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INTRODUCTION

During the fifty years beginning wlth the discovery
and preliminary investigations of thiophene, resesarch
workers readlly sccepted the conclusion that thiophens
and its many derivegtives were strikingly similar to benzense
and its analogous derivatives in a number of physical and
chemical propert1631,

Thiophsnse 13 known bto undergc a numbsr of rsactions
characterlstic of benzene and In meny instances it forms
derivatives resembling the corresponding phenyi compounds
in beth physical and chemiczl propertiss. In fact, it
was just such a resemblance, that of bolling pointsz,

which prevented thse serlier discovery of thiophsnse.

(Y

Perhaps the investigstors most responsible for

this analeogy and by far the largest contributors to the
chemistry of thiophene in this period have been Victor
Meyer, who discovered thiophene in 1882 and who directed
research which resulted in 106 publications, and his
monogreph Die ThiophengruppeB, in the five years which
followed, and Willhelm Steinkopf who directed investigations
1. As Morton, The Chemistry Of Heterocyclic Compounds,

MeGraw-HEill Bock Co., Inc., New York, 1946, p. 41,

compares the propertles of several benzene and anslogous
thicphene derivetives.

2. Boiling points of thiocphene and benzene are 8L1.1° and
80,0° respectively.

3. V. Meyer, Die Thiophengruppe, F. Viewag und Sohn,
Braunschweig, 1888.
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which brought forth 65 lengthy publications during the
period 1910-19Ll, and who culminated his lifetime of work
in this fisld with his monograph, Chemlie des Thiophensh.

A new era 1in the develcpment of thilophene chemistry
began in the early 1l940ts with the discovery of an
economically feasible synthesis of thiophene. A group
of investigators at the Socony-Vacuum laboratories in
New Jersey were studying the dehydrogenatlion of butsane to
butadiens, and on examining the process with sulfur cbsarved
that appreclable quantities of thiophene were being formed.
The reaction was suitebly meodifisd to produce thiophene
in quantity and a research team hseded by Howard D, Hertough
was organized to investigate potentigl commercisl uses.

T™e pssults published by this group, howsver, were chisflly
of a fundsmental nature and indicated that the similarities
between thiophene and benzene are not as great as had been
previously assumede. Hartough5 has, in fact, recently
indicated that this anslogy is of the crudest type; and
should perhaps be considered more the exception than the
rulee.

Two brenches of thiophene chemistry which have not
been investigated to any appreciable exbtent, and to which
4o Y. Steinkopf, Chemie des Thiophens, T. Steinkopff,

Dresden and Leipzig, 1S4l; lithoprinted by Edwards Brese.,
Ann Arbor, Michigan, 1Shl.

Ee Hs D. Hartough, Thiophens and its Derivatives, Inter-
science Publishers, Inc., New York, 1952, pp. 25, 26.
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this ansglogy has not thsrefore been gppllied are those of
the isosteres of phenol and of aniline. The mesgager infor-
mation available concerning thess compounds indicstes

that they are readlly susceptlble to ailr oxidation6 and

it is undoubtsedly for this reascon that they have been
ignorsd.

The research herein described was undertaken as a
contribution to the fundamental knowledge of the chemistry
of hydroxythicphenes, and %o compare the observed properties
with those of the benzene isclogs,; noting further the
epplicghility or effectiveness of the generslity which
atates that the properties of benzenes and thiophenes
are similar.

The originel intention of this investigation was
to study the Claisen resrrangement of allyl thienyl ethers.
2-Hydroxy-5-phenylthiophene was the chosen intermediste,
but because of the numerous experimental difficulties
encountered in its synthesis - which included its very
marked instability - only a few explcoratory experiments

were made in this direction.

6. He D. Hartough, op. cit., pp. 288-294; Table, p. 303,
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EISTORIGAL

0. Stadler!s syntnesis of 2-hydroxy-s-nitroﬁhiophene7 (1)
via the diszotization of 2-smincothiophens hydrochleride
with potassium nitrite 1s ths earliest rscordsd prepsration

7\ KNQg,, HCL 77 N\
< >-=NHZ.HCI ? OzN('\: >-03
s s

I

of en hydroxythicphene. Soon thersaftsr C. Pasl gt &al.
described the ring closurse of lsvulinic and @ -methyllevu-
linic acids with "phosphorus trisulfide" to produce 2-hydroxy

Y ————N ~ - - - ) - - - - a3 R N <
-5-mothyl= {Ii) and Z2=nydroxy=-i},5-dimethyithiophenss™ (III),

R i) ot o -
CH3-COéHCHQCOQH + PaSy5 - Cﬂa{ér__:>-0h + CHjs é/ \>
S \g

IT R =1
III R = CHg

and E. Baumann and E. Fromm succeeded in preparing 3-hydroxy
-S-phenylthiophene’ (IV), by treating S-phenyl-l,2-dithia-
cyclopenten=3~one {(obtained by the actlon of sulfur on

ethyl cinnamate) with chloroacetic acid in the presence

of sodium sulfide, and hydrolyzing the acetate sester with

7o Q. Stadler, Ber. 18, 2316 (1885) This procedure is
doubtful since all attempts to repeat it have been
unsuccessful, cf. W. Steinkopf, op. cit., p. 62,
footnote 5.

8. a) C. Paal, Ber. 19, 551 (1886); b) W. Kues and C.
Paal, ibid.s%z, 556 (1886); c) GC. Paal and A. Puschel,
ibid. 20, 2557 (1887).

9. Eo Baumann and E. Fromm, Ber. 30, 111 (1897) For a
complete description of the various steps in this
synthesis, see C. M. Selwitz, Ph. D. Dissertation,
University of Cincinnati, 1953.
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base,

No further interest was shown in the simpler thienols
for some time, presumably due to thelr marked susceptibility
to air oxidatlion.

In the first quarter of this century attention was

turned to the synthesis of

functionsal groups attached to the thiophene nucleus, per-
haps with the hope that they would contribute to the
stabllity of the molscule. Thus two syntheses of hydroxy-
thiophenecarboxylic aclds appearsed simultaneously. The

10 involved the reaction between

ring closure of Benary
2=chlorogcetyl=3-aminocrotonic esters and similarly sub=

stituted compounds, and potasslum hydrosulfide to yisld

c=0 BEt00C-C c=0 E£00C=-C C~OH
HyC=C CHzCl > HaG H (E:H - CH g ‘I'!"
LA - 2 3 -C\S/ 3 CHs- ~s o

Iv

products such as IV, which quite readily undergo dehydration,

saponification, decarboxylation and condensation with

aldehydeslo’ 11. The method of Hinsberglz consists of

10. a) E. Benary, Ber. s> 1943 (1910); b) E. Benary and
A. Bavarian, ibid. s 593 {1915); c¢) E. Benary and
L. Silverstrom, ibid. 52, 1605 (1919); 4) E. Benary
and W. Kerchkoff, ibid. BE , 2518 (1926).

1i. H. D. Hartough, op. cit., pr. 405-410 summsrizes re-
actions of this and similar materials.

12. a) 0. Hinsberg, Ber. L3, 901 (1910); b) ibid. 45,
2413 (1912). See also He. D. Hartough, op. clt.,

pp ° L},loe.'.}.l.?. .
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the base catalyzed coudsnsation of thiodiglycollic acid
or its esters with 1,2-dicarbonyl compounds. By the

O0R
CHg X Y
O=0=X
$  + | Neome RO 7 Nooon
N\ =51 x\
?Ha 0=0-Y S
CooR

propexr choice of substituents X and ¥, & variety of mono=-
or dihydroxythiovhenes could be realized.

More recently, S. Mitra, N. K. Chalyrabarty and S.
X. Mitral3 accomplished the ring closure of disthyl
acetylsuccinate with hydrogen sulfide and hydrogen chlorilde
in sthanol to form sthyl Z2-nethyl-S=ethoxy-3-thiophene-

carboxylate (V) which may be saponified and cleaned with

cH CH~COOES co0=s
P2 i HCL rRo-/ \\Cﬁa
NN + HpS ————>
o
z’ o o CH, Bu0H, 0 S

v
hydrobromic acid to yield the substituted 2-hydroxythiorhene.

Recently interest in the simpler thienols has been
revivede Co. Mentzer and Mlle. Do Billetlh attemp ted to
prepare the parent 2-hydroxythiophene by the action of
phosphorus pentasulfide on succinaldehydic acid. They
obtained a small amount of an uncrystallizable oil for

13. S. Mitra, N. K. Chakrabarty and S. K. Mitra, J. Chen.
Soc. ng, 1116 {(1939}.

li. C. Mentzer and Mlle. D. Billet, Bull. Soc. Chin.
France 12, 292 {(1945).
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which they rscorded no physical constants and which they
made no attempt to characterize. Credit for the first
synthesis of this matsrlal must therefore be accorded to
C. De Hurd and K. L. Kreu215 who successfully treatsd the
Grignard reagent made from 2-bromothiophene with oxygen.
In additlion these investigsastors prepared the highly unstable
3,5-dinitro-2-hydroxythiophene and 3-nitro=-5-acetyl-2
~hydroxythiophene (which undergo rapid decomposition at
room temperabtura) by conbrollsd hydrolysis of the corresponding
chlorides.,

The latest contribution to this fisld has bssn that of

16 .

W. As Steele™", vho prepared 2-

)

ydroxy-5-phenylthionhens

following the Grignard oxygenatlon process as described

15b

by Kreuz s and the work hersin primarlly concerns itsel?

with this substance.

The dihydroxythiophenes are perhaps worthy of briefl
comment at this point. V. AugerlT accomplished the synthesis
of the parent 2,5-dihydroxythiophene by treating succinoyl

18

chloride with sodium sulfide. E. Benary prepsared a

substituted thiotetronic gcid (VI) by applying his ring

closurse technique to chloroacetylecyanocacetlic estere.

150 &) Ce D¢ Hurd and K. L. EKreuz, do Am. Chem. Soc. E;
53513 (1950); b) K. Lo Kreuz, Ph. D. Dissertation,
Northwestern University, 1948.

16, W. A. Stesele, Me S. Thesis, University of Cincinnati, 1949.
17. V. Auger, Ann. Chim. Phys. [6] 22, 333 (1891).
18, E. Benary, Ber. 46, 2103 (1913).
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= GHCN HO—>==xCN

¢, ©=o0 KSH Ha =0

\ /

Cl OEt S
VI

Pe Karrsr s g&.lg recently synthesized 3,l-dihydroxy

butyric acid by various cyclization procadures, and E. We.

Fagerao attempted the synthesis of the parent 3,j-dihydroxy-

2
thiophene, applying the Hinsbsrg mathodl“ to disthyl thio-

diglycollate and diethyl oxalate. The diol was described
e8 being excessively unstgbhle towards oxygen and was there-

20h

(8}
fore not isolated. S. G. Turnbull™"" succeeded in preparing

and isolating the parsant 3,i~dihydroxythiophene by decar-
boxylation of 3;4=dinydroxy-2,5-thicphensdicarboxylic acid
in refluxing pyridine using an atmosphere of sulfur diloxide.
R. L. Holbrookal tried unsuccessfully to prepare 3-
and 3,4-dihydroxythiophenes and derivatives by dehydrogena-

tion of the corresponding thiophanes.

19. a) P. Karrer and F. Kehrer, Helv. Chim. Acta 27,
12-150 (19idy); b) P. Karrer, R. Keller and E.
Usteri, ibid. 27, 237-242 (194k).

20. a) E. W. Pager, J. Am. Chem. Soc. 67, 2217 (1945);
b) S. G. Turnbull, Jr., O. S. Pate. 2,453,103 {(1948).

