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ABSTRACT

Trans- and cis-dypnone were prepared, and their reactivity
towards different reagentswas studied.

Trans~dypnone with p-nitrophenylhydrazine yielded the corres-
ponding p-nitrophenylhydrazone, a new derivative,

Cis~dypnone with 2,4-dinitrophenylhydrazine gave two polymor-
phic forms of the cis-dypnone 2,4-dinitrophenylhydrazone.

Trans-dypnone with bromine failed to produce the dibromide;
the difficulty of addition is attributable in part to the steric
hindrance around the double bond.- With chlorine the trans-dypnone
yielded phenacyl chloride, possibly as the result of a reverse aldol
reaction,

N-bromosuccinimide reacted with both trans- and cis-dypnone to
produce trans-x—bromcdypnone, while in the presence of five mole
per cent of benzoyl peroxide trans-dypnone yielded the 3'-bramo—
dypnone and 2,4-diphenyl furan, The identity of the reactions with
trans~ and cis-dypnones is no doubt due to the isomerization of the
nonplanar and labile cis-isomer to the trans- form in the course of
the reaction,

Trans~ ¥ <bromodypnone reacted with aniline to yield 1,2,4-
triphenylpyrrole, thus providing indirect evidence for the
mechanism postulated by Fuson for the furanization of dypnone. The
reaction shows promise as a synthetic method for substituted pyrroles.

The epoxidation reactions of both cis- and trans-dypnone were

studied in conjunction with the House and Ro mechanismzz; both

(v)



compounds yield trans-dypnone oxide as the main product and cis-

dypnone oxide as a minor product, which results lend weight to the

mechanism,
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INTRODUCTION

Trans-dypnone (I) is a yellow oil boiling at 145 = 151.5°C.

under a pressure of 0.5 mm,

0

d H g C - ¢
\ / N\ £/
6.0 0 =0
[Ty 7 N

CHs C -¢ CHz H

(1) (11)

I+ is converted to its cis-isomer (II) by irradiation in
sunlight in an ethanol or diethyl ether solution,
Since it is an X, A -unsaturated ketone, it exhibits many
of the properties common to this class of compounds. The presence
3

‘e :‘g = _"_‘_“"'-:5 system, disposed between two
i i

of the polarized |
aromatic nuclei, results in a tendency for l:4-addition, as well
as 1l:2-addition at the carbonyl group. Hence, the course of reactions
usually observed on isolated double bonds, or on common saturated
ketones, is altered in many cases. .

The purpose-of this research was to study some of those
chemical peculiarities exhibited by dypnone, special attention

being given to the reactions involving addition to the double bond

and involving the allylic system.



DISCUSSION

I. Trans= none

The trans-dypnohe used in this investigation was prepared by
the method of Calloway and Greenl, which consists in treating

scetophenone with aluminum chloride in carbon disulfide, as shown

below:

¢ - C - CHs _ALCL g = 0
i csg /
0 CHs c -¢

(1)

The mechanism of the above aldolization was proposed by

Calloway and Green; to proceed as follows:

d-c-cHly A5 (f -c = cH) 2228 (g - C = CHp) + HCL
1] 1 1
0 OH 0=AlCle
enol

o/
>c = C + HC1 + A1(0H)s
CHgz \C - g
0

This proposal is incomplete, but a complete mechanism can be
arrived at by suggesting addition of the above enolate anion to the

polarized carbonyl group of a second molecule of acetophenone, as

shown below:



- 5 -

e & < ?. 2.0

¢-C-CHps AlCly + @-C-CHy =-> F~C-CHp~C~CHp ==mZ=mz—

1 t n ] @

0 0e 0 0 @ AlCls

¢
CHs
i obal R O e s JU-CHeE™
" § " N g

0 OH 0
At this point three derivatives of trans-dypnone were prepared.
The 2,4-dinitrophenylhydrazone and the anti-phenyl oxime were
prepared according to the general directions of Shriner, Fuson, and
Curtinz, while the p-nitrophenylhydrazone was prepared by a slight
modification of the standard procedure because the latter failed to

produce any solid derivative,

. ¢;H.C,fCH5 Qﬂ\ ,fCHb
! : + HoNNH Hop =2204. ]
£ C
; B~ g0 ot \C=NNH©N02
| ' i
i g =
! (I11)

The product III was a new derivative, It was fully identified and

characterized,

Finally the preparation of trans-dypnone semicarbazone was

attempted following the general method of Shriner, Fuson, and Curtin2,

but the derivative failed to precipitate,

The melting points of the derivatives obtained are given below,

with their respective literature values.,
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Table 1

Melting Points of Trans-dypnone Derivatives

Derivative Experimental LP . m MePo
244-dinitrophenylhydrazone 1-66-1 670 1700 5 s 1731 740 4
Anti-phenyl oxime 129-131° 132-1330%; 13405
p-nitrophenylhydrazone 189-190° e
Semicarbazone - 150-151 04

The physical constants of trans-dypnone (the boiling point, the
specific gravity, and the refractive index) were determined. The
values are given in Table 2, together with the literature values,

Table 2

Physical Constants of Trans-dypnone

Physical Constant “@- erime_ntal El_ue . Li terature Value
Boiling point 145-151.5°/0.5 mm 154-157°/0.3=0.5 mn’
150~155° /1 mm6
ng 1,6547 18° 1.6230 20°°
1.6344 20° 1.6338 21.5%%

1.6312 2007
1.6245 2509
1.6278 2502

Specific refraction(r) 0.32778 0&22654
Molar refraction(R) 72.83 71.724

71.17°
BE 1,092 18° 1,087 2097

1,108 2008

Having thus prepared and characterized the starting material,

the following reactions were attempted:



IT, Cis-dypnone

The cis-dypnone used in this investigation was prepared
according to the directions given by Slade4. A solution of trans-
dypnone in 95% ethanol (4 gr dypnone per 100 ml of ethanol) was

irradisted by direct sunlight.

