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1.

INTRODUCTION

When Victor Meyer made his amazing discovery of
thiophene in benzene(l) he found that this new compound
was remarkably similar to benzene in chemical and physical
properties and that both compounds often formed derivatives
which had corresponding similarities‘z). In addition
many of the reactions which benzenold compounds undergo
.are also distinctlve reactions of thiophene and its de-
rivatives. These reactlions include the typical substi-
tution reactions of benzene itself - nitration, bromination,
‘chlorination, acylation and alkylation - and substitution
reactions such as chloromethylation, mercuration and
others which require a benzene ring whose reactivity 1s
enhanced by_the proper substitution. These analogles
can be drawn to a remarkable degree, and unfortunately
often led to incorrect conclusions about the chemlstry
of thiophene. With more snd more work in this field
the extent of the analogies became more cleariy defined,
and the important differences between these two types

of compounds became more evident(B).

(1) V. Meyer, Die Thiophenegruppe, Braunschweig, 1888, p.l.

(2) W. Steinkopf, Die Chemie des Thiophens, Theodor
- Steinkopff, Dresden and Leipzig, 1941, pp. 15, Th.

(3) H. D. Hartough, The Chemistry of Heterocyclic Compounds,
- Thiophene and its Derivatives, Interscience Publlshers,
New York, 1952, pp. 156-157.
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2e

The relationships between benzenoid aromatic com-

pounds and thelr non-aromatic oxidation derivatives,

quinoidal compounds, have been extensively studied and well

established. These same relationships between the normal

aromatic thiophene derlvatives and compounds analogous to

quinone derivatives are less well known, Friedlénder(u)

prepared 5-phenyl-2,3~thiophenequinone-2-oxime and un-

successfully tried to prepare a quinone from this compound.

Benary and Silberstrom(S) prepared lj-carbethoxy-5-methyl-

2,3-thiophenequinone~2-oxime and also failed in their

attempt to obtaln the parent quinone. There has been

therefore very little data with which to draw comparisons

between benzogquinones and benzoquinone derivatives on

one hand, and thiophenequinone and its derivatives on the

other. The synthesis of thianaphthaquinone has been re-

alized(é) and this compound behaves like a typical aro-

matic ortho quinone(7'8’9’1°). The thiophenequinone

analogous to para=-benzogquinone would be thiomaleic an-

hydride. This compound has not been prepared, however

()
(5)
(6)
(7)

(8)
(9)
(10)

P. Friedlander and St. Kielbasinski, Ber. QE, 3389 (1912).
E. Benary and L. Silberstrom, Ber. 52, 1605 (1919).

A. Bezdrik, P. Friedlander, and P. Koeniger, Ber.
L1, 227 (1908).

C. Candea, Bull. Seci. Ecole Polytech. Timisoara (Review)
8, 191-228 (1938); GC.a. 33, 498B* (1939).

J. Harley-Mason and F. Mann, J. Chem. Soc. 4Ol (1942).
W. Grassman and K. v. Armin, Ann. 519, 198 (1935).

Ae. Schonberg, R. Moubasher, and A. Mostafa, J. Chem.
Soc. 176, (191;8) .
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3.

the 1l,3-1isothlanaphthaguinone has been prepared and inas-
much as its properties are entirely those of a thloan-
hydride(;l’la) it is to be expected that "para"-thiophene-
quinone would possess mainly the properties of an unsatu-
rated thioanhydride, and not those of a quinone.

The key to the synthesis of quinones is the hydroxy
compound. One of the strliking differences between the
thiophene series and the benzene series is the lnatabllity
of the hydroxythiophenes and the resultant difficulty in
syntheslzing these compounds(13). The few attemptg at
syntheslzling thiophenequinones followed the successful
preparation of highly substituted hydroxythiophenes which
were obtained in satisfactory ylelds by rather specific
cyeclization preeedares(h’5). It seems likely that the
scarclty of investigation in this field is in part due
to the lack of a general method for the introduction of
the hydroxyl group into the thiophene ring. In 1950
the discovery that hydroxythiophenes could be prepared
by the oxidation of thienyl magnesium bromide in the
presence of iappropyl magnesium bromide led to the prepara-
tion of Zéhydroxgﬁhiaphene‘lu), 3dhydroxythiophane(;h),
and 5-pheny1—2€hydroxythiopheno(;5) for the first time.

(11) Y. Gabel Q.n.d L. Shpeier, Je Gen. Chem. (USSR) _l’
: 2277 (1947).

(12) R. Kitamurae, J. Pharm. Soc. Japan 8, 24 (1938),
: C.he 32, 3759% (1938).

(13) Ref. 3, p. 287»

(14) Co De Hurd and K. L. Kreuz, J. Am. Chem. Soc. ]2,
7 5543 (1950). ’

(15) W. A. Steele, "Synthesis of S-phanyl—2-hydroxythiophene“
- Dissertatian: Ungn. of Cincinnati, 1951,
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We were thus encouraged to study the question of thilo-

phenequinone derivatives.
I1

The first portion of this iﬁvestigation was con-
cerned with the synthesis of substituted thlophenequinones.
The 1,2-dicarbonyl grouping in the alicyclic series may
best be obtalned in the following ways(lé):

l. From the monoxime, obtained by the action of
nitrous acid on the monoketone, by hydrolysis with dilute

sulfuric acld, alkyl nitrites, etc.

L) -~ \

c‘-.’oﬂ #H, 0 (',:0
(USRS

Lo z

A H* $0

2. By the oxidation of the alpha-ketols, or ortho
dihydroxy compounds.

) 3
He-o W - c-on Le]
I _~ Y] R
c=0 < - OH
¥

- o

4

[~
o
L

3. By the oxidation of ketones with selenium dloxide,

[ L]
zo [
C- Se O, < ° + H,p

[}

B =
cn, e
1

lte By the hydrolysis of bromoketones.

Yoer H, 0 W

\

c-oH ‘.=°
¢=o é = — c=o
. ’ =o 4
v _ B v oM Lo
crer 2%l [-f:°" } —— 7% 4 Ho
- €0 L3 /]
f“o -1 7 ’

(16) E. H. Rodd, Chemistry of Carbon Compounds, Elsevier,
, Amsterdam, 1951, p. T719.
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These methods were all consldered. Ghovin(17)
showed that oxidgtion of hydroxythlianasphthenes with se-
lenium dioxide ylelded the corresponding thioindigo dimer

and this procedure was not further investigated. The

QL=C

oxidation of dihydroxy compounds and the hydrolysis of
haloketones required the synthesis of compound types not
previously prepared. These were investigated and found
to be too unstable to merit further study.

The most promising course of synthesis was the
hydrolysis of quinone monoximes. In the course of
Friedlanderts work on thioindigo dyes(u) he synthesized
5-phenyl-3-hydroxythiophene, and found that when this
éompound was treated with nitrous acid an glmost quanti-

tative yield of 5-phenyl-2,3-thiophenequinone~2-oxime
was obtained., Friedlander failed to obtain the quinone

OR =b
3

by reduction of the oxime with zinc and acetic, or minersal,

acids, and subsequent oxidation with ferric chloride.

(17) R. Chovin, Bull. Soc. Chim. France [5] 11, 91 (19ll).
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6.

This procedure was successful for the preparation of the
enalogous thiengphthaquinone from its monoxime. The hy=-
drolysis of the oxime is an obvious route to the quinone,
but Friedlander does not mention any reactions of this
type. Inasmuch as he does describe a number of other un-
successful procedures it seems llkely that he did not
try hydrolysis. In any event a large number of hydrolytie
and carbonyl exchange procedures for the regeneration of
a carbonyl from the oxime grouping have been developed
since these briginal experiments and this most promising

- course of action was eXtensively investigated by us for
the preparation of ﬁhiophenequinones.v

In the investigation of carbonyl exchenge reactions

it was found that refluxing the oxime in benzaldehyde led
to the formation of 2,5-diphenylthiene[},5-bJoxazole. The

O Y — @L@?@

literature shows that fused ring oxazoles have been pro=-
duced by refluxing ortho-quinones with benzaldehyde and
ammonia or ammonium acetate in acetic acid solution(ls),
and by treating ortho-quinone monoximes with benzalde-
hyde in the presence of hydrochloric acid end reducing

the oxazole-K-oxldes thus formed(lg). The use of

(18) S. Kreps and A. R. Day, J. Org. Chem. 6, 140 (1941).

(19) W. Dilthey and J. Friedrichsen, J. praekt. Chem. [2]
127, 292 (1930).
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benzaldehyde as solvent, reactant, and reducing agent has
not previously been described. The procedure was inves-
tigated with a variety of aromatic and aliphatic alde-
hydes. This second portion of the work was also concerned
with the study of the course of this reactlion with a
number of 'acyelic, alicyclie, and arometic diketone
monoximes. Finally the reaction of benzaldehyde and the
oxime was itself studied in some detail. The effect of
catalysts, atmosphere, and reaction time on the yleld of
oxazole was investigated in order to learn more about

the nature and mechanism of this reaction.

A qﬁinone diloxime of thiophene was prepared for
the first time. The third portion of this problem deals
with a study of the chemistry of S-phenyl=2,3-thiophene-
quinone~2,3~dioxime., The behavlior of the dioxime grouping
as a typical ortho-qulinone dioxime was checked using re-
actions such as furazan formation, complex formation, and
regeneration of carbonyl groups. In addition the dioxime
was subjected to the hydrolytic procedures used on the
monoxime, and to the benzaldehyde=oxazole reaction.
Lastly it was noted that the compound, in the course of
a number of its reactions, lost sulfur, and several de=-
gradation mroducts of unusual structure were isolated
and investligated.

Finally it seemed to us that this investigation
would best be rounded out by the synthesis of S-phenyl-2,
3-thiophenequinone-3-oxime, and a comparison of this

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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compound with the "2-oxime". We were especially Interested
in oxime hydrolysis, dioxime formation, and oxazole for-
mation. Nitrosgtion of S-phenyl-2-hydroxythiocphene, ob-
talned by the oxldation of phenylthienyl lithium, was

the route taken to this compound, but we were unable to
isolate more than traces of material which might have

been the desired compound, and could not carry out the

desired experiments.
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DISCUSSION OF RESULTS

I. Attempted Quinone Synthesis

Friedi'éndertsm) novel and ingenious route to 5-

phenyl-3~hydroxythiophene may be summarized as follows:

: A 250°
@C":CHCODEt + 3 —— B¢ —c=0

@,!! ! +EtoH
\s/

I i Na,S
0 1.CICH, CoON, M
ic-2-s-cu,conl 2. Hed ? u§~c‘~—s-—ﬂa_
NS-ch, ooH - @' “s- Na
‘NJAL 'A(..o
0
o-'c'-cu3 i. NaOH H
Il “ 2. pel l ‘
et
S s
Pig. 1

The directions given by Friedlander are vegue and in-
complete and 1t was found necessary to develop a procedure,
end sometimes modify the directions, for each step of the
synthesis. The 5-phenyl-1,2-dithiacyclopentene-3=-one (I)
was first prepared by Baumann and ?rom(‘zo) from sulfur

and ethyl cinnamate. The unpleasant use of large quan=-

titles of boiling fifty per cent acetic acld for the

(20) E. Baumenn and R. Fromm, Ber. 30, 111 (1897).
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isolation of the cyclic disulfide from the tars and un-
reacted sulfur was avoided by an extraction procedure
using ethanol and acetone. In the conversion of (I) to
u~keto¢6-pheny1-3,7—dithia—5-cis-nonenedioicnacid (II) the
dithione was added to molten sodium sulfide nonéhydrateé
this cleaved disulfide solution (IIa) was added to a
solution of sodium chloroacetate, unreacted dithione
precipitated and was filtered from the solution. The
filtrate was acidified and an oil formed which erystallized
after standing for several days. In several runs the
unreacted dithione did not precipitate and acidification
of the solutlion gave a coplous precipltate of sulfur froﬁ
which no products could be isolated. This was found to
occur when the ratio of sodlum sulfide to dithione was
too high. On the other hand when a large excess of the
dithione was dissolved in the molten inorganic salt the
unreacted material did preciplitate and could be used
agaln without purification to give a high overall con-
version to the dlacid. Partial hydrolysis of the chloro-
acetic acid during the prepsration of its sodlum salt

was a troublesome side reaction which could be largely
obviated by addition of solid sodium carbonate to a con-
centrated aqueous solution of the acld at 0°. Some
hydrolysls always occurred as evidenced by the acidie
reaction of the solution after the stoichiometric amount

of base had been added.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11.

The diacid (II) was converted to 5-phenyl=3-acetoxy-
thiophene (III) by heating with acetic anhydride and
sodium acetate. The addition of ice water to the reaction
mixture caused the ester to separate as a dark, crystalline
product. The ester was best isolated in pure form by
extracting the reaction product with ligroin at room
temperature and allowing the ligroin to evsporate. The
S~phenyl-3~hydroxythiophene (IV) was obtained by saponi-
‘fieation of the ester. A soiution of III in alcchol was
warmed with the stolchiometric amount of five per cent
sodlum hydroxide solution. Completeness of seponifi-
cation was tested for by adding one drop of the reaction

- mlxture to several milliliters of water. The absence of
turbidity indicsted that the water-insoluble ester had
been completely hydrolyzed. Hydrolysis took only a few
minutes; prolonged heating ecaused dimerization to V.

S-Phenyl~-3-hydroxythiophene is a colorless solid
that melts at 75-76°. When the compound or its solutions
are exposed to oxygen the thienol gradually decomposes

22’ (33:3'3)

and the red dimer. 5,5t'-diphenyl=-[A -bithiophene ]-

3,3-dione, (V), is formed. The hydroxythiophene appears

INEY 3 @D’fﬁj@
Py
Flg. Ia

to give a red coloration with ferric chloride but this
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12.

1s obscured by precipitation of the dimer which is also
red. When a 1 per cent solution in 33 per cent ethanol
was treated with 10 per cent ferric chloride a red coloration
and a red precipitate formed. A 1 per cent solution in
ebsolute ethanol gave a red-blue color; upon dilution
with water a preclipitate formed. A one and a half per
cent solution of thienol in warm water yielded an immedlate
red precipitate, while a suspension of 0.1l5 g. of the
hydroxythlophene in one ml. of cold water was not affected
by ferric chloride.

S5=-Phenyl~3-methoxythiophene was produced in 60 per
cent yleld by treating a solution of the hydroxythlophene
in base with dimethyl sulfste. This compound was prepared
by Friedlénder but was not investigated by him. The
ether is a colorless liquid which boils at 141-142° (3 nm.).
It appeared to gradually decompose on standing; howe#er,
distillation of a dark red sample which had discolored
over a period of several months yielded most of the original
materlal in colorless form. The ether gave a negative
ferric chloride test and was completely insoluble in
dilute base. |

When treated with bromine, S-phenyl-3-hydroxythio-
phene formed a tribromo derivative as was earlier reported(h).

We falled to prepare a semicarbazone by the use of standard

procedures.
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13.
The hydroxythiophenes as a class are unstable(al).
They are readily oxidized and their decomposition may be
due to oxidation and palymﬁrization‘lS). Functional
grbups which lower the electron density of the ring
stabilize the molecule. Both S5-phenyl-2~hydroxythiophene
and S5~phenyl=3~hydroxythiophene are more stable than the
parent 2~ and 3~ hydroxythiophenes; but, whereas the 2=
hydroxythiophene is more stable than 1ts 3~ lsomer, the
3=hydroxy-phenylthiophene is more stable than the 2«
hydroxy=-phenylthiophene. For example, diluté alcoholic
solutions of 2~hydroxy-phenylthiophene prepared for
ultra-violet analysis rapidly became colored and deposited
dimer, while similar solutions of 3-hydroxy-phenylthiophene
remalned colorless for over 2l hours. In the attempted
preparation of a semicarbazone, pure 3-hydroxy-phenylthio-
phene was refluxed briefly in aqueous alcohol and was
reobtained on cooling as light brown needles, melting
point 75-76°., PFurthermore the pure 3~ isomer could be
isolated from a mixture of tar, dimer and compound by
extracting with petroleum ether (b.p. 40-60°) in a Soxhlet
apparatus. This hydroxy compound was carried over and
concentrated in the solvent flask and was recovered as
pink, almost colorless cnyetala. However when the seme
procedure was applled to the 2~ isomer the hydroxy compound
(21) H. D. Hartough, The Chemistry of Heterocyclic Compounds,

Thiophene and its Derivatives, Interscience, New
York, 1952, pp. 288-293.
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was removed from the dimer and tars and concentrated in
the flask but it decomposed during the extraction to a
dark tar.

The greater stabllity of S~phenyl-3-hydroxythiophene
can be explained if we éssums that the oxidation proceeds
by a series of steps none of which involves transfer of
more than one electron(az). The thlenol will, on loss of
an electron from sulfur, for example, yield a radical
with various possibilitiés of resonance stabilization.
The further loss of a proton from the charged fragment
will give a new specles which may eventually lesd to the

dimeric product through two more one electron transfers.

The necessity of eitracting an electron from the ring for

oxldative decomposition 1s in agreement with the statement

previously made that functional groups which lower the

(22) L. Michaelis, Trans. Electrochem. Soc. J1, 107 (1937);
ef. also L. Michaelis and E. S. Fletcher, J. Am.

Chem. Soce 12%6 (1937); R. B. Woodward and P.
Eestman, ibid., 68, 2229 (1946).
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electron denslty of the ring stablilize the molecule. The
intermediates involved in the oxldation of S~phenyl=2-
hydroxythiophene are stabilized by resonance forms in-
volving quinonoid structures for the phenyl group which
cannot contribute to the corresponding‘1ntarmediates from

S-phenyl-3=hydroxythiophene.

o o) ol
o ol ol

Inasmuch as hyperconjugation structures (Fig. lj) of
W ——  5-methyl-2-hydroxythiophene should contribute
'%z[;:]:° 1little ecompared to the quinonoid structures (23}
Fig. I illustrated in Fig. 3, the resonance stablliza-
tion of the oxidation intermediates should be
about the same as S-phenyl-3=-hydroxythiophene. This com=
pound must be heated with ferric chloride to form the
indigold derivative(ah).

(23) C. Deasy, Chem. Revs. 36, 145 (1945).
(24) W. Steinkopf and A. Thormann, Ann. 540, 1 (1939).
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1l6.

Physical evidence indicates that 5-phenyl-3~hydroxy-
thiophene exists in both keto and enol forms, although

=° —— oH
S
Fig.S

the enol form predominates. The ultra-violet spectra
of the 3-thienocl and its ether in ethanol and of the
thienol in chleraforﬁ are given in Fig. 6. The spectra
of the two alcohol solutions are almost identical, while
there is a shift to higher wave lengths in the spectrum
of the thienol in chloroform. This suggests that the
S=phenyl=3~hydroxythiophene exists to a very great extent
as the enol in alcohol, but that in chloroform, the keto
form becomes of greater importance. The infra-red spectrum
(Fig. 7) of the hydroxythiophene in chloroform shows ab-
Qorption in the hydroxyl region, 8.03 4, and in the
carbonyl region, 5.96.4 , while in the ether spectrum there
is no absorption in the carbonyl region, and the sppearance
of strong bands at 7.20, 9.62, and 9.67 microns is indi-
cative of an aromatic ether.

5«Phenyl=3~hydroxythiophene IV was the basic
compound through which we sought to prepare a thlophene
quinone. The synthesis of thianaphthaquinone was achieved
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19.

by condensing the hydroxy compound with nitroso-N,N-

dimethylaniline; end hydrolyzing the resulting anil with
acid(25).

=e -Chy
Qs — QR

Fig. 9

We attempted to condense the 5-phenyl-3-hydroxythiophene
with para-nitroso-N,N-dimethylaniline in order to obtain
the analogous anil, and we hoped to be able to hydrolyze
this compound. The condensation did not occur without a
basic catalyst. When a solution of thienol and the nitroso
compound in ethanol was warmed with five milliliters of
a 33 per cent solution of benzyl trimethylammonium hydroxilde
in methanol there was formed and isolated .56 g. of a
dark red powder which gradually blackened and decomposed
on standing. Thls route was not further investigated.

The preparation of an ortho-quinone by hydrolysis
of the bromo ketone was considered. Friedlander had ob=
tained a tribromo derivative of S~phenyl=-3~hydroxythiophense
when the compound was treated with bromine directly and
he unsuccessfully attempted to form the anil of this com-

pound by eondensation with aniline.

[: -0 B- =0
ol s + wm A~ Sl g

(25) R. Pummerer, Ber. 43, 1370 (1910).
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We investigated the bromination of 5~phenyl-3-methoxythiophene
and S-phenyl-3-hydroxythiophene with N-bromosuccinimide.
It was owr intention to prepare and hydrolyze a monobromo
compound. The bromination of these compbunds with molar
quantities of N~bromosuccinimide went readily in the cold
to give products which were too unstable to work with.

The bromo derivative of the methyl ether was the more
stable; it was isolated, and crystallized from petroleum
ether as a colorless solid, m.p. j5=}47°. The material,
even when sealed under nitrogen, slowly decomposed at
room temperature, liberated hydrogen bromide, and yielded
a dark purple sclld in a few hours. The product of bro-
mination of the hydroxythlophene was even less stable.

The bromination was carried out at 0°. At the conclusion
of the reactlion the carbon tetrachloride was removed by
distlllatlion at reduced pressure. When the product was
flushed with nitrogen to maintein an inert atmosphers,
hydrogen bromide was swept from the flask in considerable
amount. When this ceased, a black, tarry reaction product
remained from which there was isolated 5,5t-diphenyl=

Aa ’3' (BH’B'H)

[ ~bithiophene ]-3,3-dione.