2l Re L. Holbrook, M. S. Thesis, University of Cincinnati, 1952,
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DISCUSSION OF RESULTS

The synthesis of 2-hydroxy-5-phenylthiophene as

A
described by Steelelo is a long and cumbersome one.
Starting with thiophene he prepared 2=-bromothlophsane,
2-thienyl-l-cyclchexens, 2-phenylthiophens, 2-bromc=5

-phenylthiophene, and then 2-hydroxy-5~-phenylthiophene.

r o

(:):‘“ Ns/

\ < /
\s’ M I =} \‘__/‘“
bsnzens .
chlorani
reflux

1. Mg ar 3
seisl  Nom ¢ o N . HES = R-bromo-
silg )}On ‘2‘ RMgX, Og VGﬂsﬂx\ ;>-BP“;"‘-" Cg ﬁi sugecinimide
S Dl s .

In this study the methed was improved and shortened by

enploying organolithium compounds and & new one=-stiep

l.n=-Buli 1.CHL1
a8 vy [ gtoranty o of -:——-*C“@‘
s - 2.RMgX,
0

3 reflux S

synthesis was develcped stsrting with.@-benzaylpropionic

CgHgl
CeHgCOCH,CHLC0H + PgSy ————sp -4 \
CHC1s Ceilg 3

S
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aclid. These syntheses and the preparstion of intermediates
involved numerous difficulties and are discussed below.

2-Bromcthiophene has been prepared by the direct

22

bromination of thiophene without a solvent®©, and in

carbon tetrachloridezB, in glacial acetic acidgh, and
in benzenezs. However 1n addition to the desired mono-
bromothiophene, varying quantities of the pelybromothio-
phenes are inevitably cobtained. Methods involving the

usée of brominating reagents inciude the reaction with

26

N-bromosuccinimide without a solvent™ , N-bromoacetamide

in aceton627 at =5°, and cyenogen bromide in carbon di-
sulfids or in benzeneza.

The direct brominastion was selected in this study,
primarily becsuse of the ready availability of the re-
ggentszg. Using carbon tetrachloride as solvent and
equimolar quantities of reactants, = 67% yield of the

desired monobromothiophene was realized. This was slways

22+ Ve Meyer., Ber, ;._6_, 1,465 (1883)0

230 F. F, Blicke and J. H. Burckhalter, Jde Am. Chem. Soce
oL, L77 (1942).

2. 2) A. Tohl and K. Schultz, Ber. 27, 283L (189L);
b) E. Krause and G. Renwanz, Ber. B62, 1710 (1929).

25, R. Mozingo, et al., J. Am. Chem. Scc. 67, 2092 (13945).
26. Ngo Ph. Buu HOi, Anne 556, 1 (191.”.}.)0
27+ We Steinkopf and A. Otto, 4nn. h2h, 61 (1%921).

28. W. Steinkopf, H. Augestad-Jensen and H. Donat, Ann.
L3o, 78 (1923).

29. A generous sample of thiophene was supplied by the
Organic Chemicals Division, Monsanto Chemical Co.,
Ste Louis, Mo.
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accompanied by the formastion of spprecisable quantities of
2,5=-dibromothiophene and traces of the higher brominated
isomers.

In an attempt to minimize the formastion of the di-
bromothliophene, a brominstion was conducted in glscial
acetic acid using a 50% excess of thiovhene. However
the best yileld of 2-bromothiophene obtainable was LS5%,
sccompanied by 12.5% of 2,5-dibromothiophene and quantita-
tive recovery of the excess thicphene.

Although a study of the addition of bromine to
thiophene has never been reported the reaction undoubtediy

occurs,; because direct distilliestion of the bromingted

by hegting the reaction product with gqueocus alkalii prior

to distillationaB"as, or by steam distillation of the

16, 30

brominated product from alksgli The latter method

was employed 1in these syntheses.
The first recorded synthesis of 2-thienyl=l-cycloc-
31

hexene was that of L. P, Fleser and J. Smuszkovicz~ , who

obtained it in 91.5% yield by treating the Grignard resagent

30+ H. D. Hartough to Socony Vacuum, U. S. Pat. 2,492,633,
Dec. 27, 1949.

31l. L. ¥, Fleser and J. Smuszkovicz, J. Am. Cheme. SoCe
10, 3352 (1948); cf. reference 16.
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12.

of Z2-bromothliophens with cyclchexanone. They are un-
doubtedly in error however in describing their materisl

as a solid with a melting point of 132° and a boiling
point of 89«91°/1 mm. The materisl obtained in this
study, following their directions was a pale yellow liquid
with
was 80% based on 2-broamothiophene.

Since the supply of thiophene was limited and the
synthesis of intermediates was time consuming and costly,
attention was turned to methods which could be used to
eliminate unnecessary steps In the synthesis. H. Gilm
and D. A Shirley32 recently showed that thiophene
could be meTalated in high ylslds, Thus, they treated
thicphsens with n-butyllithium gnd then with Dry-Igcs and
obtained 87% of 2-thiophenecarboxylic acid. In this
study, 2-lithiothiophene prepared by the method of Gilman
and Shirley was treasted with cyclochexenone. Hydrolysis
of the resction product followed by distillation yislded
84% of 2-thienyl-l-cyclchexene based on unrecovered thioc-
phene, or L13% based on the totsl thiocphene used.

Using snhydrous ether as a solvent, n-butyllithlum
has been prepared f:om n-butyl bromide and lithium at
32. &) He Gilman and D. A. Shirley, J. Am. Chem. Soc.

l_, 1870 (ig949); b) R. A. Benkeser and R. B. Currie,
Jde Ame. Chem. Soc, 1__3 1780 {1914.8)0
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at temperatures below 0° in 80-50% yieldsBB, and from
n~-butyl chloride and lithium at the reflux temperatures

in 60-70% yieldth. The ether solutions of this reagent
are unstable decomposing 1in three or four days when stored
below 10° and in a few hours or socner when allowed to
stand at rcom temperature or if refluxed. Thus for op-
timum yields the reaction of n-butyl bromide with lithium
at low temperstures has been recommended. In en effort

to simplify the procedure and eliminste the colid bath. the
reaction of a mixture of 1 mole of n-butyl bromide and

3 moles of n-butyl chioride at room temperature in dry
ether was attempted. The reactlon preeceeded gquite resdily

but the best obtainable yield was lj7%. Using the same

(4,0-60°) as the soclvent, the best yield which could be

reglized was 19%.
2~-Phenylthicphene was prepared according to the

169 viz., the dehydrogenstion of

method devised by Steele
2=thienyl-l-cyclohexene with chloranil in refluxing

benzene. Although he recocmmended a reaction time of

W)
(VR
L ]

G. E. Dunn and L. S. Miller, J. Am. Chem. Soce 71,
1499 (19Lh9); b) R. G. Jones and H. Gilmen in Organic
Reactions, R. Adams, Ed., John Wiley and Sons, Ince.,
New York, 1951, Vol. VI, Chapter 7, p. 351.

3).!.0 a) H. G’ilman, E. Ao Zoellner and W. M, Selby’ Je Ame
Chem. Soce 5lf, 1957 (1932); b) H. Gilman, E. A.
Zoellner, J. Be. Dickey and W. M. Selby, J. Ame Chema
Soce 57, 1061 (1935).
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twenty four hours for optimum ylelds it was observed
that reactlon times of eight, twelve and twenty four
hours produced no marked variations in yields, and with
the shorter reactleon time there was lsss tar formation.

A brisf description of the material 1Is noteworthy.
Z-Phenylthiophene is a colorless crystalline material with
a melting point of 35-36° and a boilling point of 113-114°/1 mm.
It is best stored in stoppered bottles which are kept in
ths refrigsrator, for on standing at room tempserature, even
in o desiccator over cglcium chloride, 1t gradually de-
composes, liquefying and turning brown.

2-Phenylthiophene has been readily brominated with
cyanogen brom:‘.de35 and with N-bromosuccinimidelé’ 36 %o
produce 2-bromo-5-phenylthiophene in 85-90% yields. The
88% yield of 2-bromo=-S~phenylthicphene obtained from the
reaction between 2-phenylithlcphens snd N-bromosuccinimide
is comparable to Steelet!s results, but a reflux time of
seventy Hwo hours was necessary for completion of the
reaction. In addition 2=-phenylthiophene was brominated
directly with bromine in carbon tetrachloride to give
an 85% yield of pale yellow crystals, me.p. 85-86°. In
contrast to 2-phenylthiophene this material is stable
at room temperaturs and has been stored for a period of
two years in a screw cap bottle on the lgboratory bench

35, W. Steinkopf, He. J. von Petersdorf and R. Gording,
Ann. 527, 272 {1937).

36, ¢fs Co Djorassi, Chem. Revs. I3, 271 (1348).
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without any change in appesrance,
2-Hydroxy~5-phenylthiophene was prepared by a

modification of the procedurce utilized by Hurd and Kreuzl5

for the synthesls of 2-thienol and by the cyclization of

Q-benzoylpropionic acid with phosphorus pentasulfide in
The reaction between aromatic Grignard reagents

and axygen has generally been considered a poor preparativse

method for phenols. For sxampls both Wuyts37a and Porier

and Steele37b obtained considersable benzene, biphenyl

and tars in addition to low yields (25%) of phenol when

they treated phenylmagnesium bromide with oxygen. Porter

anA 1 o 4 ~ .7 v ol 2 4+ -~ o
A4
and Steels propossd the following mschanism for the reactlion:

{4) RMgX + 0Oz - ROOMgX
(B) ROOMgX + RMgX = 2ROMgX

More recently Kharasch and Reynold538 observed
that the conversion to phenols was markedly enhanced
by ths presence of glkylmagnesium halides. Taking this
observation into account they modified the mechanism of

Porter gnd Stecle as follows:

Ar¥gBr + Oz - ArOOMgBr (1)

37. a) M. H. Wuyts, Compt. rend. 148, 930 (1909); b) C. W.
Porier and C. Steele , J. Am. Chem. Soc. 42, 2650 {1920),

38. M. S. Kharasch and W. B. Reynolds, J. Am. Chem. Soc.
65, 503 {1943).
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[ -+ Ap-Ar + tars (IIa)
ArOQMgBr < + ArMgBr — 2ArOMgBr (IIb)
+ RMgBr - ArOMgBr + ROMgBr (IIc)

.

In the absence of an slkylmagneslum bromide the
reduction {IIb) cannot successfully compete with the fres
radical decomposition (IIa) whereas in its presence re-
duction (IIc) predominates. As evidence of this, phenol
has been prepared in yields of 70-Th% by the oxidstion of

phenylmagnesium bromide in the presence of isopropyl-

magnesium bromide in the absence of alkylmagnesium halides
has produced phenol in maximum yields of 25%3?b.
When applied to the synthesis of hydroxythiophenes
however the results have been less gratifying. Thus
Hurd and Kreuz found it necessary to use considerably
more than one>equivalent of isopropylmagnesium bromide
in order to obtain what they described as "somewhat
Ssatisfactory® results in the oxidation of thienylmagnesiun
bromide. Even with this excess the best obtaingble yields
of 2-thienol were 20-25% plus considersble 2,2t-dithienyl,
acidic resinous materials, tars and hydrogen sulfide.
S'ceele16 oxidized S5-phenyl-2-thienylimagnesium bromide
in the presence of a 50% molar excess of isopropylmagnesium
bromide. Patiterning his procedure after that of Hurd

and Kreuz he allowed the oxygenated sclution to stand in
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the refrigerator overnight. Subssquent decdmp§sition of
the cold organometallic solution with Dry-lée and dilute
sulfuric acid resulted in a 30% yield of 2-hydroxy-S-phenyl-
thiophenea. .

