral data and thin-~layer chromatography. No

other products could be detected using thin-layer chromatography.
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Work described in Chapter IIT

(part 2)e

p=-Toluenesulphonylhydrazine.

68 1 04-107°),

p-Toluenesulphonylhydrazine, Mepe 103-1 06° (1ite
was prepared by the action of p-toluenesulphonyl chloride on

hydrazine hydrate .68

L-Hydroxy-3,5-diphenyl-1=p=toluenesulphonyl-2-pyrazoline (3h)

) -Hydroxy-3,5-diphenyl-1=p-toluenesulphonyl-2-pyrazoline, mepe

: 205-226°), was prepared by the method of Padwa26 in

001,-225° (Lite>
which benzalacetophenone oxide and _E—toluenesulphonylhydrazine were

heated under reflux in acidic methanol.

3 ,5-Diphenyl-l~tetrahydropyranyloxy=-1-p=toliene sulphonyl-2-pyrazoline (87) o

Freshly distilled 2,3-dihydropyran (2 ml) was added to a solu-
tion of L-hydroxy-3 ,5—dipheny1-1-_E—toluenesﬂphonyl—Z—pyrazoline (343
.80 g, 2.1 nmole) in chloroform (100 ml) and the mixture was acidified
by the addition of three drops of concentrated hydrochloric acide
After the reaction mixture had been kept at room temperature for 3 hr,
it was neutralised by the addition of aqueous sodium hydroxidee The
organic layer was then separated, washed several times with water,
dried, and evaporated. Crystallisation of the residue from meth-

anol gave 3,5-diphenyl-l-tetrahyd ropyranyloxy=1~p-toluenesulphonyl-
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2-pyrazoline (072 g5 75%) as colourless prisms, NlePe 152-1640 (Found:

C, 68403 H, 6.1 N, 508. C,H, N0, requires C, 68,05 H, 5.9; N,y 5.9%)
NeMeTe (CDGlj): 51.45 (multiplet, 6 methylene H), 52437 (singlet, 3H,
methyl protons of p-toluenesulphonyl group) s 5362 (broad multiplet,

H, -0011_2-), 8072 (singlet, 1H, 0-CH-0), dhe75 (doublet, Jy 5.1 Hz,

1H, Ph-CH~) , 0495 (doublet, Jo Le9 Hz, {H, Ph-CH-), 8506 (doublet,

Jy 502 Ha, 1H, CH-0=) , 85.32 (dowblet, Iy 5eb Hz, 1H, ~CH-Ow=), 3713
(multiplet, 10 aromatic protons), and 3765, 7o (8B quartet, JAB 9,0
Hz, LH, aromatic protons of _B—toluenesulphonyl group)» Integration of
the signals at 35 06 and 85 .32 indicated a mixture of diasterszoisomers

in the ratio of 1:1.

Acid hydrolysis of 3,5 :diphenyl—il.-te trahydropyranyloxy=1-p-=-toluene-

sulphonyl=2-pyrazoline (87) .

A solution of 3,5-diphenyl—zl,-tetrahydropyrmyloxy-’l -p=-toluene—
sul phonyl-2-pyrazoline (87; 20 g5 «52 mmole) in ethanol (15 ml) was
acidified by the addition of a drop of dilute hydrochloric acid. After
the reaction mixture had been kept at room temperature for 1 hr, it was
neutralised by the addition of aqueous sodium bicarbonate. The organic
material was extracted into ether, which was washed with water, dried,
and evaporated. Recrystallisation of the residue from ethanol gave a
quantitative yield of L=hydroxy=3 ,5-dipheny1-1-_p—toluenesulphonyl—z-
pyrazoline, MePe arnd mixed MeDe 2214.—2250., The infrared spectrum was

identical with that of an authentic sample.



3 5.Diphenyl-1-tetrahydropyranylpyrazole (90).

(a) Sodium hydride (0.15 g, 6.2 mmole) was added to a solution of
3 ,5=diphenyl-)~tetrahydropyranyloxy-1 -p~toluene sul phonyl=—2~pyrazoline
(87; 1 g» 2.1 mmole) in anhydrous dimethoxyethane (20 ml) and the solu-
tion was heated under reflux for 6 hre After ethanol (5 ml) had been
carefully added, the resulting solution was poured into water and the
organic material was extracted into ether, After the ether ext‘ract
had been washed thoroughly with water, it was dried and evaporated.

The residue was crystallised from ethanol to give 3,5-diphenyl-1=

tetrahydropyranylpyrazole (0.32 g, 48%) as colourless prisms, MePe

o ) N
13645~137.5° (Found: C, 78+9; H, 648; Ny Jele CZOHZ&\IZO requires
C, 78.9; H, 6.6; N, 9¢2%b); nemeTs (001#): 51.6 (multiplet, 6 methylene
By, 53e4~le3 (complex multiplet, 2H, -oc_};z-), $5.2 (doublet of doublets,
Jg 340 Hz, {H, 0-CH-N), 86.5 (singlet, 1H, proton at L~position), and

8744 (multiplet, 10 aromatic protons) .

(b)  3,5-Diphenylpyrazole (52; «10 g5 «45 rmole) was added to freshly
distilled 2,3-dihydropyran (10 ml) and the mixture was acidified by the
addition of a crystal of p-toluenesulphonic acid, After the feaction
mixture had stirred for 20 min, it was neutralised by the addition of
aqueous sodium hydroxide. The organic material was extracted into
ether, which was washed several times with water, dried, and evaporated.
Crystallisation of the residue from ethanol gave 3,5=-diphenyl-1-tetra-

hydropyranylpyrazole (10 g, 70%) , meps and mixed mep. 136.5-137050.
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The infrared and n.m.r. spectra were identical with those of the

elimination product.

3-tert-Butyl-l-hydroxy-5-phenyl-1-p~toluene sulphonyl-2-pyrazoline (92) o

To a solution of trsns-benzalpinacolone oxide (1 g5 5 mmole) in
a chloroform—acetic acid mixture (1:1 s 50 ml) was added p-toluene-
sulphonylhydrazine (1 gy Hekt mmole) and the solution was heated under
reflux for 3 hre. The cooled solution was poured into water and
additionsl chloroform (50 ml) was addeds After the chloroform layexr
had been thoroughly washed with water, agueous sodium bicarbonate,
and agueous sodium hydroxide, it was dried and evaporated. Crystallisa~

tion of the residuve from ethanol gave 3—1:ert—butyl-ik-hydro:gy-‘i-phenyl-—1-

p~toluenesulphonyl-2-pyrazoline (81 g, 1,6%) as colourless ncedles, Mepe

188-189°  (Fownd: G, 64e5; H, 675 N, 7ebo Col, N.05S requizes O, 6455
Hy, 6.5; N, 7.5%) Vpax 400 e o (0-H) , nem,r. (CD013): 3.2 (singlet,
%, tert-butyl group), 82.2 (broad singlet, 1H, 0-H), 320k (singlet, 3H,
methyl protons of p-toluenesulphonyl group) s Ol (doublet, JC 6.0 Hz,
1H, Ph-CH-), 4.7 (broad doublet, 1H, —CH-0), and 673 (multiplet, 9

aromatic protons) .

3-tert-Butyl-5~phenyl-lL-tetrahydropyranylox y-1=~p-toluene sul phonyl—2-

pyrazoline (95).

Freshly distilled 2,3-dihydropyran (1 ml) was added to a solution

of 3-tert-butyl-l~hydroxy-5-phenyl-1-p-tolue nesulphonyl-2-pyrazoline



117~

(92; 50 gs 143 mmole) in chloroform (25 ml) and the mixture was acidi-
fied by the addition of three drops of concentrated hydrochloric acid.
After the reaction mixture had been kept at room temperature for 3 hr,
it was neutralised by the addition of aqueous sodium hydroxidee. The
organic layer was then separated, washed several times with water,
dried, and evaporated. Crystallisation of the residue from petroleum

ether (b.p. 1,_0-600) -ether gave 3=tert-butyl-5-phenyl-l~tetrahydro-

pyranyloxy=-1-p-toluenesulphonyl-2-pyrazoline (.49 g, 86%) as colourless

prisms, mope 129.5=133.0" (Found: C, 65e4; H,y 7o15 N, 6430 C ot N0,
requires C, 65.7; Hy 7ol; N, 6.1%), nem.ro (CDC13); 5.2 (two singlets,
9H, tert-butyl group), 3., (multiplet, 6 methylene protons), 2.
(singlet, 3H, methyl protons of p-toluenesulphonyl group) 5 835
(miltiplet, 2, -CH,-0), thd (singlet, 1H, ~0-CH-0), 84.35 (doublet,
Jg 247 Hz, 1H, Ph-CH-), 845 (doublet, J; 6.5 Hz, 1H, Ph-CH-) , ®o7
(dowlet, Jg 70 Hz, 1H, —CH-0-), 849 (doublet, Jg 30 Hz, 1H, -c_r;_-o-),
and 5703 (multiplet, 9 aromatic protons). Integration of the signals

at Be7 and 84.9 indicated a mixture of diastereoisomers in the ratio

of 1210

3-tert-Butyl-5 -phenyl-1 ~tetrahyd ropyranylpyrazole (91.) «

Sodium hydride (0615 g, 6.2 mmole) was added to a solution of
3mtert-butyl-5 -phenyl-}~tetrahydropyranyloxy-1-p-toluenesul phonyl-2-
pyrazoline (93; 1 g, 2.1 mmole) in anhydrous dimethoxyethane (20 ml)

and the solution was heated wunder reflux for 6 hr, After ethanol
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(5 ml) had been carefully added, the resulting solution was poured into
water and the organic materisl was extracted into ether. The ethereal
layer was washed with water, dried, and evaporated. Crystallisation

of the residue from petroleun ether (beps 50—-400) gave 3=-tert-butyl-hH-—

phenyl-1-te trahydropyranylpyrazole («35 g 57) as a colourless solid,

mepe 59-60° (Found: C, 76.2; H, 8 N, 9480 Cygil, N O requires C,
7640; Hy 84535 Ny 9eF0) p NomaTe (CCIL): 51.25 (singlet, 9H, tert-
butyl group), d1.l (multiplet, 6 methylene protons), 83.4=L.2 (complex
mul tiplet, 2H, -o-cgz), 8.0 (doublet of doublets, J, 3.0 Hz, N-CH-0) 5
3663 (singlet, 1H, proton at the LF—position), and. 3763 (multiplet, 5

aromatic protons).

L-Benzyloxy=3 ,5=diphenyl=-1=-p-toluenesulphonyl=2-pyrazoline (96) .