0
CHs C - CHs H
S C\ .i.......}.liu--—y— g w0
e = 95% C2HsOH .
0

(11)

The progress of the conversion was followed spectrophotometrical-
ly. The irradiation was discontinued after forty eight hours in order
to minimize the extent of pﬁlymerization. At that point the conversion
was 88% complete, as shown by the mathematical ratio of the extinetion
coefficients for the two peaks in the ultraviolet spectrum, as

4

compared to the ratio for pure cis-dypnone’ (see experimental section
of this thesis). The solvent was then removed under reduced pressure;
and the remaining oil was spectroanalyzed again to ascertain that no
reconversion to trans-dypnone had taken place., It was found that
reconversion had not taken place,

The resulting oil would require vacuum distillation for further
purification, but this distillation was avoided due to the likelihood
of reconversicné. It should be noted, however, that pure cis-
dypnone has been obtgined in isolated instances where the vacuum

4

distillation did not cause reconversion'; such pure samples of cis-

dypnone are the source of the mathematical ratio of the extinction
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coefficients for the two peaks in the ultraviolet spectrum of cig-
dypnone, mentioned just above.

At this point the 2 ,4-dinitrophenylhydrazone derivative was
prepared according to the standard methodz. The resulting product
was separated by fractional crystallization into two substances
having different melting points (212 - 213°C. and 143 - TG
but identical ultraviolet and infrared absorption spectra. Both
substances on analysié showed the same percentage composition, within
experimental error; this percentage composition corresponds to that
of the cis-dypnone 2,4-dinitrophenylhydrazone.

The interpretation of the above results is further complicated
by the fact that the 1iterature4 reports an analytically pure sample
of the 2,4-dinitrophenylhydrazone of cis-dypnone with a melting
point of 186 - 187°C. In view of these three samples, which differ
only in melting point, polymorphism constitutesjzggigile explanation
of the situation.

The p-nitrophenylhydrazone was then attempted, following the
modified procedure as used for the trans-isomer (see experimental
section of this thesis). The product of the reaction was, however,
identical to trans-dypnone-p=-nitrophenylhydrazone, as indicated by
the identity of melting points and of infrared absorption spectra.
Also, the melting point of this product showed no depression after
admixture of the product with a sample of trans-dypnone-p-nitro-
phenylhydrazone. Thus it is clear that the cis-configuration
shifted to the trans-configuration under the conditions of the

reaction.,
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A second modification of the procedure was then attempted, in the
hope - that by reducing the amount of sulfuric acid the extent of
reconversion of the cis-isomer to trans-isoﬁer would be reduced.

The product had a distinctive melting point (147 - 148°C,, as compared
to the trans-dypnone-p-nitrophenylhydrazone: 189 - 190°C.), and gave
an infrared absorption spectrum different from that of trans-dypnone-
p-nitrophenylhydrazone, but its analysis did not correspond to that
of the expected product. The compound obtained has not been identi-

fied,

ITIT., Attempted Addition of Halogen to the Ethylene Linkage of trans-

dypnone.
Halogens usually add to the double bond of o, p -unsaturated

ketones in the normal manner. Abell and Siddallg, for example,
| obtained two isomeric dichlorides from trans-chalcone (IV). The

% structure of trans-chalcone is obviously very similar to that of

trans-dypnone,
g\ H Qf H O
/ ! ;
=€ __E}.E-* Hw(C = é - C' - ﬁ (2 isomeI‘S)u
/ \ _¢ 1 1
H & 61 &1
0
(1v)

The trans-chalcone dibromides have also been reported in the literature%o
The 1iterature, however, contains little on the action of halogens
on dypnone. Delacre, in 189011 reported the bromination of dypnone;

however, in the absence of any information on Delacre's method and on
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the nature of his product, and in view of the difficulties

experienced in attempts to synthesize the compound in the course of

the present work (see below), it seems unlikely that he actually
obtained dypnone dibromide. Slade  repeated this reaction, and the
trans-dypnone dibromide was obtained and characterized., It was found
necessary, however, to run the reaction at very low temperatures (-80°C.),
since at higher temperatures trans-dypnone polymerized in the presence
of bromine.

The reaction was reﬁhted four times in the course of this
research, varying the reaction temperature from -50° to -lOOOC., with-
out obtaining the desired product. The reasons for these unsuccessful
attempts are not clear, The difficulty of addition is attributable
in part to the steric hindrance around the double bond,

In this research, trans-dypnone was chlorinated according to the
directions given by Abell and Siddall9 for the chlorination of
chalcone, -

A solution of trans-dypnone in chloroform was saturated with
chlorine gas at 0°C. The solution was then concentrated under reduced
pressure to a thick oil, the infrared absorption spectrum of which show-
ed a strong absorption at 5.93 B, and nﬁ absorption at 6,00 = 6,20 Ps
indicating that the conjugated carbonyl system of trans-dypnone had
been destroyed.

All methods employed for crystallizing the product were fruit-
less, and consequently the crude o0il was used for the-preparation of
a 2,4-dinitrophenylhydrazone derivative, A crystalline product was

obtained and microanalyzed, but it could not be identified,
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The oil was then subjected to vacuum distillation. The bulk

of the material formed a viscous black tar which d4id not distil. 1t

is possible that much of this material was the desired dichloro-

f dypnone; the infrared spectrum of the oil showed the absorption of

the unconjugated carbonyl group (see sbove), and, had this 0il been

anreacted trans-dypnone, it would have distilled rather than poly~-

merized under vacuul,

The distillate which came over at 100°/ 4 mm, solidified in

the condenser. This solid melted at 48 - 5200. after recrystalliza-

tion from petroleum ether, Microanalysis of the solid showed that

the percentage composition was near that of phenacyl chloride (V), the

melting point of which is 549}3
ﬁ - £ = CHgCl
i

0
(V)

The infrared spectrum of the obtained phenacyl chloride proved to be

jdentical to the spectrum of an authentic sample of phenacyl chloride.

The yield was about 19,4%.