5=Phenyl-3~hydroxythiophene can be nitrosated to
give a quentitative yleld of 5-phenyl-2,3-thlophenequinone-

2-oxime. This compound was the center of our lnvestigation

| oM ono =
L == oL Jone
=/ s

Fig. 11
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into the quinonoid nature of thiophene, and was exten-
slively studlied as the subject of hydrolytic and carbonyl
exchange procedures for the preparation of thlophene-
quinones. The oxime was generally prepared directly from
the 3-acetoxy-S-phenylthiophene without isolating the
hydroxy compound. Sodium nitrite was added to the solution
of the ester as 1t was being hydrolyzed, and the reactlion
mixture waes poured into excess lced dllute hydrochloric
acld. The yellow precipitate was recrystallized several
times from ethanol and with the ald of Darco treatment was
obtained as yellow-orange needles with a melting point of
21-216° when heated at the rate of 2° per minute. The
overall yleld from ethyl cinnamate was thirteen per cent.
The quinone monoxime was completely stable in air and

gave a negative ferric chloride test. The compound has

a solubility of 0.35 g. per liter in water at 100°., It

is acldic in natuwre and dissolves in base although the
alkali salt is only moderately soluble. The oxime com-
plexes inorganic catlons. A series of spot tests was

méde with aqueous solutions of a large number of inorgahic
salts at a concentration of O. 1 mg. per ml. A 0.25 per
cent solution of the oxime in ethanol gave yellow preci-

+, and Pb*t., The oxime forms in-

pitates with Ag', Hge'
soluble salts with many othér metals at leas dilute
concentrations.

Esterification of the oxime can be asccomplished
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with mineral acids and glaclal acetlic acid, or with base
eand scetic anhydride. The acetate ester 1s & yellow solid
melting at 149-150°. When the ester was refluxed with
dilute cgustic soda for thirty seconds it was saponified
and the oxime was reobtalined. We prepared a dioxime,
colorless needles, m.p. 126.4-126.8° and a 2,)j-dinitrophenyl-
hydrazone which was obtained as dark brown needles, The
latter compound melted at 232.0-232.5° when heated at the
rate of 2.5 degrees per minute, or 226.0-227.0° when
heated at the rate of 1.0 degree per minute. We did not
succeed 1n preparing a semlicarbazone of elther the oxime,
or the oxime acetate by means of standard procedures for
preparing these deri#atives. Fused thiophene oxazoles were
obtained by refluxing the oxime with various aromatic
aldehydes, but not with aliphet ic aldehydes., The same
oxazoles could not be made from the oxime by procedures
that worked for other alphs-diketonemonoximes. This will
be discussed in greater length in the next section.

These reactions may be summed up:
A¢,o _
= MUY @"‘ ' =6
@Ej:mm mey =nr0 8 H,,oIM\oH 02 ¢ My
++
> em 1" \«,;uo HHG

. ~pro ¥
209t i lj"‘p
*u <}.L =pon
,s ‘ B@ - “"o' : ’
Fig. 12
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It can Immedliately be seen from the preceeding chart
that in no reaction was there a separation of the oxime
nitrogen from the thiophene nucleus. The reactions which
were tried and studied 1in order to accomplish this may be
outlined in the following manner:

8e Solvent and salt action

b. Strong mineral acids

¢c. Carbonyl exchange

d. Mineral acids and carbonyl compounds in combimation

6. Nitrous acid and nitrous acid derivatives.

f. Oxidative procedures.

Preliminary experiments showed that the oxime is
stable and is not destroyed by water or water-acetlc acid
solutions, or by salt action, during the course of at-
tempted hydrolysis. Refluxing the oxime in water for
8ix days resulted in a 96 per cent recovery of the starting
meterial; the action of 8 pef cent acetic acid for one
hour was without effect; and the compound was recovered

unchsanged when heated with li per cent sodium sulfite
(26)

solution

Cleavage was sttempted with strong mineral acids
without the ald of suxiliery reagents. The oxime was
heated with hydrochloriec, sulfuric, or phosphorie acid for

various lengths of time. Inasmuch as quinones may very

(26) L. Kletz and A. Lepworth, J. Chem. Soc.,1254 (1915).
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frequently be 1solated in good purity by steam distillastion

(e«.g+ thianaphthaquinone) (27)

» and inasmuch as the con-
ditions of hydrolysls were usually more severe than those
of steam distlllation, the reaction was generally worked
up in this manner. The reaction product was first steam~
distilled, the residue liquid was filtered, cooled, re-
filtered, and extracted with ether. Typical runs are
described in the experimental section. A degradation of
the oxime did occur and the extent of this degradation was
most obviously dependent on the length of time the re-
action was allowed to run. The dspéndenee on concentration
and temperature was less clearly observed. As the re-
action time increased the aemount of undissolved material,
and hence unreacted oxime decreased. In no reaction was
there any material other than acetophenone and sulfur
isolated from the distillate. |

Two reactions are worthy of comment. In one reaction,
the oxime in ethanol‘solution was added dropwise to 200 ml.
of sulfuric acid (1:1) through which superheated steam
was being passed. ‘It was felt that this would be the best
procedure for the isolation of a steam volatile, but acid
sensitive, quinone. The distillate contained only aceto-
phenone in 12 per cent yleld. In the other experiment a
solution of 2 g. of oxime in 20 ml. of ortho-dichlorbenzene

(27) W. T+ Summerford and D. N, Dalton, J. Am. Chem. Soc.
66, 1330 (1944).
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was refluxed wlth 20 ml. of concentrated hydrochloric acid.
In this case it was hoped that the organic layer would
dissolve any quinone formed and thus prevent acid decompo-
sition. It wgs found that the ortho-dichlorobenzene had
no effect on the course of the reactlon, the decomposition
of the oxime proceeded as it did in concentrsated hydro-
chloric aclid alone.

In all the reactions which were run for a sufficient
length of time to give an isolable quantity of degradation
product there was obtained a colorless compound which,
when recfystallized from benzene, had a melting point of
156-157°, The compound was not benzoylpyruvic acid (melting
point 156-158°). On the basis of elemental analysis and
e study of its propérties the compound was assigned the
structure of BJhydroxy-é-phenylexazine-h-ona. When the

reaction ran until the oxime was °
oH

completely decomposed about a 50 | ’L

0
per cent yield of the oxazinone

3«hydroxy-6-phenyl-

was isolated in each case. In oxazine~li~-one
the distillate there was isolated Fig. 13

acetophenone which was identified

by meens of the melting point of its 2,l-dinitrophenyl-

hydrazone and mixed melting point with en authentic sanple.*
More frequently quinones are regenerated from their

monoximes by the use of a carbonyl compound in combination

* A discussion of the oxazine structure is given on page 28.
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with a mineral acid, rather than by the use of acids alonecza’zg).
Lapworﬁh(sg) showed that the cleavage reactlon of oximes
in concentrated hydrochloric acid i1s a reversible one. In
fact with an excess of hydroxylamine the oxime could often
be formed quite readily from the parent carbonyl compound
in concentrated acid solutions. With the less stable
oximes the equilibrium ls such that reaction with acids
alone 1s sufficient to genersete the ketone; however, when
the position of equlilibrium is less favoreble, hydroxylamine
must be removed from the product side of the reaction.

The hydroxylamine may be destroyed by oxidation or
reduction, or tied up in another carbonyl compound.

Lapworth found that he could prepare ceamphorquincne from
the monoxime only by the use of formaldehyde, or benzalde-
hyde, and concentrated hydrochloric acid. The reaction
would not occur without the carbonyl compound. The oxi=-
dation procedures are more severe but have been used
successfully for the preparation of stable pare-benzo-
quinones.

Cleavage of the oxlime was attempted with acetone,
formaldehyde, and benzaldehyde employing various concen=-
trations of hydrochloric and sulfuric aclids. The oxime
was elther recovered unreacted, e.ge. when the reaction
time was short or when acetone was present in sufficient

(28) ¢=-L. Tseng, M. Hu, and E. Chu, J. Chinese Chem. Soc.
2h7 (1934); C.A. 28, 3730% (1934).

(29) We T. Sumerford and W. Hartung, J. Am. Pharm. Assoc.
29, 65 (1940).
(30) A. Lapworth, J. Chem. Soc. 91, 1137 (1907).
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quantlty to malntain a low reflux temperature, or was
decomposed by the acld in the previously discussed manner.
The carbonyl compounds did not enhance quinone formation
but were a complicating factor in determining the nature
and the course of the reaction. They were either acted
upon themselves by the acld, and for the most part ylelded
tars, or they reacted with the unreacted oxime molecule,
or with the oxime degradation products. In generasal, the
use of acetone or formaldehyde led to tars. The use of
benzaldehyde gave more varied results. When a dilute
solution of the oxime, concentrated hydrochloric acid, and
benzaldehyde in isopropyl aleohol was refluxed for I hours
there was recovered 93 per cent of the starting material.
When the oxime was refluxed without other solvent using

a twenty to one ratio of benzaldehyde to concentrated
hydrochloric acid, a 23 per cent yield of 2,5-diphenyl=-
thienol[l,5-bloxazole was isolated, when the ratio was

one to one the oxime decomposed, the benzaldehyde reacted
with the product of decomposition, and a tetronic acild

(vide infra) was formed:

cHo

Fige. 1!.'.
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The chief degradation product of the oxime during
acid hydrolysis is a colorless solid that melts at 157-158°.
Benzoylpyruvic aclid also melts at this temperature and

would gppear to be an obvious degradation product of the

oxime:
=0 1c—e=o He —C=0 L
| - I .. — N — ¥-cH,C CoOH
- =M O - z
ol )™l b Tl L~ O
4. 0 6 o
H ;]
Fig. 15

We were surprized, therefore, when mixed melting points
of the two compounds continually gave sizable depressions.
In additién the degradation product formed when the oxime
was decomposed in the presence of benzaldehyde was iden-
tical with the tetronic acid formed by the condensation
of benzaldehyde and benzoylpyruvle acid in the presence
of hydrochloric acid.

o
0 <‘j>_ é-cH—c=0
Qg' cn,c-cOOH + @c,,o il | |

c=o
o,
~o

The identity of the tetronic acid was proven by mixed
melting point determinations, and by the preparation and
determination of the melting point of the known anil.
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Furthermore acetophenone was found in the acid decomposition
of both the oxlme and the benzoylpyruvic acld, and ldentifled
as the 2,l-dinitrophenylhydrazone.

We were certain that the degradation product and
benzoylpyruvic acid were different compounds when we pre-
pared an anil of the oxazine and found that 1t melted at
177-178°, 10 degrees higher than the similarly prepared
aniline derivative of benzoylpyruvic acid. In addition
the mixed melting points of ths two anils showed a thirty
five degree depresslion. The compound is weakly acidie,
and is highly soluble in ethanol, moderately soluble in
water and benzene. Elemental analysls indicated that the
empiricel formula was C;,H,0zN. Perhaps the most important
clue we have to the structure of this compound 1s the
structure of 1ts precursor and the course of degradation,
We can postulate an oxazine structure and explain its
formation, as well as that of the acetophenone and the
tetronic acid, if we assume that the oxime first hydro-
lyzes to a hydroxamic acid, part of which cyclizes to
en oxazine derivative while the remainder is further
hydrolyzed and forms benzoylpyruvic acid. DBenzoylpyruvie
aclid is not stable in hot acld solution and either de-
composes to acetophenone, carbon monoxide, and carbon
dioxide, or condenses with benzaldehyde to form the

tetronic acid, depending on the conditions of Ehe reaction.
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Fig. 17

The use of nitrous acid in oxime cleavage reactions
is extensively described in the literature(31’32’33). In
one procedure nitrous aecld is generated in the presence of
hydrochloric acid, the hydrochloric acid causes a partial
hydrolysis and a reaction of nitrous acid with the hy-
droxylamine formed causes the equilibrium to shirt(3l),
Another proceduré using glacial acetic acid and sodium
nitrite is postulated to go through a different mechanism(3u).

We were unable to split the oxime linkage using
nitrous acid and hydrochloric acid in combination on aqueous-
alecoholic solutions of the oxime. In one experiment

nitrogen oxide gases evolved from the addition of hydro-

(31) L. Claisen and 0. Manasse, Ber. 22, 530 (1889).

(32) M. L. Wolfrom, L. W. Georges, and S. Soltzberg, J.
” " Am. Chem. Soc. 56, 174li (193L).

(33) St. Goldschmidt and W. L. C. Veer, Rec. trav. chim.
- 65, 796 (1946).
(34) St. Goldschmidt and W. L. C. Veer, Rec. trav. chim.
“77 66, 2588 (1947).
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chlorlic acid to solid sodium nitrite were passed into a
refluxing solutlon of oxime in ethanol. Nine normal
hydrochloric écid was added and the solution was refluxed
for 23 minutes. Upon cooling a 67 per cent recovery of
the oxime occurred. In another experiment oxime and sodium
nitrite were refluxed for three hours in methanol that was
saturated with hydrogen chloride. Ninety seven per cent
of the oxime was recovered.

A series of reactions was conducted in which
sodium nitrite was added to a solution of the oxime in
glacial acetic acid and the length of reflux time was
varied. In the flrst reaction sodium nitrite was added
to the solution at room temperature. Upon diluting the
product with water a small quantity of red solid was
thrown down which had a melting point above 260°. This
material was not again encountered In similar, subsequent
reactlions. After the removal of the red solid, a yellow
solid, which had a melting point of 149-150°, slowly
precipitated in the body of the solution. This compound

was the oxime acetate. In the second reaction sodium
nitrite was added without further heating to the oxime-
acetic acid solution which had been heated. The cooled
solution was eventually diluted with water and a }45 per
cent yleld of the same ester was obtained. The third
reaction was refluxed for thirty minutes and while hot

diluted with water. There was recovered LO per cent of
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unreacted oxime, the rest of the material being a tarry
decomposition product. The same procedure carried out
for three hours with perlodic additions of sodium nitrite
led to complete decomposition.

In a slightly different reaction the sodium nitrite
was added to a solution of oxime In agqueous acetic acid.
This was refluxed for thirty minutes, water was added,
end upon cooling a 70 per cent yield of pure oxime pre-
clpitated. These reactions may be interpreted in the
following way. In glacial acetic acid the oxime was
esterified and upon prolonged heating with nitrous acid
deep~-seated decomposition of the thiophene compound took
place, possibly through the intermediacy of the quinone.
When water was added to the hot solution of the ester in
the hope of obtalning erystals on cooling hydrolysis
occurred and the oxime was 1solated instead of the ester,
The esters of oximes are known to be hydrolyzed to the
oxime by aqueous alkalls and acids with great ease(35).
The addition of water to the cold solutions did not
cause hydrolysis of the ester and this compound was ob-
tained. |

The ester was a yellow solid which was slightly
soluble in cold water, and moderately soluble in hot water.
The same ester was also obtained by treating the sodium

(35) N. V. Siggwick, Organic Chemistry of Nitrogen, Clarendon
Press, Oxford, 1937, p. 173
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salt of the oxime with acetlic anhydride, and a mixed
melting point of the two showed no depression. When the
ester was refluxed for thirty seconds in 6 N sodium hy-
droxide solution the oxime was reobtained.

We attempted to cleave the oxlime using a nitrite
ester, lsoamyl nitrite. Concentrated hydrochloric acld
was added to a solution of oxime and isoamyl nitrite in
aqueous ethanol and this solutlon was refluxed for an hour.
There was isolated 90 per cent of the oxime unreacted.

The addition of 2,4-dinitrophenylhydrazine to the oxime-
freed filtrate gave a large quantity of a red precipitate,
melting polnt 122-123°. We expected this to be the
2,4~dinitrophenylhydrazine of isosmylaldehyde (melting
point 123°) but the two compounds gave a sizabie depression
in melting point on admixture. Since the compound failled
to give an elemental test for sulfur, and was much t oo
welghty to be a derivative of the unrecovered thiophene
compound,'it was not further investigated.

Hershherg(Bé), and Mattox and Kendell(37) nave
recently described procedures for using pyruvic acid as
an exchange reagﬂnf in cleavage reasctions, although

Sidgwiek(BB) a number of years ago recognized that

(36) E. B. Hershberg, J. Org. Chem. 13, 542 (1948).

(37) V. Re Mattox and E. C. Kendall, Je Am. Chemo Soce
10, 882 (1948).

(38) Sidgwick, "Organic Chemistry of Nitrogen, Clarendon
: Press, Oxford, 1910, p. 247.
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pyruvic acid in aqueous medium was a particularly effective
exchange ketone. The oxime however was found to be com-
pletely resistant to the action of pyruvic acid. A so-
lution of oxime in acetic aclid and water containing
equimolar amounts of pyruvie acid and sodium acetate was
refluxed for three hours. Upon cooling 85 per cent of

the oxime was recovered. Another solution of the oxime

in pyruvic acld, benzaldehyde, and concentrated hydrochloric
acid was shaken mechanically overnight. Most of the oxime
was recovered unchanged. The driving of cleavage reactions
to completion by the destruction of hydroxylamine has been
done very successfully using oxldlzing agents such as
sulfuric acld and potassium dichromate, or 30 per cent
hydrogen peroxide(39’h°). These reagenfs work well for

the relatively stable alkyl para-benzoquinones but would
readlily destroy the thiophene nucleus. Summerford and
Dalton(27) have developed a procedure using cuprous oxide
as the oxidizing agent and have found it superior to the
methodé using much stronger oxidizing agents. Their

method consists of either shaking or refluxing the oxime

in a mixture of methyl cellusolve, hydrochloric acid (1l:1),
cuprous oxide, and acetone, and distilling the product
from the mixture with steam. Both procedurses were followed

(39) H. Henrich, S. Taubert, and T. Birkner, Ber. 45,
' 303 (1912).

(40) P+ Karrer and O. Hoffmann, Helv. Chim. Acta 22,
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exactly with 5-phenyl-2,3-thiophenequinone-2-oxime but
neither method yilelded any product.

The resistance to cleavage and the retention of the
oxime grouping under the most severe conditions indicates
that 5-phenyl=-2,3-thiophenequinone-2-oxime possesses re-
markable stability for a molecule of its type. Oneé possible
explanation for this is that the acid hydrogen in the oxime
structure is positioned in such a manner as to vastly inerease

the resonance stabllization of the molecule, If this plecture

O. O
N s WO~
AW P R B W T O

is valid, then we have a bicyclic structure possessing some
degree of aromatic character in the ring fused to the thio-
phene nucleus. Thls increase in resonance energy would
considerably enhance the stability of the molecule.,

The objection has been raised with other molecules
of this type that the two oxygens are too far apart to
permit anything more than hydrogen bonding to one of the
oxygens. The 0-H....0 bond is usually found to be about
2.5 = 2.8 A in length, which is considerably more than
twice the ordinary oxygen-hydrogen distance of 0.96 A(hl).
However the possibility cannot be ruled out that the hydrogen
mey be centered in some bonds, and not in oﬁhers(ul). The

(41) G. W. Wheland, The Theory of Resonance, John Wiley and
Sons, New York, 1949, pp. 50, 51l.
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bond distances in the thiophene ring are somewhat smaller
than in the benzene ring, and a calculation using the best

available values for bond angles and bond lengths puts the
hydrogen 1.04A from each oxygen at an angle of 105°.

' thiocphene =C-C = 1.35 A

(2) C-0 based on partial
double, single bond
character. Dimeric
formic acld C~0 = 1.29 A.

C~N based on partial
double single bond
character. Melamine
C-N = 1.33 A (41)

(3) N-0 based on partial
double, single bond
character (443)

(4) Angle C-NH-O based on
ammonia 108° ,

(5) Angles 0-C-C, N=-C=C
assumed to be 120°

(42) R. Schoemaker and L. Pauling, J. Am. Chem. Soc. 61,
1769 (1939).

(43) H. J. Bernstein, J. Chem. Phys. 15, 284 (1947).
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II. The Oxazole Beagction

In’the attempted synthesis of the quinone from
S~phenyl~2,3~-thiophenequinone-2-oxime a carbonyl exchange
type reaction was tried. The oxime was refluxed in benzal-
dehyde for a period of 2l hours in the hope that the
benzaldehyde would remove the N-O-H group from the thio-

phene nucleus. The solution was cooled and, after re-

l =0 ¥ HO =0 cHNOH
. =NOH </ \> " Lo +
S NS

erystallization from dioxsne and then from ethanol, a
colorlesgs, neutral compound was obtained that had a melting
point of 176.2-176.8°. The compound was not S5-phenyl=-2,3-
thiophenequinone but 2,5-diphenylthienelli,5-b] oxazole.

This reaction was called the oxazole reaction. When
the oxime was refluxed in benzaldehyde for elghteen hours
a 50 per cent yleld of the oxazole was lsolated by removal

of the benzaldehyde at reduced pressure and crystallization
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of the residué. When the oxime was refluxed in a 33 per
cent solution of benzaldehyde Iin xylene thers was 1solated
under the same conditions a 37 per cent yield of oxazole.
However when 0.1l5 g. of oxime was refluxed in 10 per cent
benzaldehyde in benzene for 15 hours there was recoversd
0«13 g. of unreacted oxime. The temperature and the con=-
centration of benzaldehyde are therefore important factors
in the oxazole reaction. The latter factor was kept con-
stant in the course of investigating this reaction by
using excess benzaldehyde as solvent. This permitted the
use of reaction temperatures up to 180° and also had the
advantage of giving the best ylelds. The thienooxazoles
were colorless or very lightly tinted compounds. They
were insoluble in water, difficultly soluble in alcohol,
but readily soluble in chloroform and carbon tetrachloride.
Because of the unusual structure of thesse compounds we
considered the possibility of screening them for pharma-
cological activity. The solubility in iO per cent acetone-
water of 2,5-diphenylthienoll;,5-b]oxazole was found to be
0.033 g« per liter and the entire class of compounds was
considered too insoluble for this purpose, When exposed
to ultra-violet light the thienooxazoles exhibited a purple-
blue fluorescence. They were effectively separated from
tarry impurities by elution from an alumina column with
carbon tetrachloride., The compounds were readily followed
through the column by means of their fluorescence under

ultra-violet light and this made the separation from
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reactlion tars and the purification extremely easy. The
oxazoles did not form an eddition compound with 2,4,7-
trinitrofluorinone(th.