L=Hydroxy-3,5-diphenyl~1-p-toluene sulphonyl-2-pyrazoline (313
1 g, 2.6 mmole) was added to a suspension of sodiun hydride (.08 g,
3.3 mmole) in anhydrous dimethoxyethane (20 ml) at -30° and the mixture
was stirred at this temperature for 5 min. Benzyl bromide (1 ml., 8.5
mmole) was then ‘added and the mixture was stirred at room temperature
for 12 hre After ethanol (§ ml) had been carefully added, the resulting
solution was poured into water and the organic material was extracted
into ether. The ethereal layer was washed with water, dried, and evap=-
orated. Crystallisation of the residue from hexane-ether gave L=benzyloxy=

3,5-dj.phenyl-1-pu-toluenesul'ohonyl-z—uyrazoline (.88 g, 71%) as colourless

- O - - N i
prisms, mepe 12465=125.5 (Found: G, 71.8; H, Sel; Ns Se'e 629H26N203S
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requires C, 72415 H, 5al Ny 5.8%) 5 nemers (0011/01)013): $2.3 (singlet,
3H, methyl protons of p-toluenesulphonyl group) , dhe2 (doublet, J, 5.0
Hz, 1H, Ph-CH~), 84.%5 (singlet, 1H, ~CH-0-) , 875 (miltiplet, 1L

aromatic protons) .

)Mo thoxy=3 ;5 =diphenyl~1-p-toluene sulphonyl=2~pyrazoline (97) o

)-Hydroxy=-3 ,5=diphenyl=1-p-toluene sulphonyl-2-pyrazoline (313

1 gy 26 mmole) was added to a suspension of sodium hydride (408 g, 303
mmole) in anhydrous dimethoxyethane (20 ml) at —300 and the mixture was
stirred at this temperature for 5 mine. Methyl iodide (5 ml, .08 mmole)
was then alded and the mixture was stirred at room temperature for 12 hr.
After ethanol (5 ml) had Peen carefully added, the resulting solution
was poured into water and the organic material was extracted into ether.
The ethereal layer was washed with water, dried, and evaporated. Crys-—

tallisation of the residue from hexane~ether gave l-me thoxy=3 ,5-diphenyl-

{=p=toluenesulphonyl=2-pyrazoline (.67 g, 61%) as colourless prisms, M«pe

o i . . - 3
127-128° (Found: C, 68.1; H, 575 Ny 7ole 023}1221\12053 requires C,
6800; H, 5.5; N, 7.@%)’ NelleX'o ( CCll{.): 62.3 (Sjllglet, BH, me‘thyl
protons of _p—toluenesulphonyl group) , 5360 (singlet, 3H, -O—C_I;Ij),
5,85 (broad singlet, 2i, -CH-0 and Ph-CH-), 575 (multiplet, 1k

aromatic protons) .
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Protonation of the anion of A-hydroxy-3 JH-diphenyl-1 ~p=toluenesulphonyl-

ompyrazoline (34), at —500.

Sodium hydride (.08 g, 33 mmole) was added to a solution of
l,=hydroxy=3,5-diphenyl-1 ~p-toluenesulphonyl-2-pyrazoline (34, 1 g5 246
mmole) in dimethoxyethane (4,0 ml) at --300 and the mixture was stirred
at this temperature for 1 hr. Acetic acid (2 ml) was then added and
the mixture was stirred at -30° for 3 hro Ethanol (5 ml) was then
carefully alded and the resulting solution was poured into water and
the organic material was extracted into ether. After the ethereal layer
had been washed with sodium bicarbonate, it was dried and an equal
volune of petroleum ether (bope L..O-éOo) was added. The solution was
then kept at 0° for several dayse. The product deposited was identi-
fied as L~hydroxy=3s5=diphenyl—1 -_p_—toluenesulphonyl-z—P}’I‘aZO]-ine (83 g,
83%) mep. and mixed mepe 00,,-225°. The infrared spectrum was identical

with that of an authentic sample,

L=Acetoxy=3,h ~diphenyl-1-~p~tolusnesulpho nyl=2=-pyrazoline (103) «

(2) Acetic anhydride (1 ml) was added to a solution of l=hydroxy=>3 s5=
diphenyl~1~p~toluenesulphonyl-2-pyrazoline (343 «20 g, .52 mmolc) in
pyridine (1 ml) and the reaction mixture was kept at room temperature
for 24 hr. After the reaction mixture had been diluted with water,
the organic material was extracted into ether. The ether extract was
then washed with dilute hydrochloric acid, and water. The dried ethereal

layer was evaporated to yield an oil, which was crystallised from
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hexane-ether to yield l—aceboxy=3 ,5=diphenyl-1-p~toluene sulphonyl=2--

pyrazoline (20 g, 86%) as colourless needles, MoPs 166-167°  (Found:
C, 6643 Hy he8; Ny 6430 024H26N2048 requires C, 66443 Hy 515 Ny
6u5B) e v, 1735 e (0-00-CH) , momere (C0L,): 81480 (singlet, 3H,
-o-co-o;%), 52.35 (singlet, 3H, methyl protons of p-toluenesulphonyl
group) 5 85405 (doublet, Jg 240 Hz, Ph-CH~) , 56005 (dovblet, Iy 200 Hz,
~CH-0~) , and 3745 (multiplet, 14 aromatic protons) .

(b) Sodium hydride (08 gy 343 mmole) was added to a solution of
L=hydroxy=-3,5-diphenyl-1 -p__—toluenesulphonyl—z-pyrazoline (343 1 g5
2.6 mmole) in dimethoxyethane (1,0 m) at -300 and the mixture was
stirred at this temperature for 1 hre Acetic arhydride (2 ml) was then
added and the mﬁtum was stirred at —300 for 3 hr. After ethanol (5 ml)
had been carefully added, the resulting solution was poured into water
and the organic material was extracted into ether. The ethereal layer
was washed thoroughly with water, dried, and evaporated. Recrystallisa~
tion of the residue from hexane=-ether gave L~acetoxy=3 s5=diphenyl=1=p-
toluenesul phonyl-2-pyrazoline ( 49 g, &%), mepe and mixed mopeo 166
1670. The infrared spectrum was identical with that of an authentic

sample o

Ly droxy=1-methyl=3,5 -diphenyl-2-pyrazoline (105) »

A mixture of methylhydrazine (3 ml, 5.1 mmole) and benzalaceto-

phénone oxide (1 g, 45 mmole) in acidic ethanol (1% HZSOI,.’ 40 ml) was
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heated under reflux for 30 min, The mixture was then poured into water
and the organic material was extracted into ether. After the ethereal
layer had been washed with water, and agueous sodium hydroxide, it was
dried and evaporated. After the residue had beern dissolved in a
petroleum ether (bop. 1,0-60°) mether mixture (1:1, 20 ml) it was cooled
in a dry ice-acetone bathe After the mixture had been scratched, a
solid was precipitated. Recrystallisation of the solid from petroleum

ether (bepe 40-6 OO) gave l-hydroxy=1-me thyle3 5=diphenyl-2=pyrazoline

(03 g, 385) as a colourless solid, mep. 109-110°  (Found: C, 76.2; H,
65; W, 11434 G, H, N0 requires C, 76.2; H, 6ol Ny 112100 v
3200 cn? (0-H), nemers. (CDC].B): 52,80 (broad singlet, 1H, -0-),
520,83 (singlet, 3H, -N-CEB), dle0 (doublet, J 540 Hz, 1H, Ph-CH~-) ,

&5 .2 (broad doublet, J, LeO Mz, 1H, ~CH-0-), and 37.3 (multiplet, 10

aromatic protons).

Attempted preparation of 1~-methyl=3 ,5=diphenyl-i~p~toluecne sulphonyloxy=

om-pyrazoline (104) .

_p-Toluenesu'Lphonyl chloride («48 g5 245 mole) was added to a
solution of L-hydroxy-1-methyl-3 ,5=-diphenyl~2-pyrazoline (1B; S0 g,
1.9 mmole) in pyridine (10 mi) at 0° and the reaction mixture was kept
at room temperature for 2 hr. After the reaction mixture had been
diluted with water, the organic material was extracted into ether,

The ethereal layer was washed with dilute hydrochloric acid and water.

After the etherecal soluticn had been dried, the solvent was evaporated
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at room temperature in vacuo to yield a yellow oil. Crystallisation
of the oil from petroleum ether (bepo 30—400) gave 1-methyl=3,5-
diphenylpyrazole (o35 gs 71%)s MePo 67-68° (Lit .0 69°). When the
reaction mixture was kept at 0° for 2, hr, starting material was

recovered.

Attempted preparation of l—acetoxy-=1-me thyl=3,5 ~diphenyl=~2=pyrazoline.

Acetic anhydride (1 ml) was added to a solution of l~hydroxy-
4 —methyle3,5-diphenyl~2-pyrazoline (105; 50 gy 1.9 mmole) in pyridine
(5 ml) and the reaction mixture was kept at room temperature for 2k
hr. After the reaction mixture had been diluted with water, the
organic material was extracted into ether. After the ether extract
had been washed with water, it was dried and evaporated. An infrared
spectrum of the resultant 0il showed absorption at 1750 cm-1. Crys=
tallisation of the oil from petroleum ether (bope 38—1{.00) gave 1=
methyl-3,5-diphenylpyrazole (+32 g, 68/0) 5 MaTe 67-68° (lit.7o 69%).

A similar result was obtained using acetyl chloride in pyridine.

1-Benzyl-3,5-diphenylpyrazole (95) «

(a) Sodium hydride (.08 g, 303 mmole) was added to a solution of
l;.-»hyclro:qy-},5—diphenyl—1—E-toluenesulphonyl—,’_’-pyrazoline (Bhy 1 g, 26
mnole) in anhydrous dimethoxyethane (20 ml) and the mixture was stirred

at room temperature for 2 min. Benzyl chloride (1 ml, 8.7 mmole) was
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then added and the mixture was stirred at room temperature for 12 hre
After ethanol (5 ml) had been carefully added, the resulting solution
was poured into water and the organic material was extracted into ether.
The ethereal layer was washed with water, dried, and evaporated. Crys—
tallisation of the residue from hexane gave 1-=benzyl-> s5=diphenyl-
pyrazole (62 gs 785)s mepo 112-113° (1i1:.69 113-114°) , nemor. (CDCl.j):
8«3 (singlet, 2H, -O-CEZ-Ph), 86.6 (singlet, 1H, proton at the l~posi-~

tion), and 7.3 (multiplet, 15 aromatic protons) .