The melting point of the 2,4~dini trophenylhydrazone derivative

d was 208 - 210°C,; the reported melting point of phenacyl

chloride 2,4-dini trophenylhydrazone 1is 212°, 2 .

of the soli

The production of the phenacyl chloride, which was not expected,

can be explained by postulating a H-chlorinatien, followed by a

reverse aldol condensation in the presence of traces of water; a .small

amount of X-chlorination is reasonable, in view of the electronic
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and steric factors opposing simple addition. but the absence of a

basic catalyst is an argument against the reverse aldol mechanismn,

- N - -
N E B | o'
o H , 0 H
= 7 Clo N 4 g‘\ / = b
£ HOH
¥ CHs q-ﬁ CHoC1 c~gf e Yo
¥ L i
2 /
0 - o 0®
s X / ¥ N
d 0 OH O OH H
\ " { i g 7
C=0 + CHz~C=f ==t |f-C - CHp-C—ff | ~g==a—|@-C =~ C .
/ i \C‘/
CH2Cl CH2C1 CH2C1 g
L\ Vs . i

The acetophenone produced in the above mechanism was not detected
in the actusl case, but the small amount of acetophenone produced
in conjunction with a 19.4% yield of phenacyl chloride could have
been tied up with the crude solid in the condenser, it would

thereafter have been lost on recrystallization.

IV, Action of N-bromosuccinimide on Dypnone

The failure to obtain the dibromide addition product of trans-
dypnone by direct bromination led to the use of another brominating
sgent, N-bromosuccinimide., Although N-bromosuccinimide is known
to brominate the allylic position under most circumstances, cases
have been reported where the reagent attacks the double bond of
ol » /> -unsaturated ketones in the presence of five mole per cent of
benzoyl peroxide%4 Thﬁs, benzalacetone (V), when treated with

N-bromosuccinimide in the presence of benzoyl peroxide, is converted
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to benzalacetone dibromide in 4 6% yield,14=
g H g H O CH? - C =
X / H.BiDs ! ! 1 .
C =C wirmtmtnltuge H « C «C -C ~ CHs + ! /,NH
" 5 - (¢C00) 2 . CHs = 6 % 0
n“ s Br Br
0

(V)
Chalcone (IV) is converted to the corresponding dibromide {yield

57%) when treated in a similarﬁmanner%4 However, whenbﬁ#phenyl chalcone

(VI) is treated similarly, the ¢ ~bromo derivative, and not the di-

bromide, 18 obtained;l4
0
g - (He nG =B
in 11 .
(gco0) CHp =~ 0= 0

(V1)

Unfortunately the mechanisms of the above reactions (especially
for the addition reaction) have not yet been elucidated, although
resear0h14’15 has been conducted specifically for that purpose. The
difficulty in the case of the additiqn reaction consists in discovering
the source of the hydrogen required to replace the bromine of N-bromo-
guccinimide to yield succinimide.

In this research, trans-dypnone was first treated with N-bromo-
succinimide in the absence of benzoyl peroxide. This reaction (Wohl -
Ziegler reaction) is known to give the product of allylic bromination,
J-&mﬁmﬂdypnone.l6 A solution of dypnone in dry carbon tetrachloride
was heated with N-bromosuccinimide at the reflux temperature of the
solution. A 76.5% yield of succinimide and a 75% yield of trans-) -
bromodypnone were obtained, The trans- ) -bromodypnone, after recrystal-

lization from ethanol, melted at 66,5 - 67.5°C. (Reported melting point
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66 - 67°C.10)

. Unreacted dypnone was the only other compound isolated
from the reaction mixture. Obviously, the N;bromosuccinimide in this
case attacked only the allylic position.

The same trans-product was also obtained when cis-dypnone was trea-
ted in a similar manner. Apparently, cis-dypnone was reconverted to the
trans-configuration during the course of the reaction, Such cis- to

trans-conversions are not surprising in view of the instability of the

nonplanar and sterically hindered cis-configuration,

o /
/C = C\ S =
CHs C-¢
3 g
H
N.B.S. N\ A CHy w C{- 0
or D Fi ek e e G = C 4 i NH
T / \ CH: - C =0
g =0 CHzBr c - ¢
\ [ ]
€ = ¢ -
A \
CHsz H

However, the addition of 5 mole per cent of benzoyl peroxide to
an otherwise identical mixture using trans-dypnone changed the course
of the reaction, Trans- ) -bromodypnone was again obtained, but in
lower yields (30%), together with a second substance melting at 109 -
110°C. The reaction was rerun with increasing amounts of N-bromo-
succinimide, whereby trans—g-bromodypnone could not be isolated; only
the compound melting at 109 = 110°C. was isgolated.

The substance melting at 109 - 110°C. was neither the expected
dypnone dibromide nor o ~bromodypnone (a possiblity in view of the

work with [-phenylchalcone, mentioned above, These facts were
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deduced from the infrared absorption spectrum of the solid, which
did not show any absorption band characteristic of the carbonyl group.
Also, microanglysis of an analytical sample revealed that bromine

was absent and that the percentage composition was near to that of
dypnone. From the above considerations it was decided that the
molecule might be a furan., The infrared absorption spectrum of the
above solid was then found to be identical to the spectrum of
2,4~diphenylfuran (VII), the melting point of which is reported to be
109 = 1.10.50(}.17 The_percenﬁage composition of the compound obtained
here satisfies the requirements of 2,4-diphenylfuran, thereby
confirming its identity.

The above furanization can be explained in the light of earlier
worklz, which has shown that a/-bromodypnone can be converted to
2,4-diphenylfuran in the presence of a base, or on heating in the
presence of moisture, or even on long standing at room temperature.

It is likely, therefore, that dypnone was first converted to X-bromo-
dypnone (30% of which was actually isolated in the reaction mixture),

which in turn was converted to the 2,4-diphenylfuran:

H H
¢\ < ;5\ /S Z
/c = c\ i /c = C e g
CHs c-¢ CHeBr \c-gd
0 0

30% isolated VII 8,5% isolated
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V. Dypnone FPuranizations

At this point, efforts to prepare dypnone dihalides were given

up, and attention was turned to dypnone furanigzation.

It had long been known that dypnone itself gave furan under

oxidative conditions, but an actual mechanism for the oxidative furani-

zation of dypnone to the 2,4=diphenylfuran was first proposed by Fuson,

Fleming, and Johnson 1in 1938.18

selenium dioxide as the oxidizing agent.