The structure of this compound was assigned prin-
cipally by & considerstion of the resctants and the em~
pirical formulae. The carbon, hydrogen and nitrogen
velues checked well (see experimentsl section) for
Cy7H;,0NS. We had difficulty in getting a good analysis
for sulfur which should be 1ll.6 per cent of the molecule
by weight. One laboratory found values of 8.7 and 8.9
per cent. A sample was sent to another laboratory and
they returned a value of 12.2 per cent. These analyses
in any event permit only one sulfur atom in the molecule.
That the material fluoresces is consistent with the
structure which possesses a long conjugated dhain(us).

The oxime was heated with a number of aromatic

aldehydes and one aliphatic aldehyde. Anisaldehyde gave

R@(HOI +,,:Nf[j_© — R@L:U@

R = H, CHs, CHz0, (CHj)aCH
Pig. 23

an 18 per cent yleld after three hours, and a 2l per cent

(44) M. Orchin and E. O. Woolfolk, J. Am. Chem. Soc. 68,
1727 (1946).

(45) J. Welss, Nature 1h5, Thly (1940).
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yield, after eight hours at 150°, of colorless needles,
which melted at 166.6-166.9°., Cuminaldehyde gave a 9

per cent yleld of very pale green flakes, melting between
131.8-132.6°, and tolualdehyde gave ylelds of 30 per cent
of pale tan crystals, which had a melting point of 101l.0-
101.,2°s The reaction was also carried out with cinnamalde-
hyde; in the_ehromatogréphie purification two fluorescent
bands, one blue, the other purple, formed. These yielded
0.08 go and 0.04 g. of impure material respectively.

From the larger quantity of product there was obtained

by recrystallization from alcchol enough yellow crystalline
material for one melting point, 173-175°. The same results
were obtained on repeating the reaction. Posslbly we

have low yields of cis and trans lsomers formed.

40

" "o @ h_ a
; ”5 waé +k OHC-CH=EHLY) o QEICBIC-C‘" N I fgf:-.(@

Fig. 22

The one aliphatic aldehyde investigated was capro-
aldehyde, but no crystalline product could be isoclated
from the reaction mixture. _ ‘

Investigation into the nature of the oxazole for-
mation was made by carrying out a large number of carefully
controlled reactions between S5-phenyl-2,3~thiophenequinone-
2-oxime and benzaldehyde and studying the effect of
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changing certain variables. Any mechanism must explain
the catalyéis of the reaction by whatever catalyzes it and
conversely an understanding of the nature of a reaction
can be had only when the catalysts, if any, are known.
Therefore we were especlially interested in determining
what compound types would catalyze the oxazole reaction
and accordingly a number of different materials which
are commonly used as catalysts for different purposes
was added to reaction runs. The reaction was carried
out by stirring 0.50 g. of the oxime in 5.0 ml. of ben=
zaldehyde at 150° for eight hours under an atmosphere of
nitrogen. To this was added such catalysts as trichloro-
scetic acid, benzoyl peroxide, hydroquinone, and dibenzyl
amine. The reaction mixture was worked up by first re-
moving beﬁzaldehyde under reduced pressure, and then
dissolving the residue in chloroform, and separating it
into base-~soluble and base-insoluble portions. The base=-
soluble material was separd ed into a water-soluble (ben-
zole acid) and a water-insoluble (unreacted oxime) portion.
The base~insoluble portlion was dissolved in carbon tetra-
chloride and chromatogrgphad, and the oxazole was isolated,
dried, and weighed.

The reéults are outlined in Fig. 24. No clear
indication of catllytic action can be seen. Hydroquinone
does not sppear to hinder the reaction, nor does benzoyl

peroxide have any marked effect and it thus seems likely

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwlad 1noyum payqgiyold uononpoisdal Jeypng “Jaumo buAdoo ayi Jo uoissiuiad yum paonpoiday

RHun Aldehvde Tempersture Tme Atmosphere Oxine Catalyset Beage Solubles
Wi, H.P.
1. Benzsldehyde 150%3° ghr MWitrogen 0.50g. Hydrocuin- 0.1lg.120-1550
one 0.02g.
2. Benzaldehyde 15l4+30 g Nitrogen 0.50" Benzoyl 0.1% 106-200°
& — %_, pe
neroxide 0.0lg
3. Anisaldehyde 150+#30 a Nitrogen  0.50 Benzoyl
peroxide 0.01lg.
.. Bengzaldehvde 150+3° g Nitroge 0.50 frlcgloro~ 0.15
- ' acetic 0.02g.
5. Benzaldehyde 1500 g Nitrogen 0.50 none 0.15
6. cBenzaldehyde 150430 8 Air 0.50  none 0.32
7. Benzaldehyde 150430 - 8 Air 0.50 none 0.4k4
a. Benzaldehyde 150430 4 Hitrogen 0.50 Dibenzyl 0.07
' amine 0O.lg.
9. Tolualdehyde 1504 © g Nitrogen 0.5¢ none
10. Benzaldehyde 150+3° 1.8% Nitrogen 0.50 none 0.38
11. Benzaldehyde 155° 2 Nitrozen 0.50 none 0.40
12. Benzaldehyde 150° 2 Nitroger 0.50 none 0.k9
13, Benzaldehyde 15141.2 2 Nitrogen 0.50 none 0.4g
14, Benzaldehyde 150° 2 Nitrogen 0.50  none 0.38
J &) -
15. Benzaldehyde 150° e Hitrogen 0.50  Benzoyl 0.506
peroxide
P o 0.0b5g.
lo. Benzaldehyde 150 2 Nitrogen 0.50 Benzoy 0.bh2
v 7 - ’ S 7 @eroxiée 7
o 0.05g.
17. Benzaldenyde 150 2 Nitrozen 0.50 AlClBO.O”g.O.EZ
14, Benzeldehyde 150° Nitrogen 0.50 none 0.36
2 5 Z
19, Bengaldehyde 1500 1 Nitrogen 0.50 nene 0.3h



that the reaction is not a free radical one.

Several reactions were csrried out for only two
hours, since by running the reaction for shorter perlods
of time the uncatalyzed reaction does not go to completion
and the effect of M"catalysts" on rate can be determined.
We were, however, unable to obtain reproducible results
in the uncatalyzed two hour runs which severely limits the
interpretation of the data obtained in these reactions.
The fallure to detect catalysis in these reactions is in
part due to the lack of precise methods of working up
the reaction. However it 1s likely that none of the
materials tested was of high catalytic activity, and,
inasmuch as the oxazole is stable once it is formed, if
a potent catalyst had been tried it probably would have
been recognized.

Dilthey and Friedrichsen(¥®) and Diels and Rriley(#7)
have prepared oxazoles from alpha-diketonemonoximes and
benzaldehyde. Their preparation was a two step reaction
requiring the intermediate formation of an oxazole-N-
oxide. The salpha diketone monoxime and benzaldehyde
were dissolved in glacial acetie acid and hydrogen chloride
passed through the solution. The addition of anhydrous
ether precipitated the oxazole-N-oxide hydrochloride.

(46) W. Dilthey and J. Friedrichsen, J. prakt. Chem. [2]
- 127, 292 (1930)

(A?) O. Diels and F. Riley, Ber. U8, 897 (1915).
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The oxazole-N-oxide may also be prepared by shaklng the
oxime with benzsldehyde and concentrated hydrochloriec

acld and subsequently reducing the nitrogen oxide com-

pound.
R,
\?:o @;‘°+ HCp — R'\ﬁwf "”2%0 R'][_o
L =noy oA -D X A0
R, o eud
[24
Fig. 25

We Investigated these reactions to see whether the
thienooxazole might have been formed in this manner with
the benzaldehyde itself funetioning as the eventual re-
ducing agent. Benzil monoxime and blacetyl monoxime were
synthesised and the known 2-phenyloxazole-N-oxide hydro-
chlorldes of these compounds wWere prepared In ylelds of
62 and 27 per cent resgpectively. In addition, 1,2,3-
cyclohexanetrione~l,3~dioxime wes synthesized from the
reaction of cyclohexanone, ethylnitrite and hydrochloric

oH
/‘"‘L"‘Iﬂ et cH
CH, \C:o ——— CH, Y= + EtONC +HY
N / P v
,-c >~ <H,— ¢
Y z h,
PonH

acid and this compound was also treated with benzaldehyde

and hydrogen chloride in glacial acetic acid. 4 35 per

L3.

cent yield of the oxazéle-H-oxide hydrochloride was obtalned,
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which had a melting point of 165-170°. Upon heating the
salt in methanol the free base was formed and one recrystal-
lization from petroleum ether yielded a colorless solid
with a melting point of 130.5-132.0°.

With thls background Iin the preparation of oxazole-
N-oxides we attempted to make this derivative of S-phenyl-

2,3-thiophenequinone-2~oxime. Hydrogen chlorlde was passed

=0 k 8o ) (¢}
>
A oen + O owa —— LIS
\
(V]

into a mixture of the oxime and benzaldehyde in glacial
acetic acid. At the end of the feaction unreacted, un-
dissolved oxime was recovered. The additlon of anhydrous
ether did not cause any preciﬁitation. Finally the
solvents were removed and a browWwn-black residue remained
from which there was 1isolated more oxime. The other
procedure was no more successful. A mixture of 2 g.

of oxime in 92 g. of benzaldehyde and 200 ml. of concen-
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trated hydrochloric acid was shaken for three days. Most
of the oxime was recovered.

We were next interested in investigating the ben-
zaldehyde=-oxazole reaction with these aliphatic alpha-
diketone monoximes and with other ortho-quinone monoximes
in order to determine the generality of oxazole formation
under these conditions. Blacetyl monoxime was refluxed
with benzaldehyde for twenty four hours. After standing
at 0° for six days the liquid was distilled at reduced
pressure and unreacted biacetylmonoxime was recovered.

We did not succeed in identifying any products in the
sizable amount of distillation residue. The 1,2,3-cyclo-
hexanetrione~l,3-dioxime decomposed completely when re-
fluxed with benzaldehyde for elighteen hours under nitrogen.
When a mixture of the compound in benzaldehyde was stirred
vfor three days, the dioxime was reéovered unchanged.

The reaction between benzil monoxime and benzaldehyde

produced triphenylimidazole,lophine. In one experiment

cHo
o 8 — O
N

Fig. 29

three grams of benzil monoxime was refluxed in 10.3 grams
of benzaldehyde for one hour under a stream of nitrogen.

The crude product eventually isolated weighed 2.0 grams
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which based on niltrogen represents an almost quantitative
conversion to lophine. This compound was insoluble in
acetone and after washing once with thils solvent had a
melting point of 268-270°., Mixed melting points of an
authentlic sample of lophine and the compounds prepared
in this way from a number of runs did not, in any case,
show a depression. If the reaction was allowed to go
for longer periods of time oils formed which made the
isolatlion of the lophine much more difficult.

The resction of benzilam~N-oxide and benzaldehyde
produced a small smount of lophine. The product which

/0 cn® @
—N O N
Io/'i:] ’

Fig. 30

remained after the removal of benzaldehyde from the
non-basic residue by vacuum dlstillation was dissolved
in ether and freed of acidic impuritles by extraction
with base. This left a gummy solid which after recrystal-
lization from benzene, and then ethanol had a melting
point of 228-230° (benzilam, melting point 115-116°).
This compound was nbt identified.

The reaction of an ortho-guinone monoxime with
benzaldehyde also produced an imidazole. When 1 g. of

phenanthragqulnone monoxime was hested in benzaldehyde at
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150° for eight hours there was isolated 0.25 g. of 2~
phenylphenanthrimidazole which after one erystallization
from ethanol had a melting point of 310-313° (1lit. 312-313°)(h8};

CHO

Fig. 31

The picrate was prepared, this compound melted at 280-282°
(11t. 280°)(48),

| The transformation of the alpha dlketone monoxime
to an imidazole involves the transfer of a nitrogen atom
from oné molecule to another, the reduetion of oxime
groups, and carbon-nitrogen condensation and ecyclization.
A number of mechanisms may be postulated for each operation
and the total of the combinations and permutations of
these gives a vast number of possible routes. It is not
possible with the data at hand to do more than speculate
on the most likely total mechanisms. One of these 1is
discussed in the following paragraphs.

It i1s 1likely that the first step of the reaction

involves a disproportionation of the dlketone monoxime.

\ s\ 3
c=0o c,;-0 c=NoH
» -+
2 (‘.:NOH c=o £=NOH
/ / /

(48) E. A. Steck and A. R. Day, J. Am. Chem. Soc. 68,
771 (1946).
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Dapworth(3o) showed the reaction between hydroxylamine and
carbonyl compounds to be a reversible one in concentrated
hydrochloric acid.

HC]
£:0 + H,NOH === tzNoH ~+ H,0
rd

Fige. 33

Furthermore Ponzio(hg) found that alpha diketone monoximes
in hydrochloric acid did disproportionate and form di-
ketones and dioximes. Equilibrium between the carbonyl
group and the oxime group is also established when oximes
are heated with aldehydes and ketones under anhydrous
conditions and exchange with an excess of some ketone or
aldehyde in non-aqueous solvents has frequently been used
in the steroid field to obtain a ketonic compound from

its oxime or semiearbazone(Bl). If the disproportionation
produéts are of lower energy content than the monoxime,

as the work of Ponzio in aqueous medium would indicate,
and equilibrium can be created between the moieties then
disproportionation should occur no matter what the path

of the reasction is. Hence in the reaction with benzaldehyde
it 1is loglcal to postulate the formation of a dloxime
without the use of hydrochloric acid. This is consistent

with the observation that benzll dioxime forms an imidazole.

(49) G. Ponzio, Gazz. chim. ital. 60, 429 (1930).
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The reaction mechanism must include at some point,
the reduction of the oxime group. The fallure of S-phenyl-
2,3~thliophenequinone-2~oxime to form the oxazoie-N-exide
under conditions which produced this compound with all
other monoximes investigated strongly suggests that the
synthesis of thienooxazoles does not go through the for=-

mation of oxazole-N-oxldes. Purthermore the action of

ol Lo & +- oI IO LN
Fig. 3k

benzaldehyde on benzilam-N-oxide did not produce the

oxazole, benzilam, but instead a small amount of lophine

and an unidentified product which was not triphenyloxazole.

The possibility that these products were formed from

benzilam can be excluded on the basis of studies carried

out by Kreps and Day(so). Thej found the oxazoles such

as phenanthroxazole resisted the transformation into

phenanthrimidazole or any other compound when heated with

benzaldehyde and ammonla under severe hydrolytic conditlonms.
As the second step in the mechanlsm we propose the

reduction of the dioxime to the di-limine. 'If one postulates

the reductlon of the oxime group by the aromatic aldehyde

there 1is the problem of explaining how the benzaldehyde

(50) S. Kreps and Ae. R. Day, J. Orge Chem. 6, 140 (1941).
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functions as a reducing agent. We tentatively advance the

following mechanism.

3- H
\ H\?ﬁb \ e - 0O \ /H
czN czN__~ C =N ¢=z0
. A
PN ) N - e
' e R
H H H
Fig. 35

MeCoy and Day(sl) have made a comprehensive study
of ortho condensations which lead to oxazole or imidazole
formation. They concluded that it was possible to re=-
present many, if not all, ortho condensations which lead
to oxazole or imldazole formation by a common Intermediate.
Whether oxazole or imldazole results 1s determined by
the nature of the groups X and Y. In our case (1i.e.
the reaction of phenanthraquinone monoxime and benzaldehyde)

-C=-X

1
-C=N=C-R

X would be NH; and Y would be OH and this has been found
to lead to imidazoles. Steck and Day(gz) prepared 2-
substituted phenanthrimidazoles from phenanthraquinone
di~imine and aldehydes. The followlng mechanism which
goes through this type of intermediate 1s postulated

(51) Ge MeCoy and A« Re Day, J. Am. Chem. Soc. ﬁ, 2159 (191).3).
(52) E. A. Steck and A. R. Day, Je Am. Chem. Soc. éﬁ, Ll.52 (19L|.3)0
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by MeCoy and Daycsl):

=C=NH -C=NH =~ =NH
| +RCHO S | s * oa s
~C=NH -C=N-CHOH-R  -C-N = G-R
H H
/N\ /R /N\

éo O ®
o) N o —=NnOoH
Z =NOH ~o + =V OH
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Fig. 39

In the regction of the S5~phenyl-2,3~-thiophenequinone-
2~oxime with benzaldehyde the extraordinary stabillty of
the oxime grouping 1s agein manifested. Disproportionation
does not occur. The dioxime has been found to decompose
irreversibly in benzaldehyde at 100° to yield an isoxazole
nitrile. This compound would have been encountered in
the course of working up the oxazole had the dioxime
formed. The failure to isolate this compound means therefore
that the dioxime did not form. If we eliminate the first
step in the imidazole formatlion we have & similar series

of reactions which explain oxazole formation. In this
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case the X and Y groups in the mechanism postulated by
McCoy and Day(sl) are both hydroxyl groups. Stein and
Day(sza) have shown that the.interaction of phenanthra-
quinone monoimine with an aldehyde proceeds through this
inﬁermediate to give 2~ substituted oxazeoles. On this
basis we tentatively suggest the following possible ex-
planation for oxazole formation:

cHd

(52&) Ce Wo Co Stein and A. R. Day, Je Ame. Chem. Socs é_&,
2567 (1942). |
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III. Dioxime: 5S-phenyl-2,3-thiophenequinone-2,3-dioxime

The dioxime of 5-phenyl-2,3-thiophenequinone was
synthesized by the method of Kehrmann and Measinger(SB).
Solutions of the monoxime and hydroxylamine in aqueous
sodlum hydroxide at room temperature were mixed and al-
lowed to stand with stirring for from thirty minutes to
six hours. When the solution was finally acldified the

=6 ” oo
@ijou = honow uer 2220 @D="°"
=
Fig. 4O

dioxime would precipitate very slowly and was collected
in crops over the course of several days. When the re-
action had proceeded for less than an hour some unreacted
monoxime precipitated at the beginning of the reaction.

In all cases as the final quantities of material came

out of solution in each particular run the monoxime pre-
cipitated with the dloxime in an ever increasling proportion.
It 1s not known what that property of the dloxime 1s which
would cause it to come out of solution slowly and con=-
tinuously. The monoxime has repeatedly been shown to
precipitate immediately upon.acidification of its basiec
solution. Its isolation in the tall crops of the dloxime

(53) F. Kehrmann and J. Messinger, Ber. 23, 2816 (1890).
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is therefore probabiy due to acld hydrolysis of the existent
dissolved dioxime. The carbon atom at which hydrolysis
of the dloxime occurred was not known snd there existed

the possibility that the 3-oxime isomer might have been

formed.
ol - = oI =
- - MOH -
soTven o F s °

To check thls the yellow product obtained at the
end of the dioxime synthesis was recrystallized from ethanol
and the ultra-violet absorption spectra of material from
a first and a second crop of crystals were determined aslong
with that of the small amount of base soluble material
isolated in a nitrosation of 5-phenyl-2-hydroxythiophene.
The three curves were compared with the curve}of a pure,
suthentlic sample of 2-oxime. The two dioxime product
curves were very simller to the monoxime curve, although
not identical. The absorption curve of the nitrosation
product of S-phenyl-2-hydroxythiophene was shifted very
much to the left. The hydrolysis product was therefore
the 2- and not the 3~ oxime. (See Fig, L1Aa)

The following yields were obtained after various
lengths of reasction time before acidificatlon: Thirty
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minutes, diéxime 35 per cent, monoxime 60 per cent; one
hour, dioxime L9 per cent, monoxime 27 per cent; six
hours, dioxime 71 per eent, monoxime 5 per cent.

The dioxime can best be removed from the monoxime
by extracting with warm benzene, and purified by recrystél-
lizatlon from the same solvent. The dioxlime is a colorléss,
erystalline solid that melts at 126.4-126.8°. It is ex-
tremély soluble in ethanol and ether, moderately soluble
in benzene, and insoluble in petroleum ether. The com=-
pound gives the characteristic réd precipitate, charac-
teristic of alpha dioxime groups, with nickel, As in the
case of the monoxime a series of spot tests was made
with agqueous solutions of a large number of inorganic
salts at a concentration of 0.l mg. per ml. A 0.25 per
cent solution of the dioxime gave a red precipitate with
¥i**, o dark blue-black precipitate with Fe'™™*, a brown-
yellow precipitate with Cu'', and a pink color with Co*'.
The precipitate with iron was much darker and heavier
than the copper or nickel precipltates. The dioxime
gave a positive, blue-grey spot test for iron at a con-
centration of five perts per million of ferric chloride;
this test was used throughout the investigation of the
dioxime to indicate the presence or absence of this
compound.

One of the typlcal reactions of ortho-quinone
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dioximes is the formation of furazans(sh). Green and Rowe
prepared the furaezsn of ortho-naphthaquinone dioxime by

the steam distillation of this compound from base. A

oM —~0
" _NOH "'zafoeam) l': ,:‘sl
\
(BASIC SoLvTIoN) @
Fig. L2

solution of the thiophenegulnone dioxime in 1 per cent
sodium hydroxide solution was steam-distilled with super-
heated steam. Eighty five per cent of the dioxime was
recovered unchanged. The distillate upon ether extraction
‘was found to contain 9 per cent of a foul-smelling oil.

The preparation of the furazan was then attempted by

=NOH 120 r5tens)
‘ . s
@ s L’-NDH (13N Heir)
Fige 43

distillation of 1 g. of the dioxime with superheated

steam from 18 N hydrochloric acid. The distillate con-
tained 0433 g« of a colorless solld which after repeated
recrystallization from petroleum ether had a melting point
of 93.6-94.1°, and 0.02 g. of sulfur. From the pot liquid

2
(54) A. G. Green and F. M. Rowe, J. Chem. Soc. 11l , 617 (1917).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

there was lsolated 0.17 ge. of 5-phenyl-3-hydroxyoxazine=-l.-one
which showed no melting point depression on admixture with
the hydrolysis product of the monoxime, 0.12 g. of the
monoxime which was identifled by melting point and mixed
melting point with an authentic sample, and 0.06 g. of
a non-base soluble material which might possibly have
been the amide described below.