(b) Sodium hydride (0.15 g, 642 mmole) was added to a solution of
L=benzyloxy=> ,5—diphenyl-1-_p_-toluenesulphonyl—z—pyrazoline (96; 1 g,
2.1 mmole) in anhydrous dimethoxyethane (20 ml) and the solution was
heated under reflux for 6 hre. After ethanol (5 ml) had been carefully

added, the resulting solution was poured into water and the organic
material was extracted into ethero. After the ether extract had been
washed with water, it was dried ard evaporated. Crystallisation of the
residue from hexane-benzene gave 1-benzyl=3,5-diphenylpyrazole (Ml gy

L80) mepe 112-113° (1it.69 113-113°") o

1-Methyl-3,5-divhenylpyrazole (1C6).

Sodium hydride (0415 g, 6.2 mmole) was added to a solution of
J-me thoxy-3 y5~diphenyl -1 =p-toluenesulphonyl-2-pyrazoline (97; 1 g5 2k
mmole) in anhydrous dimethoxyethane (20 ml) and the solution was heated

under reflux for 6 hr. After ethanol (5 ml) had been carefully added ,
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the resulting solution was poured into water and the organic material
was extracted into ethere. The ethereal layer was washed with water,
dried, ard evaporated. Crystallisation of the residue from hexane gave
1-methyl=3,5-diphenylpyrazole (o45 g, 76%) Mepe 68-69° (1:1.t.70 69°),
NeMeTe (CD013): 53+9 (singlet, 3H, N-CEB), 56+6 (singlet, 1H, proten

at the L~position), and 57l (multiplet, 10 aromatic protons) e

~ L-Hydroxy=3 ,5=diphenylpyrazole (109).

J=Hydroxy—3 ,5-diphenylpyrazole , mepe 234-235" (11t 235°), was

prepared by the action of hydrazine hydrate on diphenyltriketone .lF5

Jp=Acetoxy-1~acetyl«?,b-diphenylpyrazole (110) o

LAcetoxy-1=-acetyl=3,5~-diphenylpyrazele, mepo 14.7-1 480 (1it .1‘5

11,.90) was prepared by the action of an acetic anhydride or acetyl

chloride-pyridine mixture on l~hydroxy-3,5-diphenylpyrazole (1C9) °h5

1-Acetyl=)~hydrasxy=3 5-diphenylpyrazole (1 _’l_j)_ .

Sodium carbonate (1 g, <01 mole) was added to a solution of
J-acetoxy=1 -acetyl-3,5-diphenylpyrazole (110; 96 g, 3.0 mmole) in
methanol (20 ml) and the mixture was stirred at room temperature for
15 mine The mixture was then poured into water and the organic
material was extracted into ethere. After the ethereal layer had been
washed with water, it was dried, and evaporated. Recrystallisation of

the residue from cyclohexane gave 1—acetyl-l~hydroxy=3 ,5=diphenylpyrazole
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(.70 g, 83%) as colourless plates, mep. 180-1 g1°  (Found: C, 73.k;

0 S . . A
H, 5.2; N, 1043 CWHMNZO requires C, 73.4; H, 5013 N, 10.1%) Voo
3180 and 1740 it (0-H and N-CO-CH respectively), NemeT. (Cm13):
32.2 (singlet, 3H, -N-CO-CEB), 574 (multiplet, 10 aromatic protons),

and 39.2 (singlet, 1H -0-H). .

1=dcetyl =L-methoxy=3,5-diphenylpyraz olg_(_] 12) .

Sodium hydride (.03 g, 1.2 nmole) was added to a solution of
{macetyl-l-hydroxy=3,5-diphenylpyrazole (111, 25 &5 +9 mmole) in
anhydrous dimethoxyethane (10 ml) and the mixture was then stirred at
room temperature for 1 min. Methyl iodide (3 ml, 05 mmole) was then
added ard the mixture was stirred at room temperature for 3 hr, After
ethanol (5 ml) had been carefully added, the resulting solution was
poured into water and the organic material was extracted into ether.
The ethereal layer was washed with wafer, dried, and evaporated. Crys-

tallisation of the residue from hexane afforded 1—acetyl=l-methoxy-3,5=

diphenylnyrazole (.21,. g 81%) as colourless needles, MePe 109-1100

(Found: C, 73.7; Hy 5aks Ny 946, C, gl N0 requires C, 73..9; H, 5453
o7 ~1 :

N, 946%) Voo 100 om (I\T-CO-CHB), NelMeTe (0014/@013). 5261

(singlet, 3H, N—CO-Cﬁj), 53.8 (singlet, 3H, _o-cgj), and &7l (multi-

plet, 10 aromatic protons) .
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L-Methoxy=3 ,5-diphenylpyrazole (107) «

Sodium carbonate (1 g, 10 mmole) was added to a solution of
1 —acetyle-l-methoxy-3,5-diphenylpyrazole (112; +70 g5 2k mmole) in
methanol(;z?ndm‘c)he mixture was stirred under an atmosphere of nitrogen
for 3 hr. The mixture was then poured into water and the organic
material was extracted into ether. After the ether extract had been

washed with water, it was dried, and evaporated. Recrystallisation of

the residue from petroleum ether (bepe 30-;1;.00) gave J-methoxy-3%,5=

diphenylpyrazole (51 g 8%%) as a colourless s01id, mepe 176-1 770

(Found: C, 76.8; H, 5.9; N, 1.1, 01611;141\120 requires C, 76.8; H, 5.6;
N, 11.2%) o nemaTe (CD015'): 53.8 (singlet, 3, -o-cgj) and 37,6 (multi-
plet, 10 aromatic protons). The hydrogen at the 1 ~position could not

be detected.

Action of sodium hydride on l-methoxy-3,5-diphenylpyrazole (107).s

Sodium hydride (0415 g, 642 mmole) was added to a solution of
L=methoxy=3 ,5~diphenylpyrazole (107; 1 g5 L0 mmole) in anhydrous
dimethoxyethane (25 ml) and the mixture was heated under reflux :Ln an
atmosphere of nitrogen for 6 hre After ethanol (5 ml) had been care-
fully added, the resulting solution was poured into water amd the

organic material was extracted into ether. The ethereal layer was

washed with water, dried, and evaporated . Crystallisation of the residue
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~ from petroleum ether (bopo 30-400) gave a nearly quantitative yield of
starting material, mepe and mixed Mmepe 176—17700 The infrared spectrum

was identical with that of an authentic samples
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Work described in Chapter ITIL

(part b) .

Mesityl oxide epoxide.

Mesityl oxide epoxide; bope 59--600/17 1mm (lit.72 61 -620/20 mn) »
was prepared by the action of alkaline hydrogen peroxide on mesityl

12

oxidee.

L-Hydroxy=3s5 ,5=trimethyl-1~-p-tolue nesul.phonyl=2-pyrazoline (111 «

To a solution of mesityl oxide epoxide (25 g, «22 mole) in a
chloroformeacetic acid mixture (1:1, 200 ml) was added p-toluere-
sulphonylhydrazine (L3 gy o23 mole) and the solution was heated under
reflux for 3 hre. The cooled solution was poured into water ard the
chloroform layer separated. After the chloroform layer had been
thoroughly washed with water, aqueous sodium bicarbonate, and aqueous
sodium hydroxide, it was dried and evaporated. Crystallisation of

the residue from hexane~carbon tetrachloride gave L=hydroxy=3,5 5~

trimethyl-1 -p=toluenesul phonyl=2=pyrazoline (2843 g, L6%) as a

colourless solid, mepe 129.5-130.5° (Found: C, 55.2; H, 6+5; N, 9.8.

Oy iy o055 roauives Cy 55035 Hy 6uks Wy 9u5) e vy, 3300 em™! (0-H),
NoMols (m13/0014): 51432, 1c45 (two singlets, 6 gem-dimethyl protons) ,
32.0 (singlet, 3, N:C-C_I%), 02.). (singlet, 3H, methyl protons of p-
toluenesulphonyl group), dhe5 (singlet, 1H, -CH-0), 83.2 (broad

singlet, 1H, <0-), and d7els 7.8 (#B quartet, J., 8.5 Hz, M,

aromatic protons of _B—toluenesulphonyl group).
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J-Acetoxy=3 55 ,5~trimethylei~p-toluenesul phonyl-2~pyxazoline (115) «

Acetic anhydride (1 ml) was added to a solution of 4-hydroxy-
3,5 y5=trimethyl—1 —_p_-toluenesulphonyl-Z—pyrazoline (4111, 0410 g, 0635
mmole) in pyridine (3 ml) and the reaction mixture was kept at room
temperature for 2, hro. After the reaction mixture had been diluted
with water, the organic material was extracted into ether and the
extract was washed with dilute hydrochloric acid and dried. Evapora-
tion of the solvent gave an o0il which was crystallised from ethanol

to give L=acetoxy=3,5,5=trimethyl—1 -p-toluene sulphonyl-2-pyrazoline

(0.09 g, 83%) as colourless needles, MePo 102.5-10345° (Found: C, 55 ok;
Hy 6.3; N, 8650 015}1201\12048 requires C, 55.6; H, 642; N, 8.6%)0 Viax
1750 ek (o-co-CHj), NeMeTe (CDCZLB): 81 o475 145 (two singlets, 6 gem-
dimethyl protons), 2.0 (singlet, 3H, N:C—C_Iiz)), 32.15 (singlet, 3H,
—O—CO-C_I_E_B), 52l (singlet, 3H, methyl protons of p-toluenesulphonyl
group) , 85.45 (singlet, 1H, CH-0), and 7.3, 7.8 (8B quartet, J,

9,0 Hz, LH, aromatic protons of p-toluenesulphonyl group) »

)—Keto-3,5,5' —trimethyl-1-p~toluenesul phonyl-2~pyrazoline (116) .

Jones! rea.gentr5 (141 equivalents) was added to a solution of
L=~hydroxy=3,5 ,5-trjmethyl-1—_p—toluenesulphonyl—Z—pyrazoline (1145 0028 g,
1 mmole) in purified acetone (10 ml) and the reaction mixture was
stirred at room temperature, in an atmosphere of nitrogen, for 5 min,
After the reaction mixture had been diluted with water, the organic

material was extracted into ether. The ether extract was dried and
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the solvent was evaporated to yield a solid. Recrystallisation of the

solid from hexane gave L—keto=3,H ,5=trimethyl=1=p=toluenesulphonyl=2—

pyrazoline (0.26 gy 91%) as a colourless solid,; mepe 98—99o (Found:

Cs 5548; Hy 5.7; N, 10.04 G, AV,0,S requires C, 5507; Hy 548; N,
10.0%%) o Moos (ethanol) 232 (& 11,200), and 304 (€ 6,900) nm; Vo
1720 it (C=0), nemors (CDClB): 5145 (singlet, 6 gem~dimethyl protons),
52.2 (singlet, 3H, N:CAQEB), 52. (singlet, 3H, methyl protons of p-
toluenesulphonyl group), and 37¢3, 7«8 (AB quartet, JAB 8,0 Hz, LH,

aromatic protons of p-toluenesulphonyl group) .