H H
Sj\c g  Se ¢\c s
7 SR
CHs c-g KCHp,(}H c-g
0 0
(VIII)
g\ =
/c =0
CHs \c-¢
0

The furanigzation was accomplished with

The proposed mechanism follows:

{ &
7] H
\c c/
o s /;, - \\\\
CHOH C-@
\ ==
OH
=He(

Y

ot ¢U~ :

Fuson, Fleming, and Johnson postulate this same furan as the prodwct

of the oxidation of dypnone gotten by Engler and Dengler.lg

Fuson and his coworkers advanced no evidence for this mechanism;

however, if the Y-hydroxy compound, (VIII), could be isolated and

then made to furanize, support would be given to the Fuson mechanism.

Lutz and Sladél2 attempted to prepare this compound by reacting

Ezbrﬂmedypnﬁne with sodium hydroxide, but the ‘r-hydroxydypnﬁne, if

formed at all, existed only as an intermediate, the only isolable
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product was the furan., However, this reaction itself, with the
likely intermediacy of the H—hydroxydypnone, does lend some support

to the PFuson mechanism.,

X\
CH:Br  C-ff CHOH c-¢
1 s oy

0 0
(VIII)

Since the {y-hydroxydypnona is apparently incapable of stable existence,
Lutz and Slade12 next attempted the preparation of a dypnone compound
containing, in the H-p@sitinn, a basic group which was not susceptible
to cyeclization. If such a compound could be gotten, it would lend
weight to the intermediate existence of Gféhydroxydypnone in the above
reaction, and thus lend indirect support to the Fuson mechanism,

Morpholine was chosen as the base; the reaction did indeed give-the

stable g-morpholinddypnone.

cﬁZBr \E-d C{{?‘O \c-gf

0 0

L. Oma x
C e > C C + di:)NH? Br

This present research has investigated the possibility of combining
the principles of the above two reactionsj i.e., if a primary amine be
used as the base, cyclization should proceed to yield the pyrrole. The

K'Abrcmodypnone'waa reacted with aniline to see specifically if a
primary amine would cyclize the molecule. The 1,2,4=~triphenylpyrrole

(IX) was obtained in good yield.



g H g B &
e ifile c< el ¥

CHzBr C-g CHz C-f .
" 8 " g
0 VE ¢ =
(1X)

The compound (IX) has been prepared by another route.”
The success of this reaction opens up a new and very promising
synthetic method for N-substituted pyrrocles, involving only two steps

from the appropriately substituted allyl ketone:

R H | R H
:;C = Cf _;§1§1§i3._ \C = G<: E:EEE_a__
CHz \C-R' CHsBr C-R!
1§ ] 1t
0 0
R_ H R~
= e S C = C = e T E— R'
s N i\
CH-NH C-R! '
1 L £ R"
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VI. Addition of Hydrogen Peroxide; Epoxide Formation

The epoxidation of olefins is generally brought about by the
action of pemcidszl on the olefins. This reactioﬁ is known to be
stereospecific; that is, the configuration of the starting olefin
ig retained in the product. This method of epoxidation, however, is
not suitable for o, p -unsaturated ketones, since the reaction with
these compounds occurs very slowly, if at 3.13..22 On the other hand,
alkaline hydrogen peroxide, and sodium peroxide, which do not
usually attack isolated double bonds, react well with «, /3 -unsaturas=-
ed ketones to form époxides. This mode of epoxidation, however, was
found to be non-stereospecific; that is, the configuration of the
starting unsaturated ketone is not necessarily preserved in the
product,

Black and Lutzza, for example, showed that both the cis- and

the trans-isomer of chalcone yield, after epoxidation with alkaline

hydrogen peroxide, the same epoxy ketone,

H
53\ 7
C = C\
H/ c-g
O H
= HeOo 9’\ .
= Ty o C\ =
= ~ & -2 ¢ 2 H == 4 0 E...;j
'd Neg -
O

24425

Wasserman and his coworkers prepared, by the same method,

two isomeric dypnone epoxides from the trans-isomer of dypnone,
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@
G!”“‘c = C/H ceBBeas. SoLoH . 6 g ,(X)and(x1)
. N = L "
CHz C-gf OH o, © -
0

The products(X)and (XI)were different in that they had different

melting points, different absorption mexima, and different extinction

coefficients, as shown in Table 3.

Table 3
Physical Constants of trans- and cis-dypnone Epoxides

T S e S -8

Isomer M.P. A ne £ x10™°  Yield
X 94-95°C, 249 16.6 62%
XI 163-164°C. 247 13,3 14%

T =T B e — e == ST —rE=="n =TT

Cromwe1126, in 1952, had investigated a number of stracturally

similar compounds of the ethyleneimine type,

Ar
\C -~ CHCOAr'

%
5

t

R
(XIT)
end had drawn the conclusion that the trans-isomers of all the
ethyleneimines studied absorbed at a higher wavelength and to a
greater extent than did the corresponding cis-isomers. He went
further to suggest that this effect might be generalized to include

epoxy ketones, On this basis, Wassema.n24 and Steven316 assigned
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the trans-configuration to isomer (X), while the cis-configuration

was reserved for isomer (XI).

In order to prove the truth of this argument, Wasserman and

Aubrey25

in 1955 prepared trans-dypnone epoxide by a series of
stereospecific reactions and found that the product was identical to
isomer (X) obtained from the direct epoxidation of trans-dypnone.

The stereospecific preparation of trans-dypnone epoxide is outlined

a8 follows:

s vt s bl
> N 7
s ed CHs CH-
f
0 OH
@CO00H
d;“ = C’fH e S QL\(; = g’,H
7 NE pyridine //
i ¢ E’¢ CHs o/ CH-@
t
- OH

The kinetics of the epoxidation reaction by alkaline hydrogen
peroxide were first studied by Bunton and Minkoff27 in 1949. On
the basis of those studies, House and 3022 proposed that the
mechenism of base-catalyzed epoxidation of « ,f -unsaturated ketones

proceeds as shown (using trans-dypnone as a example):

H-0» + OH = HOs + H20



=h oy
H 2
d H S ? o ~0H
"\c = C-"/ -E’-:E%Lh CHy - C = Ce = o C = CH—C-Q’
o = v ' > = ey
H:s ] /O C_¢ -
N HO H
0 0 —
(X111)