The identification of the material isolated from
the distillate proved to be an interesting problem. Samples
crystallized from ethanol and from low boiling petroleum
ether were analyzed and found to have the formula C, HgNgO.
No sultable compound bearing such an empirical formula
and melting near 93° could be found in the literature.
Assuming that the phenyl group remained intact we could
describe our molecule as CgHyz-C,NgyOH. It seemed possible
that the highly unsaturated C,N,50H grouping might contain
a nitrile group. The compound was subjected to two reaction
procedures which are typlcally sepplied to nitriles. The
first was hydreolysis in refluxing 50 per cent sulfurie
acid, which hydrolyzes nitriles to carboxy acids. This
geve an acid which melted from 176.5-177.8°. Analysis
showed 1its formula to be C1oHeNO5.

| CeHgCsNOH=CN -+ CqHgCaNOH-COOH
C10HeNgO ~ C3oH,NOs
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In the second experiment the unknown was stirred in con-
centrated hydrochloric acid at room temperature for
eighteen hours. Partlial hydrolysls generally occurs
with nitriles under these conditions and amides are pro-
duced. From the unknown there was obtained In this
manner a colorless, non~scidic solid melting at 203.0-
203.5°. Analysis showed that this substance had the
empirical formula C; HgNgOgze

C1oHeNz0 ~ CyoHgNgOg
CeHgCaNOH-CN — CoHgCsNOH~CONHg

Furthermore when it was refluxed with dilute hydrochloric
acid the acid, C,,H,NOz, was produced. Thus it was es-
teblished that our molecule was CgHg~CzNOH~CN. Assuming
that the three unaccounted for carbons formed a chaln
linking the phenyl group and the nitrile, and keeping

in mind that the compound is soluble in neither acid nor

base, only two structures are possible, A and B. Although

N

] ) |

o/N wNC
A

o/

Fig. 46

nelither of these compounds is desecrlibed in the literature

both of the derived acids are. The acid from compound A
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melts at 162°, that of compound B melts at 177-178° and
the nitrile was assigned the structure of 3-phenyl-5-
cyanoisoxazole, B.

We did not attempt to synthesize this compound and
thus do not have unequivocal proof of its sturcture. It
should be noted that the S5-phenyl-3~cyanoisoxazole 1is the

expected derivative but we obtained instead the lsomer

poH
[
e YLL B ) “, ~—conoM 'ﬁ -ir&"‘i , ; cN
l > c=vey € _
ol o™ of T ol b N
noM Y ‘

in whieh the oxazole nitrogen 1s adjacent to the phenyl
groupe. The easlest explanation for the formation of the
opposite isoxazole 1s that there 1is an acid catalyzed
transfer of the oxime group from the alpha carbon atom
of the hydroxamlc acid to the gamma carbon. In view of
the disproportionation of the alpha diketone monoximes
in concentrated hydrochloric acid previously discussed,
this step is not too extraordinary. The cycligzation of

beta diketone monoximes to isoxazoles 1s a well established

reactionﬂss’Sé).

(55) L. Claisen, Ber. 24, 3900 (1891).

(56) N, V. Sidgwick, The Organic Chemistry of Nitrogen,
Clarendon Press, Oxford, 1937, p. 171,
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A completely analogous series of reactions was
carried out by Benary and Silberstrcm(3). Ethyl S-methyl-
2,3-thiophenequinone~2-oximino-3~hydrazino-i-carboxylate

- Wwas refluxed in aleohol containing hydrochloric acid and
ethyl l=phenyl-3-methyl=5-ecyanopyrazine-lj-carboxylate
was formed. Benary also found it necessary to hydrolyze

. 6 6 =
6*—05[—]-"“@ Eeor  Etofg <=V
HCI N
Ny AVeH Chy N7 ‘O
Fig. 52

the nitrile to the acid in order to ldentify his compound
and he found to his surprise that his phenyl diazo
grouping was in the reverse of the expected order just
as’we had obtained a reversal of the expected nitrogen
oxygen linkege in the isoxazole. He explained this by
postulating ascld cleavage of the phenyl hydrazone, re=-
combination at the gamma carbonyl and then cyclization.

The following mechanism was proposed.
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The preparation of the furazan agaln was attempted,
this time by heating the dioxime in an anhydrous solvent.
Two g. of the compound was refluxed in toluene (boiling
point 111°) for two hours. There was isolated 0.63 g.
of unreacted dioxime and 0.65 g. of a base-insoluble,
tan solid, melting point 1)47-155°. By recrystallizing
from alcohol with the use of Darco there was obtained
colorless crystals melting point 205-206°. We expected
this compound to be the furazan but its analysis failed
to agree with the calculated values and the nature and
structure of this compound remaln uncertain.

We were interested in cleaving the C=N linkages of
the dioxime in order to see which oxlime group was the
more labile. The acidic steam distillation had ylelded
the 2- oxime in 12 per cent yileld, and in addition the
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dioxime apparently was hydrolyzed to this monoxime upon
standing in dilute hydrochloric aclid for several days.
The use of pyruviec acld as a exchangé reagent appeared
to be the most promising hydrolytic tool for removing
the oxime group without cleaving the ring. A mixture of
1 g. of the dioxime and 1.5 ml. of pyruvic acid in 26 ml.
of 75 per cent acetic acld was refluxed for four hours.
Eight-hundredths of a gram (55%) of sulfur precipitated.
Thereywas also isolated 0.6 g. (60%) of 3-phenyl-5=-
cyanoisoxazole. In contrast to this, in a similar re-
action with the monpxime 85 per cent of the starting
material was recovered. This 1llustrates the difference
in the stability of these two compounds.

The benzaldehyde-oxazole reaction (cf. p.36 ) was
attempted with the dioxime. Since the dioXime decomposed
wen heated above 126° the benzaldehyde solution was
kept at 100° instead of 150° for twenty four hours instead
of eight. There was isolated from 0.5 g. of dioxime,
0.0l ge of a base-soluble solid, and 0.28 g. of impure
base-insoluble material which proved to be the 3-phenyl-
S-cyanoisoxagzole.

Tappil and Forn1(57) studlied the bactericidal activi
of heterocyclic derivatives of ortho-quinones of the

(57) G. Tappi and P. V. Forni, Ann. Chim. Applicata 38,
602 (19048); C. A. 45, 98OLT(1951).
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- following types:

The actlvity of type B was the greatest in the series

and the activity of G, and D was postulated to be due to
the formation of B. The 5-phenyl-2,3-thiophenequinone=~
2,3=dioxime at the present time is being considered for

pharmacologlical testing.
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Iv. S-Phenyl?z,3-thiopheneéuinone-3~ox1ma

As & final phase of this study we attempted to
prepare S5-phenyl-2,3~thiophenequinone-3-oxime, I. We

,:NOH
ol }-
b

I

were Interested in this compound becsuse of its relationship
to the 2-oxime, It would be .especially desirable to learn
how this compound would respond to cleavage reactions,

what the degradation products would be, and whsg would
happen if it were refluxed in aromatlic aldehydes. The
preparation of the dioxime from the 3-oxime would have
rounded out the two series of oxime syntheses and would
have been strong additlional evidence for the structures

of all the compounds involved.

AS in ﬁhe'preparation of the 2-oxime, the corresponding
hydroxythiophene was prepared and then nitrossated. Instead
of the desired product, decomposition and dimerization
occurred and in a series of reactions carrled out under
various conditions only trace quentities of a materid

which might have been the 3-oxima were 1isolated.

The following route to the oxime was investlgated.
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Phenylthiophene was prepared by the metho& de~
veloped by Steele(IS) in this laboratory from thiophene
and cyclohexanone. We also attempted to prepare this
compound by heating l-phenylbutene~l with sulfur. The
olefin was synthesized from phenylmagnesium bromide and
n-buteraldehyde vla a Grignard reaction. The propyl

@Ma Br + CHyCH, cH, cHp —> —= @cna”cu,w,_(ys

Fig. 49

phenyl carbinol obtained in the Grignard reaction was
dehydrated during fractional distillation of the pure
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olefin from a mixture of carbinol and 85 per cent phosphoric

ecid at reduced pressure under nitrogen. The dehydration

@-CHDH CMaCH, 6”3 * Hapo‘i — @ cnzen cw,_cﬂs

went in 66 per cent yield, the oversgll yield from phenyl
magnesium brdmide was 35 per cente.

Brown and Voronkov(se) described the preparation
of phenylthiophene from the reaction between l-phenylbutene-1
and sulfur. The olefin was heated with sulfur for 15 hours
at 200-250° and there was distilled from the reaction
product a 35 per cent yleld of crude product bolling
between 80 and 105° (3 mm). We attempted the same procedure
with larger quantities., The reaction did not go as de-
seribed. Phenylbutene boils at 190-193° and we could
not get the temperature above 200°., After 13 hours a
considerable amount of decomposition had occurred. We
eventually obtained 5.0 grams (L.l per cent) of phenyl-
thiophene. Horton(sg) prepared l-phenylthiophene in 19
per cent yleld by adding l-phenylbutadiene dropwise to
molten sulfur at 340° at a pressure of 300 mm. The
phenylthiophene distilled from the reaction mixture as

it was formed. The same procedure Wwas followed exsasctly

(58) M. G. Voronkov and A. C. Brown, J. Gen. Chem. (USSR)
19, (81) 1356 (1949).

(59) A. W. Horton, J. Org. Chem. li, 761 (19149).
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with l-phenylbutene-~l. Sixty three per cent of the olefin
was recovered unreacted and a yield of l1.5 per cent of
pure phenylthiophene (based on unrecovered phenylbutene)
was obtalned.

The 5-phenyl-2-hydroxythiophene was prepared by a
modification of the method of Hurd and Kreuz(lu).

Phenols may be prepared by the oxldastion of arylmag-
nesium halides, although the ylelds are generally poor and
with thienylmagnesium halides are particularly unsatisfac-
ory ), Knareseh and Reynolds(®®) found that the
presence of an alkylmagneslum halide facilita{;es the con-
version of the arylmégnesiwm bromides to phenols with a
considerable increase in yield. The explanation is ad-
vanced that a peroxide 1s first formed which is rapidly
reduced to the desired salt by the alkylmagnesium halide.

In the absence of the alkylmagnesium halide the peroxide

RMgBr

ArMgBr + O - ArOOMgBr fas ArOMgBr + ROMgBr

is slowly reduced by another molecule of arylmagnesium
hallide and a competing decomposition to dimer and tars
serliously lowers ylelds.

) o tars, blaryls
ArOOMgBr

\_ArMgBr_ o iroMgBr

slow

(60) M. S. Kharasch and W. B. Reynolds, J. Am. Chem. Soc.
65, 501 (1943).
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Hurd and Kreuz(lu) found that the use of aAlafge
excess of isopropylmagnesium halide made possible the
synthesis of 2-hydroxythiophene in 20-25 per cent yleld.
Palchak(él) improved the procedure by using the thienyl-
lithium type of organo metalllie compound which was pre-
pared from phenylthiophene and butyllithium and thus
avolided the intermediate preparation of the bromide. A
three molar excess of c¢yclohexylmagnesium bromide was
added and oxygen was rapidly bubbled into the resaction
mixture, cooled to -50° in a Dry Ice~acetone bath, until

<::>ﬂ::ﬂ b MpeMemit bl <Z§>JZ:;EL~Lr+ CHzom, Myt
Fig. Sh |
absorption no longer occurred. This procedure gave 5=
phenyl-a-hydfcxythiophene in 30 per cent yield.

We attempted to prepare S5~-phenyl-2,3~thiophenequinone-
3-oxime by nitrosation of the 2~thienol with nitrous acid,
with isoamyl nitrite, and with nitrogen oxide gases. In
no procedure were we able to isolate any more than traces
of a base-solublse solid which might possibly have been
the desired compound. In the procedure patterned after
the preparation of 2-oxime, a solution of 5-phenyl-2=
‘hydroxythiophene in ethanol was added to a solution of
sodium nitrite in 50 per cent ethanol. The addition of

(61) R. J. F. Palchak, Research currently in progress at
: the Unilversity of Cincinnati.
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this to excess, dilute hydrochloric acid at 0° gave a
sky~-blue precipitate from which was 1solated 40 per cent

3»3 (2H,2H!
of the original compound as 5,5¢-diphenyl=-| s (28, )-

bithiophene }-2,2¢-dione and 15 per cent as a base-insoluble
tar, and about L0 per cent as a base-soluble tar. In one
case only was there isolated a sufficient qugﬁtity of
yellow solid from the base-soluble tar to obtain a melting
point (196-198° recrystallized from petroleum ether) and
ultra—fiolet absorption curve (Fig. LlA).

The procedure of Hodgson and Davies(éa) for the
nitrosation of the 2~ and 3~ hydroxyfurans was tried. An
aqueous solution of the sodium sslt of S-phenyl-2-hydroxy-
thiophene and sodium nitrite was added dropwise to a
stirred, ice-cold, dilute solution of hydrochloriec acid.
This procedure yielded almost no base-~soluble material,
but did give the dimer in high conversion.

Nitrosation with isocamyl nitrite and hydrogen
chloride(63) under anhydrous condlitions yielded 27 perxr
cent of dimer, 20 per cent of base-soluble tar, and 37
per cent of base-insoluble tars. Nitrogen oxide gases,
evolved from the reaction of hydrochloriec acid with
sodium nitrite, were passed through calcium chloride and

(62) H. H. Hodgson and R. R. Davies, J. Chem. Soc., 1014 (1939).

(63) I. A. Barltrop, A. J. Johnson, and G. D. Meakins, J.
Chem. Soca, 181 (1951).
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then bubbled through an anhydrous solution of S5-phenyl-2-
hydroxythiophene in ether at 0°. A considerable amount
of dimer formed together with a red, base-soluble oll

which we were not successful In ldentifying.
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SUMMARY

We have prepared 3-hydroxy-S5~phenylthiophene by
improved procedures based on Friedlanderts synthesis,
end have investigated its properties. It is a colorless
solid wnieh can be readily oxidized to a thioindigo dimer.
The ultra-violet spectrum in ethanol is almost identical
with that of the methyl ether which serves as a model for
the enol form. In chloroform the spectrum is different,
a minor mgximum'at 330mn occurs which 1s characteristic
of the C=C-C=0 system. Therefore it 1s likely that the
enol form predominates in alcoholic solutlon, the ketonic
in chloroform. From 3-hydroxy-5-phenylthiophene there
can be prepared a methyl ether, acetate ester, a 2-nitroso
compound, and & tribromo derivative. The thienol did not
form a semicarbazone nor yield isolable base-catalyzed
condensation products with p-nitroso-N,N-dimethylanlline.
The monobromo compound of the methyl ether was prepared
by the Wohl-Ziegler reactlon, but decomposed at room
temperature in & few hours. A simllarly prepared derivative
of the hydroxythiophene apparently decomposed‘as it was
formed.

We attempted to hydrolyze the oxime grouping of
5-phenyl-2,3-thiophenequinone-2-oxime by a veriety of
procedures with minersl acids, and carbonyl compounds,

alone or in combination, in order to prepare the quinone
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of phenylthiophene. The carbon-nitrogen bond was extra-
ordinarily steble and ruptnre of the ring occurred before
oxime hydrolysis. Prolonged heating of the oxime with

acids led to the following transformastions:
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The action of carbonyl compounds and nitrous acid de-
rivatives as clegvage agents wes negligible, From the
5-phenyl=-2,3-thiophenequinone-2-oxime we prepared‘an ace=-
tate ester, a 2,j~dinitrophenylhydrazone, a dioxime, and
substituted thienooxazoles. The monoxime entered into
complex formation with extremely dilute solutlons of
Group I cations.

Refluxing the oxime in aromatlic aldehydes led to

‘substituted thienoxazoles. The resction did not work
cno 4]
=6
A R
ol Q) 2 SIS
S % = s
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with aliphatic aldehydes. A semi~-quantitative study of
this reaction did not disclose wh at materials, if any,
catalyze this reaction. The oxime did not form an oxazole-
N-oxide when a solution with benzaldehyde in glacial
acetlc acid was treated with hydrogen chloride as did
other alpha diketone monoximes as well as 1,2,3-cyclo-
hexanetrione~l,3~dioxime. Benzil monoxime and phenan-
threnequinone monoxime on refluxing in benzaldehyde gave
2-phenylimidazole derivatives instead of the oxazoles.

The dioxime was obtained from the reaction between
the monoxime, and hydroxylamine in cold, strongly alkaline
solution. It is a colorless solid which characteristically
gives a red precipitate with it lons and will detect

e+
Fe

ions at a concentratlion of five parts per million.
The dloxime was stable in dilute base but in 18 normal
hydrochloric acid was hydrolyzed partly to the monoxime

and partly to 3-phenyl-5-cyanoisoxagole.

=0
—po — @3rEZ]=N°H
@D:ﬂoﬂ ——¢cN
—a \N’o
Fig. 57

The isoxazole was identifled by hydrolysis to a
known aeld, and the intermediate amide was also lsolated.
~This compound is interesting because its formation imvolves

a rearrsngement of the nitrogen-oxygen atoms of the expected
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isoxazole. The isoxazole was also formed when the dioxime
was heated in benzaldehyde, or refluxed in agueous sacetic
acid contalning pyruvie acid. Heating the dioxime in
toluene gave a non-acidic unldentifiled compound.

We Investigated the following route to S-phenyl-2,3-
thiophenequinone~3-oxime :

1. mBuly MTROOS ACID
: 2. 02 AND el
i : ” “ 3' nes / 1 OERNWATIVES I !
S e s o /_\ s -0
Fig. 58

Phenylthiophene was prepared by the method of Steele. The
reaction described by Broun and Voronkov between l-phenyl-
butene-l and sulfur gave less than five per cent yield
instead of the 35 per cent reported. The 2-hydroxyl-5=-
phenylthiophene was prepared by the procedure of Kreuz and
Hurd, i.e. oxygenating a mixture of thienylmagneslum halide
and alkylmagnesium halide but phenylthienyllithium was
used instead of the magnesium compound; this avoided the
preparation of the bromlde. We were unsuccessful in our
attempts to nitrosate 2-hydroxy~S~phenylthiophene. The
use of nitrous acid, nitrogen oxide gases or isoamyl

nitrite and hydrogen chloride gave only dimer and tars.
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EXPERIMENTAL

3=-Phenyl-1l,2-dithiacyclopentene~3-one~5

1

The reaction products from two runs of L84 g. (é.?S&moles)
of ethyl cinnamate and 500 g. of sulf ur heated together
for four hours at 250° were combined and extracted first
with three 500 ml. portions of boiling ethanol, and then
with seven 500 ml. portions of bolling acetone. From the
ethanol there was formed upon cooling a reddish-brown
solid. A further, smaller quantity of product was isolated
from the ethanol by concentration of the solution, but it
was necessary to recrystallize this batch from ethanol.

The ethyl alecohol had extracted only a portion of the
cyclic disulfide, buf all of the tar and therefore the
acetone extractions contained nearly pure disulfide and
the product in these extractions was recovered by total
eveporation of the sélvent. A total of 505 ge. (47+3%) of
disulfide was obtained.  Recrystallization of a sample
from methanol yielded light yellow crystals, m.p. 116~
116.8° (1it. mep. 117°) W),

lj=Keto=-6~-phenyl-3,7-dithia-5-cis-nonenedioic acld

To an iced solution of 250 g. (2.6l moles) of
monochlorocacetlic acid, neutralized with an equimolar

- quentity of solid sodium carbonate, in 1.5 liters of

(6l) A. Luttringheaus, H. B. Konig and B. Bootcher, Ann.
' 560, 209 (1948).
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water was added a solution of 170 g. (0.88 mole) of cycliec
disulfide in L8l g. of molten sodium sulfide nonshydrate.
Unreacted disulfide precipitated during the addition and
was recovered and dried. The clear, filﬁered solution of
the sodium salt of the diacid was acidified with hydro-
chloric acid (1:1) until it turned Congo red paper blue-
black and the oll thus formed was allowed to stand until
it had erystallized. The procedure was repeated twice
with equal portlions of the remainder of the original
500 g« of disulfide and twice with recbvered, dried di-
sulfide. After three days the oils had crystallized,
these were filtered, combined, and dried to constant weight,
450 ge (56.0%), melting point 155-156°, a sample recrystal-
lized from 50 per cent glaclial acetic acid melted at
155.0-156.0°.

4 good amount of product remained dissolved in the
10 liters of filtrate but this was not reéovered.

5=Phenyl-3~-acetoxythiophene

A finely ground mixture of 200 g. (0.6l mole) of
diacid and 200 g. (2.4l moles) of agnhydrous sodium acetate
was heated in 600 ml. (651 g., 6.36 moles) of acetic
anhydride for four hours on a water bath. The reaction
was carried out in a 3 1. besaker so arfanged in a well-vented
hood that at the end of this time most of the excess

acetlc anhydride had been removed. Three liters of cracked
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ice and water was added and the mixture was allowed to
stand overnight. The dark brown, crystalline product was
isolated by filtration, washed with cold water, and ex-
tracted repeatedly by stirring with 200 ml. portions of
petroleum ether (be.p. 90-120°), wiﬁhout heating, until
spontaneous evaporation of the solvent from a test quantity
of solution indicated no further material was being ex=-
tracted. The petroleum ether was decanted into a large
erystallizing dish and the solvent was allowed to evaporate.
The product was dried to constant weight in a vacuum
desiccator and 112 g. (90.2%) of a slightly yellow,

nearly colorless pawdgf was obtained, m. p. 72-75°.