Mesityl oxide pw~toluenesulphonylhydrazone.

Mesityl oxide p~toluenesuvlphonylhydrazone, mepe 106-111° (1it .1 2

105-1100) , was prepared by the addition of _B-tolmnesulphonylhydrazine

to a solution of mesityl oxide in methanol.

Separation of the syn-and anti-isomers of mesityl oxide p-toluene=

sulphonylhydrazone.

The separation of the syn—- and anti-isomers of mesityl oxide p=

toluenesulphonylhydrazone, mepe 121-1 230 (li‘l:ojl 2

12

122-123°) and mope

o
106-110  (Lite

Closs.dl2

106—1100) was carried out according to the method of
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Attempted epoxidation of the syn— and anti-iscmers of mesityl oxide

p-toluenesulphonylhydrazone,

(2) _Ln-C‘hloroperbenzoic acid (.32 g, 1.9 mmole) was added to a
solution of the higher melting point isomer of mesityl oxide p-toluene-
sulphonylhydrazone (.50 g, 1.9 mmole) in chloroform (15 ml), and the
reaction mixture was kept at room temperature for 2l hre Additional
chlorof'orm ('jO ml) was then added and the reaction mixture was diluted
with water. After the chloroform layer had been washed with agueous
sodiun bicarbonate, it was dried and evaporated. Crystallisation of
the residue from ethanol gave a nearly quantitative yield of starting
material .

A similar result was obtained using the lower melting point

isomer.

() Aqueous sodium hydroxide (§b, 1 wl) and 3% hydrogen peroxide
(105 mlY were added to a solution of the hipgher melting point iscmer
of mesityl oxide p-toluenesulphonylhydrazone (50 g5 169 mmole) in
methanol (15 ml) and the reaction mixture was stirred at room temperas-
ture for 12 hr. Further aqueous sodium hydroxide (&6, 1 ml) and 30%
hydrogen peroxide (1,5 ml) were added to the reaction mixture, and the
reaction mixture was stirred at room temperature for an additional 12
hr. After the reaction mixture had been diluted with water, the
organic material was extracted into ether. The ether extract was

washed with aqueous sodium thiosulphate solution, dried, and evaporated.
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The residue (J47 g» 94%), an oil, could not be induced to crystallise.
The infrared spectrum of the residue was identical with that of the
starting material.

A similar result was obtained using the lower melting point

isomer.

Syn= (117) and antil=-isomers (118) of theA_'o—toluenesulphonylh‘ydrazone

of mesityl oxide epoxide.

p-Toluenesul phonylhydrazine (1,56 g, 8.4 mmole) was added to a
solution of mesityl oxide epoxide (1 g, 8e7 mmole) in chloroform (20 ml)
and the reaction mixture was placed over calcium chloride. After the
reaction mixture had been kept at room temperature for 2l hr, the calcium
chloride was removed by filtration and the solvent was removed in vacuo
at Oo. The residue was dissolved in the minimum amount of ether and
was set aside at 0% Recrystallisation of the precipitate from ether

gave syn-mesityl oxide epoxide p-toluenesulphonylhydrazone (53 g5 21%)

as a colourless crystalline solid, mep. 115—1160 (Found: C, 5545; H,
6.6; N, 10,26 015H181\12038 requires C, 55.3; Hy 6o4; N, 10.07%) o Voo
3150 i (N=H) , nemeTe (0014): 51e05, 1.40 (two singlets, 6 gem=
dimethyl protons), ©1.80 (singlet, 3H, Nzc-cg3), 52.40 (singlet, 3H,
methyl protons of _E-toluenesulphonyl group), 5335 (singlet, 1H, 30:-(—)-/-0_1-_1_)
and 0725 78 (AB quartet, J 8.0 Hz, I, aromatic protons of p-toluene-

AB
sulphonyl group), and $9.6 (singlet, 1H, N-H). The mother liquor was
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then diluted with an equal volume of petroleum ether (bep. 30-—1,.00) and
the solution was set aside at Oo. The resulting precipitate was re-
crystallised from petroleum ether (bepe. 30-1,0°) to afford anti-mesityl

oxide epoxide-p-toluenesulphonylhydrazone (o2 g 16%) as a colourless

crystalline solid, mep. 96-97° (Fowd: C, 55.4; H, 64k N, 10426
C13H181\1203S requires C, 55e3; Hy 6ol N, 10.0%) o Ve 2190 an (N-H) ,
NeeT, (0014): 8105, 1.35 (two singlets, 6 gem-dimethyl protons),
31680 (singlet, 3H, N=C-C_}_I_3), 52.). (singlet, 3H, methyl protons of p-
toluenesulphonyl group), 3.20 (singlet, 1H, :O-\”-/-CE), 0725 To7

(8B quartet, J B 8,0 Hz, 1 aromatic protons of _Q—(“)toluenesulphonyl group) ,

and 89.1 (singlet, 1H, N-H).

Action of acetic acid on syn- (117) and anti-(118) mesityl oxide

epoxide-—p-toluenemﬂphonylhydrazo Ne .o

syn-Mesityl oxide epoxide—_p—toluenesulphonylhydrazone (117; 40 g,
1o} mmole) was added to an acetic acid-chloroform mixture (1:1, 20 ml)
and. the solution was heated under reflux for 3 hre After the reaction
mixture had been diluted with water, additional chloroform (30 m1)
was added. After the chloform extract had been thoroughly washed with
water, aqueous sodium bicarbonate, and aqueous sodium hydroxide, it
was dried and evaporated. Recrystallisation of the residue gave
L=hydroxy-3,5 ,5=trime thyl-1-p=toluenesulphonyl-2-pyrazoline (.28 g,
71%) 5 meps and mixed meps 129.5-130:5 s The infrared spectrum was

jdentical with that of an authentic sampleo
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When the anti-isomer (118) of mesityl oxide epoxide-p-toluene-
sulphonylhydrazone was subjected to similar conditions alow yielld (ca.
5%) of L=hydroxy=3,5,5'=trimethyl-1-p-toluene sul phonyl=2=-pyrazoline,

mepe and mixed mep. 129.5-130.5°, was obtained.

345 =Trimethyl=i-p=toluenesul.phonyl pyrazole €121)0

A couple of drops of boron trifluoride diethyl etherate were
added to a solution of the syn~isomer of mesityl oxide epoxide~p—
toluenesul phonylhydrazone (117; «20 g, 0.71 mmole) in ether (10 ml)
and the reaction mixture was kept at room temperature for 12 hr, After
the reaction mixture had been diluted with water, the organic material
was extracted into ether. After the ether extract had been washed with
water, it was dried and evaporated. Recrystallisation of the residue

from ethanol gave 3,l,5=trim ethyl-1 -p—tolvfsnesulphogylpyrazole ( oIl gy

77%) as colourless plates, m.p. 11;5.5-11..6.50 (Found: C, 59.0; Hy 641;
N, 1050 0151{161\12023 requires C, 69.1; H, 641; N, 10.6%), nemere
(CDCl3): 5168, 2,05 (two singlets, 6H, two methyl groups attached to
ring) s 02eh (two overlapping singlets, 6H, methyl group attached to
ring and methyl group of p-toluenesulphonyl group) , and 37«3, Te7 (1B

quartet, J,, 8.0 Hz, aromatic protons of p-toluenesulphonyl roup) o
AB 2 g

Action of boron trifluoride diethyl etherate on h=hyadroxy=3,5 ;o =trimethyl=

1~p-toluene sulphonyl-2=--pyrazoline (111 o

A couple of drops of boron trifluoride diethyl ethcrate were



-1 36~

added to a solution of L~hydroxy-3,5 ,5=trimethyl-1 —_E-toluenesulphonyl—
2-pyrazoline (Ml 10 g5 35 mmole) in ether (10 ml) and the reaction
mixture was kept at room temperature for 2i hre After the reaction
mixture had been diluted with water, the organic material was extracted
into ether. After the ether extract had been washed with sodium
bicarbonate and water, it was dried, and evaporated. Recrystallisation
of the residue from hexane-carbon tetrachloride gave a quantitative

yield of starting matsrial, mepe and mixed mepe 12905-1 30.50.

e et

3,5 ;5 =T rimethyl-)~tetrahyd ropyranyloxy-1 ~p=toluenesul phonyle--2~

pyrazoline (1 26) o

Freshly distilled 2,3-dihydropyran (6 ml) was added to a solution
of L-hydroxy=3,5 ,5l-trimethyl-1 ~p-toluenesulphonyl=2-pyrazoline (1143
Logs 1L mmole) in chloroform (15 ml) and the mixture was acidified by
the addition of three drops of concentrated hydrochloride acid. After
the reaction mixture had been kept at room temperature for 2 hr, it was
neutralised by the addition of aqueous sodium hydroxide. Additional
chloroform was then added and the chloroform e:étract was washed thoroughly
with water and dried. Evaporation of the solvent gave an oil which was
dissolved in carbon tetrachloride and set aside at 0° for several days.
Recrystallisation of the precipitate from hexane—carbon tetrachloride

gave 3,5 ;H-~trime thyl -l ~te trahyd ropyranyl oxy=1~p-toluecne sulphonyl=2w=

pyrazoline (1e8 g, 92%) as colourless prisms, MoDe 95-99o (Found:
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N, 7e6/%), nemers (CDC].}): 5143, 1635, 1455 1.6 (singlets, 6 gem-
dimethyl protons), ®1e5 (broad multiplet, 6 methylene protons), 52.0
(two singlets, 3H, N:C—Q§3), 520l (singlet, 3H, methyl protons of p-
toluenesulphonyl group), 83465 (broad multiplet, 2H, -O-CEZ) s Olpe3
(singlet, 1H, -CH-0), 3455 (broad singlet, 1H, 0-CH-0) , and 5743,

7.8 (4B quartet, JAB 8.0 Hz, L, arpmatic protons of p-toluenesulphonyl
group) . Integration of the signals at 52.0 indicated a mixture of

diastercoisomers in the ratio of 1:1.