This mechanism satisfactorily accounts for the fact that the
epoxidation reaction is not stereospecific, since rotation about the
bond C, - Cy in intermediate (XIII) leads to the formation of a
mixture of diastereoisomers. At the same time, the reaction of the
hydroperoxide anion (0sH ~) with the unsaturated ketone is assumed to
be reversible, so that equilibrium with the unsaturated ketone occurs

as shown below through the same intermediate (XIII):

0
¥ ¢ N "

g H S) H d c-¢

\C = ( = %E: CH3 - é e EsEEma ‘\C = z

/ & : o\ O2H © Cﬁ-; = &
CHs c-¢ HO - O C-¢

0 N 0 7
(XTIT)

There was, however, one point which complicated the issue; there
existed the pé%ibility that the trans-epoxide could be transformed to

the cis-epoxide through an enolate anion, as shown:

0
4]
¢““c = ; <2 g“tc = ? .i_g-i:a.- g“c il o
S g X g - g
CHs c-¢ CHs E"J = <
0 0

This possibility was eliminated by studying the reactions of

substances of the type;
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the products of which are not capable of base-catalyzed epimérization
because of the presence of the R" - groups on the of -carbon atoms., The
fact that o-substituted unsaturated ketones of this type did indeed
give non-stereospecific products is evidence that the above mechanism
of House and Ro is probably correct.

As has been noted above, the trans-dypnone epoxide was obtained
with a yield of 62%. The same preference for the trans-isomer was
observed by Stevens and coworkers.l6 The explanation for the higher
yield of the trans-dypnone epoxide as compared to the cis-dypnone
epoxide was suggested independently by many authorsg3’24’28 but their
suggestions were unified in an article by Zimmerman, Singer and
Thyagarajan in 195929. They pointed out that the trans-isomer offered
less steric hindrance., Actually most of the epoxides of oly p ~un-
saturated ketones reported in the literature are in the trans-con-
figuration, wherein the acyl or benzoyl group is least hindered.

If the House and Ro mechanism is to be correct, then the con-
figuration of the starting &, 2 -unsaturated ketone should have
little or no effect on the nature and relative yields of the products.
This conclusion could be tested (and evidence thus adduced for or
ageinst the House and Ro mechanism) by attempting the epoxidation of

cis-dypnone and comparing the results obtained with those gotten on

epoxidation of trans-dypnone. The experiments were carried out in
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the research leading to this thesis, and the experimental results
of this research support the mechanis_m; the percentage yield of the
trans-dypnone epoxide from cis-dypnone was 42%, while that of the
cis~-isomer was only 9.3%. These results are to be compared with
those obtained from the epoxidation of trans-dypnone in this
research; again the trans-epoxide was the favored compound, being
formed in 56% yield, while the cis-dypnone oxide was isolated in

12% yield.



EXPERTMENTAL

The ultraviolet absorption spectra were determined in 95% ethanol
(unless otherwise indicated) using a Beckmann model D,U. Spectrophoto-
meter,

All infrared spectroanalyses were performed on a Perkin-~Elmer
"Tnfracord" Infrared Spectrophotometer,

A1l melting points are cerrected,

Preparation of Trans-Dypnone

The trans-dypnone was synthesized by the method of Calloway and Green.l
In a five-liter round=bottomed three-necked flask, equipped with a stirrer
and a reflux condenser protected by a calcium chloride tube, were placed
453 gr(3.4 mole) of aluminum chloride and 3,400 ml of carbon disulfide.
Acetophenone (816 gr, 6.8 mole) was then added dropwise through e dropping
funnel while the mixture wasbeing stirred and cooled in a water bath,
Stirring was continued for five hours after completion of the addition of
acetophenone., The stirrer was then removed and the mixture wﬁs allowed to
stand at room temperature for seven days. During this period the lower
part of the mixture solidified, and the color of the supernatant liquid
became dark brown.

The reaction product was hydrolyzed by mixing it thoroughly with
6,000 gr of cracked ice; the resulting layers were separated by means of
a four-liter separatory funnel.

The agueous layer was extracted twice with 250 ml portions of carbon

disulfide, the washings being added to the original carbon disulfide

03 -
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solution, while the water layer was discarded.

The carbon disulfide solution was then washed twice with 300 ml
portions of water and once with a 10% éolution of sodium bicarbonate, and
finaglly dried overnight over sodium sulfate.

The mixture was then filtered, and the solvent was removed by distil-
lation, The distillation was continued under reduced pressure, whereby
398 gr (48%) of unreacted acetophenone, b.p. 56 - 62°/ 1 mm, was recovered.
Impure dypnone of boiling renge 140 - 180°/1 mm was then obtained; this
0il on redistillxation yielded 317 gr (42% yield) of dypnone of boiling
range 145 - 151,5°/ 1 mm.

Absorption maxima: mp, 228.5, £ = 9,990; 295, & = 15,400,

P 3.40M, 6.125, 6,355, 6.78W, 6,998, T.34u,
To4TM, T.925, 8.58M, 9.37W, 9.62M, 9.8, 10.05W,
10,585, 11,.58M, 11.72M,

The specific gravity of trans-dypnone, determined with a Fisher-
Davidson Gravitometer, was found to be 1.092 gr/ml at 18Y (average of
two determinations), (see Discussion for literature values).,

The refractive index determined with an ﬁbhé refractometer was
1.6347 at 18° (average of two readings) and 1.6344 at 20° (average of two
readings). The specific refraction was calculate to be 0,32778; the
molar refraction was calculated to be 72.83. (See Discussion for literature

values).

Derivatives of Trans-Dypnone
2,4-dini trophenylhydrazone: This derivative was prepared by the

general method of Shriner, Fuson, and Curtin.2
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Dypnone (1 gr) was dissolved in 40 ml of 95% ethanol., 2,4-dinitro-
phenylhydrazine (0.8 gr) was dissolved in four ml. of concentrated sulfuric
acid, and water was added dropwise until solution was complete, To this
warm solution 10 ml of ethanol was added., The two solutions were then
mixed together, and the resulting mixture was allowed to stand at room
tamperature.for about 15 minutes. The product was recrystallized from an
ethanol-ethyl acetate mixture; meltiﬁg-point 166 - 167° (Literature, 17003,
175 = 174"4). - The yield was 55.5%. Absorption maxima: mp, 385,& = 9,900,

P 3.18W, 3.45W, 6,258, 6.348, 6.725; T.09M, 7.558, 7.685, 8,825,

9.02M, 9.80w, 10,.,85W, 12,00M,

p=Nitrophenylhydrazone: (New derivative). A mixture of 1 gr of
p-nitrophenylhydrazine, 1 gr of dypnone, and 15 mi of ethanol was heated to
boiling, and 4 ml of concentrated sulfuric acid were added. The mixture
was allowed to stand at room temperature until crystallization occurred.
The product wesrecrystallized from ethanol; melting point 189 - 190°. The
yield was 62,5%.