5-Phenyl-3-hydroxythiophene

Five grams of S5-phenyl-3-acetoxythlophene was
dissolved in 200 ml. of 95% ethanol and 10% sodium hy-
droxide solution (ca. 10 ml.) was added to the solution
being warmed on a hot plate until ester was completely
sgponified. This was tested for by adding one drop of
the reactlon mixture to seversal ml. of water. The absence
of turbldity indicated that the water insoluble ester had
been completely hydrolyzed. Hydrolysis took only a few
minutes, prolonged heating caused dimerization. A large
excess of lce wabter was added and the solution was acidified
with dilute hydrochloric acid. A pink precipitate, con-
taminated with darker materiel, formed very slowly. It
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was recrystallized from petroleum ether (b. p. 40=~60°)
as light yellow crystals that weighed 2.l g», melting point
78°, The yield was 59%.

5=Phenyl-2,3~-thiophenequinone~2-oxime

Ninety grams of S-phenyl-3-hydroxythiophene acetate
(Oe41ly mole) was dissolved in a solution of uoovml. of
5% sodium hydroxide (0.50 mole) in 1 1., of ethanol. The
solution was warmed on a water bath until hydrolysis was
complete gand this was checked by adding a drop of the so-
lution to several ml. of distilled water. The formation
of turbidity indicated unsaponified ester, for when only
the thienolate ion existed in solution no precipitation
occurred. At this point a solution of 55 g. (0.8 mole) of
sodium nitrite in water was quickly added, the mixture
was immedigtely poured into excess, lced, dilute hydro-
chloric acid and the light yellow precipitate was isolated,
dried, recrystallized from etheanol and recrystallized a
second time from this solvent (Darco treatment). The
filtrates were reworked several times and there was even-

tually isolated 52 g. (61%) of yellow needles, m.p. 214-215°.

Reactions wiﬁh ferric chloride

a. 5=Phenyl-3-hydroxythiophene
For these tests the thlenol, freshly recrystallized
from petroleum ether (l440-60°) and obtained as colorless
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erystals was used. The following preparations containing
hydroxythiophene were treated with two drops of 10% ferric
chloride solution.

I. A solution of 0.02 ge of thienol in 1.05 ml.
of ethanol and 2 ml. of water. Red coloration
and red precipitate occurred.

II. A solutlon of 0.03 g; of thilenol in 2 ml,
of ethanol. A dark red-blue color de-
veloped; upon dilution with water a pre-
cipitate formed.

III. A solution of 0,015 g. of thienol in 1 ml.
of warm water. The solution took on a red,
turbid appearance.

IV. - A suspension of 0.0l g. of thienol in cold
water. There occurred no color change.

Simultaneous control tests were made with phenol

and a positive reaction, indicated by a deep purple color,

was noted in each case. '

be 5=Phenyl=-3-methoxythiophene
Two drops of the ether was dissolved in 2 ml. of
alcohol, sufficient water was added to cause turbidity,
then enough alcohol was added to restore the clear solution.
A 10% ferric chloride solution was added dropwise until
the solution agaln became cloudy, and clarity was then

again obtained by the additlion of alecchol. At no point

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



82.
was there any color change.

¢+ 5-Phenyl-2,3-thiophenequinone~2-oxime
To the following preparations containing the
oxime, two drops of 10% ferric chloride solution was added:
I. A suspension of oxime in water.
II. A saturated solution of oxime in boiling
water (Solubility = 0.03 g/100 ml.).
ITI. Three ml., of a Wwarmed solutlon of 0.02 g.
of oxime in 5 ml. of ethanol and 1l ml.
of wabter.
IVe A solution of 0.04 g. of oxime in § ml. of
alcochol; water was added until the oxime

started to precipitate.

No color change occurred in any test. A control

with phenol gave positive results 1n each case.

5-Phenyl-3-methoxythiophene

Five grams of 3-hydroxy-5-phenylthiophene was placed
in a 100 ml. three-necked flask, and after a solution of
1.6 g. of potassium hydroxide in 20 ml. of distilled water
#as added, 3 ml. of dimethyl sulfate was added dropwlse
over a period of one hour to the stirred solution. 4An
atmosphere of nitrogen was maintained. The flask was
immersed in an ice-salt bath during addition of the
methylating agent, and at the conclusion of the addition

the solution was refluxed for 20 minutes. The organiec
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layer wés separated from the aqueous phase which was ex-
tracted with ether twice and all the organic portions were
combined. Drlerite was added and allowed to act for two
hours,‘then 1t was removed, the solvent was evaporated from
the product, and the thlenol ether was distilled under
nitrogen, b.p. 128-134° (2 mm.), 3.15 g. (60%). The ether
was redistilled twice and was finally obtained as a color-
less liquid, be.p. 141-142° (3 mm.), mepe. =3 to +3°.

Anal. Calcde for C,,H;,08: C, 69.5; H, 5.3; S, 16.8

Found: C, 69.9; H, 5.5; S, 16.8 (Manser)

Attempted preparation of the semicarbazone of 3-hydroxy-
L=phenylthlophene

To a solution of 1 g. of the thienol in ethanol was
ad&ed sufficient water to just cause turbidity and then
1 g. of semicarbazide hydrochloride and 1.5 g. of sodium
acetate were added. After the mixture was heated to reflux
and then allowed toicool, light brown needles were obtained,
m.p. 75-T6°. S~Phenyl—3-hydroxythiophene (mep. T5-76°)
when treated with nitrous acid yields 5-phenyl-2,3-thiophene-
quinone-2~oxime (m.p. 214-216°) and when the product of
the semicarbazone reaction was nitrosated a'similar
yellow“eoﬁpound, m.p. 215-216°, was obtained. This was
interpreted as showing that the 5-phenyl-3~hydroxythiophene

was recovered unchanged.
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Attempted condensation of S5-phenyl-3~hydroxythiophene with
p~-nitroso~-N,N-dimethylaniline

a. A solution of 1 g. (5.Tmmoles) of the thienol
and 0.5 ml. of benzyltrimethylammonium hydroxide in methanol
(33%) was added to a filtered solution of 1.5 g. (8.43
millimoles) of p-nitroso-N,N-dimethylaniline ®5) in 1o m1.
of alecohol. The résulting dark red solutlion was heated
to the boiling point, cooled 1nba Dry Ice~acetone mixture,
and a product precipitated which was 1solated as a dark

red powder (0.56 g.) that gradually turned black.

be A solution of 1 g. (0.00568mmole) of the hydroxy-
thiophene in 15 ml. of absolute ethanol added to a solution
of 1.5 ge of nitroso=N,N-dimethylaniline in 25 ml. of
absolute sthanol was warmed slightly on a hot plate, and
then cooled with Dry Ice whereupon a small amount of
black solid was isolated. This material when heated with
15% hydrochloric acid formed a ter. The filtrate from
the initial reaction stood for several days at room tem-
perasture and a small amount of dark, reddish-brown solid
formed. The solid gradually decomposed when heated and
finally melted between 230-235°. Because of its extreme
solubility in all solvents except water the small amount

of material was not purified.

The reaction of S5-phenyl-3-hydroxythiophene and bromine

To a solution of 0.2 g. (1.15 mmole) of the thienol

(65) R. Adams and G. H. Coleman, Organic Syntheses, Coll.

Vol. 1, John Wiley and Sons, Inc. New York, 1932
(1st ed.), p. 208.
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in 7 ml. of chloroform was added 0.5 ml. (1.5 g., 9 mmole)
of bromine at room tempersature. Hydrogen bromide was
evolved. The solvent and excess bromine were allowed to
evaporate and brownish-red crystals remained, 0.47 g.
(100%) , mepe 114~120°. After two crystallizations from
carbon disulfide yellow granular crystals were obtvained,

mep. 133-~134°. This compound was not further investigated.

2~Bromo~-3-methoxy=~5~phenylthiophene

A slurry of 3.2 g. (0.0168 mole) of the hydroxythio-
phene methyl ether and 2.8 g. (0.0158 mole) of N~bromo-
succinimide in 20 ml. of carbon tetrachloride was: stirred
at room temperature for three hours whereupon the re-
actlon appeared to be complete and succinimide was removed
by filtration. The solvent was removed by eveporation
under reduced pressure and left a purple oll, which upon
washing with 95% ethanol erystallized. A colorless solid
(mep. 45-47°) was obtained by extracting this with pe-
troleum ether (b.p. ,0-60°). This material when sealed
under nitrogen at room tempergture slowly decomposed,
liberating HBr and yielding a dark purple solid, within
a few hours. A smell quantity was reerystallized from

ethanol with the aid of Dry Ice, m.p. L7=48°.

The reaction of S-phenyl=-3-~hydroxythiophene with N-bromosuccinimide

A solution of 5.0 ge. (0.0284 mole) of the thienol
in 140 ml. of carbon tetrachloride, end 4.8 g. (0.0270 mole)
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of N-bromosuccinimide, were stirred for two hours at 0° under
a nitrogen atmosphere. After the solution was filtered,
the solvent Wwas removed at 18° by vecuum eveporation, and
the flask was cooled to 0° and flushed with nitrogen to
remove the last traces of carbon tetrachloride from g
tarry residue. This also flushed out sizabie quantities
of grey, choking fumes ﬁﬁat were probably HBr. When the
fumes were completely flushed out the flask was stoppered
and stored in a refrigerator overnight. A mixture of
dark brown solid material, and tar was finally obtained
and this was washed with methanol until the ter was re-
moved. The red-brown undissolved material was only
8lightly soluble in ethanol, methanol or acetone. A
dilute acetone solution when cooled in Dry Ice gave a
reddish~-brown powder; this gave & negatlive Beilstein

test for halogen and when recrystsllized from dioxane

had a melting point of 280°.

5-Phenyl-2,3~-thiophenequinone~2-oxime acetate

To a solution of 0. 1 g. (2.5 mmoles) of sodium
hydroxide in 50 ml. of water was added 0.5 g. (2.5 mmoles)
of oxime. About }JO g. of crushed ice and 0.5 ml. of acetic
anhydride were added to the warmed, filtered solution.

The mixture was vigorously shaken and & yellow precipltate

formed very rapidly. The product was recrystallized from

isopropyl alcohol; yield 0.40 g. (60%); m.p. 149-150°;
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mixed melting polnt with the compound formed in the re-
actlon between the oxime and nitrous acid in glacisl
acetic acid (m.p. 149-150°) showed no depression.

After a solution of 0.3 g. (1.5 mmoles) of the
oxime acetate in 15 ml. of ethanol and 5 ml. of 6 N
sodium hydroxide had been refluxed for thirty seconds,
it was acidified with 6 N hydrochloric acid and then
excess wabter was added. The yellow precipitate was re-
crystallized from ethanol, yield 0.1 g. (40%); m.p.
217-219°.

Reaction of 2,l4=dinitrophenylhydrazine with S5-phenyl-2,3~-
thliophenequinone-2~oxime

A solution of 0.3 g. (1.5 mmole) of oxime in 26 ml.
of hegted ethanol was added to 7 ml. of a standard 2,h4-

dinitrophenylhydrezine solution in ethanel and sulfuric
(66)

acid Upon cooling dark brown needles formed, and
were lsolated, recrystallized twice from ethanol and dried.
They had a melting point of 232.0-232.5 when heated at
the rate of 2.5° per minute, or 226.0-227.0 when heated
at one degree per minute. _
Anal. Caled. for C,¢H;3Ng0S: C, L49.8; H, 2.85
Found: C, 49.6; H, 2.78 (Clark)

(66) R. L. Shriner end R. C. Fuson, The Systematic Iden-
tification of Organic Compounds, John Wiley and Sons,
Inc., New York,l‘)h.a, Pe 171.
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Attempted preparation of the semicarbazone of 5-phenyl-2,3-
thiophenequinone~2-oxime

To a solution of 0.6 g. ( 3 mmole) of oxime in
21 ml. of ethanol and 10 ml. of water was added 0.6 g.
(6 mmoles) of semicarbazide hydrochloride and 1 g. (0.020
moles) of sodium acetate. The cleer solution was refluxed
for one minute and upon cooling a yellow precipitate formed
which was recrystallized twice from ethanol, m.p. 211°,
mixed melting point with oxime (m.p. 209-209.5°), 209~
209.5°.

Attempted preparation of the semicarbazone of 5-phenyl-2,3-
thiophenequinone-2-oxime acetate

To a solution of 0.6 g. (3 mmoles) of oxime acetate
in 21 ml. of ethanol and 10 ml. of water was added 0.6 g.
(6 mmoles) of semicarbazide hydrochloride and 1 g. of
sodium‘acetate. The clear solution was refluxed for
one minute and then stood several days at room temperaturé
without yielding a precipitate. The addition of water
caused the precipitation of yellow solid, m.p. 213=215°,.

Action of water on Sfpheny1-2,3-thiophenequinone-2-oxime

A suspension of 0.3 g. (1.5 mmoles) of oxime in

200 ml. of water was refluxed for six days. The undissolved
oxime was filtered from the hot solution, and dried,
weight 0.23 g., m.p. 212-216°, and when the filtrate was

cooled to room temperature, a further quantity of yellow
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precipitate was isolated, 0.06 g., m.p. 212-216°,

Complex formation of S5-phenyl-2,3~thiophengquinone-2-oxime
and 5-phenyl-2,3-thiophenequinonedlioxime

Solutions of 0.010 g. of S-phenyl-2,3-thiophenequi-
none-2~oxime in 5 ml. of ethanol and of 0.010 g. of S5=-phenyl-
2,3-thiophenequinone dioxime in 5 ml. of ethanol were
prepared. To two drops of cation solution at a concen-
tration of 0.1 mgm. per ml. on a 1 em. spot plate was
added two drops of organic reagent. The following results

were obtained.

Cation Monoxime Dioxime
.Ag+ yellow ppt. -
++
Ba - -
gyt - -
Ga++ - -
ca*t - -
Co+ - pink color
cpttt o -
++ ,
Cu - yellow=brown ppt.
Fe"'+ - -
Fet T - dark black ppte
+++
Al v - -
Hg++ yellow ppt. -
Hge Tt yellow ppt. -
Mt - -
Mg++ - -
it - red ppt.
++
ot yellow ppte. -
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The monoxime was found to give a yellow-orange preQ
\cipi’cate with Group I metals, Ag', Pb'*, and Hg™*. The
dioxime gave a red precipitate with nickel and a heavy
dark blue-black precipitate with Fe''t, One ml. of the
Fe '™ solution was diluted to 200 ml. The concentration
of Fe™t was 0.5 parts per million., One drop of this

solution was added to one drop of dioxime solution on a

spot plate, there resulted a blue~grey coloration.

Actlon of aqueous acetic acid on 5-phenyl-2,3-thiophene-
gquinone-2-oxlme '

A solution of 1.0l g« (5 mmoles) of oxime in 20 ml.
of glacial acetic acid and 6 ml. of water was refluxed
for 50 minutes and thenwcooled. Reddish=-orange needles
were isolated and dried at 75° for twelve hours, 0.80 g.,
mepe. 214-216°, The addition of water precipitated another

0«10 g+ of oxime, total recovery was 90%.

Action of aqueous salt splution on S-phenyl-2,3-thiophene-
guinone-z-oxime(ac)

| To 1 g« (5 mmoles) of oxime suspended in 50 ml. of
water heated in a water bath was added 2 g. (0.016 mole)
of sodium sulfite and after heating for several minutes the
undissolved material was removed by filtration, the so-
lution was cooled and extracted with ether. The ether

contained only oxime, me.p. 220°.
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Action of mineral aclds on 5-phenyl-2,3-thliophenequinone-
2-oxime (20,29,30)

ae. A solution of 0.5 g. (2.5 mmoles) of oxime
dissolved in 15 ml. of 95% ethanol and 10 ml. of sulfuric
acld (1:1) was refluxed for five minutes and the black
solutibn was poured into excess water. The yellow pre-
cipitate was dried, 0.48 g+, m.p. 209-210°.

b. A solution of 1.5 g. of 5-phenyl-2,3-thiophene~
quinone=-2-oxime (0.0073 mole) in 30 ml. of ethanol was
added dropwise to 200 ml. of sulfuric acid (1:1) through
which superheated steam was being passed. One liter of
distillate, collected during the course of the addition,
was saturated ﬁibﬁ sodium chloride, cooled, and extracted
with ether, which yielded 0.12 g. (0.0010 mole - 14%)
of acetophenone.

The pot liquor was diluted to 1 1. with water,
saturated with sodium chloride, and extracted with three
100 ml. portions of ether which after washing with sodium
carbonate solutlion was found to contaln no solute. The
sodium carbonate solution contained an undissolved solid,
welght 0429 g., (0.00135 mole) which proved to. be the
sodium salt of the oxazinone. It was dissolved in water,
the solution was aclidified and extracted with ether,
which yielded 0.15 g« of a colorless solid, m.p. 155-158°,
after one crystallization from benzene it had & melting

point of 155-156°.
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In addition to the undissolved sodium salt of 3-
hydroxy-b6-phenyl-oxazine=l-one the sodium carbonate washings
contained a further quantity of the oxazinevin solutidn
which was isélated by acidification and ether extraction;
0.25 ge (1le3 mmoles, 19%) of a yellow solid, melting point
139-145°, which recrystallized once from benzene yielded
colorless needles melting at 152-154°. This material
showed no depression when a mixed melting point was taken
with the solid first isolated, but a mixed melting point
with benzoylpyruvic acid had a depression of 25°.

c. A mixture of 2.0 g. (0.010 moles) of oxime, 20 ml.
of o-dichlorobenzene and 20 ml. of concentrated hydro-
chloric acid was refluxed for sixteen hours. The layers
were sapargted and the aqueous layer was extracted with
ether which was added to the organic portion. The com=-
bined orgenic portions were extracted wlith sodium carbonate
solution and the addition of concentrated sodium hydmw xide
solutlion to this caused?the-precipitation of 2.0 g« of
solid. The filtrate from the isolation of this solid
yielded 0«3 g of unreacted oxime upon aclidification. The
solid was extracted twice with boiling 50 ml. portions of
ethanol; from these was eventually lsolated another 0.2 g.
of oxime, melting point 214°; mixed melting point with a
known sample showed no depression. ‘Acidification with
dilute hydrochloric acid of the alcchol insoluble residue

dissolved in boiling water caused the evolution of a gas,
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indicating that some of the solld was sodium carbonate.
Upon cooling light yellow needles were obtained, 0.l5 g,
mepos 140-148°, which after one recrystallization from
benzene melted at 155-156°. Another 0.13 g., m.p. 150~
154°, was extracted from the last filtrate with ether.
After one recrystallization from benzene 1t had a melting
point of 152-153°; mixed melting point of the two portions
155-156.5°.

Anal. Caled. for C;oHgNOz: C, 63.5; H, 3.7; N, T.k

Found: C, 63.1; H, lj.2 (Manser) N, 7.0 (SchwarZqf

A solution of 0. 15 g. of the oxaginone and 0.1l5 g.
of aniline in ethanol was heated on a water bath for three
hours and upon cooling light cream colored, almost éolorlass
needles were formed, m.pe. 177-178°. The known an11(67) op
benzoylpyruvic acid was simllarly prepared by warming a
solution of 0.1 g. of benzoylpyruvic acid and 0.l g of
aniline in ethanol on a water bath for three hours. When
the solution was cooled the addition of petroleum ether
caused the formation of an oll which soon solidified to
yield 0.13 g. of the anil, m.p. 156-159°. A final crystal-
lization from ligroin (b.p. 40-60°) gave light tan needles,
m.p. 168-169°, m.m.p. with oxazinone anil, 13l4-140°.

d. Thres-tenths of a gram (1.5 mmole) of oxime in

(67) L. Claisen and H. Bromme, Ber. 21, 1134 (1888).
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25 ml. of sulfuric aecid (1:1) was heated to boiling and
immediately steam-distilled whereupon a small quantity of

e yellow oll was obtalned in the distillate which solidified
to a brown solid, m.p. 108°-112°, The material burned

with the odor and characteristic blue color of burning
sulfur. From the still pot was isolated 0.3 g. of solid,

MeDoe 2120 .

e. One half gram (2.5 mmole) of oxime in 20 ml.
of 18 X hydrochloric acid was refluxed for two hours;

- very little of the materlal gppeared to reaect or go into
soluﬁion and 20 ml. of glacial acetic acid was added and
refluxing was maintained for an additional six hours.
The solution was finally filtered, and a small amount of
residue was isolated and dried, m.p. 216-220°. Although
the addition of a large quantity of ice to the filtrate
caused no precipitation,.the remainder of the organiec

material was isolated as a tar by ether extraction.

f. A solution of 0.5 g. (2.5 mmole) of oxime in 20
ml. of ethanol and 10 ml. of 85% phosphoric acid was
refluxed for several minutes. Water was added to isolate

the product, m.p. 212-214°.

ge A Solution of 1 ge (5.0 mmole) of oxime in 150 ml.
of concentrated hydrochloric acid and 150 ml. of distilled
water which had been refluxed for sixtesn hours was neu-

tralized with solid sodium carbonate and then reacidlfied.
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It was then extracted with three 100 ml. portions of ether
which, after drying with Drierite, yielded OJyly g« of a
red solid. This residue was recrystallized from benzene
to give brown, granular crystals, m.p. 156-158°. To the
benzene solution was added 50 ml. of ether and this

organic phase was extracted with three 15 ml. portions of
5% sodium;hydroxide solution and 25 ml. of distilled water.
The benzene and ether were allowed to evaporate and the
non base-soluble residue was dissolved in methanol. To

this 2,4-dinitrophenylhydrazine solution(éé)

was added.
The resultant red preclpitate was recrystallized from
methylecellusolve and melted at 2l;6-2)18°; mixed melting
point with an esuthentic sample of the 2,4-dinitrophenyl-
hydrazone of acetophenone (m.p. 249~251°) showed no de=-
pression.