Attempts to reproduce Steele!s results in this
study wers largely unsuccessful. The reaction was erratiec,
for the most part exhibiting free radical decomposition (IIa)
as represented above. Occasional low yields (1 - 5%) of
2-nydroxy=-5S=-phenylthiophsns were obtained but thse desired
product was lnevitably accompanied by 5,5t-diphenyl=-2,2!
-dithienyl (VII) and the oxidative dimer 5,57-diphenyl

POAS I R A s
c»z-:../ \\ 4 \CGHE o
Q

Lt 6"0\ //\U
S S S

VII o VIII

structure of VII was confirmed by elemental analyslis and
by a comparison of its physical properties with literature
values recorded by earlier investigabtors. It has been

reporteduc that hydroxythiophenss as a class readily

39, We are indebted to Mr. Russel Stemen of the Chemical
Abstracts office for information as to the prsferrsd
name for this compound.

40. a) P. Friedlaender end St. Kielbasinski, Ber. LS,
3389 (i912); b) W. Steinkopf and F. Thormann, Ann.

540, 1 (1939).
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undergo oxidatlion tc thioindigo structures of the type

LA = D

By analogy, the structure VIII whose calculated psrcentage
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was assigned to the crystalline product obtained on de-
compoesition of 2-hydroxy-S-phenylthiophene.

- One experiment along these lines is worthy of comment.
After several unsuccessful oxidations it was concluded
that the experimentsl conditions must have been toc drastic.
They were therefore modified to include the use of cycle-
hexylmagnesium bromide (which functioned best in the oxi-
dation of phenylmagnesium bromi d-"‘ in place of iscpro-
pylmagnesium bromide, a muckh loWwer reaction terperature
{(Dry-Ice - acetone bath instead of an ice - salt bath)
and only 5.5% of the theoretical amount of oxygen. The
reaction gave a 23% yield of the desired 2-hydroxy-5-phenyl-
thiophene (based on the oxygen; in addition to traces of
5,51=diphenyl=2,2t=dithienyl and the isothioindigo (VIII).

In view of the time consumed in preparing inter-

mediates and the low yields obtszined, attention was next
turned to the possibility of oxidizing 2-lithio-S5-phenyl-
thiophene, which could be prepared directly from 2-phenyle-

thiophene. In an exploratory experiment 2-phenylthiophene
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was treated with an equivalent amount of phenyllithium. Ths

reaction mixture repidly turned from pale amber to light
olive green and when carbonated yielded (75%) 5-phenyl-2
~-thiophenecarboxylic acid.

A typical experiment involved the oxidation of
2=-lithio-S=phenylthliophene with molscular oxygen in the
presence of a 100% excess of cyclohexylmagnesium bromide
at Dry-Ice - acetone temperature followed by overnight
storage in a refrigsrator. It was not nscessary o mes-
sure the quantity of oxygen used; the gas was simply
bubbled through the solution until the exothermic reaction
ceassd. In order to obisgin reproducibls rssults, the
cyclohexylmagnsesium bromide used was taken from a pre-
vicusly standardized stock sclu%icnhl.

Several attempts were made to extract the lithium
salt of 2-hydroxy-S5-phenylthiophene directly from the cold
ether solution using water, but the best yilelds (30-34%)
of the thienol were obtained when the oxidized solution
was first acidified and then sxtrected with agueous so-
dium hydroxide,

In an effort to further expedite the oxldation
reaction, the effectiveness of np-butyllithium as an
oxidation catelyst was investigated. An oxidestion was
bl. efo BEo CGilman and E. 4. Zoellner, J. Am, Chem. Socs

E3, 1g45 (1931) whereln the difficulties encountered

in the preparstion of cyclohexyl Grignard reagents
are discussed.
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conducted substituting a 407 excess of n-butyllithium in
place of an alkylmegnesium bromide. However the only

product was 5,5!'-diphenyl-2,2t-dithienyl (VII) in 18%

yield bassd on Z-phenylthiopheneuz.

in a study of the reducing tendency of Grignard
reagents, M. S. Kharasch and S. weinhousegB prsesented
evidence Indicating that the reducing velocity of organo-
magnesium compounds should increase with a decrease in
®electronegativity® of the organic portion of the molscule.
Because of the low "electronegativity" of the allyl groupu3
allylmagnesium bromide was used in one experiment to de-
vermine its effectivensess as a catalyst for reduction of
the organometallic peroxide. However, even though 1t
wes present in 200% excess, the yield of 2-hydroxy-S
-phenylthiophene was only 5%.

The coupled compound, 5,S5t-diphenyl2,2!-dithienyl,
always appeared as one of the precducts of this reaction.
Porter and SteeleS7b found biphenyl to be present with
the phenol they prepared by oxidstion of phenylmegnesium
bromide and ettributed its formation to a Fititig type
2. a) This result in no way negstes the effectivensss of

lithium alkyls as promoters for the decomposition of
organometalllic peroxides (Step IIc of Kharssch and
Reynolds!®! mechanism) since Kharasch and Reynolds (38)
obtained the poorest yields of phenol when n-butyl-
magneslum bromide scted as the catalyst in their study.
t) ef. also E. Muller and T. Topel, Ber. 72B, 273 (1939),

who have conducted a thorough study of the action of
oxygen on organclithium compounds.

3. M. S. Kharasch and S. Weinhouse, J. Org. Chem. 1,
209 {13936).
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reaction between phenylmagnesium bromide and bromobenzene.
Gilman, Cheny and W’:T.llismL likewise observed the coupled
compound 6,6!'-dimsthoxy-k,ht-bis{divenzofuran){XI) among
ths products of the oxidation of L=lithio-E-methoxydibenzo=-

furan (X). Many additional examples wherein oxidation of

RM compounds gave appreclable quantities of coupling, or

R=R compounds; may be found in the literatureueb’ hga

To determine at which stage coupling was occurring,
a solution of Grignard reagent prepared from 25 miliimoles
of 2=bromo=5-phenylthiophene and 25 millimoles of cyclo=-
kexyl bromide was divided into two portions. One-<half
was carbonated to yield 61% of S-phenyl-2-thiophenecar-
boxylic acid with no trace of coupled product. The other
half, which was oxygenated, yielded 10% of VII ard a
trace of VIII. Thus coupling occurs in thls case during
oxygenation of the orgenometallic compound and not as a
result of e Filttig type reaction.

The cyclization of ¥-keto acids by fusion with the

Yy He Gilman, L. C. Cheney and H. B, Willis, J. Am. Chem.
Soce. 61, g51 (1939).

LS. ef. 2) C. B. Wooster, Chem. Revs. 11, 21 (1932); b) L.
Mo Dennj.s, R. W, Work K. G. Rochow a.nd E, M. Cha!not’
Js Ame. Chem. SocC. 6 10}_}.7 (193&) c) He. Gllman and A.
Wood, J. Ame. Chem. OCo %g 806 (1926), d) R. Meyer
and K. Togel, Ann. §§7, (1906) e) M. S. Knharasch,
W. Goldberg and F. ayo, J. Am. Chem. Soc. 60,
200l (1938).
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phosphorus sulfildes 1s a satisfactory approach to those
few hydroxythiophenes which sre vclatile enough te distill
out of the reaction zZone as they are formeds. The method
is not gpplicable to the thienols of lower volatility.
Thus although @-benzcylpropionic ecid would be expected

to form 2-hydroxy-=Se-phenylthicphene on fusion with s
phosphorus sulfide, the only product whick hes previously
been reported for this reaction is 2-phenylthiopheneh6.

Recsntly Klingsberg and Pagah? suggested ths use
of refluxing pyridine as a solvent for reactions involving
the use of phosphorus pentssulfide. 1In this manner they
readily replacéd the oxygen stom of the cerbonyl group
by sulfur in acid amides.

Felleowing thelr precedure;, a pyridine sclution cone
taining equimoler quantities of § -benzoylpropionic acid
and phosphorus pentasulfide was refluxed for thirty
minutes during which time the color changed from yellow
to dark purple. Neubralization with hydrochloric acid and
extraction with benzene resulted in a 13.6% yield of VIII.
Further investigation revealed that when the resction was
conducted in a nitrogen atmosphers to minimize formation
46. a) Woe Kues and C. Paal, Ber. 19, 314l (1886):; b) A.

Chrzaszczewsks, Roczniki Chem. 5, 1-3, 33-76 (1925);
C. A. 20, 1078 (1926).

47. E. Klingsberg and D. Papa, J. Ame. Chem. Soc. 73,
4988 (i951).
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of VIII, and in a pyridine - chloroform mixture so that
the organic materials remained in solution when the pyri-
dine was neutralized, 2-hydroxy-5-phenylthiophene was ob-
teined in 20% yields by extraction from the chloroform
solution with aquecus sodium hydroxide, followed by acidi-
icstion and crystallization.

Little if anything is known concerning the mechanism
of the thiation reaction with the phosphorus sulfides.
In the case of § -benzoyipropionic acid repliacement of
oxygen by sulfur may occur st sither one of two carbon
atoms. If replacement cccurs at the carbonyl carber

atom, cyclization could occur by nucleophilic attack by

sulfur on carton displacing the hydroxyl group or by

CBHBﬁCEZCHS?:'-O <+ P&SIO - 0355%01‘{8033?30

o CH S CH
Xy
HaC CHz _n+ HO CHg HC
xiTa - D= T -

Gsﬁs-?=CH-CHg—C;=O

elimination of a proton from an enthiol and the hydroxyl
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from the carboxyl groupks. On the other hand if replace-
ment of oxygen by sulfur occurs at the carboxylic acid

group - cyclizatlion could proceed by nuclecophilic attack
by sulfur on the carbonyl carbon followed by dehydration.

0 0
] i
CoHgCOHaCHZCORH + PyS,, - CgHgCCHoCHLCOSHE
iv
O-
I - | -
IV + GgHgN ¥ CgHgCCHzCHaC0S e CoHg CCHZCH5COS
XVa No
HaC CHy ~ — .+ HaC CH-
v i "o\l —_——"bsns = HO ,
=0 < =VSG -
Celig” g CeHg gm0
XVIa | XVIb

xvib —E2% x17a € %110

Lack of experimental evidence however prchiblts the as-
signment of = mechanismug.

2-Hydroxy-S-phenylthiophene was isoclated from the
regction mixtures as the sodium salt, precipitsted with

cold acid and crystallized from chloroform, ether or

48 ¢fe Re E. Cline, Ph. D. Dissertation, Indiana University,
1951, wherein E. Campaigne has been quoted as follows =-
"compounds possessing the reactive dienol system
«5=0~C=C~ in which X is ~CH, -SH, =-H, etc., and B

b4 BH
is 0, S, etcs, can egsily be made to undergo cycli-
zation to heterocycles by elimination of HX. In
view of this one might alsc consider the gem dlol
CgHgC=CH~-CH=C~CH formed by enclization of the car-
SH OH
boxyl group as the intermediate in the cycliization.

LSe c¢f. however, R. Fuson, Advanced Organic Chemistry,

John Wiley and Sons, Inc.. New York, 1950, p. 86,

where g mechanism for cyclization of @ -benzoylprepionis
acid to the lactol, and then the lactone 1s discussed.
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methancl. This produced soft, blus-gray crystals with a
metallic luster and a mild, characteristic cdor, melting
with decomposition at 81.2-81.6°, which were sufficiently
pure for most purpcses. Purs samples were prepared for
spectroscopic analyses by the slow vacuum sublimatlion of

TEY or Thig

- e &
Ue=gray <rys 10 7

5 -
L3

V1]

OLOT1SSE .ovs
[ERREIA =) Gity o

8

[

¥islaged
mepe 81.6-81.8° {with decomposition) which gradually
scquired s green £film, presumably VIII. A sample pre-
pared in this manner and allowsd to stand sxpocsed in the
lgboratory showed no further change over an eight month
period.

Evidence has been obtained which indicates that
2-hydroxy-5-phenylthiophens exists in equilibrium with
a keto form which is & thiclactons. Thus it undsrgoes
aldel condenssation to yield the benzsl derivative XVII.