L-Methoxy=3,5 ,5=~trime thyl-1-p-toluene sulphonyl-2=pyrazoline _(_1_31_,_)_3

Sodium hydride (60 g5, 25 mmole) was added to a solution of L=
hydroxy-3,5 5 —trimethyl-'l-_E-toluenesulphonyl-z—pyrazoline (13 6 g,
21 mmole) in anhydrous dimethoxyethane (50 ml) and the reaction mixture
was stirred at room temperature for 5 min. Methyl jodide (10 ml) was
then sdded and the reaction mixture was stirred at room temperature for
6 hr. After ethanol (5 ml) had been carefully added, the resulting
solution was poured into water and the organic material was extracted
into ether. After the ether extract had been washed with water, 1t
was dried and evaporated. Crystallisation of the residue from hexane-

benzene gave l-methoxy=3,5 ,5 ~methyl=1 -p—toluenesulphonyl.—z—yyrazoline

(L9 g, 637%) as chunky crystals, mepe 82-83° (Found: C, 56.9; H, 703
N, 9e7e C14§2d‘203s requires C, 56.7; Hy 648; N, 9e5%), NemaTs (CD013/

0014): 51.35, 1.63 (two singlets, 6 gem-dimethyl protons) , 240 (singlet,
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ZH, N=C-CH,), 52445 (singl.et, 3H, methyl protons of toluenesulphonyl
=3 P - P
group), d3.45 (singlet, 3H, —O—C_}%), $3.95 (singlet, 1H, -CH-0), and
5703, 78 (MB quartet, JAB 840 Hz, 4, aromatic protons of p-toluene-

sulphonyl group) .

L Benzyloxy=3,5 y5=trimethyl=1-p~toluenesulphonyl-2-pyrazoline (125) «

Sodium hydride (.03 g, 1k mmole) was added to a solution of 4~
hydroxy=3 55 s5~trimethyl=1=p=toluenesulphonyl-2~pyrazoline (1143 28 g,
1.0 mmole) in anhydrous dimethoxyethane (15 ml) and the reaction mix-
ture was stirred at room temperature for 5 min. Benzyl bromide (o5 ml)
was then added and the reaction mixture was stirred at room temperature
for 12 hr. After ethanol (5 ml) had been carefully added, the resulting
solution was poured into water and the organic material was extracted
into ether. After the ether extract had been washed with water, it was
dried, and evaporated. Crystallisation of the residue from hexane-—

benzene gave h-benzyloxy=3,5,5-1 rimethyl-1 =p~tolucne sul.phonyl=2=pyrazo-

line (0.18 g, 4L8%) as a colourless solid, m.po 1114..5-115.50 (Found:
C, 6453 Hy 6,55 N, 7a64 Gl N 058 requires C, 61,55 H, 6.5; N,
7:5%) 9 NeMeTe (CD013): 8132, 1455 (singlets, 6 gem-dimethyl protons),
.92 (singlet, 3H, -N:C-Cf%), 82.) (singlet, 31, methyl protons of
p-toluenesulphonyl group) , d4.15 (singlet, 1H, CH-0), 846 (singlet,
H, -O-CI_{_2-Ph), 7.3 (multiplet, 5 aromatic protons), and d7.3, 78

(8B quartet, JAB 8.0 Hz, LH, aromatic protons of p=toluenesulphonyl

group) «



J-Methoxy=5 s5-dimethyl-j-methylene~1~pyrazoline (132) «

Sodiun hydride (.5 g, 21 mmole) was added to a solution of L=
me thoxy=3 5 ,5=trimethyl-1 —_p—toluenesulphonyl-z-pyrazoline (121._; 3.8 g
13 mmole) in dimethylsulphoxide (30 ml) and the reaction mixture was
stirred in an atmosphere of nitrogen, at room temperature for 12 hr.
After the mixture had been diluted with a brine solution, the organic
meterial was extracted into ethero The ether extract was separated,
dried, and concentrated to give a residue which was chromatographed on
neutral alumina. Elution with light petroleum (bape 14_0-600) containing
ether (1%, 200 m) gave only mineral oile. Elution with ether gave

L=methoxy-5H 15—djmethyl-3—methylene—1npyrazoline (1.2 g 6?}3) as a

colourless liquid. An analytical sample was prepared by evaporative
distillation, 8°/12 mn (Pound: G, 60.2; H, 8.6; N, 20.3. C.H, N0
requires G, 60.0; H, 846; N, 20.0)e A_ (ethanol) 243 (€ 1,875) and
315 (e 115) mme v 3090, 1640, and 930 al (c:cnz), NeMeTs (0014):
1.3 (singlet, 6 gem-dimethyl protons), d3e35 (singlet, 3H, —OCEB),
dl.5 (dowblet, J, 1.0 Hz, 2H, c=cg2), and 36,55 (triplet, J5 147, 149

Hz, 11, ~CH-0).

Attempted isomerisation of Li=methoxy-5 J5-dimethyl=3-methylene=l-

pyrazoline (1 32) to L=methoxy-3,5,5 ' trime thyl—3H=pyrazole (135)

Freshly sublimed potassium tert-butoxide (,008 g, <07 mmole) was

added to a solution of l-methoxy-5 ,5—-dimethyl—3-methylene-1 ~pyrazoline
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(420 g, 13 mmole) in dimethylsulphoxide (20 m1) and the reaction
mixture was heated in an atmosphere of nitrogen, at 60° for 6 hr.
After the reaction mixture had been diluted with brine solution, the
orga.riic material was extracted into ether, The ether extract was
separated, dried, and the solvent evaporated to give a pale yellow
0il (.15 g, 77%) which was identified as starting material by compari-

son of the infrared spectrum with that of the starting materiale
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Work described in Chapter III.

(part c)

Attempted synthesis of Li~hydroxy=5-methyl-3 J5-Aiphenyl~1-p=toluene.-

sulphonyl~2-pyrazoline (136) by the action of p-toluenesulphonyl.-

hydrazine on trans-dypnone oxide s

In a typical experiment a mixture of _p—toluenesulphonyl-
hydrazine (2 g, 11 mmole) and trens-dypnone oxide (2.2 g, 9 mmole)
in acidic methanol (1% H,80, » 30 ml) was heated under reflux for 30
mine On cooling, the reaction mixture was poured into water aml the
organic materiszl was extracted into ethere After the organic layer
had been washed with aqueous sodium hydroxide it was dried, and
evaporated. The residue, a gum, was chromatographed on silica gele
After preliminary spectral studies the gums which were eluted from
the column were not further investigated. A similar mixture of gums
was obtained on using acetic acid in chloroform (1:1), 1% p_~toluene~

sulphonic acid, or 1% perchloric acid in methanol as the solvente

Attempted preparation of the p-toluenesulphonylhydrazone of trans—

dypnone oxide.

_;Q-Toluenesulphonylhydrazine (2 g, 1 mole) was added to a
solution of trans-dypnone oxide (2.2 g5 9 mmole) in methanol (30 ml)
and the reaction mixture was kept at roam temperature for 24 hre

After the mixture had been diluted with water the organic material
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was extracted into ether. After the ether extract had been washed
with dilute acetic acid it was dried, and evaporated. Crystallisation
of the residue from methanol-water gave a nearly quantitative yield of
starting material, m.p. and mixed mepe 91—920.

A similar result was obtained when the above mixture was heated
under reflux for 6 hr or when the above mixture was acidified by the
addition of a couple of drops of acetic acid and the reaction mixture

kept at room temperature for 2i hr.

Syn—~ and anti-isomers of the p~toluenesulphonylhydrazone of dypnone .

p-Toluenesulphonylhydrazine (2 g, 11 mmole) was added to a
solution of dyprone (1.8 g, 8 nmole) in methanol (L0 ml) and the
reaction mixture was kept at room temperature for 1,8 hr. After this
time the reaction mixture was concentrated to 20 ml and set aside at
0° for 2). hre The crystals which were deposited were removed by
f£iltration and were recrystallised from methanol to give the higher

melting point isomer of the p—toluenesulphonllhvdrazone of dypnone

(o343 g,11%) as colourless crystals, mepPe 151—1520 (Found: C, 70.8;
H, 5.8; N, 702s 023H221\12025: requires C, 7048; H, 5475 Ny 7+26)e
=] ,
Ve 5300 cm (N=H) o
The mother liquor was then diluted with water and set aside

at 0°s The crystals which were deposited were removed by filtration

and were recrystallised from methanol-water to give the lower melting
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point isomer of the p-toluenesulphonylhydrazone of dypnone (95 g,

31%) as colourless crystals, MeDe 111—1120 (Found: C, 70:5; H, 549;
N, 7400 0231{221\12023, requires C, 70e8; Hy 7e5; Ny TaZ0) e Vs 350 an”
(M-H) .

The nemeT. spectra were not measured due to the poor solubility

of the compounds in nomral nemers solvents.

Attempted epoxidation of the syn— and anti-isomers of the p—toluene-—

sulphonylhydrazone of dypnone.

(2) m-Chloroperbenzoic acid (o34 gy 2 mmole) was added to a
solution of the higher melting point isomer of dypnone p-toluene-—
sulphonylhydrazone (78 g, 2 mmole) in chloroform (50 m1) and the
reaction mixture was kept at room temperature for 2l hra After the
reaction mixture had been diluted with water, the organic layer was
separated, washed with aqueous sodium bicarbonate, dried, and evapora-
ted, Crystallisation of the residue from ethanol gave a nearly
quantitative yield of starting material, me.pe and mixed MePe 151-1520..

A similar result was obtained using the lower melting point

isomer.

(b) Aqueous sodium hydroxide (8%, 2 ml) and 3(% hydrogen

-

1
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peroxide (3 ml) were added to a solution of the higher melting point
isomer of dypnone _E—toluenesulphonylhydrazone (78 g, 2 mmole) in
methanol (20 m_'L) and the reaction mixture was stirred at room tempera-
ture for 12 hre Further aqueous sodium hydroxide (&, 2 ml) and
30% hydrogen peroxide (3 ml) were added to the reaction mixture, and
the reaction mixture was stirred at room temperature for an additional
12 hre After the reaction mixture had been diluted with water, the
organic material was extracted into ether. The ethereal extract was
washed with aqueous sodium thiosulphate solution, dried, and evaporated.
Crystallisation of the residue from ethanol gave a nearly quantitative
yield of starting material, mepe and mixed MmePo 151—1520.

A similar result was obtained using the lower melting point

isomere

Reaction of p-tolur-;nesxih;homﬁ..chloridc with L-hydroxy-3,5~dirhenyl—

2-pyrazoline (33).

p-Toluenesulphonyl chloride (50 g, 2.6 mmole) was added to
a solution of l~hydroxy-3,5-diphenyl-2~pyrazoline (33; 48 g, 2 mmole)
in pyridine (15 ml) and the reaction mixture was kept at room tempera-
ture for 24 hr. After the reaction mixture had been diluted with
water, the organic material was extracted into ether and the extract
was washed with dilute hydrochloric acid and dried, Evaporation of

the solvent gave an oil which was crystallised from ethanol to give
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L-hydroxy-3,5-diphenyl=1 ~p-toluenesulphonyl-2-pyrazoline (51 g5 63%)
mepe and mixed mope 224-2250. The infrared spectrum was identified

with that of an authentic samples

Atterpted preparation of l-hydroxy-H-me thyl-?,5=~diphenyl—1=p=toluerne -

sulphonyl--2-pyrazoline (136) by the action of p-toluens sulphonyl chlor—

jde on lL-hydroxy-5-methyl-3,5-diphenyl-2=pyrazoline (62) o

(a) p-Toluenesulphonyl chloride (50 g, 246 mmole) was added
to a solution of L-~hydroxy=H-methyl=-3 ,5~diphenyl—2-pyrazoline (62; oS5 g
2 mmole) in pyridine (10 ml) and the reaction mixture was kept at room
temperature for 24 hre. After the reaction mixture had been diluted
with water, the organic material was extracted into ether and the
extract was washed with dilute hydrochloric acid and dried. Evapora-
tion of the solvent gave an oil which was crystallised from ethanol

to give starting material (67%5), mep. and mixed mep. 207-208°.