Benzoylpyruvic acid was synthesized by the method
of Bromme and Claisen(67). A solutlion of 1 g. of ben-
zoylpyruvic acid in 150 ml. of concentrated hydrochloric
acid and 150 ml. of distilled water was refluxed for
sixteen hours. The solution was neutralized with base
and reacidified with dilute hydrochloric acid. This
was extracted with three 100 ml. portions of ether and
when the ether was removed a liquid with the odor of
acetophenone remained. Its 2,u-dinitrophénylhydrazone had

a melting point of 2h7-249°, m.m.p. 250-251°(with an asu-
thentic sample).
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The action of carbonyl compounds and acids on S5-phenyl=-2,3-
thiophenequinone~2-oxime (20,¢9,30)

a&e One half gram (2.5 mmole) of oxime, dissoived
in 10 ml. of hydrochloric acid (1l:1), and 20 ml. of acetone
were refluxed for eight hourg. The red solution was
steam=distilled using superheated steam and a trace of
yellow oll came over. A solid residue formed in the still
pot; this recrystalllized from ethanol as a yellow powder,

MeDoe 222°.

be One half gram (2.5 mmoles) of oxime dissolved in
12 ml. of sulfuric acid {(l:1) and 20 ml. of acetone was
refluxed for eight hours. After cooling for an hour the
viscous tarry product was steam-distilled and a small
quentity of yellow oil was obtained that had the odor of

mesitylene.

ce. One half gram (2.5 mmoles) of oxime in 20 ml.
of acetone and 5 ml. of s?lfuric acid (1:1) was steam-
distilled directly. After twenty minutes all the acetone
had distilled and the distillate had taken on a yellow,
opalescent color. The residue proved to be the unchanged

oxime.

d. A mixture of 0.3 g. (2.5 mmoles) of oxime, 20 ml.
of sulfuric acid (1l:1) and 2 ml. of acetone was refluxed
for one hour. The reaction mixture contained no steam-

distillable product.
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e. A mixture of 0.3 g+ (1.5 mmoles) of oxime, 20 ml.
of acetone and 2 ml. of sulfuric acid (1:1) was refluxed

for one how . The oxime was recovered unreacted.

f. A mixture of 0.3 g. (1.5 mmoles) of oxime, 20 ml.
of 110% formaldehyde solution and 1 ml. of concentrated
sulfuric acid was refluxed for one hour. When the clear
red solution was cooled, 0.1l40 g. of oxime crystallized,
mepe 212°.

g« A mixture of 0.3 g. (1.5 mmoles) of oxime, 10
ml. of concentrated hydrochloric acid and 10 ml. of 0%
formaldehyde solution was refluxed for one hour. A
black scum which spparently contained most of the organic
matter formed on the sides of the flask; dilution of the

supernatant liquid with water caused no preclpitation.

he A mixture of 0.250 g. (1.2 mmoles) of oxime,
10 ml. of formalin, and 1 ml. of conecentrated hydrochloric
acid was refluxed for 1 hour, then 10 ml. of concentrated
hydrodhloric acid was added to the cooled solution, and
refluxing was continued for enother L5 minutes. A tar
had formed along the sides of the flask while a trace of
pink precipitate (m.p. 120-122°) formed in the body of
the solution. The compound had a formaldehyde-~like odor,
was soluble In water and ether, and gave a negative

Beilstein test for halogen.
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i. A solubion of 1.5 ge (7.5 mmoles) of oxime, 6 ml.
of benzaldehyde, and 6 ml. of cohcentrated hydrochloric
acid in 75 mle of isopropyl alcohol was refluxed for four
hours. The solution was cooled in an icebox overnlght,
end oragpge crystals were isolabted, weight 1.12 g. The
filtrate was condensed and a second crop of crystals was
obtained, 0.27 g., total recovery amounted to 93%, m.p.
210=-212°.

je A solution of 0.68 ge (3ol nmoles) of oxime in
15 ml. of concentrated hydrochloric acid and 30 ml. of
acetone was refluxed for six hours. The solution bacéme
dark and tarry and had an unpleasant sour odof. The
acetone was cautiously evaporated and the residue was
extracted with seven 75 ml. portions of ether, which
were combined and washed twice with water, thrice with 5%
sodium carbonate solution, with saturasted salt solution,
end finally dried with caleium chloride for three hours.
The ether was removed and left a black, tarry residue
which was heated with boiling ligroin (b.p. 90-120°).
The extraction liquid was decanted and quickly‘cooled in
a Dry Ice bath and a small amount of brown powder was
isolated. Neither this nor the unextracted material,
which was the bulk of the product, ylelded to further

purification and this resction was not further investigated.
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k. A solution of 2.0 g. (0.010 mole) of oxime in
20 ml. of benzaldehyde and 20 ml. of concentrated hydro-
chloric acid was refluxed for elighteen hours. The organic
layer was separasted from the agueous layer and the aqueous
portion was washed with two 25 ml. quentities of ether
which were added to the benzaldehyde. The organic layer
was extracted ﬁith 25 ml. portions of 10% sodium carbonate
untll thelr acidification no longer gave a precipltate.
The total precipitate was collected and dried over sodium
hydroxide in a vacuum deslccator, weight 0.5 g. After
three recrystallizations from ethanol it had a melting
point of 221.2-222.0°; mixed melting point with an au-
thentic sample of 2,3-diketo-l-benzoyl-5-phenyltetrshydro-
furan 220-221°. The authentic semple of 2,3-diketo-l-
benzoyl-5-phenyltetrshydrofuran was synthesized by adding
to a warm solution of 0.2 g. of benzoylpyruvic acid and
0.1 ge of benzaldehyde dissolved in 10 ml. of ethanol
é N hydrochloric acid dropwise'until the solution became
cloudy. Sufficient alechol was added to restore a clear
solution which was heasted on the water bath for five
hours. The solution was concentrated, then cooled, to
give colorless needles, m.p. 218-220°.

A solution of 0.1l g. of this compound and 0.03 ge.
of aniline was refluxed in ethanol for three hours. Upon
cooling, yellow crystals were obtained which melted from

171-173° (Lit. for 2,3-diketo-l-benzoyl-5-phenyltetrahydro-
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furan=-3-anil, 171—172°)(68).

The action of nitrouvs acid and nitrous acild derivatives on
S-phenyl=-2,3~thiophenegquinone-2-oxime ‘31s3€,33)

a. To a solution of 1 g (5 mmoles) of oxime in IO ml.

of heated glacial acetic acid was added 3.0 g. (443 mmoles)
of sodium nitrlte with no further heating. One hundred
and fifty milliliters of water was added and a yellow
precipitate formed slowly which when 1éolated welghed
0s49 ge, mep. 135-138°, After recrystallization to constant
m.p. i1t melted at 149-150°,

Anal. Caled. for C; H SNOz: C, 58.2; H, 3.7

Found: C, 57.9; H, 3.8 (Clark)

be. One half grem of oxime was dissolved in 18 ml.
of acetic acid and 0.5 g. of sodium nitrite was added
slowly. One hundred milliliters of water was added %o
the dark red solution and & small amount of red solid
formed which was recrystallized from ethanol, The melting
point was above 260° and was not more closely determined.
After removal of the red solid, a yellow precipitate
gradually formed 1n the filtrate and after twenty four
hours the compound was 1solated and recrystallized from
ethanol, me.p. Lgl=-145°, recrystallized from isopropyl
alcohol, m.p. 149~150°.

(68) S. Ruhemann, J. Chem. Soc. QQ:, 1213 (1906).
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ce To a solution of 1 g. (5.0 mmoles) of oxime in
20 ml. of boiling glaclial acetic acld was added gradually
0.5 g« (7.2 mmoles) of sodium nitrite. After the dark
red soluﬁion had been refluxed for thirty minutes, an
equal quantity of water was added and the solutlon was
stored in an icebox for several hours whereupon three
tenths of a brown solid, m.p. 210-215° weas lsolated. A
large excess of water was added to the flltrate which was
allowed to stend overnight and a dark colored gum formed
from which 0.1 g. or orange powder, m.p. 200-210°, was
isolated. BEther extraction of the remaining material

yielded unpromising brown tar.

d. To é solution of 1 g. (5.0 mmoles) of oxime in
20 ml. of bolling glacial aceticvacid was added 0.5 g.
of sodium nitrite. After refluxing for thirty minutes
another 0.5 g. of sodium nitrite was added. A final 0.5 g.
(total 0.022 moles) of sodium nitrite was added after
enother hour and the solution was refluxed for another
hour and a half, a total of three hours altogether. A
black ligquid, with a sour odor indicative of extensive
decomposition was formed. When a large excess of water
was added and the solution had stood for several hours a

gum formed which could not be crystallized from ethanol.

es A solution of 0.7 g« (3.3 mmoles) of oxime in
20 ml. of glacial acetic acid and 5 ml. of water was
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refluxed while 0.5 g« (7.2 mmoles) of sodium nitrite was
added. After the light red solutlon had refluxed for
thirty minutes, water was added until it became turblid, and
then the solution was cooled. A total of 0.50 g. of oxime
was isolated, m.p. 216-217°.

fe A mixture of 37.1 g. of methanocl, 2.0 g. of
~dry hydrogen chloride gas, 0.84 g. (l4.1 mmoles) of oxime
and 2.5 go (32 mmoles) of sodium nitrite was refluxed
for three hoﬁrs, filtered from undissolved salts and
stored In the icebox overnight. The precipitated solid

was 1isclated and dried, recovery of oxime was 0.81 g.

(97%), mepe 220°.

g+ Nitrogen oxide gases evolved by the addition
of hydrochloric acid to sodium nitrite were passed into
a refluxing solution of 3 g« of oxime in 95 ml. of ethanol.
A solution of I ml. of concentrated hydrochloric acid in
13 ml. of water was added and the ethanol solution was
refluxed for sn additional twenty three minutes. The
ligquid becasme a red-black éolor and was stored in an
icebox under nitrogen for Seven days. The solution was
concentrated and 2.0 g. of a reddish-brown predipitate

was obtained, m.p. 212°.

h. To a stirred solution of 1.0 g. (5 mmole) of
S5-phenyl-2,3-thiophenequinone-2-oxime in 20 ml. of ethanol
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was added 3 mle. (22 mmole) of isoamylnitrite. To this a
solution of 3 ml. of concentrated hydrochloric acid in
20 mle. of ethanol and 10 ml. of water was added dropwise
over a one hour period. During these additions the re-
action mixture was heated on a water bath. Finally an
additiongl 10 ml. of water was added and the solution
was refluxed for one hour. The solution was stored in
Dry Ice until the process of crystallization appeared to
be complete., There was recovered 0.80 g.ﬂof orange-yellow
needles, Mm.pe. 216-217°. A mixed melting point with an
suthentlc sample of oxime showed ho depression.

The filtrate had a volume of 60 ml. Five milliliters
was trested with 2,l-dinitrophenylhydrazine solution and
yielded 0.69 g. of a brick-red crystalline precipitate,
m.p.'117-121°. After two recrystallizations from methanol,
the compound had a melting point of 122-123°. A mixed
melting point with an authentic sample of 1sovaleraldehyde-
2,4=nitrophenylhydrazone (Lit. 123°)(69), showed a sizable
depression, m.p. 85-90°. Elemental enalysls of the hydra-
zone was negative for sulfur, although positive for nitrogen.
The remaining 55 ml. of solvent was allowed to evaporate
and yieided 0.30 g. of a yellow solid, m.p. 160-200°.

One recrystallization from ethanol gave 0.l g. of orange

needles, m.p. 214-215,.

(69) Ref. 66, Pe 229.
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Attempted hydrolysis of 5-phenyl-2,3-thiophenequinone=-2-
oxime with pyruvic acid (36)

a. A solution of 0.83 ge (.1 mmole) of oxime in
20 mle. of glacial acetic acid, 10 ml. of water and 1 ml.
(10 mmole) of pyruvic acid was refluxed for three hours.
After this time sodium acetate was added, the solution
was allowed to cool and the precipitate which formed was
isolated and dried. It weighed 0.70 g. (85% recovery),
Mepa 21=217°. |

bo A mixture of 0.3 g. (1.5 mmole) of oxime, 1 ml.
(10 mmole) of pyruvic acid, 1 ml. of benzaldehyde, and
2 ml. of hydrochloric acid (l:1l) was shaken mechanically
overnight. The solution waé cooled to 0° and orange
crystals were isolated which, when dried, melted at 21l-
215°.,

Oxidative cleavage of 5-phenyl-2,3-thiophenequinone-2-oxime
with cuprous oxide '

a. A mixture of 0.3000 g. (1.5 mmole) of oxime,
10 ml. of butylcellosolve, 1 ml. of acetone, 0.5 g. of
cuprous oxide and 1.5 ml. of concentrated hydrochloriec
acid was shaken mechanically for seventy five minutes.,

The mixbture was steam~distilled; 1t ylelded no product.

be. A mixture of 0.300 g. of oxime, 10 ml. of
butylecellosolve, 1 ml. of acetone, 0.5 g. cuprous oxide,

1.5 ml. of concentrated hydrochloric acid and 2 ml. of |
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water was refluxed for one hour and then steam-distilled.
The distillate was extracted with ether which upon eva-

poration yilelded no appreclilable residue.

2,5-Diphenylthienoll,5~bJoxazole

a, A solution of 1.22 g. (6.1 mmole) of oxime in 5 ml.
of benzaldehyde was refluxed'for twenty four hours. The
precipitate which formed on cooling the benzaldehyde so-
lution was isolated; the benzaldehyde was further concen-
trated and a second quantity of solid was isolated. The
total yleld was 0.5 g+ (23%), mep. 176-177°; recrystalli-
zation from ethanol ggvé colorless needles, m.pe. 176.2-176.8°.

An.alo Caled. for C:_-,HJ_Q_ONS: C, 7307; H, M..O;
N, Snl; S, 1106

Found: C, 73.4 (Clark; Th.l (Pittsburgh)
H, h.1 (Clark); L.1 (Pittsburgh)
N, 5.2 (Clark); 5.2 (Pittsburgh)

S, 8.7, 8.9 (Pittsburgh); 12.2 (Manser)

The solubility of the oxazoles in & solution of 90 ml.
of water and 10 ml. of acetone was determined at 29°. Ex-
cess exazole was stirred in this solvent for 10 mlnutes
and the undissolved solid was filtered. The filtrate
was extracted with ether, the ether evaporated and the
residue dried. Weights of 0.0035 g. and 0.0031 g. were

obtained in successive runs.
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b. After a solution of 0.36 g. (1.8 mmole) of the oxime
in 10 ml. (0.1 mole) of benzaldehyde had been refluxed
for eighteen hours, the benzaldehyde was removed by
distillation and the residue was dissolved in chloroform,
washed with sodium carbonate solution &nd dried with Drierite.
Upon removal of solvent and drying agent there was obtained
0.51 ge of a brown crystalline solid. Recrystallization
from alecohol yielded two batches of crystals together welghing
0.24 gy mepe 175-177°. _,

c. One gram (5 mmole) of oxime in 5 ml. (50 moles) of
benzaldehyde and 10 ﬁl. of m-xylene was refluxed overnight.
There was no precipitate formed upon cooling the solution.

The xylene and benzaldehyde were extracted with base before
being removed by vacuum distillation. The residue'was re-
crystallized from dioxane and yielded 0.5 g. (37%) of oxazole,
mepe 172-175°. |

d. A nmixture of 0.15 g. (0.7 mmolé) of oxime, 50 ml.
of benzene gnd 5 ml. (50 mole}j of benzaldehyde was refluxed
for fifteen hours. The solutlon was cooled to room temper-
ature and 0.1 g. of yellow needles was isolated, m.p. 21~
216°, Another 0.03 g. of oxime was extracted from the so-
lution with base. Total recovery amounted to 87%.

e. A solution of 1 g. of oxime (5 mmole), and 0.5 g. of
benzaldehyde ( 5 mmole) in 20 ml. of ab‘solute alcohol was
refluxed for two hours. When the solution was cooled 0.65 g.
of oxime, m.p. 218-220°, was isolated.

f. A 8solution of 1.0 g. (5 mmole) of oxime and 2.0 ml.

(20 mmole) of benzaldehyde in 50 ml. of diisopropyl ether

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



106 L

was refluxed for four hours. After standing at room tem-
perature overnight oxime precipitated, but the mixture was
cooled to =70° to further ald crystallization and 0.95 g.
of oxime (m.p. 215-218°) was isolated by filtration.

e A solution of 1.3 g« (6 mmole) of oxime in 10 ml.
(0.1 mole) of benzaldehyde and five drops of concentrated
hydrochloric acid was refluxed for ten hours. The product
was stored at 0° for twenty four hours, filtered, and the
solid thus 1isolated was washed with dioxane and vacuum dried.
There was obtalned O.l g. of light brown needles, m.p. 165-
170°. '

Study of the benzaldehyde-oxazols reactlon

The oxazole reactions, using 5 ml. quantities of
aromatic aldehydes, were carried out in side neck test tubes.
A stirring rod and nitrogen inlet tube were introduced through
a two hole rubber stopper. The temperature was followed by
means of a 100-170° Anschutz thermometer which was enclosed
in the test tube and was suspended from its edge by means of
a copper wire hook. The side neck led to an upright semi-
micro condenser and from the top of the condenser, glass
‘tubing led into a bubble trap. When the reaction was carried
out under nitrogen the flow of this gas through the reaction
tube and the condenser was determined noting the stream of
bubbles in the trasp. The oxime was stirred wlith various
aromatic aldehydes at temperatures close to 150° while time,
quantity, catalyst, or atmosphere were varied. At the end
of the run the product was transferred to a 25 ml. distilling

flask and the solvent was distilled under nitrogen at reduced
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pressure. The residue was dissolved in chloroform and ex-
tracted with dilute base. When the base soluble portions
were investigated they were aclidified with dilute hydro-
chloric acld and extracted with ether. The ether was
allowed to evaporate and the total welght of the acidic
portion was determined. This was extracted initlally with
25 ml., and then with 10 additional ml. of boiling water,
The Waier soluble material was isolated from these aqueous
solutions by ether extraction and welighed after evaporation
of the ether. The water insoluble material (oxime) was
also dried and weighed.

The oxazole portions were worked up by allowing the
chloroform to evaporate and first determining the total
weight of oxazole and tar. This material was then dissolved
in carbon tetrachloride and passed through a 4x18 ecm. colum
of activated alumine (Merck). The oxazoles possessed a blue
or blue=violet light and when washed through the column were
separated from the very strongly adsorbed tars and could be
followed by means of the fluocrescence. Carbon tetrachloride
gave an excellent separation and usually about a liter of
this solvent was requlred to elute all of the fluorescent
material. The solvent was removed with a take-off condenser
and the oxazole was washed onto a Petri dish with carbon
tetrachloride, which was then allowed to evaporate. The
oxazole was welghed and its melting polint determined. The
results using this procedure are given in Figure 2, page ll.

2~-(lj=methoxyphenyl)-5S-phenylthienolly,5-bloxazole

A solution of 1.3 g. (6 mmole) of oxime in 30 ml. (.25 mole)
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of anisaldehyde was hesated at 150i5° for three hours. The
product was dissolved in 100 ml. of chloroform and extracted
with sodium carbonate solution until acidification of the
base no 1onger gave a precipitate. The precipitate was ex-
tracted with boilling water whereupon O.7h4 g. of oxime was
left. The chloroform solution was dried overnight with
Drierite and after removal of the desiccant and solvent the
anisaldehyde was removed by distillation at 1 mm., b.p. 87°,
under nitrogen. The residue was crystallized from chloro-
form and then ethanol, wt. 0.15 g. (18%). The material was
recrystallized to constant melting point from ethanol,
colorless micro-crystals, m.p. 166.6-166.9°,

Anal. Calecd. for C,gH,30,NS: C, 7O0.h4; H, 4.2; N, 4.5; 3, 10.4

Found: C, 70.4; H, L.2; N, L4.6; S, 11.2 (Manser)

Reaction of 2,5-diphenylthienel[li,5-bJoxazole with trinitro-
fluorenone ‘

Seven~-tenths of a gram (2.5 mmole) of oxazole and
0.8 g+ of trinitrofluorenocne (2.5 mmole) were each heated
in sufficient quantities of benzene to just dissolve the
compounds at the boiling point. The two pale yellow solu-
wions were combined; the mixture had a red color, but no

precipitation occurred.

2-{li-Isopropylphenyl)=-5-phenylthieneolly,5-bjoxazole

Cuminaldehyde® was purified by extraction with 10%
sodium carbonate solution followed by distilled water.
After drying the aldehyde with Drierite, 1t was distilled
under nitrogen, b.p. 77.8° (2.6 mm.). A solution of 2 g.
(10 mmoles) of the oxime in 30 ml. (0.2 mole) of cuminaldehyde

#* The cuminaldehyde was a gift of the Hilton~Davis Company,
Cincinnati, Ohio through the courtesy of Dr. N. Crounse.
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was heated between 150-170° for eight hours under nitrogen
without stirring. The aldehyde was removed by vacuum dis-
tillation, bep. 88° (3 mm.) and the resildue was purified in
the standard manner via chromatography. There was 1isolated
0.27 g« of an orange solid which after two recrystallizations
from methanol was obtained as colorless needles, m.p. 131.8-
132.6°. |
Anal., Caled. for CpoH,,H0S: C, 75.2; H, 5.3; N, L4t

Found: C, Th.9; H, 5.2; N, 4.7 (Manser)

Para-xylyl bromide

Para-xylyl bromide was prepared by the method of
Brewster(70). A mixture of 106 g. (1.0 mole) of p=-xylene, 800
ml. of carbon tetrachloride, 300 ml. of water and a few
crystals of lodine was gently refluxed while 126 g. (l1.76 mole)
of bromine in 500 ml. of carbon tetrachloride was added
dropwise. An ultra-violet lamp was placed against the
reaction flask and its rays were directed into the reaction
during the addition of the bromine. The solution was at
first reddish-brown but after a few minutes became colorless,
and then again turned yellow. The refluxing was stopped
when the mixture had again become colorless whereupon the
carbon tetrachloride layer was separated and the solvent
removed by distillation. The remaining yellow oil was dis-
tilled and yielded 99 g. (54%) of p-xylyl bromide, b.p. 95-
105° (8 mm.) #n& the residue was probably in large part o ,J!
dibroho-g-xylene. This method is comparable to the direct

(70) J.F. Brewster, J. Am. Chem. Soc. 40, 406 (1918).
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bromination of p-xylene at 130° (71) which ylelds l46% of
the p-xylyl bromide and ;8% of the dibromo compound.