Also the infrared absorption spectrum of a chloferm

XVII
sclution of XIITI contains an extremely wesk band at
2.60=-2.65u and a strong band at 5.95M (Fige 1). These
are in the hydroxyl and carbonyl regions respectively
and indicate that in chloroform solution the equilibrium

favors the keto form.
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The infrared spectrum of the 3-hydroxy isomer in
chloroform solution has no hydroxyl absorption band in the
3 micron reglon snd has & much stronger carbonyl absorp-
tion band then (XITI) at 5.95-5.054 (Fig. 1) indicating
that in chloroform solution it too exists principally as
the keto tautomsrsoo Chemlcal evidence for the sxistence
of the kete structure for the 3-hydroxy isomer has been
obtained by Selwitng, who prepared the monooxime of
S=phsnyl=2,3-thiophens guinons by nitrosation of 3-hydroxy
=5-phenylthiophena.

The infrared spectrum of Ze-pnenylthiopnene is
Included for purpoeses of ccmparison.

The infrared absorption spectrum of 2~nydrexythio-
phene in chlorcefornm sclution shows a weak hydroxyl band
at 2.95;5 snd a strong carbonyl band at 5.95}4 indicating
that both kB to and enol tautomers exist in equilibrium
in chlorofornm solution;

The ultraviolet datas for alcoholic solutions of
2-pnenylthiophene, 2~ and 3-hydroxy-5-phenylthiophenes and

2-methoxy-5-phenylthiophene ars prssented in Figure 2.

,,,,,,,,

50. Co Mo oe;.w:s_r-ZQb interprsts an aasorpm.on band at S.J;M
in the infrared sbsorption spectrum of the 3-hydroxy
isomer as being due to an hydroxyl group. He. M. Ran-
dall et gl., Infrared Determination of Organic Struc-
tures, D. van Nostrand, Inc., New York, 1949, p. 3,
discuss the infrared absorption regions of the =-0H
group and make no mention of hydroxyl absorption in
this region.
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The introduction of a methoxyl or an hydroxyl group into
2-phenylthlophene promotes a shift of the maxlimum and the
minimum towards higher wavelsngths, which is not unex-
pected in view of the fact that two unshared electron
ralirs are introduced via the oxygen atom. The slight
difference in the position of the maximum of (XIII)
(308mau ) and of its methyl ether (3051nu) is significant,
suggesting that in alcohel solutions (XIII) exists to a
much greater extent in the enol form rather than in the
keto form.

The ultraviolst spscitra of 3-hydroxy-S-phsnyithi-
ophene (XVIII) and 3-methoxy-5=-phenylthiophene (XIX) are
similer in this respect’®. The curve for (XVIII) pos-
sesses two mexime {262me; 300mz} which are 2lmost identical
with those of (XIX) {(262wmu, 298mu} indicating that in
alcoholic solufion.ayIII) exists principally as the enol
tautomer.

The spectra of (XIII) snd (XVIII) are compared
in Figure 2. Although they each cbntain a maximum in the
higher wavelength region (ca. 300mM) (XVIII) exhibits a
mexirmum at 262Wwwhich 1is not evident in the isomeric (XIII).

Hurd and Kreuzl5 observed a marked shift towards
longer wavelengths in the spectrum of 2-thiencl as com=

pared to its methyl ether, and attributed the shift ©o

the thiolactone structure, using the spectrum of the
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methyl ether as the model for the enol structure. Chemical
evidence for the enol structure is furnished by the esase
with which 2-hydroxy-S-phenylthiophene undergoes acetyletion
and by the fact that in dilube alcoholic solution it gilves
& red color with ferric chlorids.

It is worthy of comment at this point that where
2-nydroxy-5S-phenylthiophene comes in contact with the
skin it produces a reddened area which itches and blisters
shortly thereafbter. not unlike the symptoms produced by
poison ivy. The blisters usually disappear in a week!'s

time although the itching frequently persists for a

Solutions of 2-hydroxy-S~phenylthiophene are un-
stable, resadily undergoing air oxidation with the formation
of (VIII) and tars. Since it appeared that this decompo=-
sition occurred more readily iIn some solvents than in
others, 1% solutions wers prepared in 12 common lsborsatory
solyents, and wers allowed to stand loosely stoppered to
observe the relative rates of decomposition (Table 1).

The thienol seems to be least stable in the alcohels,
It is not very solubls In petroleum sether and a reaction
probably tekes place with piperidine.,

It is Interesting to note that whereas Z2-hydroxythi=-
ophene is more stable than its 3-1somar153 (XIII) is more

readily oxidized than is its 3-hydroxy isomer (XVIII).
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Solvent

Ether’

Dioxane

Absolut

ethanol

d

4]

95% Ethandl

Absolut

e

methanol

Chloroform?

Ligroin

(140=60°

)f

Carbon te«
trachlo-

rlde8&

Benzenoh

00 hrs.

Table I

Time in Hours

0.25 hrs.

305 hrs.

18 hre,

dissolves ab once
red-purple 50ln.®

dissolves ali once
purple soln.

dissolves slowly
purple soln.

dissolves slowly
purple soln.

dissolves slowly
purple soln.

dissolves al once
purple soln.

Incomplete solution
pale purple

dissolves ail; once
pink-purple soln.

dissolves al;
purple soln.

onece

no change

no change

completely dissolved
no other change

completely dissolved
slight ppt.

completely dissolved
slight ppt,

no change

no change

no chsnge

no change

pink-purple soln.

red-purple soln.

amethyst soln.
slight ppt.

ppt. glves appearance
of dark gray soln.

amethyst soln.
heavy ppt.
amethyst soln.

pink-purple soln.

no change

no change

solvent evaporated
material recovered

dark red soln., no
other change

liquld lsyer color-
less, heavy ppte

liquid layer color~
less, hesvy ppt.

liquld leyer color-
less, heavy ppt.

red-purple soln.
no other change

solvent evaporated
maberial recovered

no change

no change

Q-{g
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Teble I (continued)
“Solvent Time in Houps

0.0 hrse 0.25 hrs. 3.5 hrs. 18 hrs,

Carbon di- dissolves at once
sulfide red by reflected no change no c¢hange no change

light, purple by

transmitted light

Pyridine dlssolves at once
green=black soln. no change no change no c¢hange
Piperidine daissolves at once brovn to red soln.
dark blue-green vhite crystals
s0lne. no change no change about neck of flask

(a) The solutions were prepared all at once by adding 10 ml. of each solvent to 100 mgm. portions
of 2=hydroxy-5-phenylthlophene contalned in 25 ml. Erlenmeyer flasks which were then loosely
stoppered with cotton wadding and set aside out of ths path of direct sunlight. (b) Mallinc-
krodtts anhydrous ether stored over sodlum. (¢) 2-Hydroxy=-S-phenylthiophene 1s colorless. The
color of these solutions is due to the oxldative dimer (VIIX). (d) Commercial grade, redistilled
before usees (©) Merck!s U.S.P. quality. (f) Commercisl grade. Used as receilved. (g) Eimer

and Amend, C.P. (h) Coleman and Bell anhydrous benzene stored over sodium. :

*2€
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XIIT XVIIX

The instability of (XIII) could be accounted for
by assuming that oxidatlon proceeds by a seriss of steps
each involving one electronslo In this manner the intere
medlates involved would be resonance stsbilized quinoidal
structures (See Fig. 3). This does not however explain
the differsnce in stsbilitiss bsbtwsen {(XTII) and (XVIII)
bescause the change 1ln resonance energy betwesn the thienocl

and the end products is the same in es&ch cass.

! L
5 zr'DiDhenyl_ [A303 (AR,

& -

— bithiophenel=2,2t~dione

(VIII) 1s a dark green crystalline solid which is diffi-

cultly solubls iIn most of the common orgenic solvents

and is best purified by recrystellization from bolling

benzene or dioxane. Solutions sre dichroic, sppearing

blue by trsunsmitted light and red by reflected light.

This phenomenon is most pronounced in carbon disulfide.

(VIII) readily dissclved in morpholine and piperidine

forming beautifal indigo-biue solutions. It reacted with

these solvents at room tempsrature as indicated by a

change in color of the soclution from blue to brown to

red. During this time sulfur-free crystals formed which

51. Michaelist ®Bprinciple of compulscry univglent oxidation®.
cf. a) L. Michaells, Trens. Electrochem. Soce. 71, 107
(1937); b) L. Michaelis and E. S. Fetcher, J. Am. Chem.

Soce 59, 2246 (1937); ¢) R. B. Woodward and R. H.
Eastman, ibid. 68, 2229 (1946).
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were quite velatlle, appesaring on the upper portions of
the flask which had not previously been in contact with
the solution?z. These products were not investigated.

Three moles of hydrogen per mole of (VIII) were
consumed when a purple g-dichlerobenzene solution was
subjected to low pressure hydrogenstion over Adamts cata-
lyst. The reduced solution was colorless but wsas rapidly
reoxidized when exposed to the elr. For this reason the
hydrogenated metsrlal was never 1solatbed.

The ultraviolet and infrared absorption spectra

are presented in Figures Lb and 5, respectlvely.

methanol reacted with methyl sulfate to form 2-methoxy
-S-ghenylthicphens, which iz a colorless to pale yellow
1iquid, Dbep. 135-136°/1 mm., n2> 1.6308, which slowly
decomposes, even when sealed in an ampule.

It is interesting to note that (XIII) could not
be methylated with diazomethane in either ethyl sether or
olefin~-free petroleum ether (}j0-60°). The product of
these reactions was a red-brown resin which was inscluble
in squeous alkall. Hurd and KreuzlS were unsble to
methylate 2~hydroxythio§hene with diaszomethane. They
reported a yellow solid as the product, which was insoluble

52. ¢f« Co 0. Guss and D. L. Chamberlain, Jdr., J. Anme.
Chem. Soce T4, 1342 (1952).
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in the common sclvents but which dissclved In warm alkali.
The effect of dlazomethane on 3-hydroxy-5-phenylthiophene
is not known.

The reaction between the sodium salt of (XIII) and
methyl iodlde Iin methanol produced a blue-white powder
which was only sligntly scluble in the cormmon organic
solvents, Inscluble in cold agqueous alkall and soluble
in cold concentreated sulfurlc acid in which it formed an
orenge sSolubion. Since the elemental analysis did not
correspond with the thecoretical percentage composition
calculated for the methyl sthser, the product was not
investigated further.

Because of the instability of 2-hydroxy-5-vhenylthi-
ocphene,; several attempts were made teo prepare the methyl
ether indirvectly. The lithium sait, whether prepared by
oxldation of 2-lithio=-5~phenylthiophene or by resction
between 2-hydroxy-t-phenylthiophene and n-bubyllithium
would react with neither methyl sulfate nor methyl lodide.
In these cases, extrsction of the resction products with
alkali produced only the d kali salt of 2-hydroxy-S-phenyl-
thiophene. No evidence of ether formztion could be foumd
in the neutral fraction which consisted mainly of btars
and small smounts of the iscthioindige (VIII).

The original plan of this investigation included a
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study of the Claisen rearrangement53 of allyl ethers of
hydroxythiophenes, but beceuse of the numerous experimental
difficultles encountered in the synthesis of 2-hydroxy-5
-phenylthiophene only a few exploratory experiments were
performed in this direction.

Reallizing that & liquid ether would be difficult to
purify, efforts were first directed toward the preparation
of a cinnamyl ether which was expected to be 2 solid and
could be purified by crystallization. The reaction be-
tween cinnemyl bromide and the alkall salt of 2-hydroxy-5
-phenylthiophene in methancl failed to yield an ether.