Analysis calculated for CggHigNs02: C, 74,003 H, 5.365 N, 11.77.

Found: C, 74.39; H, 5.45; N, 11.87.

Absorption maxima: mp, 230, £ = 11,350,

Po 3.45W, 6,365, 6.783, 7.00W, 7.25M, 7.725,
8,51W, 9.025, 9.24M, 9.45W, 10,01W, 11.92M,

Anti-phenyl oxime: This compound was prepared by the general method
of Shriner, Fuson, and Curtin.2 A mixture of 1 gr of dypnone, 1 gr of
hydroxylamine hydrochloride, 5 ml of pyridine, and 5 ml of absolute

ethanol was heated under reflux for two hours on a water bath. The solvent

was then evaporated, and the residue was treated with 5 ml of cold water.
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The solid which separated was recrystsllized from an ethanol-water
mixture; melting point 129 - 131° (Reported, 132 - 13304, 134031).
Absorption maxima: mp, 250, € = 17,500.
P 2.98W, 3,208, 6,24M, 6,78M, 7.003, 7.31W,
T.56M, 9.12W, 9.35W, 9.75W, 10,265, 10,70S,
11.52M.
Semicarbazone: The procedure followed is the standard procedure for
water insoluble compounds desceribed by Shriner, Fuson, and Curtin.2 The

derivative, however, failed to precipitate.

Preparation of Cis=Dypnone
A solution of 40 gr of trans-dypnone in 1000 ml of diethyl ether

(or 95% ethanol) in a pyrex round-bottomed flask was exposed to direct
sunlight for approximately 48 hours, after which time the absorption
maxima of the photoequilibrium mixture showed that the conversion was 88%
complete, The solvent was then removed under reduced pressure using a
water aspirator, the use of heat being avoided to minimize reconversion
of cis-dypnone to the trans-isomer, The o0il remaining after solvent
removal was again, U,V. spectroanalyzed, to ascertain whether any re-
conversion to trans-dypnone had taken place during solvent removal; no
such reconversion had occurred. Experimental absorption maximas

mR, 255, £4=12,560; 285, L2 = 12,198, Reported absorption maxima of
pure ois—dypnone4= mp, 255, €1 = 13,500; 287.5, £2 = 11,500, Experimental

£

ratio, — = 1,03, reported ration1%1 = 1,17. These ratios correspond to
2 2

88% conversion,
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Derivatives of Cis-Dypnone

2,4-dinitrophenylhydrazone: The procedure was that of Shriner, Fuson,

and Curtin2 and hence is identical to the one described for the preparation
of trans-~dypnone 2,4-~dinitrophenylhydrazone.

The crude product had a melting point of 139 - 166° and was not
completely soluble in a 50% ethanol-ethyl acetate mixture. The insoluble
fraction was then separated by filtration and recrystallized from ethyl
acetate; melting point 212 - 213°C.

Analysis Calculated for CpeHigNgOg:s C, 65.68; H, 4.47.

Found: C, 65,633 H, 4.76.
Absorption maxima: mp, 387, € = 13,600,
W» 3.10W, 3.38W, 6,215, 6.31M, 6.63M, 7.09W,
T.53S, T.67M, 8.84M,
The melting point of the ethanol-gsoluble fraction was 143 - 144QC.
Analysis Calculated for CgzHisNgO4: C, 65.68; H, 4,473 N, 13.93,
Found: C, 65.69; H, 4,663 N, 14.12.

Absorption maxime: my, 386, £ = 12,900,

Mo 3.10W, 3.38W, 6,215, 6.31M, 6.64M, 7.08W,
T.525, T.68M, 8,82M,

4

Literature’ reports an analytically pure sample of m.,p. 186 - 187°C.

Attempted preparation of cis-dypnone p-nitrophenylhydragone: The

procedure was identical to that followed for the preparation of trans-
dypnone p-nitrophenylhydrazone, The product obtained was again trans-
dypnone p-nitrophenylhydrazone. This fact was confimed by a mixed melting

point determination on a mixture composed of the product of this reaction

and & known sample of trans-dypnone p-nitrophenylhydrazone (189 ~ 190°)
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and by comparison of the infrared absorption spectra of the two samples,
which proved to be identical,

The above preparative procedure was repeated, employing five drops of
concentrated sulfuric acid instead of four ml of the acid. The product
after recrystallizetion from ethanol had a melting point of 147 - 148°C.

Analysis Calculated for CpeHisNsOg: C, 74.00; H, 5.35; N, 11.77.

Founds C, 57.32; H, 6.31; N, 19.49.

Absorption maxima: g, 3.05W, 3.92W, 6,358, 6.,TM, T.635, T.93W,

8.05M, 9,055, 11.85M,

The product was not identified,

Attempted Bromination of trans none

In a 500-ml three-necked round-bottomed flask, equipped with a
mechanical stirrer, a reflux condenser, and a dropping funnel, was placed
a solution of 22,2 gr (0.1 mole) of dypnone in 100 ml of dry diethyl ether.
The flask was immersed in an acetone-liquid air bath (-80°C,), and 16 gr
(0.1 mole) of bromine were allowed to drip slowly through the dropping
funnel into the reaction mixture. Stirring was continued for asbout two
hours after the addition of bromine was completed, the temperature of
-80°¢., being maintained. The solution was then concentrasted under reduced
pressure to a thick yellow oil., The product was successively dissolved
in absolute ethanol, benzene, and petroleum ether without success in
bringing sbout crystallization., An attempt to vacuum distil the oil was
equally unsuccessful; the oil decomposed completely.