Para-tolualdehvde

Para-tolualdehyde was prepared from p-xylene and
chromyl chloride by the method of Perkin and Law(72’73)
in 22% yield. |

Para-tolualdehyde was also prepared from p-xylyl
bromide and the sodium salt of 2—nitropropane(7u) in 57%
yield.

2-(p=-tolyl)~5-phenylthieneoll;,5-b] oxazole

A solution of 1 g. (5 nmole) of oxime in 7 ml. (.058 mole)
of p-tolualdehyde was stirﬁed at 150 i5° under nitrogen for
seven hours. The aldehyde was removed by vacuum distillation
end the residue was chromatographed twice on a l.5x18 cm.
colum of alumina using carbon tetrachloride as the eluting
agent. There was thus isolated O.45 ge. of a light tan solid
which after threes recrystallizations from methanol had a
melting point of 101.0-102.0°.

Anal. Calcd. for C,gH;,NCS: C, Th.3; H, Le5; N, 47

Found: C, 7373 H, 473; N, 49 (Manser)

2~{t~styryl) -5-phenylthieno(l,5-b]Joxazole

A stirred solution of 1.0 g« (5 mmole) of oxime in
5 mle (.O41 mole) of cinnsmaldehyde was heated at 150° in a

(71) E.F.J. Atkinson and J.F. Thorpe, J. Chem. Soc. 91, 1697 (1907).
(72) F.Mo Perkin and H.D. Law, J. Chem. Soc. 91, 263 (1907).

(73) H.He. Sisler, Inorg. Synthesis 2, 205 (1946).

(74) H.G. Hass and M.L. Bender, Org. Syntheses 30, 99 (1950).
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nitrogen atmosphere for eight hours. The cinnamaldshyde was
removed by distillétion at reduced pressure under nitrogen.
The residue was subjected to chromatography through an 18xl.5 cm.
column of activated alumina. Carbon tetrachloride was
initielly used as the eluting agent, but petroleum ether
(L0-60°) was used to separate the fluorescent layer from a
ﬁobile brown layer. <The petroleum ether solution of the
product was condensed and rechromatographed. Carbon tetra-
chloride was again used in order to effect a separation of
fluorescence into an upper light blue band, and a lower dark
purple band.

The purple layer yielded 0.0u ge of an oily residue.
The blue layer contained 0.08 g. of an impure brown solid.
The latter was recrystallized from ethanol and ylelded a
very small quantity of yellow needles, m.p. 173-175°.

The reaction was repeated and again ylelded trace

quantities of oily residues from two fluorescent layers.

Attempted preparation of 2-pentyl-S~-phenylthienell;,5-bloxazole

A solution of 0.5 ge. (2.5 mmole) of oxime in 20 ml.
(0,167 mole) of n-hexaldehydé was refluxed at 1l40° for seven
hours. The hexaldehyde was removed by distillation at 35 mm.
and the residue was chromatographed on a 4x20 cm. colum of
alumlina. No part of the column fluoresced when exposed to
ultra-violet light. A yellow layer was wWashed through
the column.with carbon tetrachloride and on removal of this
solvent a red oll was obtained which had the odor of hex-
aldehyde. The 2,l~-dinitrophenylhydrazone gave a melting

point of 102-104°, a mixed melting point with an authentic

sample also occurred at 102-104°. The alumina column was
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extruded and O.42 g. of a reddish-brown oil was extracted
from the brown layer at the top of the column. We did not
succeed in getting this oil to crystallize from ethanol,

benzene, chloroform, petroleum ether (b.p. 1L0-60°), or

dioxane.

2-Phenyl-l ,5~-dimethyloxazole-N-oxide hydrochloride

Four grams (0.0l mole) of bigcetylmonoxime (75) and
4 ml. (0.0l mole) of benzaldehyde were dissolved iﬁ 100 ml.
of glaclal acetic acid and dry hydrogen chloride was
bubbled in over a two hour period. A large excess of ether
was added and colorless crystals precipitated. These were
isolated and dried in an amber desiccator, m.p. 189-191°

(Lit., 188°)(u6). The yield was 2.3 g. (27%).

Triphenyloxazole~N~oxide hydrochloride

Into a solution of lL.5 g. of 2-benzilmonoxime
(0.02 mole), mep. 136-138°, and 2 ml. (0.02 mole) of ben-
zaldehyde in 30 ml. of glacial acetlic acid anhydrous hydrogen
chloride was bubbled. The clear solution was saturated with
hydrogen chloride and after a few minutes solidified into a
colorless crystalline mass. After standing for two days the
product developed a light tan color. One hundred ml. of
anhydrous ether was added and it became a mass of snow white
micro-crystals which weighte L.30 g. (61.7%). Recrystal-
lization from benzene yielded the free base, m.p. 169-172°.
(Lite, mep. 170-171°) 60,

(75) W. L. Semon and V. R. Damerell, Organic Syntheses, Coll.
Vol. 2, 204 (l9u3)
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1,2,3=Cyclohexanetrione~l,3-dioxime

The same procedure described in Organic Syntheses(bu)
for the preparation of bilacetyl monoxime was used in the
preparation of cyclohexatrionse dioxime. Ethyl nitrite was
passed into a mixture of cyclohexsnone and hydrochloric acid.
The reaction mixture was cooled and a dark red product was
removed by filtration. This was washed with acetone and then
crystalllized from acetone using a Darco to decolorize the
material. The compound decomposed spontaneously at 205°,.

The compound was obtained as fine yellow needles from methanol
which upon standing exposed to the atmosphere deformed to an
amorphous yellow powder. The phenylhydrazine derivative
melted at 180,0-182.5°. The 11terature(76) states that the
dioxime decomposes above 200° and forms a triphenylhydrazone

derivative with phenylhydrazine which melts at 182-183°,

u,S-(b-aximinooycldhexenone)-2-phenyloxazole-ﬂ-oxide hydrochloride

One gram (6.5 mole) of 1,2,3-cyclohexanetrione-1l,3-
dioxime was dissolved in 100 ml. of glacial acetlc acld. Six
milliliters (0.06 mole) of benzaldehyde was added. Anhydrous
hydrogen chloride was passed in until the solution became
saturated, whereupon the color changed from pale yellow to
brown. When the weight of hydrochloric acid absorbed became
constant (7.0 g.), the flow was discontinued and a crystalline
precipitate started to form at this point. After standing
for two days a colorless preclpltate formed and was isolated
and dried over potassium hydroxide in a vacuum desicdator.

(76) W. Borsche, Festschrift Otto Wallach, 301 (1909);
Brit. Abstr. 981, 178 (1910).
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It weighed O.45 g., mep. 165-170°., Recrystallization from
methanol yielded the free base, m.p. 125-130°, recrystallized
from petroleum ether, m.p. 130.5-132°. The following facts
indicate that the salt precipitated, and the free base was
obtained by crystallization from methanol.

a. Benzllam~-N-oxide hydrochloride easily looses
hydrogen chloride when recrystallized from benzene or alcdhol(ué).

b. The salt, compound with m.p. 165=-170° was com=-
pletely insoluble in'petroleum ether. |

c. Bellstein test for chlorine was negative on original
dioxime, positive from compound m.p. 165-170°, negative for
compound m.p. 130-132°.

Attempted preparation of 2,5-diphenylthienoll,5-b]oxazole-N-
oxide hydrochloride

a. FPour grams (0.02 mole) of the thiophenequinone
monoxime and 2 ml. of benzaldehyde were placed in 150 ml. of
glacial acetic acid. Not all of the oxime dissolved. Dry
hydrogen chloride gas was passed into the solution for four
hours. The product was filtered, and 3.0 g. of undissolved
oxime was recovered. A large excess of anhydrous ether was
added to the flltrate, no precipitate occurred. The solvents
were evaporated, a brown-black residue remained. Recrystal-
lization from ethanol with the assistance of Darco gave
0.2 g. of yellow, orange needles, m.p. 218-220°.

b. Three grams (0.015 mole) of oxime, 15 ml. of
benzaldehyde (0.15 mole), and 25 ml. of 37% hydrochloric
acid were shaeken two and a half hours, and then stirred
for five hours. The unreacted, undissolved oxime weighed

245 g The benzaldehyde layer wes separated from
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the aqueous layer which was made baslc but no precipitation
occurred. To the benzaldehyde portion 100 ml. of 37% hydro-
chloric acid Qnd another 0.5 g. of oxime were added, and the
mixture was refluxed for four hours. The aqueous portion
of the cboled reaction mixture was washed with ether, and
then made basic, No precipiltation oscurred.

" ce. A mixture of 2,0 g« (0.01 mole) of oxime, 0.92 g.
(0.9 mole) of benzaldehyde and 200 ml. of 37% hydrochloric
acld was shaken at room temperature for three days. The
aqueous layer was separated and neutrallzed with ammonia,
A trace of yellow materlial formed; this was of insufficlent
amount to be isolated and in the process of filtration was
absorbed by the pasper. In a similar, but smaller run, enough
yellow solld was obtained for a melting point, 108-110° and
it was not further identified. The majority of the oxlme was
extracted from the organic layer with agqueous carbonate
solution.

Reaction of biacetyl monoxlime with benzaldehyde

Ten grams of bilscetyl monoxime (0.1 mole) in 15 ml.
(0+15 mole) of Benzalddhyde was heated to reflux, and an
édditional 15 ml. of benzaldehyde was added to bring all
the solid into solution. The solution was refluxed for
twenty hours and was then stored in a refrigerator for six
days. No precipitation occurred. The benzaldehyde was re-
moved by vacuum distillation umder nitrogen. The distillatlion
was continued and a yellow solild, blacetyl monoxime, came
over, b.ps 85° (2.5 mm.), mep. 75-76°. The tarry residue was
dissolved in bénzene, washed three times with 25 ml. of 10%

sodlum carbonate solution, and twice with 25 ml. portions of
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distilled water, and finally dried over Drierite. Concen-
tration of the solvent eventually lefi a non-crystalline
orange tarry oil. Dioxane was added in attempt to crystallize
but this was not successful. The tar was dissolved in a

large quantity of ethanol, bolled with Darco, filtered, con=-
densed and cooled. This procedure was also unsuccessful.

The last traces of ethanol were removed by vacuum and the
procedure was repeated with ether, carbon tetrachloride, and
acetic acid. None of these enabled us to further ldentify

the producte.

Reaction of cyclohexanetrione dioxime with benzaldehyde

Five grams (0.32 mole) of 1,2,3-cyclohexanetrione-
1,3-dioxime in 25 ml. (0.23 mole)} of benzaldehyde was stirred
under a nitrogen atmosphere for three days. The mixture con-
sisted of a yellow solid in a brown liquid. The mixture was
cooled and the solid was 1solated by filtration under nitrogen.
The solid proved to be unreacted dioxime; this was shown by
the preparation of the known phenylhydrazone derivative by
heating the yellow solid on a water bath with a few drops
of phenylhydrazine and several ml. of ethanol. The mixture
was heated to allow the ethanol and excess phenylhydrazine
to evaporate and from the red sludge, orange needles were
obtained from ethanol, m.p. 180.0-182.5°., The dioxime
forms a triphenylhydrazone derivative, m.p. 182-183°.(65)

The original filtrate was refluxed for four hours, cooled,
and the solid which came down was isolated and recrystallized
from methanol, m.p. 215° with Sudden decomposition - typical
of this dioxime.
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When 1.0 g. (6 mmole) of the dioxime in 7 mle. (0.07
mole) of benzaldehyde was refluxed under nitrogen for eighteen
hours the material completely decomposed to a charry, black
solid.

Reaction of benzll monoxime with benzaldehyde

a. Three grams (0.013 mole) of 2-benzilmonoxime and
10.25 go (0.10 mole) of benzaldehyde were refluxed for one
hour under a nitrogen atmosphere. The stream of nitrogen
during this time carried off 8.90 g. of benzaldehyde, and
the remainder of the aldehyde was removed by distillation
under nitrogen. The residue weighed 2.90 g« This was dis-
tilled at 15 mm.; 0.80 g. of material boiling up to 2,0°,
was obtained and this distillate was recrystallized from
petroleum ether (b.p. [f0-60°) to give colorless crystals,
mepo 119-120°, mixed melting point with an authentic sample
of benzoic acid was 121-122°. The final residﬁe weighed 2.00.

be A solution of 8 g. (0.035 mole) of benzil monoxime
in 30 ml. (.3 mole) of benzaldehyde was refluxed for fifteen
hours. The solid form, isolated by filtration, was recry-
stallized from water. It proved to be benzoic acid. The
filtrate was condensed by bolling off benzaldehyde at atmos-
pheric pressure. Upon cooling a yellow-orange solid separated
and was isolated by flltration. The solid was dissolved in
ether, washed with potassium carbonate solution, water, and
was then drled over calcium chloride. Removal of the ether
and desiccant left a small amount of residue which appeared
to be banzaldehyde and some solid. The solid was recrystal-
lized from benzene, m.p. 268-271°. More solid formed in the

benzene flltrate and after removal of most of the benzene
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the residue was crystallized from ethanol and water. This
gave a gummy preciplitate which did not improve in physical
character by drying under vacuum. In an oven at 80° it
eventually dried to a soft powder, m.p. 240-245°, recrystal-
lized from acetone 1t had a melting point of 273-274°, a
mixture with an authentic sample of lophine had a melting
point of 272-2T74°.

Reaction of benzil dioxime with benzaldehyde

Three grams (0.0125 mole) of benzil dioxime in 20 ml.
(0«2 mole) of benzaldehyde was refluxed for seventeen hours.
The product was cooled at 0° for one day and O.45 g. of
benzoic acid was isolated by filtration, m.p. 114-118°,
The remaining benzaldehyde was removed by distillatlion at
reduced pressure, 12.75 g., bep. 54° (6 mm.). The residue (6.1 g.)
was a colorless solid with a tarry orange impurity. It was
extracted with 100 ml. of 5% sodium carbonate solution and
with two 150 ml. portions of boiling ether, and finally washed
with ether. The residue weighed 0.31 g., me.p. 271=273°%; it
was recrystallized from ethanol, m;p. 275-277°.(77) A
total of 1l.11 g. of benzoic acid, m.p. 120-121°, was ex-
tracted from the ether with base and 3.4 g. of an olly orange
s0lid remained. This was extracted repeatedly with petroleum
ether (b.p. L 0-60°) until no more material dissolved and
left an olly solid which was separated into 0.42 g. of a
dark, petrolsum ether insoluble oil and 0.18 g. of lophine,
m.p. 271-273°. The red, slightly soluble oil weighed 1.40 g.
Over a period of months more solid appeared to form in these oils.

{(77) D. Davidson, M. Weliss, and Murray Jelling, J. Org. Chem.
2, 319 (1938).
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Reaction of benzil-N-oxide with benzaldehyde

A solution of 1 g. (3 mmole)~of benzilaﬁ-Nioxide
in 7 ml. of benzaldehyde (0.070 moles) was heated for eight
hours at 140°. The solution was dissolved in ether and
the ether extracted with dilute hydrochlorle acid. The acid
solution was made basic and extracted with ether. The ether
yielded a small quantity of colorless solid which, after one
recrystallization from ethanol, had a melting point of 273=-
274°. A mixed melting point with an authentic sample of
lophine showed no depression.

The ether was removed from the original organic
soiution, and the benzaldehyde was distilled at 1 mm. The
residue was dissolved 1n ether and washed with base, and
the ether wasthen removed. This gave 0.54 g. of a gummy,
orange-white solid which was recrystallized from benzene
and then from ethanol, m.p. 229-230°. Evaporation of the
benzene filtrate left a red, gummy residue which was ex-
tremely soluble in ethanol, chloroform, benzene, methanol,
ethyl acetate, and ether and was not further characterized.

Phenanthraquinone monoxime

A solution of 10.0 g. (0.05 mole) of phenanthraquinone
and L5 ge (0,065 mole) of hydroxylamine hydrochloride in
100 ml. of ébsolute methanol and 15 ml. of chloroform was
refluxed for two hours. There was obtained 10.70 g. (100%)
of yellow needles, m.p. 154=157° (Lit., m.p. 158°)(78).

The reaction of phenanthraquinone monoxime with benzaldehyde

A solution of 1 g. of phenanthraquinone monoxime (lj.5

moles) in 7 ml. (0.07 mole) of benzaldehyde was heated at 150°
for eight hours. Tan crystals weighing 0.50 g. were isolated

(78) H. Goldshmidt, Ber. 16, 2178 (1883).
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from the cooled solution. These were dlssolved in ether,
the ether was washed with two 25 ml. portions of 16% sodium
hydroxide solution, and then with 25 ml. of distilled water,
end was then removed. There remained 0.25 ge of cream=
colored crystals. Recrystallization from ethanol gave a
compound with a melting point of 310-313°; the picrate of
this melted at 280-282°, (Lit., 2-phenanthrimidazole, m.p.
312=313°; picrate, m.p. 280°)(u8).

The benzaldehyde filtrate of this reaction was com-
bined with that of a duplicate run. Benzaldehyde was removed
by distilletion at 1 mm. The brown-black gummy residue was
dissolved in ether and left an amorphous brown solld that
welghed 0.13 g., m.p. 196-203°. Attempted recrystallization
from benzene yielded a black gum. The gum was dissolved in
benzene snd this was passed through a column of alumina. A
blue~violet fluorescent band was washed through the 12x2 cm.
column with this solvent. Removal of the benzene yielded a
trace of yellow solid.

The ether solution was washed with dilute sodium
carbonate solution, and this left 1.57 g. of a brown-black
semi-solid dissolved in the ether. Hecrystallization was
unsuccessfully attempted from 50% ethanol-acetone (Darco
treatment); recrystallization from methanol yielded 0.20 g
of & brown-red powder upon initiel concentration, m.p. 1l46-
156°. The products were not investligated beyond this point.

5-Phenyl-2,3-thiophenequinone dioxime

To a solution of 10 g. (0.05 mole) of S-phenyl-2,3
~-thiophenequinone-2-oxime and 2.5 g. (0.062 mole) of sodium
hydroxide in 200 ml. of water was added a solution of 15 g.
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(0.216 mole) of hydroxylamine hydrochloride and 15 g. of
sodium hydroxide in 150 ml. of water. The total volume was
brought to 700 ml. by the addition of water and the solution
was stirred at room temperature for one hour. Undissolved
monoxime salt (0.75 g.) was removed by filtration; the solution
was acldified with iced hydrochloric acid and allowed to
stand for two days, and 7 g. of light brown solid was isolated.
The solid was heated with three 300 ml. portions of benzene
until the remaining bright yellow powder no longer gave a
blue coloration with an alcoholic solution of ferric chloride.
This yellow solid was monoxime, m.p. 21-216°, and weighed
2 g« The benzene was condensed to give a crop of cream-
colored needles, yield .5 g. Further concentration of the
benzene yielded 0.5 g. of less pure dloxime. The total yield
of dioxime was L9%, of monoxime unreacted 27%. The dioxime
when recrystallized from benzene was obtained as colorless
crystals, me.p. 126.4-126.8°. 7
Anal. Calcd. for C, HgNz0;8: C, Sh.b; H, 3.64

Found: C, 5L.7; H, 3.7 (Manser)

In a similar reaction run for 6 hours 71.4% of dioxime,
5 % of unreacted oxime, and 3% of unidentified material were
isolated. When the regctlion mixture was acldified the product
precipitated very slowly. In another reaction the basic so-
lution of 1 g. of monoxime and 1.5 g. of hydroxylamine hydro-
chloride was acidified after thrity minutes. The precipitate

wags isolated at one day intervals:
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First precipitate .30 g. m.p. 125-164°. This was re-
crystallized from ethanol, m.p.
210-212°%; memep. Wwith monoxime
213-215°

Second precipitate .38 g. m.p. 127-128°, Recrystallized
from benzene and li§roin (beps
70-90°) 127.0-127.3

Third precipitate .11 g. m.p. 125-278°

Fourth preclpitate Combined, recrystallized from
.18 g. methanol, yellow needles, m.p
Fifth precipitate 214=216°; mem.p. (monoxime) 21&—216°

Final precipitate trace m.p. 206-208°

The ultré-Violet absorption spectrum of an ethénol
solution of the first erop of yellow needles, determined with
a Beckmann model DU quartz ultra-violet spectrophotometer,
had the following values: ) max. 248 mu (loge 3.72), »min.

357 my (loge 3.45). A second crop of yeliow needles was ob-
tained by concentrating the original ethanolic solution, and
the ultra-violet spectrum in ethanol was obtained; )\ max.

246 myu (loge 3.91), Amax 315 mu (loge 3.95), Amax 382 mu

(loge 3.31), Amin. 276 mu (loge 3.74), Amin. 353 mu (loge 3.15)
Steam distillation of S-phenyl-2,3-thiocphenequinone dioxime

A solution of 1 ge (4«5 mmole) of the dlioxime in
30 ml. of 4% sodium hydroxide solution and 120 ml. of water
was steam-distilled using superhested steam. A total of
2100 ml. of distillate was collected. This was extracted
with two 130 ml. portions of ether. The ether was dried over
Drierite and then removed by evgporation. An unpleasant
smelling oil, 0.09 g., remained, and attempted crystallization
from benzene was unsuccessful. The basic pot liquid was ex-
tracted with ether and thus ylelded less than 0.0l g. of
residue. The solution was acidified with dilute hydrochloric
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acld, whereupon there was the precipitation of cream-colored

solid. The solution was extracted with ether, 29% (0.85 g,)

of material was obtasined, m.p. 124-126°, The ferric chloride
test was positive;

Steam distillation of S-phenyl-2,3~-thiophenequinone dioxime
from acid

One gram of S5-phenyl=2,3-thiophenequinone dioxime (l.5
mmole) was added to 75 ml. of concentrated hydrochloric |
acid and 75 ml. of distilled water and superheated steam
was passed through this mixture until a total of 1300 ml.
of distillate was collected. <+his contained a straw-colored
80lid, 0.28 g., mep. 90-94°, negative FeCl, test, the
ma jority of which came over at the start of the distlllation.
Upon solution in ethanol, 0.02 g. of undissolved material re-
mained which proved to be sulfur. The ethanol solution ylelded
large colcriess plates, m.p. 93.0-93.6°, which were re-
crystallized from petroleum ether (b.p. 40-60°) and dried
at 1 mm. for eight hours, m.p. 93.6-94.1°.