The only prcduct was an alkall-=inscluble light=red resin

which dissolved in acebtone but not in any of the other

A modification of the Williamson synthesls In which
(XIII) was treated with silver acetate to form the silver
salt, and then with clonamyl bromide, was unsuccessful.
Considerable oxidation occcurred and an intresctable tar
was the major producte.

Thes isomeric 3~hydrexy-tS-phenylthiophene llikewise
feiled to yield the cinnamyl ether. The reaction between
the sodium salt of (XVIII) snd cinnamyl bromide yielded

53s ¢fs Do S. Tarbell in Organic Reactions; R. Adams, Ed.,
Jonn Wiley and Sons, Inc., New York, 194l Vol. II,
Chapter 1, p. le
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& clear, backy, red-brown resin which was Inscluble in
alkell and most of the organic sclvents, wlth the exception
of acstone.

Finally several attempts were made to prepare
2=2llyloxy~5-phenylthiophene. Alkylation of the bromo-
megnesium salt of 2~hydroxy-S-phenylthiophens {prspared
by oxidation of the Grignard reagent) with allyl bromide
was unsuccsessful, This was wholly unexpected in visw of
the Xnown reactivity of allylic halides.

Ae Co CopeSA has studied the reaction ROMgBr +
(CH3)2S0, and observed that ether formation only cccurs
under forced ccnditions and in the pressncs of a molar
excess of methyl sulfate. This behavior was attributed

tc the formation of the dlalkylmagnesium compound (RO),Hg,

2ROMgBr + 2(CHj)2504 — (RO) Mg + CHzBr + Mg(CEsS0.)z
(RO) Mg + 2(CHa )50, °&78%Ha 2RrocH, + Mg(CHZS0,)s
which is ordinarily considered to be unreactive., In
view of these resulis, if an equilibrium existed between
the bromomagnesium salt of 2-hydroxy-5=phenylthlophens

and the dlarylmagnesium derivative favoring the latter

compound, the lack of reactivity could te understood.

Sh.A. Co Cope, J. Am. Chem. Soc. 56, 1342 (1934).
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The reaction between the lithium salt of Z2-hydroxy
~S=-pnenylthlophens and allyl bromide in anhydrous sther
produced a dark viscous liquid which rssisted crystalli-
zation and vacuum distillagtion. 4 degree of success was
obtalned when the sodium sgit was treated with allyl
bromide in methanol. A pale yellow liguld was obtained,
which although vacuum distilled to a constent refractive
index was impure as indlicated by the elemental analysis
wherein the observed percenSags compesition neither
sgreed with the theoretical percentage composition nor
could be assigned to a sensible formula. Furthermore
the infrared specitrum {Fige. o) possessed many broad bands
and 2 shaprp abscrpiion in the carbonyl regicn and the

ultrgvicliet sbscorptlon spectrum had neither maximz nor
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SUMMARY OF RESULTS

2-Hydroxy-5=-phenylthiophene (XIII) has been synthe-
sized by the cyclization of @ =benzoylproplonic acid with
"phosphorus pentasulfide! in pyridine ~ chloroform solution,
and by the oxidgtion of 2-lithio-S-phenylthiophens, which
is a modification of the procedurs utilized by Hurd and
Kreuzls for the synthesis of 2-nydroxythiophsne and
adapted by Steelel6 for the synthesis of (XIII).

Spectroscopic data indicate that in chloroform
solution (XIII) exists chiefly ss the keto teutomer
wheresas in alccholic solution it exists chiefly as the
sunolic taubomsr,

2-Hydroxy=5-phenylthiophene readily underwsnt
acetylation but could be methylated only with difficulty.
With diazomsthane only tars resulted, with methyl sulfate
and alcoholic alkali, 2-methoxy=-5-phenylthiophene was
formed in low yield.

The pure allyl ether could not be prepared via
the Williamson synthesis and modifications thersof. All

attempts to prepare the clnnamyl ether failed.

= = = Sem 3 1=

2=iiydroxy=-S-phenylthiopnene is extremely unstable

oxidizing rapidly to yield tars smd the isothioindigo,

SR, W)
— bithiophene ]=2,2!-dione {VIII).

3
5,5t=diphenyl[A
Furthermore it (XIIT) is a vesicant, producing blisters

and causing itching where it comes in contact with the
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skine.

The isothioindigo (VIII) is quite stable and is
insoluble in most of the common organlic solvents but
dissolves in and reacts with morpholine and piperidins
forming sulfur-iree crystalline materials which wers not
investigated. (VIII) absorbs three molar equivalents of

hydrogen at low pressure, but the rsducsd product rapidly

reoxidizes on exposure to the alr,
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EXPERIMENTAL

Experiments which were conducted in an etmosphers
cf dry nitrogen are indicstsd with sn asterisk
Microanalyses wers performed at several lebora-

tories. They ars designated as follows:

{C) Clark Microanalytical Laboratoriss

P. 2. Box 17

Urbana, Illinois

(S} Schwarzkopf Misroanalytical Laboratory
Middle Village, Long Island

New York

(P) Microanslytical Laborasory
Depariment of Chemistry
of Pittsburgh

6y
Pittisburgh, Pennsylvanis
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2-Bromothiophenelé

{(a) A1 1. 3-necked flask equipped with a dropping
runnel,‘stirrer and reflux condenssr, was charged with s
selution of 260 g. (3.1 moles) of thiophene dissolved in
300 ml. of carbon tetrachloride. A solution of 480 g.
{30 moles} of bromine in 200 ml., of carbon tetrachloride
was added dropwise, with stirring, over a pericd of eight
hours. After stirring for sn additicnsl twenty hours, the
sclution was stesam distilled from LOO ml. of & 10% sodium
hydroxide solution., The organic portion was separated
from the distillste, was drled over calcium chlorids,
filtered and fracticnated to yield 325 g. {67%) of 2-bromo-

3
o S

thiophene, bere. 151+151.5°,

(B} A scluticn of 513 ml. {1600 g., 10 moles) of
bromine in 840 ml. of glaciel acetic acid was added drop-
wlse over & periocd of five hours tc a étirred, welleccoled
solution of 1260 g. (15 moles) of thiocphene in 1850 ml.
of glascisl acetic acid. After the sddition was completed
the ice bath was removed and the solution was stirred
for an additionel hour. Three liters of cold water were
added, the orgenic layer was separated, washed with a
saturated sodium carbonate solution until effervescence
ceased, and dried over a mizxture cf caleium chlcoride and
arhydrous sodium carbtonate. The materlal was flitered

and distilled from sodium carbonate bub there ensued an
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evolutlion of hydrogen bromide, indicating the presence of
bromine addition products of thiophene. The organic

materlal was therefore steam distilled from & ssturated
sodium carbonate solution after which it was dried with
calcium chloride and fractionated to yield 426 g. (5.08 moles)
of unreacted thiophene, b.p. 84-85°; 72§,$ g. {(Lh.63 yield)

of 2-bromothicphene, b.p. 153=154°; and 304 g. (12.5%) of
2,5=-dibromothiophene, be.r. 65-70°/3 mm.

n-Butyllithlum®

n-C H Br + 3n~-C H,C1 + 8Li - n-C . H L1 + LiBr + 3LiC1

A mixture of L.8 g. (0.C35 mole) of n-butyl bromide
and 10.65 ge (0.115 mole) of n-butyl chloride dissolved
in 150 ml., of dry ether was added dropwilse to bright
lithium wire (2.3 ge, 0033 g+ atoms) suspended in 80 ml.
of dry ether. Ths reaction mixture became turbid and re-
fluxing set in immediately and continued throughout the
duration of the addition. The solution then was stirred
for an additionsgl half hour after which four 2 mle. aliquots

were remcved with the aild of a hypodermic syringe from

t
Z

of the 2liguoks were

the total voln a2l

Lol f S5 ———

of 225 ml.
added to 5 ml, portions of water and two were added %o
5 ml. portions of allyl bromide. The latter two were
hydrolyzed with 5 ml. of water each, and all four were

titrated with 0.CL83 N hydrochloric acid,
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1. 2 ml. aliquot + H,0 = 20.95 ml. of 0.0L83 ¥ HCL

2. 2 ml. aliquot + Hg 0 = 20.94 ml. of 0.CL483 N HC1

3+ 2 ml. aliquot + allyl bromide + Hz0 = 8.40 ml. of 0.CL483 N

Le 2 ml. sliquot + allyl bromide + HgO = 7430 mi. of 0.C0463

The yield was L7%. When conducted in olefin-free petroleum

ether (l40=-6C%} the best yileld realized was 19

2-Thienyl=l-cyclochexene

L4

kN

31

{4) A 2 1. 3-necked flask, equippsd with a dropping

funnel, mechenical stirrer and reflux condenser was charged

with 53¢5 ge {2.22 g. atoms} of magnesiwum bturnings and

N
A%

o

\%3

-
mie of anhy

= ~
drous ether. A sclution of 362.0 g. {(2.22

rate which just maintained refluxing. The reasction mixture

was stirred for fiftsen minutes after the addition was

completed, and then 208 g. (2.2 moles) of cyclchexanone

diluted with 200 ml. of anhydrous sther was added; agsin

at a rete whicnh just mainteined refluxing. This reaction

nixture remeined at room temperature for sixteen hours

after the addition was completed, snd then was hydrolyzed

with s sstursted ammonium chloride solution, care belng

teken to let the hydrogen sulfide which was evolved escape

into the hoode

The organic layer wWas separsted, washed

with a satursted sodium bisulfite solution, and dried
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@

over anhydrous sodium sulfate. Vecuum distilletion yileldsd

290 g. {80% yield) of pale yellow liguid, be.p. 107=-108°/7 mm.
(S) A 2 1, 3-necked flask, fitted with & Dry-Ice =~

ecetone cold finger, a mechanical stirrer and dropping

funnel with nitrogen inlet was charged with 500 ml. of

anhydrous ether and .6 g. (2.C6 g. atoms} of lithium

cut in cubes approximately 1 cm. on an edge. This flask

was partially immersed in a Dry-Ice - acetone bath and

137 g+ (1eC mole) of n-butyl bromide, diluted with 100 ml.

anhydrous ether, was added dropwlse tc the well=-stirrsd

lithium suspension at a rete which maintained refluxing.

After the addltion waes complsts, this c¢sld solution o

n-butyllithium was rapidly poured intc a flask, simllarly

iuted with 200 ml. of ether. The thicphene, n-butyllithium
mnixture was stirred atroom temperature for one-half hour,
during which time the solution slowly turned green. This
green solution was cooled in the Dry-Ice - acstone bath

and 117.8 ge (1.2 moles) of cyclchexanone dissolved in

200 mi. of dry ether was added rapidly, sincs the cocling
was efficient enough to keep the resctiom under control.
After all of the cyclchexancne was added, the cold bath

was removed and the stirred solution graduaslly warmed

up to room temperature afiter which a yellow-green solid

sppearaed. This mixture was allowed to stand overnight,
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was agaln cooled in a Dry-Ice - acetone bath, and was
hydrolyzed with ice~cold hydrechloric acid. The organic
layer was separated, washed with water, extracted with =
seturated solution of sodium bisulfite, again washed with
water and dried over sodium sulfate. The solution was
filtered and then fractlonated to yield §3.3 g. (43%) of
unreacted thiophene, and Q4.2 g. of 2-(l-cyclchexenyl)thi-
ophene, b.p. 117-~120°/5 mm., representing 84% yleld based
on unrecoversed thicphens; L2.6% yisld based on tobtal

thiophene.