(b) When the above reaction mixture was heated at 25-30"
for 12 hr there was obtained a mixture, chromatography of which gave
only gums which after preliminary spectral studies were not further

investigated.

(c) When the above reaction mixture was heated at 80° for

15 min there was obtained a mixture which was adsorbed onto a columm
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of silica gel. Elution of the column with chloroform gave a gum
which after a preliminary spectral study was not further investigated.
Elution of the column with ethanol gave a solid which was purified

by sublimation (200°, o1 mm) to give 5-methyl-3,4~diphenylpyrazole

(.34 gs 73%) as colourless prisms, Mepe 174~175° (lit.32 1750).
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Work described in Chapter III.

(part @)

B, B-Dimethylacrylophenone

B,p~-Dimethylacrylophenone, beps 118-1 200/12 mm (lit.m' 1 0L~

1060/5mm) , was prepared by the method of Smith and Engelhardton"

B, PPimethylacrylophenone oxids (112) .

To a solution of B,P-dimethylacrylophenone (L g) in methanol
(50 ml) was added AU sodium hydroxide (6 ml) and 30% hydrogen perox-
ide (6 ml). The solution was stirred for 12 hr and then diluted with
an equal volume of saturated sodium chloride solutione. After the
solution had been thoroughly extracted with ether the extracts were
combined, washed with saturated aqueous sodium thiosulphate solution,
and dried., Evaporation of the solvent gave an 0il which crystallised

from hexanee PsP-Dimethylacrylophenone oxide (3 g, 68%) was obtained

as colourless prisms, MePe 53—540 (Found: C, 74.7; H, 6.8; N, 1801
. ; -1

C11H1202 requires C, 7he9; H, 6.9; N, 18.e2%) o \ - 1705 cam” ' (C=0);

NolleTo (CDClj): 50091, 143 (two singlets, 6 gem-dimethyl protons) ,

83,85 (singlet, 1H,>G-\—-/-C§—) and 7.5 (multiplet, 5 aromatic protons).
0

L=Hydroxy-5 ,5=dimethyl=3-phenyl-1=-p=-toluene sulphonyl-2~pyrazoline (143) .

Mo a solution of B,p-dimethylacrylophenone oxide (1425 2 g +01

mole) in a chloroformeacetic acid mixture (1:1, 200 ml) was added



_p—toluenesulphonylhydrazine (2 gs «01 mole) and the solution was heated
under reflux for % hre. The cooled solution was then poured into water
and the chloroform layer was separated, washed thoroughly with water,
aqueous sodium bicarbonate, and aqueous sodium hydroxide. Removal of
the solvent from the dried chloroform layer gave an o0il which was
crystallised from a petrolewum ether— (bepe 40-6_00) carbon tetrachloride

mixture to give l=hydroxy-H 5 ~dimethyle3=-phenyl-1 -p-toluene sulvhonyl=

o-pyrazoline (1.1 g, 30%) as a colourless solid, mepes 173=1 7° (Found:

C, 62.5; Hy 59; N, 8o24 018}1201\!2038. requires C, 6248; Hy 595 Ny

8e1%) o Voo 31,80 e (0-H) 5 nemere (CD015): 81e3, 146 (two singlets,
6 gem~dimethyl protons) s 023 (singlet, 3H, methyl protons of p~toluene=
sulphonyl group), dh.6 (singlet, 1H,‘ proton at the L=position), and

573 (multiplet, 9 aromatic protons) . The hydroxylic proton could

not be detected.

Le-Acetoxy5 ;5 ~dime thyl-3-phenyl-1-p~toluene sulphonyl=2-pyrazoline (114) .

Acetic anhydride (2 ml) was added to a solution of L-hydroxy=5 ,5-
dﬁnethyl—}~ph6ny1—11p—toluenesulphonyl—Z-pjrazoline (143; «20 g, <6
mnole) in pyridine (10 ml) and the reaction mixture was kept at room
temperature for 2k hr. After the reaction mixture had been diluted
with water, the orgenic material was extracted into ether and the
extract was washed with dilute hydrochloric acid, and dried. BEva-

poration of the solvent gave an oil which was crystallised from
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hexane-methylene chloride to give l=acetoxy-5 H-dimethyl-j=phenyl—i~p-

toluenesulvhonyle2-nyrazoline (o197 g, 88%) as colourless prisms,

mepe 123-125° (Found: C, 62.4 H, 5495 N, 7e20 C, 1, N0, requires
C, 62425 H,y 5473 Ny ToZb)e v__ 1760 - (0-00C,) 5 mamers (CDCL5):
3 eliy 166 (two singlets, 6 gem~dimethyl protons}, 52,1 (singlet, 3H,
methyl protons of p-toluenesulphonyl group) s 52l (singlet, 3,
.0~co-01_-_23), 56.0 (singlet, 1H, proton at the L~position), and d7e3

(multiplet, 9 aromatic protons) «

5 5 -Dimethyl-l~m-dinitrobenzoc arbonyloxy=3=phenyl-]-p~toluene-

sul phonyl-2—oyrazoline (145) .

3 ,5-Dinitrobenzoyl chloride (W34 g 1 mmole) was added to
a solution of l~hydroxy-b ,5~dimethyl-3-phenyl-1 -_E—toluenesulphonyl—
2-pyrazoline (113; 50 g5 1ok mmole) in pyﬁcline (20 ml) and the
reaction mixture was then heated under feflux for 12 hr. On cooling,
the rTesction mixture was diluted with water and the organic material
was extracted into ether. The ethereal extract was then washed with
dilute hydrochloric acid and driede Evaporation of the solvent gave
o o0il which was crystallised from a petroleum ether~ (bop. 1,0~60°)

carbon tetrachloride mixture to give 5,5—dimethyl-—),h—m-djnitrobenzo--

carbonyloxy=3-vhenyl.-1~p-toluene sulphonyl-2-pyrazoline (61 g, 79%)

as a pale yellow crystalline s501id, mepe 12365=1 2)+.5o (Found: ©,
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5649; H, Lo3; N, 101 C25H22NL|.088 requires C, 56¢8; H, Le1; N,
10.1%) o Vo 172 (O—-CO—Ph(NOz)Z), NeMeTLe (CD013): 515, 1.6 (two
singlets, 6 gem-dimethyl protons), 52l (singlet, 3H, methyl protons
of _E-toluenesulphonyl group) » 8643 (singlet, 1, proton at the L~

position), and d7eks 9e1 (multiplets, 12 aromatic protons) «

L=Keto=5 s5=dimethyl=>5 -phenyl-1-p~toluene sulphonyl—2=pyrazoline (1 16) .

Jones' reagent (1-1 equivalents) was added to a solution of
J~hydroxy-5 s5~dimethyl-3 -phenyl-1 ~£—tol.uenesﬂphonyl-z-pyra.zoline
(143; «07 g5 o2 mmole) in purified acetone (10 ml) arxd the reaction
mixture was then stirred at roam temperature for 10 min, After the
reaction mixture had been diluted with water, the organic material
was extracted into ethere. The ethereal extract was dried and the
solvent was evaporated to yield a solid. Recrystallisation of the
solid from petroleum ether- (beps lpO—GOO) ether gave l~keto-H 5~

dimethyl~3~phenyl-1 ~p~toluenesulphonyl=2-pyrazoline (.06 gy 79%)

as colourless plates, mep. 119=1 50° (Found: C, 63.2; H, 5eli; N,
79 c1§118N203s requires C, 63.2; H, 5.3; N, 847%) o Mnaxc (ethanol)
037 (€ 14,800) and 337 (& 7,300) m; V.. 1720 & (C=0) , namer.
(Cm13): 5.5 (singlet, 6 gem-dimethyl protons), 2.3 (singlet,
3, methyl protons of _B-toluenesulphonyl group) , and 573 (multi-

plet, 9 aromatic protons) e
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L-Methoxy=H s5=dime thyle3~phenyl=1. --p-toluc.nesulphomfl-ﬂmpyraqgl ine

10.7) e

Sodium hydride (<06 g, 245 mmole) was added to a solution of
L=hydroxy-b ,5~dimethyl=-3 ~phenyl=1-p~toluenesul phonyl-2~pyrazoline
(11,35 55 gy 12 mmole) in anhydrous dimethoxyethane (20 ml) and the
reaction mixture was stirred at room temperature for 2 mine. Methyl
iodide (3 ml) was then added and the reaction mixture was stirred at
room temperature for 4 hre After ethanol (5 ml) had been carefully
added, the resulting solution was poured into water and the organic
material was extracted into ether. After the ethersal extract had
been washed with water, it was dried, and evaporated. Crystallisation

of the residue from hexane-carbon tetrachloride gave L=methosy =5 ;5=

dimethyl-3-phenyl-1 -p-toluenesulphonil-—Z-—pyrazoline (o148 g, 92,”6) as

colourless prisms,; Mepe 93-—91;_0 (Found: C, 63e7; Hy 6035 Ny ToTe
C19H22N2033 requires C, 63.7; H, 642; N, 7.55)e NelaTe (CCll,_):
51e3, 166 (two singlets, 6 gem-dimethyl protons), 2.3 (singlet,
3H, methyl protons of _p~toluenesulphonyl group) s Ol (singlet,
{H, proton at the L=position), and 873 (multiplet, 9 aromatic pro-

tons).

heBenzyloxy-=H ,5 ~dimethyle=%~phenyl=~]~p~folucne sul.phonyl=2-pyrazoline

(148)

Sodium hydride (408 g, 343 mnole) was added to a solution of
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h=hydroxy-H ,5-=dimethyl=3~phenyl-1-p-toluene sulphonyl-2-pyrazoline