Anal. Caled. for C,oHeNz0: C, 70.6; H, 3.5; N, 16.5

Found: (¢hanol) C, 70.9; H, 3.7; N, 16.0 (Manser)
(1igroin)C, T70.1l; H, 3.65 N, 16.7 (Manser)

The distillate was extracted with ether and yielded
0.07 go of a red solid, m.p. 83-85°, which was recrystallized
from~ethanol, mp. 90-92°.

The nondissolved material in the cooled pot liquor
was a mixture of brown émorphous substance and yellow cry-
stalline material and the total weight was 0.32 g Some of
the latter was isolated manually and had a melting polint of
156-160°. The filtrate was extracted with ether and ylelded
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0.07 g of a yellow solid, m.p. 155-157°. The solids were
combined and extracted with three 20 ml. portions of boiling
water. In this way 0.17 g. of water soluble solid, m.p. 148-
154° and 0.18 g. of water insoluble solid, m.p. 182°, were
isolated.
The water soluble material was crystallized twice

from benzene, m.p. 158-161°, Simultaneous melting points
with benzoylpyruvic acid and the oxazinone gave the following

results:
A. Benzoylpyruvic acid Mme.pe. 158-159°
Dioxime product m.p. 158-161°
Memepos 136"1)4.10
B. Oxime hydrolysis product Mmepe 149-154°
Dioxime hydrolysis product m.p. 148-153°
Memepo 151-1580

The water insoluble portion was dissolved in ether end ex-
tracted with small quantities of 5% sodium hydroxide unt1l
acidification with dilute hydrochloric acid no longer caused
the precipitation of material. The acidified solution con-
taining the preclpitate was extracted with ether and after
drying a yellow solid was isolated which weighed 0.12 g.,
mep. 210-212°, This was recrystallized from ethanol, and
with the aid of a small amount of *arco bright yellow needles
were obtained, m.p. 214~215°, mixed melting point with an
authentic 5-phenyl-2,3-thiophenequinone=-2-oxime, 214-215°.
The base Insoluble material was separated into a
benzene insoluble yellow solid and a dark-colored benzene
solution. The benzene solution ylelded black crystals, m.p.
110°. These were eluted in a 1x8 cm. column of alumina with

200 ml. of benzene and ylelded colorless crystals, m.p. 111-113°,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12l

which proved to be sulfur.

Attempted preparation of S5-phenylthiophenequinone furazan

A solution of 2 g. (0.09 mole) of dioxime in 50 ml.
of toluene was refluxed for two hours. The solution yielded
0.63 go of cream-colored precipitate, m.p. 120-122°., The
toluene was concentrated tol ml., 0.27 g. of a red-brown
powder, m.p. 170° (dec.) was obtained. Evaporation of
the remalning toluene left 0.77 g. of a brown, somewhat
crystalline residue. The last two portions were combined
and dissolved in 80 ml. solution of ether. The ether
solution was washed with two 50 ml. portions of 10% sodium
hydroxide and two 50 ml. portions of distilled water and the
ether was evaporated to yield 0.65 g. of a tan solid, m.p.
17-155°, Afterione recrystallization from alcohol (treated
with Darco) end a recrystallization from benzene, a colorless
crystalline solid was obtained, m.p. 205.5-206.0°,

Anal. Calcd. for C,,HgNz08: C, 59.5; H, 3.0

Found: C, 63.5; H, 1.0 (Schwarzkopf)

The aqueous portion was acidified with hydrochloric
acid and extracted with three 25 ml. portions of ether. Re-
moval of the ether gave 0.41 g. of a red and black solid tar.
Attempt ed recrystallization from benzene was unsucceséful

and the material was not further investigated.

Reaction of S5-phenyl-2,3-thiophenequinone dioxime with
benzaldehyde

A solution of 0.5 g. (2.2 mmoles) of 5-phenyl=2,3-
thiophenequinone-2,3-dioxime was heated at 100° with 5 ml.
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(0.05 moles) of benzaldehyde for twenty four hours. The
reaction mixture was dissolved in 1l ml. of ether and extracted
with two 20 ml. portions of 5% sodium hydroxide solution and
35 ml., of distilled water. The basic solution was acidified
and extracted with ether. Evaporation of the ether left
an orange=-yellow, olly solid. This was dissolved in 20 ml.
of ethef and to this solution was added 100 ml. of petroleum
ether Pb.p. 40-60°). A yellow precipitate was formed which
weighed 0.0l g., mep. 102=125°, negative ferric chloride
test. The diethyl ether-petroleum ether solution was eva-
porated to dryness. This operation yielded only a negligible
quantity of solid.

The original ether solution contained the non-base
soluble products. After evaporation of the ether the ben-
zeldehyde was removed by distillation under reduced pressure.
The residual red oil was dissolved iﬁ ether and extracted
with base to remove any benzolc acid. Evaporation of the
ether yielded 0.28 g. of an impure solid. Further purifi-
cation was attemptéd by chromatography. The product was
washed through an 18xl. column of activated alumina with
1 1. of carbon tetrachloride, then a fraction was collected
with O.4 liter of carbon tetrachloride and finally with 1
l. of benzene., These fractlons yilelded 0.08 g. of yellow
needles, m.p. 91-116°; 0.03 g. of colorless plates with red
contamination, m.p. 116-126°, and a quantity of oily residue,
respectively. The first product was recrystallized from
ethanol, m.p. 92-93°, mixed melting point with‘phenylcyano—
isoxazole from steam distillation of S5-phenyl-2,3-thiophene-.

quinone dioxime showed no depression. The second solid was
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recrystallized from petroleum ether, m.p., 124-125°,

Cleavage of S~-phenyl=-2,3-thiophenequinone dioxime with pyruvie
acid

A mixture of 1 g. of dioxime, (l4.5 mmole), 1.5 ml.
(0.017 mole) of pyruviec acid, 15 ml. of 50% acetic acid, water
and 11.0 ml. of glacial acetic acld was refluxed for four
hours. A colorless granular solid (0.08 g.) was isolated
which ignited with the characteristlic odor and color of
burning sulfur. Two hundred ml. of ice-water was added to
the filtrate, and a red solid, weight O.46 g., m.p. 65=-75°,
was isolated, and recrystallized from petroleum ether, m.p.
91-92°.
Phenylthiophene

Phenylthiophene was prepared by the dehydrogenation
of cjclohexenylthiophene. The cyclohexenylthiophene was
prepared by another investigator in this 1aboratory% from
the reaction of thienylmagnesium bromide and cyclchexanone.
The tertiary alcohol thus formed was dehydrated by dlistillation,
bepe. 128-130° (13 mm.). A stirred mixture of 139 g. (0.85 mole)
of cyclohexenylfhiophene, 430 g. (1l.75 moles) of chloranil
and sufficient benzene to make a total volume of 1.3 liters
was refluxed for twelve hours. The benzene solution was re-
moved from the tetrachlorohydroquinone by filtration, washed
with base, washed with water and then dried over calclum
chloride. After removal of the caleium chloride and benzene
the phenylthiophene was distilled at reduced pressure, b.p.
95-105° (1-2 mm.). Redistillation of the product gave a pale
yellow liquid, b.p. 109-110° (4 mm.). The crude yield of

* We are indebted to Mr. R. Palchak for this material.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127.
phenylthiophene was 88 g. (65%).
A second similar run was heated for twenty hours.

The product was distilled and yielded 78 g. (87%) of a
colorless solid resembling naphthalene, b.p. 96-107° (1.5 mm.),

MeDo 3500“37000(59) .

l1-~Phenylbutene~1

To 1.1 mole of phenylmagnesium bromide‘?) at 0°
was added a solutlon of 72 g« (1.0 mole) of n-buteraldehyde
in 75 ml. of anhydrous ether at a rate sufficient to cause
vigorous refluxing. The addition took fourteen minutes,
after which the reaction stood at room temperature for four
hours and was then refluxed for two hours. The flask was
cooled externally with ice and water and 50 g. of ammonium
chloride in 150 ml. of water was added dropwise to the stirred
solution. The ether was decanted from the gelatinous residue,
the residue was washed with 100 ml. portions of ether and these
were combined. The ether was flash-distilled from the car-
binol and the carbinol was collected in a 300 ml. flask equipped
with a side arm for vacuum distillation. To this was added
4O g. (0.33 moles} of 85% phosphoric acid. The flask was
placed under an 18 inch packed fractionating column and the
product was distllled at reduced pressure under a nitrogen

17

atmosphere. A fore-run was collected at 27° (6 mm.), n, =

= 1.560l4). The phenylbutene dis-

17

20
1.5575 (bromobenzene, np

t1lled at 67-69° (5 mm.); ny = 1.5384. (Lit.(80)
bepe 71-72° (8 mm.)) The yield was U6 g. (35%).

(79) C. F. Allen and S. Converse, Organic Synthesis, Coll. Vol. 1,
John Wiley and Sons, Inc., New York, 1932, (lst ed.), p. 221.

(80) J. Levy and M. Drobeitzka-Gombinska, Bull. Soc. Chim.,
France 49, 1769 (1931).
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In esnother run the product from 118 g. (0.79 mole)
of propylphenyl carbinol and 40 g. of 85% phosphoric acid
was similarly fractionally distilled at a higher temperature
and the yield was 89 g. (87%), b.p. 94° (32 mm.). There was
water in this portion and 1t was therefore dried over cal-
cium chloride for two days and then refractionated, b.p.

94-95° (32 mm.). The yield was 70 g. (66%).

The reaction of phenylbutene and sulfur

a. To a stirred solution of 500 g. (15.6 g. atoms)
of molten sulfur at 340° was added 63 g. (0.477 mole) of
l=phenylbutene-1 dropwise‘sq). The flask was equlpped for
vacuum distillation, a pressure of only 270-330 mm. was
maintained during the reaction and 56.0 g. of a light orange
-colored liquid was collected. By fractionation in a 2x50 cm.
column packed with triple turn helices this was separated
into 39 g. of a forerun of unreacted olefin, b.p. 45=-8°
(2 mm.), 175 g. of a fraction containing phenylthiophene,
b.p. 48-80° (2 mm.), and a dark brown residue. The second
portion was recrystallized from 85% ethanol and yielded
1.2l ge o colorless needles, m.p. 35-389,

be A mixture of 101 g. (0.765 mole) of l-phenylbutene-l
and 70.5 g (2.2 g« atoms) of sulfur was heated between
195-200° for thirteen hours(sa). This was then distilled
at reduced pressure. The first fraction weighed 1l4.30 g.,
beps 47° (3 mm.) and the second fraction weighed 9.90 g.,
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bepe 80-120° (3 mm.). Redistillation of the second fraction
gave 5.0 g. (4.2%) of phenylthiophene as a colorless solid,
bopo 96"980 (2 Iﬂm.), MaeP o 36"380.

S-Phenyl-z-hydroxythiophene7‘

Into a 1 1. flask equipped with a mechanical stirrer,
Dry Ice condenser and a dropping funnel with a nitrogen inlet
tube was placed 2.22 g. (0.32 g. atom) of freshly washed
(ether) sheet lithium cut into small pleces and 150 ml. of
anhydrous ether. A nitrogen atmosphere was maintained.
Thirty milliliters of a solution of 20.6 g. (1.5 moles) of
n-butyl bromide in 150 ml. of anhydrous ether was added at
one time to the stirred lithium and reaction was initlated
by heating the flask momentarily with a water bath heated
to 85°., This was replaced by an ice and wWater bath and the
remainder of the butyl bromide was added at a raté such as
to maintain refluxing. The cloudy solution was stirred for
an additional thirty minutes.

It was assumed that the yield of butyllithium was
50%(81).

To the butyllithium solution was added all at one
time a solution of 12.8 g. (0.08 mole) of 2-phenylthiophene
in 40 ml. of ether and butane was evolved. The yellow-
colored solution was stirred at room temperature for an
(81) Re G« Jones and H. Gilman, Organic Reactions, Vol. VI,

John Wiley and Sons, Inc., New York, 1951, p. 353.

* Private communication; experimental as developed by
Robert J. F. Palchak, University of Cincinnati.
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additional thirty minutes.

The flask was cooled to below ~50° in a Dry Ice-acetone
bath. The condenser was replaced with an alcohol thermometer
whose bulb was below the surface of the ether while the
dropping funnel was replaced with a 1 cm. diameter gsas
inlet tube whose end glso was placed into the liguid. This
tube was connected to an oxygen supply through a 1 1. er-
lenmeyer trap and a large mercury T trap. After 200 ml.

Qf ether containing 0.25 mole of cyclohexylmagnesium

bromide was added to the reaction mixture oxygen was

bubbled as rapidly as possible into this stirred solution

at -50°, When the sbsorption was complete the oxygen

would either force its way out of a flask outlet, or through
the mercury trap and the flask was then stoppered and

stored at 0° for twenty four hours.

The reaction product was acidified with cold dilute
hydrochloric acid and the ether was separated and extracted
with 5% sodium hydroxide solution. The basic solution was
in turn acidified with dilute, cold hydrochloric acid, and
extracted with ether which was dried over Drierite for
two hours and then removed by distillation at reduced
pressure under an atmosphere of nitrogen. The solid
black residue was recrystalllized from petroleum ether
(bepe LL0=60°) to yield L2 g. (30%) of light brown-grey
plates, m.p. 8&—85°(15).
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Nitrosation of S5-phenyl-2-hydroxythiophene

a. To a solution of 0.73 g. (4.1 mmoles) of S-phenyl-2
~-hydroxythiophene (m.p. 66=74°) in 30 ml. of ethanol was
added a solution of 0.43 g. (6.2 mmoles) of sodium nitrite
in 10 ml. of water and 10 ml. of ethanol. The solution
was stirred by hand for about thirty seconds and then poured
with stirring into excess cold, dilute hydrochloriec acid.

The sky blue=-colored product was extracted with three 100 ml.
portions of ether which was washed with sodium carbonate
solution, filbered from a black precipitate and dried over
Drierite. Removal of the desiccant and solvent left 0.41 g.
of a red solid from which 0.31 g. of a black solid was
extracted with 500 ml. of boiling ethanol., The first
black precipitate weighed 0.1l g., m.p. 265°; recrystalli-
zation from dioxane gave green-black needles, m.p. 310-313°,
This was simllar to a compound isolated for the first time
by other workers(él) in our laboratory as an oxidation
by-product in reactions involving S-pheny1-2-hydroxythiophene.
They found this compound to glve green-black needles from
dioxane, m.p. 303-304° and analysis showed it to have the
correct empirical formula for the thioindigo dimer.
Anal. Caled. for CgzoH;20:8;: C, 69.0; H, 3.4; S, 18.4
Found: C, 68.5, 68.8; H, 3.3, 3.3; S, 18.4, 18.4
(Pittsburgh)

The sodium carbonate solution was acidified with

iced, concentrated hydrochloric acid and extracted with
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three 70 ml. portions of ether. The ether was removed and
the residue was vacuum dried. A dark oily solid weighing
0+30 g« remained. This was recrystallized from 200 ml. of
ethanol and a small eamount of Darco was used to decolorize
the product. The solution was concentrated nearly to
dryness before precipitation occurred. The product, a
tract of yellow solid, was extremely soluble in dioxane
and benzene, and was recrystallized from petroleum ether
(bep. 70-90°), yellow granular crystals, m.p. 196-198°,
The ultraviolet spectrum of this compound was determined
with the remaining 2.1 mg. of solid, :lmax 285 n/u(loa§‘3.28)
A ax 380 ma (logg 3.70), A ;. 333 mu (logg 3.28).

be. One gram (5.7 mmoles) of 5=-phenyl-2-hydroxythiophene
was dissolved in 50 ml. of water by adding the necessary
amount of 5% sodium hydroxide solution. One gram of
sodium nitrite (0.0145 mole) was added and the solution
was slowly run into an iced, stirred solution of 6 N hy-
drochloric acid. about a minute after the initlal addition
a 'flocculent blue precipitate appeared. The mixture was
stirred for five minutes and then extracted with ether
which was in turn extracted with base. The base upon
acldification, gave & turbid solution which was extracted

with ether and evaporation of the ether left a trace of
brown resinous material. Most of the material precipitated

as a blue~black solid in the original ether extract.
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ce The solution of S-phenyl-2-hydroxythiophene in
ether obtalned in the last isolation step of the synthesis
of this compound from 12.8 g. of phenylthiophene was cooled
to 0° in an ice bath. Into this stirred solution were
bubbled the nitrogen oxldes evolved by dropping concentrated
hydrochloric acid on 63 g. of sodium nitrite. The gases
were dried by passing them through a tube of Drierite. A
congiderable amount of green dimer formed. The solution
was extracted with ether and the ether was driled with
Drierite. Removal of the desiccant and the ether yielded
Oolt7T ge of a red oil. After the oil was treated with
Darco in boiling ethanol, attempts to obtain crystals by
alternate concentration and cooling of the solution failed
and finally a red oll was reobtained on total removal of
the ethanol. We also failed to crystallize this oil from

petroleum ether (b.p., 70-90°).

d. Isoamylnitrite (It ml., 0.03 mole) in dry ether
was added dropwise over a period of one hour to an ice-
cold, stirred solution of 1.5 g. (8.5 mmoles) of S-phenyl
~2~hydroxythlophene in 500 ml. of dry ether. Dry hydrogen
chloride was passed in simultaneously and an abtmosphere
of nitrogen was maintained throughout. Stirring and the
flow of hydrogen chloride were continued for an additional
half hour by which time there had formed 0.41 g. of dimer.
There was isolated from the ether 0.30 g. of a brown,

base-soluble tar, and 0.55 g. of a base-insoluble tar.
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Neither of these yielded to attempts to crystalllze them

from the usual organic solvents.

Investigation of the degradation products of the dioxime

A solution of 0.1 g. (0.59 mmoles) of S5=-cyano-3-phenyl=-
isoxazole was refluxed for four hours in a mixture of 5 ml.
of water, 5 ml. of concentrated sulfuric acid, and 0.5 g.

of sodium chloride(sz).

The product was dissolved in
base and reprecipitated with acid and it was recrystallized
from this solution and then twice recrystallized from
distilled water, colorless needles, m.p. 176.5-177.8°,

| (Lit. m.p. for S-carboxy-phenylisoxazole is 177-178°(83)).
Anel. Caled. for C, H,NOz: C, 63.5; H, 3.7; N, 7.4

Found: C, 63.6; H, 3.9; N, 8.1 (Schwarzkopf)

One-tenth of a gram (0.05§ mmole) of S-cyano-3
-phenylisoxazole was stirred in 10 ml. of concentrated
hydrochloric acid overnight(Bu). The product, which was
not soluble in base, weighed 0.08 g. and was recrystallized
from chloroform to give very small colorless needles, m.p.
203.0-203.5°. |
Anal. Caled. for C,; HgNz0z: C, 63.8; H, 4.2; N, 14.8

Found: C, 63.6; H, L.1; N, 1h.1 (Schwarzkopf)

The S-carboxamide-3~phenylisoxazole was refluxed

in 20 ml. of 5% hydrochloric acid for three hours. The

(82) Reference 66, p. 205.
(83) A. Quilico and G. Speroni, Gazz. chim. ital. 76, 164 (1946).
(8ly) Reference 16, pe. 597.
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product was obtained on cooling as colorless crystals, melting
point 178-179°. The mixed melting point with the sulfuriec
acid product occurred at 178-179°.

Spectra

The following ultraviolet absorption spectra, not
previously described in the experimental section, were
measured on a Beckmann DU spectrophotometer. We are in-
debted to Mr. Jack Delaney* for the measurements of the
ethanolic solutions of S-phenyl-3-hydroxythlophene and
S-phenyl=-3-methoxythiophene. All determinations were

made of ethanol solutions unless otherwise noted.

5-Phenyl-3-hydroxythiophene in chloroform (p. 17, I)

This material was recrystallized from petrolsum
ether (be.p., 410-60°), Amax 271 my (loge L.19), Amax

335 mM (loge 3.86),;&min 308 my (loge 3.68).

S~Phenyl~3-hydroxythiophene (p. 17, II)

This material was recrystallized from petroleum
ether (b.p., 40-60°),;\max 262 my (loge u.OS),;lmax 300 me
(loge 3.97), A, 234 mu (logé 3.76), A ; 380 mu (loge 3.91).

S-Phenyl-3-methoxythiophene (p. 17, III)

The ether had & bolling point of 139-140° (3 mm.),

®H11lton-Davis Company, Cincinnati, Ohio.
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?max 260 ma (Loge 4ooy), A

(loge 3.86).

298 me (loge 3.98), }\min 280 mu

5-Phenyl-2,3~-thiophenequinone dioxime (p. 56a, I)

The compound wWas recrystallized from benzene and
had & melting point of 126.)-126.8°, ;‘nax mu (loge L.2L),
Dy 226 ma (loge 3.77).

S-Phenyl=-2,3~-thiophenequinone-2-oxime (p. 56a, II)

The monoxime was recrystallized from ethanol and had
a melting point of 21-216°, }lmax 236 my (loge 3.98),
Aax 350 ma (_lcglE 4e19), A, LO7 ma(loge3.83), A, 223 mse
(loge€ 3.91), Amin 272 mu (log & 3+75), Apin 388 my (loge 3.80),
Plinﬂ 363 mu (loge 3.86).

2,5=-Diphenyl-thienol[ly,5~bloxazole (p. 56a, III)

This compound had a melting point of 176.2-176.8°,

A ox 225 mae (loge 3.98), 2. 338 mu (loge L.53), A, 230 msc
(log€ 3+495), A ;, 272 ma (loge 3.55).
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