16
2=-Fhenylthlophene™

-2

A mixture of 120 g. (0.52 mole; of cnloranil and
4l ge {0e.25 mole) of 2-thienyl-l-cyclchexene in 150 ml.
of commercial benzene was refluxed for twenty-four hours;
sfter this time the product wes cooled, vacuum~filtered,
snd extracted with 50 ml. portions of 12% sodium hydroxide
solution until the alksline washings were colorless. The
benzene solution was then washed once with 100 ml. of
water and dried over calcium chloride. ZFractionation of
the dried, filtered, benzene solution yielded 29.51 g.
{74% yield) of 2=-phenylthiophene, bep. 113=1ili°/1 mm.,
MmePe 35=36°., Similar reactions with reflux times of
eight and twelve hours showed no marked variation in %the

yields, which averaged 50-78%.
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2=Bromo=-5~-phenylthlophens

(4) A mixture of 29.51 g. (0.185 mole) of 2=-phenyl-
thicphene, 46.25 g. (0.185 mole) of N-bromosuccinimide and
l ge of benzoyl peroxidse in 500 mi. of carbon tetrachloride
was stirred and refluxed for seventy=two hours, Bromins-
ion w
mained on the bottom of the sclution. The reaction mix-
ture was ccoled, flltered, sxtracted with five 50 ml,
portions of 10% potassium hydroxide solutlon, washed twice
with 50 ml, portions of weater and dried over caglcium
chlorlide. The carbon tetrechloride solution was concen-
trated and the crude 2-bromo-fS-phenylthiophene which
separated was crystaellized from sther to yield L0.23 g.
{0.168 mols, 91%), me.pe 79=-81°. One recrystallization
from ether produced 38.7 g. of crystals, m.p. 85-86°, re-
presenting an 87.5% yield36.

(B) A solution of 83 g. {26.5 cc., 0.518 mole) of
bromine in 50C ml. carbon tetrachleoride was added dropwise
to a refluxing sclution of 83 g. (0.518 mole) of 2-phenyl-
thiophene in 500 ml. cerbon tetraschloride. After the
bromine had been completely added, the reaction mixture
was allowed to stand for twelve hours. It was then washed
with a solution of sodlium bicarbonate, dried over calcium

chloride, and distilled to yield 11k g. (90%) of a

yellow=white scolid, me.p. 56°. One recrystallization from

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



526

methanol gave 105 g. {85% yield) of pale yellow plates,
me.pe. 85-86°,

Metalation of 2~-phenylthlophenes

A solution of 2-iithlo-S-phenylthiophens was pre-
pared by adding 8.0 g. {0.05 mole) of 2-phenylthiophsene
to an ether solution of phenyllithium prepared from S.65 g.
{0,055 mols) of bromobenzene and 0.763 ge. (0.1l g. atom)
of lithium. The 2-phenylthiophene was allowed to stand
with the phenyllithium for one-half hour during which
time the color of the =sclution had burned from red te
yellow, This solution was then quickly poured over
orcken Dry-Ice in an Erlenmeyer £1asX and was
allowed to warm to room tempersbture. IExtraction with
sodium hydroxide solution and acidification yielded
7:67 go {75.2%) of S-phenylthiophsne-2-carboxylic acidss,
MeDe L77=178°.

Z

E-HydrcxyeS-phenylthiophenelo

4 solution of 9.5 ge {004 mole) of 2-bromo-5
-phenylthiophens and 8.15 ge. (0.05 molse) of cyclohexyl
bromide in 150 ml. of dry ether was added dropwiss, =2t
a rate which just maintained refluxing, %o 8 g (0.33

ge. aboms) of magnesium covered with a nmixbture of 60 mle

55. We Steinkopf and R. Gording, Biochem. Z. 292, 368 {1937).
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of ether and 60 ml. of benzens contained in a 1 1. 3-neckad

flask equipped with a dropping funnel with nitrogen inles

3

tubez, stirrsr, and reflux condenser fitted with a calcium
ciloride drying tubs, When the addition was complete, the
reactlion mixbure was stirred for an additional half hour,
after which time the reflux condensser was replaced by a
low temperature thermometer, and the dropping fumnel was
replaced‘by e gas dispersion tube, which just penetrated
the surfsasce of the soiution. The reaction £lask was then
immersed in an ice -~ salt bath and when the temperature
was spproximately 0°, oxygen was admitted, the amount
being measured by a flowmeter, uwntil $.025 moles had bssn
absorbed. The reaction flask was then stoppered and
allowed to stand in the rsfrigerator for sixteen hours.
The sclution was then treated with a hydrochloric acid -
ice mixbture, The organic layer, which immediately turned
purpls, was separatsd, washed once with 100 ml. water and
extracted with five 10 ml., portions of 10% scdium hydroxide
solution. This combined glkaline extract was filtered,
ecidified, and extracted with ether. The ether exbract
was dried with sodium sulfate, filtered and concentrated
to yileld 1 g, of 2-hydroxy=-5-phenylthiophene, m.p. 80~

81°, which represented 22.8% yield based on oxygen.

Oxygenation of 2-lithio-S-phenylthicphens

(A) To a 2 1, 3-necked flask charged with 0,225 mole
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of n-=butyllithium and 185 ml. of dry ether, and equipped
with a dropping funnel and nitrogen inlet tube*, &
mechanical stirrer and reflux condenser sealsd with g
calcium chloride drying tube was added 23.8 g. (0.1:9 mols)
of Z2-pnenylthiophene. A vigorous evolution of butans
ensued and ths color changed from pale amber to yellowish

green. Two hundred milliliters (0.4 mole) of an ether
solutlon of cyclohexylmagnesium bromide was added, the
condenser was repleced by = low temperature thermometer
end a Bunsen valve, the dropping funnel was replaced by
an oxygen inlet tube, the mixbture was cooled to less than
«55° {thse lower 1iimit of the thermomebter) in a Dry-Ice -

scetone bath, and oxygen was slowly bubbled in. (Oxy-

enation is sxothermic snd the rabts of Tlow was adjusted

{q

so that at no time was the temperature permitted to rise
above =20°.) When the reaction was complete, the flask
was quickly stoppered and placed in the rsfrigerator for
sighteen hours. This cold solutlion was rspidly filtersd,
ecidified with 60 ml. of lece-cold concentrated hydrochloric
acid, washed once with 100 ml. of cold water, and extracted
with five 100 ml. portions of 12% sodium hydroxide solu-
tion. The dark brown-black alkaline extract was filtered,
extracted with three 100 ml. portions of ether-benzene
{50-50) and was then neutralized with 30 ml. of ice-cold
concentrated hydrochloric acid. The precipitate was

quickly taken up in ether and concentrated to yield 7.8 g.
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{33.6%) of 2-hydroxy~5=-phenylthiophens as brown plates,
ﬁcp. 81.2-81.6° (corr.). Vacuum sublimation yielded
pure colorless diamond shaped crystals, m.p. 81.6-81,8°
(corr.), which gredually acquired a thin green film, pre-
sumably the oxidation product, 5,5*~diphenyl[£§3T1“”“”{.
bithiophsne ]-2,2t-3dione.

(B) 2-Lithio=-S-phenylthiophens was prepared by
adding Lh.5 g (0,278 mole) of 2-phnenylthiophene to 310 ml,
of a cold sther solution conbaining G.316 mole of n-bubyl-
lithium, then stirring for forty minutes in a nitrogen

atmosphere*, after which the reaction flask was equipped

The flask was then immerssd in an ice = salt bath teo
maintain a temperature of less than 10°, and the contents
was stirred while oxygen was slowly bubbled in until no
more was absorbed. The flssk was then stoppered and kept
in the refrigerator for forty-eight hours after which the
sclution was filtered rapidly. The filtrate was acidifisd
with 100 ml. of ice-~-cold concentrated hydrochloric acid,
the ether layer was washed twice with 50 ml. portions of
ice water, and was extracted with three 50 ml. portions

of 12% sodium hydroxide soclution. The dark-brown alkaline

extract was washed with three 100 ml. portions of ether,

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



and then gcldifisd with 50 ml., of lce-cold concentrated
hydrochloric acid. The resulting precipitate was crys-
tallized from ether to yield 2.41 g. (0.137 mole, L.93%)
of crude 2-hydroxy-5-~phenylthiophene, m.p. 78-80°. XNo
attempt was made to purify it further.

(C) 2=-Phenylthiophene (15.2 g., 0.095 mole) dissolved
in 10 ml. of ether was added to 0.0995 mole of n-butyllithium
in 150 mls of ice-cold sther. The color of the solution
slowly changed from gray to pale yslliow-grean at room
temperature, At the end of twenty=Iour hours this solution,

which had finally become pale rsd-brown, was addsd To an

to stand in the refrigerastor for eightsen hours, after
which time it was hydrolyzed and extracted with water
wuntil the sgqueous layer was almost colorless, This aqueocus
layer was acidifled and extracted with ether; thse ether
extract was conceﬁtrated using the water aspirator to
yield 1 g..of dark, black-grsen, foul smelling tars.

The originsal esther sclution of the reaction mixture was
filtered, ard the precipitate crystsllized from hot di-
oxene to yvield 2.73 g. {(18.1%) of 5,5t=diphenyl-2,2!

=dithienyl, me.pe 230=-2231.5° (corr.}.
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‘?.
Determinstion of the coupling step in ths oxygenstion experiment”

A mixture of 6 ge (25 millimoles) of 2-bromo-5-phenyl-
thiophene and 5 ge. (25 millimoles) of cyclohexylbromide dis-
solved in 250 ml. of dry ether and 50 ml. of dry benzens
was converted to the Grignard resgent and the resction
mixture was divided intc two parts. One half was poured
over Dry-Ice and the other hglf was oxygensted, following
the procedure previcusly described,

After the carbonated portlon warmed up to reoom tem~-
perature, 1t was washed with cold, dllute hydrochlori

ecid, snd then was extracted with sodium cerbvonste soelu-

in the reutrzl portiocn.

The oxidized portion stecod in the refrigerator
overnight, end was then processed to yleld C.2 g. (10%)
of 5,5t~diphenyl=-2,2t-dithienyl, m.p. 243=-241L° {corra)56

337 (LH W #)
and 0.06 ge of 5,5t-diphenylil D -bithiophene]
-2,2%=dlone. ¥No 2-hydroxy-5-phenylthiophene could be |

isolated.

Thiation of% -benzoylproplionic acid”

A solution of L6.70 ge (0.21 mole) of phosphorus

56. W. Steinkopf, Ann. 527, 278 (1937) reports a melting
point of 237° for this compoundo.
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rentasulfide in 275 ge. of hot pyridins was added to s
solution of 35.6 g. (0.20 mole) of @-benzoylpropicnic scid
in 100 g. of pyridine and LL0OO ml. of chloroform through
which dry nitrogen was slowly being bubbled, and the mix-
ture was refluxed for eighty minubtes. At the end of this
time ;66 ml. of concentrated hydrochleric scid admixed
with cracked ice was aedded rapldly, the aqueous layer was
decanted from the chlorcform layer and extrscted with

five 300 ml. portions of chloroform. All of the chlore-
form portions were combined and extracted with 6% sodium
hydroxide solution until no base solubls material remainede
Y on Dry-Ics;

acidified with concentrated hydrockleric acid and filtered

by vacuum. The prscipitats was crystalliized from ether
and then from petroleum ether (equel perts of L0=-60° and

70=GG%) to yield 7.85 g. (21.7%) of 2-hydroxy=-5-phenyl-
thiophene, m.p. 80-81°.