(143; 1 g, 2.7 mmole) in anhydrous dimethoxyethane (30 mL) and the
reaction mixture was stirred at room temperature for 2 min, Benzyl
bromide (1 ml) was then added and the reaction mixture was stirred at
room temperature for 12 hre After ethanol (5 ml) had been carefully
added, the resulting solution was poured into water and the organic
material was extracted into ether. After the ethereal extract had
been washed with water, it was dried, and cvaporated. Crystallisation

of the residue from hexane—carbon tetrachloride gave L=benzyloxy-5 ;5=

dimethyl=3~phenyl=1~p~toluenesul phonyl-2=pyrazoline (.98 g, 78%) as

colourless needles, mepe 133-134°  (Found: C, 6940; H, 6405 N 6480
025H26N20351 requires C, 69.1; H, 640; N, 65%)e nemere (0012/013013):
ey 1a7 (‘bwo singlets, 6 gem-dimethyl protons), 523 (singlet, H,
methyl protons of p-toluenesulphonyl group) y dlel (singlet, 2,
benzylic methylene protons), dh.6 (singlet, 1H, proton at the L

position), and 7.3 (multiplet, 14 aromatic protons) .

l-Ketowd ,5-dimethyl-" 3-phenyl-2=pyrazoline (129) o

Sodium hydride’z (0,15 g, 602 mmole) was added to a solution

of L-methoxy-5 ,5-dimethyl~3~phe nyl-1=p-toluene sulphonyl~2~pyrazoline

£ The sodium hydride mineral oil dispersion was repeatedly washed

with hexane and heated under reflux in hexane (20 ml) for 1 hre
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(147; 2gs 5.5 mmole) in aphydrous dimethoxyethane (30 ml) and the
mixture was then heated under reflux in an atmosphere of nitrogen

for 3 hre Water was cautiously added to the cooled solution until

the excess sodium hydride had been destroyed. The mixture was then
poured into water and the organic material was extracted into ether.
After the ether extract had been washed with water, it was dried, and
evaporated. Crystallisaticn of the residue from petroleum ether (bepe

30-40°) gave l,=ketow5 ,5—dimethyl-3-phenyl-2=-pyrazoline (51 g5 1E0)

as golden plates, mepe 116-117° (Found: C, 70.2; H, 6.5; N, 1he9s
CyqHy N0 requires C, 70.2; Hy Soli; Ny 14:9%) Max (ethanol) 257
(e 11,,00) and 372 (€ 4,000) nm; Vs 9590 and 1680 ol (N-H and
C=0 respectively), NeMeTs (Cm13): 51 +3 (singlet, 6 gem-dimethyl
protons) and 875 (multiplet, 5 aromatic protons). The amino proton
at the 1-position could not be detected.

A similar result was obtained when compound 145 was subjected

{0 similar conditionse

1whcetyl-l~keto-H-methyl-3,5-diphe nyle2-pyrazoline (150) .

l Jones!'! reagent (11 equivalents) was added to a solution of
{—acetyl-l~hydroxy-5-methyl=3,5-diphenyl=2-~pyrazoline (643 ol g5
5 mmole) in purified acetome (10 ml) and the reaction mixture was

stirred at room temperature for 10 min. After the reaction mixture
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had been diluted with water, the organic material was extracted into
ethere The ethereal extract was dried and the solvent was evaporated
to yield a solid. Recrystallisation of the solid from petroleum

ether (bep. 40—600) —~ether gave 1-acetyle—l-keto=5-metl 1y L3 ,5-dirhenyl—

2—pyrazoline (11 g 79%) as colourless prisms, MePe 108-109O (Found:

C, 7l|.02; H’ 5.7; N, 907. C18}I161\T202 req_uires C, 714.00; H, 505; N,
9ebh)e A (ethanol) 249 (& 14,600) and 343 (€ 11,400)mm; v
1720 and 1700 a (c=0 and N-CO—CH3 respectively), Nelers (CD013):
5149 (singlet, 3H, methyl group at the 5-position), d2.5 (singlet,

3H, N-co-c_zg3), and 873 (multiplet, 10 aromatic protons) .

he-Keto=b -methyl=3 J5-diphenyl=2-pyrazoline (151) o

1-Acetyl=l-ke to-b-methyl=3,5-diphenyl-2-pyrazoline (150; 1 g»
3.} mmole) was dissolved in a solution of potassium hydroxide in
methanol (10%, 25 ml) and the solution was heated under reflux for
30 mine The cooled solution was poured into water and the organic
material was extracted into ether. After the ethereal layer had been
washed thoroughly with water, it was dried, and evaporateds The

residue was crystallised from hexane to give l=keto-5-methyl=3,5=

diphenyl=2-pyrazoline (61 g, 71%) as yellow needles, MeDe 104_1050

(Found: C, 76e4; H, 547; N, 11010 C16H“E\120 requires C, 76.7; H,

5¢6; Ny 11eZ0)e A (ethanol) 264 (€ 12,600) and 382 (e 1,,800) nm;
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Vo ax 3280 and 1680 cm--1 (N-H and C=0 respectively) s NemsTe (CDClB):
5.8 (singlet, 3H, methyl group at the Seposition) and 873 (multie-
plet, 10 aromatic protons)e. The amino proton at the 1=position

colld not be detectede

L -Methoxy=3 s 5-dime thyl« ~phenyl=Ti-pyrazole (152) o

Sodium hydride’z (0,15 g, 642 mmole) was added to a solution
of L~-methoxy-5 ,5~dimethyl-3-phe nyl-1-p-toluene sulphonyl-2-pyrazoline
(14,7; 2 gs 5.5 mmole) in anhydrous dimethoxyethane (30 ml) and the
mixture was heated under reflux in an atmosphere of nitrogen for 1 hr,
On cooling the reaction mixture was filtered and the solvent removed
An vacuo at 0°., The residue, an oil, was dissolved in petroleum

ether (bepe 30~4,0°) and cooled in a dry ice-acetone bath. A solid

was deposited and this was removed by filtration. L=Methoxy=3 53

dimethyl-5-phenyl-3H-pyrazole (570 g, 52%) was obtained as a pale

yellow solid, meps 39-40"e Moo (ethanol) 237 (€ 8,200) and 293

(e 2,000) mm; v__ 1630 (C:C-OCHB), NeleTe (0014): 8140 (singlet,
6 gem-dimethyl protons), d3.7L (singlet, 3H, -OC_}%), and 75 (multi-
plet, 5 aromatic protons)o The mass spectrum showed a parent lon
peak at m/e 202, which is the expected molecular weight for the

compound «

# The sodiun hydride mineral oil dispersion was freed of the

mineral oil as outlined on page 107.
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L-Benzyloxy=3,3-dime thyl-5 ~phenyl~3l=pyrazol.e (154.) «

Sodium hydride’é (0,075 g, 3.1 mmole) was added to a solution

of }-benzyloxy-H ,5~dimethyl=3 ~-phenyl-~1 —_E-toluenesulphonyl—Z—

pyrazoline (148; 1 g, 23 mmole) in anhydrous dimethoxyethane (30 ml)
and the mixture was heated under reflux in an atmosphere of nitrogen
for 1 hre On cooling the reaction mixture was filtered and the solvent
removed in vacuo at 0°. The residue, an oil, (48 g 81%) » was dis~
solved in petroleum ether (Depe 30-—1,.00) and set aside at 0° for 3 days.
After filtration the solution was used in the irradiation experimentse

An analytical sample was prepared by crystallisation of the oil from

petroleun ether (bepe 30-40°) at 20°.  L-Benzyloxy=3,3-dimethyl-5-

vhenyl-7H=pyrazole was obtained as colourless needles, MePe 65—66o

(Found: C, 77e6; H, 6455 N, 1041s CygH, HN,0 requires C, 77.7; Hy 645;
N, 1061%) o Mo (ethanol) 236 (€ 8,900) and 297 (e 34500) mm; v
161,0 (c=c-ocz{21°h), NeNeT e (0014/013013): 514l (singlet, 6 gem-dimethyl
protons), dhe9 (singlet, 2H, benzylic methylene protons), and 7.5

(multiplet, 10 aromatic pro‘lsons) °

s The sodium hydride mineral oil dispersion was freed of the

mineral oil as outlined on page 107,
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Work described in Chapter II1I.
(pa.rt e)

Unsuccessful attempts to convert l~methoxy=3,3=dimethyl-H=vhenyl~

3H-pyrazole (152) to 1-methoxy—-3,3~dimethyl-2-phenylcycloprovene

(155) s

In the initial attempt, a solution of the 3H-pyrazole (152'

’

1 g) in pentane (50 ml) was irradiated under nitrogen in a Pyrex
reactor, with a Rayonet Photochemical Reactor for 3 hr. An infrared
solution spectrum indicated that no reaction had taken place,
Irradiation for 6 hr produced the same result.

A similar result was obtained when the above solution was
irradiated under similar conditions with efther a Philips 125-W
mercury=quartz lamp or a Hanovia WWS 220A high pressure lamp.

When a solution of the 3H-pyrazole (152; 1 g) in pentane (50 ml)
was irradiated under nitrogen in a quartz reactor with a Hanovia
WS 220A high pressure lamp for 3/) hr, a polymer was produced.
Irradiations for a short duration produced the same result., No
reaction took place when an aqueous nickel sulphate :E'ilter75 was
circulated between the lamp and the solution.

When the experiments above were repeated using a 1% solution
of the 3H-pyrazole (152) in petroleun ether (bepeo 30-1;.00), similar

results were obtained.
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1Methoxy—3 , 3-dime thyl-2~phenyleyclopropens (155) o

A solution of l-methoxy-3 ,3=dimethyl-5-phenyl~3H-pyrazole
(152; o4O £) in petroleum ether (bep. 30-40°) (200 ml) was irra-
diated in 50 ml fractions, under nitrogen, in a thin-walled Pyrex
Iweactor’z with a Hanovia WS 220A high pressure lamp for 1 hre After
the fractions had been combined, the volume was reduced to 20 ml by
heating the reaction mixture on a hot water-bath, the excess solvent
being removed through a column packed with glass helicese The solu=
tion was then passed down a colum of neutral alumina which was
eluted with petroleum ether (bepe 30-40°) . The eluant was collected
until it became coloured. Careful removal of the solvent thfougtl a

column packed with glass helices gave | =methoxy=3,3=-dimethyl -2«

phenylcyclopropene (.03 g 1%) as a colourless oil, Amax (pentane)

277 (e 2,100) mm; v (£ilm) 1840, 1600, 1025, 1000, 690, and 750
cmm‘l (see Chapter III, pages 88 and 89) 5 nemer. (0014): 0137
(singlet, 6H, gem-dimethyl group), 3398 (singlet, 3H, -00;13), and
57.0-7+3 (multiplet, 5 aromatic protons). The mass spectrum exhibited
a parent ion peak at m/e 174, which is the expected molecular weight

for this compound.

¢ The reactor consisted of a 100 ml round-bottomed flask

fitted with a reflux condensero The solution was irradiated

externally.