The above reaction was repeated three more times at temperaturesof

-50°, =70°, and -100°C, 1In all cases the same oily product was obtained,
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Absorption maxima: p, 3.41W, 5.98S, 6.33M, 6.40W, 6,681, 6,77W,

6.998, 7.35M, 7.60M, 7.75W, 8,108, 9.65M,
10.18M,

Attempted Chlorination of Trans-Dypnone

A cold solution of 11,1 gr (0.05 mole) of dypnone in 90 ml of
chloroform was saturated for 30 minutes with chlorine gas, The solvent
was then removed ﬁnder reduced pressure, and 14.8 gr of an oil was obtained.
The pfoduct was treated successively with chloroform, ethanol, benzene, and
light petroleum ether, but no solid crystallized out.

Derivatives were then attempted from the crude oil. The oxime and the
p-nitrophenylhydrazone failed to precipitate. The action of 2,4-dinitro-
phenylhydrazine on the oil yielded yellow crystals, melting point 123~124°C,

Analysis Calculated for CgsHislN404Cls (dyprone dichloride 2,4-dinitro-
phenylhydrazone): C, 55.83; H, 3.82; N, 11.84.

Found: C, 44,83; H, 4.39; N, 22,70.
Absorption maxima: W, 3.10W, 6,225, 6,325, 6,655, T.,0M, 7.53S,
7.78s, 8,05W, 8,85M, 9.10M, 9,95W, 10,90M,
12,00M.

Vacuum distillation of the crude oil yielded 1.5 gr of phenacyl chloride,
which distilled at 100°/ 4 mm and solidified in the condenser; the rest of
the oil decomposed in the distillation flask. The melting point of the
solid after recrystallization from petroleum ether was 48 - 52YC. (Reported,
5406.13) Yield (based on dypnone) wes 19.4%.

Anglysis Calculated for CgHy0Cl: C, 62,143 H, 4.56; C1, 22.96.

Found: C, 61.,46; H, 4.66; C1, 23.24.,
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The infrared absorption spectra of the above solid and an asuthentic
sample of phenacyl chloride proved to be identical.
The phenacyl chloride 2,4-dinitrophenylhydrazone was prepared
following the standard method of Shriner, Fuson, and Curtin.2 Yellow
needles were obtained; melting point 208 - 210%%d. (Reported melting point
212°¢,%).
Analysis Calculated for Ci4H11N404C1l: C, 50.24; H, 3,31; N, 16,763C1,10.60.

Pound: C, 50,555 H, 3,54; N, 17.63:;C1,11,31,

Preparation of Trans- § ~bromodypnone

The procedure was that of Wasserman, Aubrey, and Zimmerman24, with
some modifications,

The apparatus was protected from moisture by a calcium chloride tube,
and the carbon tetrachloride used as solvent was dried over phosphorus
pentoxide and distilled.

To a solution of 22,2 gr (0.l mole) of trans-dypnone, dissolved in
100 ml of carbon tetrachloride was added (0,1 mole) 17.8 gr N-bromosuceini-
mide, The mixture was refluxed for three hours, at the end of which time a
crust of yellow solid was formed at the surface of the solution. The
mixture was allowed to cool, and the solid was separated by filtration. The
solid was washed twice with 10 ml portions of carbon tetrachloride, the
washings being added to the solution, after which the solid was digsolved
in boiling water. The water was then evaporated, and the residue was
recrystallized from ethanol, yielding 76.5% succinimide, melting point 123°C.
(Literature melting point of succinimide is 12500.2).

The carbon tetrachloride solution obtained from the filtration was
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then concentrated under reduced pressure until a yellowish oil remained,
This oil was dissolved in absolute ethanol, and the solution was left
overnight in the refrigerator, where crystallization took place. The
product was recrystallized from ethanol; melting point 66.5 -~ 67.5°C.

16)“ The yield was T5%.

(Reported: 66 - 67°C.
Absorption mexima: mp, 298, £ =15,600,
p» 3.40W, 6,125, 6.333, 6.43M, 6.,80W, 6,99M, 7.lOW,
T.45M, 7.84M, 8.,20W, 8.55M, 9.33W, 9.59M, 9.71W,
9.79W, 9.99M, 10,11M, 11.43W, 11,.80M,

Reaction of cis-dypnone with N~-Bromosuccinimide: Cis-dypnone was

treated as described above, The product obtained was again trans- h’-bromo—
dypnone; melting point, and mixed melting point with a known sample of traHSEE’-

bromodypnone, were 66 - 68°C. (Literature, 66 - 6700.16)

e The yield was
41%, The identity of the product of this reaction with trans- Y ~bromo-
dypnone was further shown by the identity of their ultraviolet spectra

and the identity of their infrared spectra.,

Reaction of Trans-Dypnone with N-Bromosuccinimide and Benzoyl Peroxide

2,4-diphenyl furan: A mixture of 22,2 gr (0.1 mole) of dypnone,

17.8 gr (0.1 mole) of N-bromosuccinimide, 1.2 gr (0.005 mole) of benzoyl

peroxide, and 100 ml of carbon tetrachloride was heated for three hours,
The solution became red brown in color during this period, and a red
brown solid separated on the surface of the solution., After separating
the solid from the solution by filtration, the s0lid was treated with
boiling water. Concentration of the agueous solution yielded succinimide

which,following recrystallization from ethanol, melted at 123YC. (Litera-
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ture, 125°6.%). The yield was 48%.

The carbon tetrachloride solution, which had turned brown during
the heating period, was now divided into two equal portions and tfeated
separately, The first portion was concentrated under reduced pressure
to 2 thick green oil which was subsequently dissolved in light petroleum
ether. The solution was allowed to stand at room temperature overnight,
yielding g-bromodypnone; melting point, and mixed melting point with a

16). The yield was 30%.

known sample, 67 - 68°C, (Literature, 66 - §rn.
No other pure substance could be isolated from this portion of the reaction
mnixture; a green polymer was obtained.,

The second portion was placed on a column of neutral alumina prepared
in light petroleum ether. The column was eluted with light petroleum ether
(boiling point 50 - 70°C.), and fifteen 25 ml fractions were collected.
Crystalline material, melting point 105 - 111°C., was obtained on evapora-
tion of the first ten fractions, Recrystallization from ethanol yielded
950 mg of white flakes, melting point 109 - 110°C. (Literature, 109 -
110¢5DC.17). The yield was 8.5%,calculated as 2,4-diphenylfuran.