Preliminary Investigations

(A) Sufficient arhydrcus pyridine was added to a
mixture of 8.9 g. (0.C5 mole) of § ~benzoyiproplonic acid
and 12.22 go (0.055 mole) of phosphorus pentasulfide to
bring about sclution. The resulting mixbure was refluxed
for twenty~five minutes during which time the color had
gradually changed from yellow to derk purpie. Refluxing

was stopped and the hot pyridine solution was poured into
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E50 ml. of hot water. The aguecus pyridins susension
coocled to room temperature, but no sclid had settled out.
Therefore enough cold hydrochleric acid was added to neu-
tralize the pyridine and the resulting suspension was
axtracted with benzene. The purple benzene extract was
dried over calcium chloride, filtered and concentrated

to yleld 1.19 g. (13.6%) of the dark green isothioindigo,
3 (A, W)

5,5t=diphenyl[ &

p. 304=305°,
(B) A solution of 8.9 g« (C.C5 mole) of B-benzoyl-

~tithicophens ]-2,2¢t-dione, mn.,

propionic acid and 1222 g. {C.055 mole) of phosphiorus
pentasulfide in 460 g. of prridine was refluxed for three
hours, after which it was poured over crsacked ice and
gllowed to stand for one hour. This turbid sclubion,
on further addition of water, ylelded g white prscipitats
which, in a matter of a few minutes, turned blus. Ex-
traction with ether snd concentrstion of the ether extract
produced 0,18 g. of the isothiocindigo S,St-diphenylilg'yu“":m
~bithiophene j«2,2t-dione and residual black, foul smelling
berry material.

(G)*@-BenzoylprOpionic acid (18 g., 0.1 mole) and
2. go (0,11 mole) prosphorus pentasulfide werse dissolved
in sepérate 500 ml. gquantities of boiling chloroformg
L50 ge of pyridine was added and the mixbture was refluxed
for sixz hours. Approximately one half of the sclvent

was removed by distilletion, and the remalining concentrsate
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was poured over a mixturs of cracked lece and hydrochloric
acide This was transferred to a liquid-liguid extractor
end conbtinuously extrsacted with ether until the aqueocus
layer was practically colorless. The ether extract was
shaken with two 50 ml. portions of 12% sodium hydroxide
solution, which were combined, acidified, and extracted
with ether. The ether extract, when concentrated, yielded

only traces of a foul smelling tare.

2=-scetoxy-S-phenylthiophene

Susr

(A)57 A mixture of 1 g. (5:67 mmoles) of 2-hydroxy
-S-phenylthiophene, 6 ml. acetic arhydride, 1 g.
and 2 drops of benzyl trimethylammonium Nyarcx
boiled until the colered material dissppeared. Threse
drops of glacial acetic scid were added and the hot solu-
tion was filtered by gravity into a flask containing 1 ml.
of boiling acetic acid, and then water was added dropwise
to the boiling solution to hydrolyze the acetic anhydride.
The cooled solution was extracted with ether, drisd with
sodium sulfate, decolorized with Darco, and concentrated
to yield 0.95 g. of crude product, m.p. 5-51°. Vacuum
subiimation yielded coloriess needles, m.p. 55=57°%,

Calce: G, 66.0%3 H, lL.6%; S, 1.7%

Found: ‘3! ¢, 66.2%; H, Le7%; S, L%

57 ¢fe L. F. Fleser, Experiments in Organic Chemistry,
D. C. Heath and Co., Boston, 2nd ed., 1941, p. 399.

58. Sample courtesy of Rohm snd Haas.
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{B) Acetyl chloride (17.8 ml., 19.A5 g., 0.25 mole)
was addéd to a cold ether solutliom of the lithium salt of
2-nydroxy-5-phenylthiophene prepared by the oxygenation
procedure {3e35 ge (0.055 mole} of bromobenzens, 0,76l gZe
{0ell ge atom) of lithium, 8.0 ge {0.050 mole) of phenyl-
thiOphena and 110 mle of 1,440 N (0.15l mole} cyclohexyl-

magnesium bromide] and this was allowed to stand at room

temperature for six dayse. All attempts to isolabs a

L

2=Methoxy~S~phenylthiophene

To a stirred, well-cooled solution of 8.8 g. {50
muoles) of Z2-nydroxy-S-pheanylthiophene and 2.1 g. (50
rmoles) of sodium hydroxide In 50 ml. of water was added
5e3 Ze {50 mmoles) of dimethyl sulfats. The reaction mixe
ture, through which dry nitrogen was dubbling, was ses
asldse at room tempersture for twenty-four hours and then

-

it was sxbracted with ether, The sther extract was washed

-}
Y
B

twice with 20 mi., portions of 1 sodium hydroxide soliubtion,

V]
.
'
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cenlorides It was then filtered, c¢larified with Darco,
and concentrated with the ald of a sieam bath to yield
approximately 8 ml. of a dark-brown viscous liquid,

Three vacuum distillations yielded 3.70 go {19.45 mmcles)
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of a pale yellow liquid representing a 39% yield of 2-methoxy
-5-phenylthlophene, b.pe. 135-136°/1 mm., §5 = 1.6308.

Calcs FOr C3,H1,50: C, 69.5%; H, S.3%3 S, 16.8%

Fou;d'cp} C, 5S.6%; H, 5.5%; S, 16.0%

Unsuccessful Preparations

(A) A solution of 1.12 ge. (20 mmoles) of potassium
hydroxide in 15 ml. of distilled water was added to a
sclution of 2.0 ge (11l.3L mmoles) of 2-hydroxy-5-phenyl=-
thiophens and 1.5 ge. (1l.34 mmoles) of dimethyl sulfate
n 50 mie of mathanolsg. The nixture was hesatsd on =&
an

bath for forth=five minutes during which time the

M

te
color changed from green to blue. Water was added and
the mixture was allowed to stand overnight, after which
it weas bolled for an hour, cooled, asnd extracted with
ether. Ths sther extract was concentrated on & steanm
bath and the residuel liquid decomposed when subjected

to vecuum distillgtion.

{(B) A solution of 2 ge {11.3! mmolas) of 2-hydroxy
~S-phenylthiophene was added to a cold ethersal solution
of diazomethane, prepared from Z2.i. ge {22.65 mmoles) of
N-nitrosomethylurea. The solvent was removed in a nitrogen
atmosphers to yield only a browm tar. The tar was pubt on

59, ¢fe Wo Je Hickenbotbom, Reactions of Organic Corpounds,
Longmsns, Green and Co., Inc., New York, 1948, p. 9.
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a columm of Merckts gluming 4 1/2 om. in diameter and 20 cm.
high, previously washed with dry ether, and eluted witl

dry sther. Two fractions were obtained, a dark brown one
‘which remained on the column (and which could not be
appreclably removed with methanol) aﬁd a yellow-brown
portion which readily washed through. Attsmpted vacuum
distillatlion of this latter fraction only resulted in

thick tar formetion In the distilling flask, and no visible

distillats.

(C) A solution of 5 g (28.35 mmoles) of 2-nydroxy
~S-phenylthiophanse In 1 1. of dried, olefin-free petro-
loum ether (};0-50°) was treated with diazomethans [pre-
pared from T2 go {68 mmoles) of N-nitrosomethylureal
wnich was gsneratsd in 300 mi. of the same solvent. This
rsaction mixture was allowed to stand for two end one-
half hours in a nitrogen atmosphere, during which time no
evolution of nitrogen was observed. The flask was then
fitted with s capillary, which was attached to the altrogen
tank, and the solution was concentrated abt s reduced
pressurs to a volume of 75 ml., This volume of reaction

mixture yielded 2 g. of unreacted 2-hydroxy=-S-phenylthio-
phene and intractable tars.
(D) 4 solution of 48.67 g« {0.31 mols) of dromo-

benzene was added with stirring to .30 g. {0.62 g. atonm)

of litkium suspended in 100 ml. of dry ether in a 2 1.

>
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flask esquipped with a mechanical stirrer, Dry-Ice - acstone
cold finger, a low temperature thermometer and a dropping
funnel™. After the reaction had subsided 48 g. {0.30 mole)
of 2-phienylthiophene was added all at once and ths mixiturs
was allowad to stand at room temperature for twenbty minutes.
Then 1 mols of g 2.2 N ether solution of isopropylmagnesium
bromide was added, the dropping funnel was repleced by a
W

gas inlet tube, the cold fingsr was replaced with a Bunsen

l,..J

oA
Nt Ny

[

valve and the sntire reaction mlxture wes cco n a
Dry~Ice - acetone bath. When the temperature reachsd =70°,
oxygen was bubbled in beneath ths surface at a rate such

that the terperature never rose above =30%°. When oxidation

4

was finishsd {as svidenced by a constant low tsmperabure),

the flask was stoppered and placed in the refrigerstor

w1
[

for sixteen hours. Then 3%9.1 g« (0«31 mole) of dimethyl
sulfate was added and the mixbture was placed on & steanm
bath to remove the solvent., The residue was treated with
200 ml. of cold waber to use up the sxcess 1lithium and
concentrated hydrochloric scid on cracked ice was added
until the inorganic precipitabtes just dissolved, This
mixture was rapidly extracied with ether, and the sther
extract was shalen with five 30 ml., portions of 12% agqueous
sodium hydroxide. Acidification of this alkaline extract
yielded 3.1 g. (0,017 mole) of cruds 2-nydroxy-S-phenylthi-
ophene, Mmep. 72=75°. The neutral portion was concentrated

and distilled to yield 13.22 g. (0.123 mole) of anisole,

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



bepe 3l4/1 mme, Mepe =30°; 17.12 g. (0.17 mols) of unrs-
acted 2-phenylthiophene, b.p. 99-104°/1 mm., m.p. 35=36°;
and a resldus of undistlillebls high-boiling tar.

(E) A solution of 2.0 g. (11.3L mmoles) of S-phsnyl

=2=hydroxythiophene in 70 ml. of dry ether was added &
20 mle, of a sclution of n=butyllithiuwm prepared from 3.10 g.

(22.68 mmoles) of n-butyl bromide and 0.315 g. (01536 ge
atom) of 1ithium. {A 50% conversion to n-butyllithium
was assumed). This mixture Was then treatsd with 2.41 g
(2268 mmoles} of methyl iodide, the flask was stoppered,
and allowed Lo stand at room terpsrature for twelvs hours.
The solubtion, which had turned purple, was washed with

ater, dried over c¢glcium chloride, filtered, and fractlionsted

-3

ot
e

o yield & mixiturs of ethyl ethsr and msth icdide,
few drops of high boiling tar which would not vacuum distill
remained in the distilling flask,.

The agqueous wash wWas acidified, and extracted with
ether. Crysiallizstion yielded 1.37 g. (68.5%) of un-
acted S-phenyl-2-hydroxythiophene.

{F) A solution of 2.0 ge (11,3l mmelss} of 2-hydroxy

-5-phsayl In 75 mi. of 3dry sths
nitrogen was continuously belng bubbled) remained in cone
tact with 0,0787 g» (11l.3L mgm. atoms) of lithium for
twenty-four hours at room temperaturse. Then 1.L5 g.

(11.3lL mmoles) of methyl sulfgbe in 75 ml. of dry ether
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was added dropwise over a pericd of one-=nalf hour. The
mixture was allowed to stand for flve hours, water was
edded to use up the lithium which still remsined, and the
mixture was extracted with ether, dried over cslcium

chloride and concentrated to yleld a dark-brown tar.