=15 9wt

Elution of the column with benzene gave L-keto-5 sh=dimethyl-3-
phenyl-2-pyrazoline (o140 g, 37%) s mepe and mixed mepe 116117
On prolonged irradiation (greater than 5 hr) a product which absorbed
at 1700 cm“dl in the infrared spectrum was obtained. The structure
of this compound was not determined as it was found to be polymeric
in nature. The conversion of the 3H-pyrazole (152) to 1-methoxy~
3,3~dimethyl-2-phenylcyclopropene (155) was not always reproduceable
and. seemed to depend on the purity of the ZH~-pyrazole (152) « Solu-
tions of unrecrystallised 3H-pyrazole (152) failed to undergo the

desired conversione.

1.Benzyloxy=>5,3-dime thyl-2-phenylcyclopropene (156) o

A solution of L-benzyloxy-3 ,3-dimethyl-—5—phenyl-}H—pyrazole
(1543 40 g) in petroleum ether (beps 30-40°) (200 ml) was irradiated
in 50 ml fractions, wnder nitrogen, in a thin-walled Pyrex reactor
with a Hanovia WS 220A high pressure lamp for 3/h hre After the
fractions had been combined, the volume was reduced to 20 ml by
heating the reaction mixture on a hot water-bath, the excess solvent
being removed through a column packed with glass helices. The solu-~
tion was then passed down a column of Florosil which was eluted with
petroleun ether (b.pe. 30-1,0") (20 ml). The eluent was rechromatographed

wntil the eluant (20 ml) was colourless., Careful removal of the
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solvent through a column packed with glass helices gave Jl-benzyloxy-

3, 3-dime thyl-2-phenyl cyclopropene (.03 gs 10%) as a colourless oil,
-1 .
Mo (pentane) 27,7 (e 2,000) nm; Voo 18,0 am~ ' (skeletal vibration),
NeMeT s (CDClS): 81.33 (singlet, 61, gem-dimethyl group), &5 .18
(singlet, 2H, benzylic methylene protons) , and §7.2-7+3 (multiplet,

10 aromatic protons). The mass spectrum showed a parent ion peak

at m/e 250, which is the expected molecular weight for the compounde



Te

2e

3e

Lo

5e
6o

Te

8e

9. .

10.

1o

()
(b)

=161

REFERENCES

N.Y. Pem'yanov and M, Doyarenko, Bullo.Acad.ScieRusses 15922,

l@: 297

JJD. Dunitz, HeGe FPeldman, and V.Schomaker, J.ChemePhyse, 1552,
20, 1708,

PH. Kasai, R.J. Meyers, D.F, Eggers, and KB. Wiberg, JeChem.Phiyse
1959, 30, 512.

KB, Wiberg, WeJe Bartley, and F.,P. Lossing, J Amer ChemaSoCey

1962, 81, 3980.

GoLs Closs, Adv.Alicyclic Chemas, 1966, 1, 70

H.0. House, "Modern Synthetic Reactions",(W.A. Benjamin Ince
New York, 1965, page 189.)

/
H. Rinderkmecht, J.AmersChemesSoce, 1951, 735 57706

Go Walsh, B. Shive, and He.L. Lochte, J JAmer.ChemeSoces 1941,

63, 295 .

H 0. House, "Modern Synthetic Reactions", (W.A. Benjamin Inc.
New York, 1965, page 273) e

J. Ciabattoni, PeJs Kocienski, and G. Melloni, Tetrshedron
Letters, 1969, 1883.

K.He Markievitz and C.R. Dawson, J.0rgeCheme, 1965, 30, 1610.

K&B. Wiberg and W.J. Bartley, J.Amer.ChemsSoc., 1660, 82, 6375




130(2)
(b)
s

15

16
17.(a)
(b)
18.(2)
(v)
194

20.

21
224,
230

2o

&

26 e

=162

¢.L. Closs, Le&E. Closs, and W.A. Bbll, J.AmeroChemeSoce., 1963, 85,

3796
W. Von Doering and T. Mole, Tetrahedron, 1960, 10, 65.
P, Fisher and DE. Applequist, J.0rg.Chenme, 1965, 30, 2089.

C.H. de Puy, G.M. Dappen, Koo Eilers, and R.A. Klein,

J 0 rg.Chem., 1964, 29, 2813.

GeLe Closs and L. Closs, unpublished results mentioned by

¢JD. Closs, Adv.Alicyclic Cheme, 1966, 1, 70

R. Breslow and Pe. DO'Wd, J eAme T sChem ¢30C o 5 1963, 82-__, 27290

E.P. Kohler and S.F. Darling, Johmer.ChemeSoce, 19305 525 11 7o

S,F. Darling and EMN. Spanagel, JAmer.ChemsSoce, 1931, 53, 1117,

Golse Closs and L;Eo ClOSS, J.AmeI‘.Chem.SOC., 1961 ’ _82, 1003.

¢L. Closs and L.E. Closs, J.Amer.Chem.50Ce, 1963, &, 99

G, Closs and L. E, Closs, JeAmer,ChemoooCs, 1961, 83, 2015,

G.L. Closs, W.A. Bb1l, H, Heyn, and V. Deve, JeAmer ChemS0Ce,

1968, 90, 173,

R. Anet and F.A. Anet, J.Amer.Chem.50Ce, 1961, 86, 525,

G. Ege, Tetrahedron Letters, 1963, 1667,

G¢.L. Closs and H. Heyn, Tetrahedron, 1966, 22, 463
P.S. Warton and D.H. Bohlem, J.0rg.Chem., 1961, 26, 3615,
0o Widman, _Chem.Ber., 1916, 19, 2778

A . Padwa, J.Org.Chem., 1965, é_, 1276.



=163

G Re Huisgen, Angew.Chem.Interndid.Engle, 1963, 2, 565, and

references therein.

286 R. Hhttel, J» Riedel, He Martin, and K. Franke, ChensSers,
1960, 93, 1425

29 A.C. Day and M.C. Whiting, J«Chem.Soce, (C) 1966, L6l e

30, R. Huisgen, J.Org.,Chem., 1968, 33, 2291,

e RW. Sinclair, Honours Thesis, Adelaide, 1966«

32 R. Htttel, K, Franke, He Martin, and J. Riedl, Chem.Ber.,
1960, 93, 1433,

3% e R. Huisgen, Angew Chem,Interm Ed.Engl., 1963, 2, 633,

3o G. Snatzke and H, Langen, Chem.Ber., 1965, 102, 1865

He R. Huisgen, He Strangl, HeJ., Sturm, and He Wagenhofer,

Angew.Chem., 1961, 73, 170.

36 TL. Jacobson and W.Re Scott, JehmersChemeSoce, 1953, 5, 5497«

37. W.E- Pal'hanl and W.R . I'Iasek, JoAmer.Chem-SOC., 195}_1_, lé, 935.

384 A,C, Day and M.C. Whiting, Chem.Conmm., 1965, 292,

30, D.E. Applequist and H. Babad, J.0rg.Chems, 1962, 27, 288.

L0 LM, Jackman and S. Sterrhell, "Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry", (Pergamon Press,
New York, 1969, page 133).

Lle L«J« Bellamy, "The Infrared Spectra of Complex Molecules",

(Methuen, London, 1960, page 363) .



l|.2¢

Wro
45 e

Lie
48

L9

50

51

52e

Sle

55

=16l

Se Tipson, Je.Amer.Chem,Soce; 1952, [k, 1354

LM. Jackman and Se Stermhell, "Applications of Nuclear
Magnetic Resonance Spectroscopy in Organic Chemistry", (Pergamon
Press, New York, 1969, page 180) «

F. Sachs and A. Rbhmer, ChemdBere., 1902, 35, 3307,

JP. Freeman, J.J« Gannon, and D,L. Surbey, J.0rg.Chem., 1969,
3l.s 187

L. Knorr and E. Jochiem, ChemdBer., 1903, 365 1275«

A, Padwa. and M. Rostoker, Tetrahedron Letters, 1968, 281,

JeA. Pople, W.Ges Schneider, and Hede Bernstein, "High~resolution
Nuclear Magnetic Resonance", (McGraw-Hill, New York, 1959,

page 102) .

AR. Katritzky, JeMs Lagowski, and JoA.T. Beard, Spectrochime.
Acta, 1960, 16, 96l

ALC. Cope and M, Bung, J.Amer.ChemeSoCe, 1952, s 168,

K. Lunde and L. Zechmeister, ActaechemeScande., 1954, 8, 1421,

LeJ. Bellamy, "The Infrared Spectra of Complex Molecules",
(J. Wiley, New York, 1960, page 29e)

J M. Derfer, E.E. Pickett, and C.E. Boord, J Amer.LhemoS0Ce s

1949, 11, 2482,
DeP.G. Hamon, unpublished results.

E.P. Kohler and HM,. Chadwell, Org.Syntheses, Colle Volo 14

1911, 78



56
57
58
59
60

61e

62

63

6o
65
66

67.
68e

69
70

e

E, Wetizt and A. Scheffer, ChemdBero., 1921, Sk, 2327
A. Dornow and W. Bartsch, Anne, 1957, 602, 23
0. Widman, ChemeBere, 1916, L9, 4770

GJA. Hill and G.M. Bramann, Org.Syntheses, Colle Vole 1 1941, 81.

T.I. Temnikova and V.A. Kropachev, ZhureObshchel Khima, 1948,

18, 692.

W, Wayne and H, Adkins, Orgesyntheses, Colle Vole 3 1955, 367

HJH. Wasserman, NE. Avbrey, and HE ., Zimmerman, J cAmer,ChemeSoCo,

19535 15> 96

DoG. Farnum, M.AT e Heybrey, and B, Webster, J.Amer.ChemeSocCe

1961, 86, 673

JJF. Arens, Recstravechime, 1955, 14> 25

L.T. Smith and K.L. Howard, Org.Syntheses, Colle Vole 3 1955, 351

A.C. Day, P. Raymond, ReM. Southam, and Mo Whiting, J.ChemsSoCe,
1966, s 467
Ke Auwers, ChemoBers., 1911, L4, 3514,

L. Friedman, R.L. Little, and W.R. Reichle, Orge.Syntheses,

1960, 10, 93.
W. Theilacker and O.R. Leichtle, Ann., 1951, 572, 121.

K. Auwers and W. Ernst, Zeitschr. fo physik Chemiee, 1926, 122, 217

HoA. Szymanski, "Interpreted Infrared Spectra', (Plenum Press,

New York, 196l., Voles 1 page 11;4).



126
3

e
Do

~166-

Go Payne, J.Org.Chemss, 1958, 23, 310,
AB. Bowers, T.C. Halsall, and E.R.H. Jones, J.ChemeS0Cs, 1953,
2518

LE. Smith and V.A. Engelhardt, JoeAmer ChemeSoce, 1949, 71, 2671.

7, BYicher and J. Kaspers, Naturwissenschaften, 1946, 335 93