Analysis Calculated for CigH120: C, 87.27; H, 5edHe

_ Found: C, 87.70; H, 5.43.

Absorption.maximaz'v, 3.,40W, 6.25W, 6.35W, 6.75S, 6.95M, 8,808,

10,78M, 10.,95S.

The infrared sbsorption spectrum was found to be identical to the

known spectrum of 2,4-diphenylfuran,
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Reaction of Trans- ¥ —bromodypnone with Aniline

Preparation of 1,2,4-triphenylpyrroles To a solution of 5 gr
(0,017 mole) of y-bromodypnone in 200 ml of dry diethyl ether was added
5 ml (O¢054 mole) of aniline, in a dropwise manner. The mixture wsas
shaken for five minutes, until no more enilinehydrobromide crystallized,
and was allowed to stand overnight at room temperature. The solvent was
then removed under reduced pressure, and the solid cazke which remained was
broken and shaken with 100 ml of water. The_ water insoluble fraction was
then filtered and recrystallized from absolute ethyl alcchol; melting point

151 - 152°c., (Reported, 150 - 15100.20)

. The yield was 58%,
Analysis Calculated for CggHisN: C, 89.45; H, 5.80; N, 4,75.
‘Found:C, 89.37; H, 5.84; N, 4.76.
Absorption mexima: mp, 231, £ = 6,265; 259, & = 26,4705 280, & = 21,050.
I 3.39M, 6.27S, 6.42W, 6,60W, 6,705, 6.82W,
6692M, T.20M, T.86W, T.55W, 8.15M, 8,45W,

9.32M, 9.73W, 10.,40W, 10,98W, 12,34M.

Epoxidation of Trans-Dypnone

24

The procedure is that of Wasserman, Aubrey, and Zimmerman, A solution
of 10 gr (0.045 mole) of trans-dypnone in 100 ml of methanol was treated

with a mixture of 12 ml of 25% hydro.gen'peroxide and 10 ml of 10% sodium
hydroxide. The reaction mixture was then cooled and shaken for about an

hour, after which water was added, and the white solid which separated was
filtered off, The solid was then dissolved in a 1arge quantity of ethanol
(300 m1) and allowed to crystallize slowly. White needles of cis-dypnone

oxide, (1.3 gr; 12% yield) were obtained, the melting point of which was
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159 - 161.5°C. (Reported, 163 - 164”0,24). Upon dilution of the filtrate
with water, 6.0 gr (SQ%Lyield) of white plates of trans-dypnone oxide were
collected, melting point 90,5 =~ 92.500. (RePQrted, 94 - 9500.24). The
overall yield was 68%.

Absorption maximsg

Cis-dypnone oxide: mP, 249, £ = 13,500,
R 3.40W, 5.988, 6.31W, 6.39W, 6.75W, 6.96,
T.22M, 7.39W, 7.63W, 8.20M, 8.55W, 9.25W,
2.78W, 10.,00W, 10,255, 11,.15W, 11,78M,
-Tfansndypnﬂne oxide: mp, 250.5, £ =17,110.
Re 2.90W, 3.04W, 3.38M, 4.,15W, 5.14W, 5.30W,
5«56W, 5,925, 6,293, 6.35M, 6,7M, 6,928,
1258, 1,628, 7.760H, 7.813, 8.158, 8.52M,
8.68W, 9,041, 9.12W, 9.28M, 9,64M, 9.79S,
10,00W, 10,425, 10,.28W, 11,.40W, 11,808,
12,.15M,
Epoxidation of Cis-Dypnone
A solution of cis-dypnone was treated as described above. From this
reaction mixture were obtained 1.0 gr (9.3% yield) of cis-dypnone oxide,
melting point 158.5 - 160.5°C. (Reported values above) and 4.5 gr (42%
yield) of trans-dypnone oxide, melting point 90,5 - 92.5°C. (Repoxrted values
above). The overall yield was 51.5%. Mixture melting points with the
compounds of corresponding melting point obtained from the 9pbxidation of
trans-dypnone showed no depression, and the infrared and ultraviolet absorp-

tion spectra of the corresponding compounds were identical.



SUMMARY

Trans-dypnone was prepared and identified fully by means of its
physical constants and its chemical derivatives. A new derivative, the
p-nitrophenylhydrazone, was prepared by a slight modification of the
standard procedure,

Cis-dypnone was prepared and identified spectrophotometrically. The
244-dinitrophenylhydrazone of cis-dypnone was prepared, and two products
of different melting point, but identical composition (within experimental
error), identical infrared spectra, and identical ultraviolet spectra
(again within experimental error) were isolated. Since this derivative
is reported in the literature with still another melting point, it is
concluded that cis-dypnone 2,4-dinitrophenylhydrazone exhibits polymorphism,

Attempted bromination of trans-dypnone failed to produce the dibromide,
while the chlorination reaction yielded phenacyl chloride, possibly as a
result of a reverse aldol reaction in the presence of traces: of water. The
absence of a basic catalyst renders this postulation questionable, however,

N-bromosuccinimide reacted with both trans- and cis-dypnone to produce
trans- ¥ -bromodypnone, while in the presence of five mole per cent of ben-
zoyl peroxide trans-dypnone yielded the X—brﬂmodypnone and some 2,4-diphenyl-
furan, The fact that trans- and cis-dypnone gave the same preducts, indica-
ting conversion of cis-dypnone to the trans-isomer during reaction, is not
surprising in view of the nonplanarity and consequent ingtability of the
cis-isomer,

Trans-a’-brﬂmodypnone reacted with aniline to yield 1,2,4-triphenyl-

pyrrole, thus lending indirect support to F‘uson'slEl mechanism for the

-~ 35 =
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oxidative furanization of dypnone; this reaction also opens up a new
synthetic method for N-substituted pyrroles.

The epoxidation reactions of both trans- and cis-dypnone were
studied in conjunétion with the House and Rﬂgz mechanism; the resctions

proceeded according to expectations and thus lend support to the

mechanism.
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