(@)

[AM]

:ion of 2 g. {(11.3
-S-phenylthiophene in 75 ml. of dry benzene (through which
nitrogen was continually being bubbled) was rsfluxed on

a steam bath for two hours with 78.7 mgm. {11.34 menm.
atoms) of lithium, dry benzens bsing added periodically

%o maintain the volume. Since there was no visibls sign

of a vssction having taken place; i.9., the unreacted

l1ithium 3till remainsd, 10 ml. of sthancl was sadded, and

ct

ad in thes sisem

1]

ths rsaciion mixbture was further hs
bath to dryness. A solution of 1l.45 ge. {11.3L mmoles} of
methyl sulfate in 10 ml. of methanol was addsd, and the
solution was heated to boiling, after which 10 ml., of
water was added. Thne agusous suspsnsion was heated o
bolling znd then set aside to cool, The organic layer
(2 dark-brown tar) was taken up in ether, dried over
éalcium chioride and concentrated to yield a thick dark-
brown btare

(BE) To a solution of the sodium salt of 2-hydroxy
~5=phenylthiophene prepared from 50 ml. of absolute metheanol,

0.26 go (11.} mmoles) of sodium and 2 ge. (1l.l mmoles} of
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2-hydroxy-5=phenylthiovhene was added 2 g. (1ll} mmoles) of
methyl i1odide. The mixture was heated to refiux, stoppered,
and sst aside for twenty-four hours. It was then concen-~
trated using the water aspirator and stesm bath, to a

volume of gpproximetely 20 ml. and then poured into 200 ml.
of water. The resulting agqueous suspension was extrsacted
with ether; the ether extract was dried over sodium sulfate,
filtered and set aside. In five deys time a solld deposited
which could not be readlly redissclvsd in ether. Crys-
vallization from hot benzene yielded a blue=-white powder
which darkened at 150°, and collapsed at 16C° {D}; when

put in s bath prehsated to 160° it darkened at 161° and

melted at 163-163.2° (D).

Cale. for C;.H,,50: €, 69.5%; H, 5.26%; S, 16.85%

fo

The materisl was insoluble in 12% sodium hydroxide
solution, snd soluble in concentrated sulfuriec acid in

wnich it formed an orange solutlon.

(I) A mixtbure of 19.2 g. (0,10 mols) of methyl
@-benzaylpropienate and 2i1.0 ge {0o1ll mole) of phosphorus
pentasulfide in 1 i, of pyridine was refluxed for thirty
minutes, during which time the color of the solution slowly
changed from yellow to orange-red. This mixture remained
at room temperature overnight, and then the pyridine was

neutralized with hydreocnloric scid, and the residue was
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dissolved in ether. The ether solution was washed with
water, dried over sodium sulfate, filtersd, and concen-
trated on the water bath. A trace of solid appeared which,
when crystallized from ether, gave no shsarp melting point,
decomposing from 118-120°. When placed in the melting
point bath, preheated to 120°, it collapsed with de-
composition from 123-125°, The reslidue was distilled

to yield 1.9 g. (ThebF) of unreacted methyl ester, b.p.
130-132°/3 mm.

Unsuccessful preparastions of 2-cinnamyloxy-5-phenylthiophens

{4A) 2-Hydroxy-S-phenylthiophene (2.0 g.; 11l.3L mmoles)
was dissolved in a solution of 11.3l. mmoles of sodium’
methoxide in 50 ml. methanol, and to this was added 2.2l g.
(11.3L mmoles) cinnamyl bromide. After standing overnight
the solution was concentrated on a steam bath to about
half its volume and water was added. This mixture was
extracted with ether. Thne ether extract, when concen-
trated, yielded omnly a tar which wouwld not solidify or

separate from sclution when placed on Dry-Ice.

(B) Two grams (1l.3L mmoles) of 2-hydroxy-5-phenyl-
thiophene was added td a solutbion of 0.0787 g. (1l.3l4 mgm.
atoms)} of lithium in 120 ml. methanol, aad to this was
added 2.2b go (11.3l mmoles) of cinnsemyl bromide. The
reactlon mixture was heated on the steam bath for one

hour, and was then gllowed to stand for two days at room
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temperature after which the methsnol waes removed under re-
duced pressure, the resldue was extracted with ether, and
the ether extract was concentrated to yleld only a few

drops of a viscous dark red-brown o0ii, which could neither

bs crystallized nor vacuum distillede.

(C) A selution of 1.0 g. (5.65 mmoles) of 2-hydroxy
-S-phenylthiocphens in 15 ml., & pyridine was added to =

sclution of 0.94 g. (5.65 mmoles) of silver acetate in
15 ml, of pyridine, (resulting in formation of a purple
color), heated %o boiling, end then poured into 175 ml.
of ether. This was filtered andé evaporzted to dryness
at reduced pressure., Ine residue, and the precipitate,
toth tarry semisclids, were nmixed togsther In ethancl,

h

565 mmeoles) of cinnamyl bromide was added, and

Caall

-~
alZ e

fud

this mixturs was refluxed for ninety minutes. The solubtion
was cooled to room temperzture, filtered and concentrated
to nesr dryness. Ether was sasdded, the soclution was boiled
with Darec, filtered, and concentrated to yield s dark-brown

tarry mass.

Unsucceszfvl preparation of 3-cimmanmyloxy-S-phenylthioph

To a sclution of 1.15 ge (005 mole) of sodium in
20 mls of sbsolute methsancel was edded first & solution
of 8.8 go {C.C5 mole) of 3-hydroxy »5—phenv1tnlophere in

35 mle of methanocl and then a solution of 9.¢ g« {0.C5 molse;)
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of cinnamyl bromide in 20 ml. methanol. The resasction
mixture, which had become warm, was allowed tco stand at
room temperature for sixteen hours in a nitrogen atmosphere,
after which it was poured intc water and extracted with
ether. The ether extract was washed once with 20 ml. of

6% scdium hydroxide, twice with 20 ml. portions of water,
and wes then dried over calcium chloride. The dried

ether soluticn was bolled with charcoal ylelding s red
soiution which wWas ccnéentrated to an oily rsd residus
which would not sc¢lidify on Dry-Ice. When subjected to
vacuum distilletion (1 mm.) the material began to de-
compose without distlliing as evidenced by 2 coplion
evolution of brown vapors. No condensate was observed
and heatling wgs immedlatsly sto
residue with z2kalil yielded no base scluble material,
Extractions with petroleum ether (I 0-60°) and methanol,
in which the residue was only sparingly scluble, yielded
nothing. When gllowed to stand; it set to a tecky red-

brown tare

1ttempted preparation of Z2-slliyloxy-S-phenylthiophene

“~.

{4) An ice cold solution of the scdium salt of
2-hydroxy-G-phenyilthiophene, prepared from 17.6 g. (0.1
mole) of crude 2-hvdroxy-Se=phenyithiophene and 2.3 éo
{Cel ge atom) of sodium dissolved in methenol, was

treated with 121 ge (0ol mole) of allyl bromide dlssolved
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in 10 ml. of methanecl. After completing the addition, the
cold bath was removed and the reaction mixture was stirred
at room temperature for 2 hours, and then allcowed to stand
for an additionsl hour. It was then poured into water

and extracted with ether. The ether extract wes tressted
twice with 10 ml. portions of 12% sodium hydroxide, once
with water, and then dried over celcium chloride. Six
one~plate vacuum distillations ylelded L .56 g, of a pale-

. 25
yellow liguld, bepe. 168=170°/2 mme., n°° = 1.5805,

Calce fOr Cy5H1250: O, T72.3%; H, 5.6%; S, 1h.8%

Found ; (51 G, 73.25%; H, 5.79%; S, 10.72%

(B) Five grams (28.4 mmoles) of 2-hydroxy-S-vhenyle-
thicpheﬁe was added to a stlirred ether solution of phenyl-
1ithium, prepared from L.56 g. (0,03 mole) of bromobenzens
and 0.403 ge (0.058 g. atom) of lithium, and refluxing
immediately ensued. When the refluxing had stopped, .l g
{29 mmoles) of allyl bromide was added, and the resction
mixture was allowed to stand for eighteen hours. (4
nitrogen atmosphere was mainteined throughout the above
preparation.) Water was added, the two layers wWers
separated, and acidification of the agueous layer resulted
in recovery of 2,06 ge. {41%) of 2-hydroxy~S5-phenylthicphene
The organic lgyer was dried with celcium chléride, filtered

and concentrated to yield 10 mlie. of a dark, viscous liiquid
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which could not be solidified in s Dry-Ice - acetone bath

and which resisted vacuum distillatione.

(C)*A.Z 1. 3-necked flask, equipped with a dropping
funnsl *th a nitrogen inlst tube, stirrer and reflux
condenser fitted with a cealcium chloride drying tube, wss

x
anda

L g
o
P

(§;
H
(4~
o
pJv

"
&
o

f
K

o
[/

charged with 6.8 g {0.28 mole
350 mle. of anhydrous ether. A mixture of 23.9 ge (0.1 mols)
of 2-bromo-S-phenylthiophene and 18,4 go (0.15 mole) of
isopropyl bromide, diluted with 800 ml. of anhydrcus ether
was added dropwise to the stirred megnesium turnings at

a rate wnich Jjust maintainsed refluxinge. After the reo-
sction was complete, the flask was fitied with a low
temperature thermometer, oxygen inlet tube, and Bunsen
valve and was immersed in en ice -~ salt bath. Whsn the
temperature of the contents was approximately 0°, oxygen
wes admitted, the amocunt being measursd by a flowmeter,
until 0,25 mole had been absorbed. The reaction flask was
then sllowed to warm up to room temperature and 36.3 g.
(0«20 mole) of allyl bromide, diluted with 150 ml. of
énhydrous ether was added. The solution turned red-brown,

nd was s The

!h

stirred g2t room temperchture for five

honr
flaesk was stoppered end the resction mixture remsined at
room temperature for sixteen hours after which it was

hydroiyzed. The ether solution was separaied, dried over

sodium sulfate, and concentrsted to yisld trsces of
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5,5t ~diphenyi-2,2t=dithienyl, m.p. 240.5-241°, and traces
of & dark green crystalline solid, 5,5t-diphenyl[&y® ~h3H!
~bithiophene }=2,2t-dione, m.p. 304-305°,

Calec. for CgoH32520z: C, 69.0%; H, 3.4%; S, 18.4%

Found : (&) C, 68.5%; H, 3.3%; S, 18.4%

This dark green solid is only very slightly soluble
In most of the common laboratory solvents (Ses Table 1)
and 1s purified by crystallization from hot dicxane,
tenzene or chloroform. It forms a brillisnt green soluticn
in cold, concentrated sulfuric acid and is rapidly de-

composed when warmed with elither dilute or concentragted

aguedous or alcoholic alkasii. Solutions in morpnoline

obtained from the morpholine solution was isolated and
purified by sublimation (90-S5°), me.p. 103=-104° (with
bubblingj. The odor of morpholine persists in the sublimed
solid, and if agllowed to stand open to the atmosphere this
solid gredually dissppears. Elemenbtal an&lysis(s)
yielded: €, L9.L6%; H, 8.04%; S, 0%.

Several attempbts were made to meke the sethser in

this manner, varying the temperature and reflux time after

addition of the allyl bromide, but none were successful,
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Attenmpted rearrangement of 2-zllyloxy-S-phenylthicphens

A solution of 0,81 ge (lie6 mmoles) of 2=-allyloxy
-C-phenylthioghene’® in 15 ml. of dimethylsniline was heated
to a tempersture ranging between 170-216° for 10 hours in
2 nitrogen atmosphere. This resction mixture was then

ured into 13 ml. of ice cold concentrsted hydro-

'iDl

chloric aclid and the resulting aqueous suspension wes ex-
tracted with ether. The ether solution was extracted with
six 10 ml, porticns of 12% sodium hydroxide solution; snd
was then dried over csalcium chloride. Ice-cold concentrated
hydrcchloric acid was added drepwise to the slksline ex-
tract until the solution was neubral to litmus, &

which this aguecus solution was sxtractsed with six 25 ml,

3

portions of ether. The ether washings wWere svaporsaisd to

a

dryness, yielding notiring,.

The original neutrgl, or alkaline-insoluble, organic
portion wgs filtered, the ether was allowed to evaporate
and ths liquid residue was dissoclved in 15 ml. dinethyl-
enniline. This solubtion was refluxed in a nitrogen at-
mosphere for one hour at 27h°, and then for é 1/2 hours
at 2L5°., This meterial was then worked up as described
sbove, but yielded nc alkaline soluble material. The
neutral material decomposed when subjected to vacuum

distiilatlion.

60 The analysis received for this sample did not correspond
to the calculated values within the limits of experi-

mental arror,
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