\s

mw




THESIS

LIBRARY

Michigan State
University






THE SYNTHESIS AND REACTLONS OF S0:B

3IdET

Q]

ROCYCLIZ SYSTEIS

By
John S. Perz

A THESIS

Submitted to
Michizan State University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIZNCE

Department of Chemistry

1965



ACKNOWLED38INT 5

The autnor wishes to express ils sincere appreciation to
Professor Robert D. Schuetz for nis interest and guidance

throughout the course of this investization,

ko ok kK K o e o



TABLE OF CONTEHTS

II\I‘ERODUCTION A:;‘ I{ISTORICAL..................'O'l...l...l...‘.l

EXPERIHENTAL..C..........l.l'.....li...0.0l..l................s

N.M.R. SPECTRA.COAQO...IDCOt'...l...0...--0......0.0.!...‘.‘llls

RESULTS AND DISCUSSION.DO....O..O.C......Q.l.l...'.....'......27

SUHxARI...00!....'......'.‘..0.lb........'.l0..0'.!'...'..0.'.34

MERE‘I\YCES..............0.......O.C....l.'..l.......‘.........35



INTRODUCTION AND LISTORICAL

In recent years, considerable work has been undertaken in
these laboratories on the syntheses and investization of biheterocyclic
compounds., One objective of this research w's to utilize these
compounds in determining the orienting effect= of the hetero-
aromatics furan, pyrrole, and thiophene as substituents in
substitution reactions., Some progress has been made in these
studies in that the biheterocyclic systems 2-(2'-thienyl)-furan
and 3-(2'-thienyl)-furan have been synt-2sized in sufficient
quantities to permit orientation studies.(l). Iowever, the yields
have béen small due to the necessity of employinz a multistepned
reaction sequence in their preparation. It would be very
helpful to:the investization of the proverties and chemistry
of biheterocyclic compounds to develope a syntnetic method to
such systems capable of yieldinz substantial amounts of symmetrical
and mixed biheterocyclics.

In the present research, investigations of two possible
reaction sequences to the synthesis of biheterocyclics were
eXamined, The first of these dglt with an examination of a
counling reaction renorted by Gronowitz (2), utilizing an oxidation
Feduction coupling procedure involving the lithium derivative of

tie heterocyclic molecule and anhydrous cupric chloride.



Gronowitz employed tiiis method to synthesize 2,2'-bithienyl and
3,3'-bithienyl in yields substantially hizner than any preparation
previously described in the literature (3)e The vresent investigation
extended this counlinz procedure to the syntinesis of the furan
and N-methylpyrrole biheterocyclic systens.

The preparation of 2,2'-bifuryl was initially accomplished
in 1926 by Kondo and Suzuki (4) throuzh the decafboxylation of
2,2%.bifuryl-3-carboxylic acide The acid was obtained in
apnroximately a twenty percent yield by a two step synthesis involving
furoylacetate and 2-chloroethanal as starting materials,

CO2C2Hs CO2C245 COOH

CuO CrI2 NaOH

Since tiat time, little work has been reported in tne llterature
on the 2,2'-bifuryl system, especially with respect to the
developement of a simple synthesis of tiils material.

A tiwoush searcin of the chemical literature shows that the
syntaesis of 2,2'-bi-N-methylpyrrole has not been as yol accomplished;
or at least it has not bcen reported.

In the present research, investizations werc carried out to
synthesizo derivatives of the biheterocyclic systoms 2,2'-bifuryl
and 2,2'-Nemothylpyrrole. The intermediate utilized to synthesize

all derivatives was the metalated biheterocyclic litihium compound.



The use of this intermmcdiate lead directly to tne carboxylic
acid, carvoxaldehyde, and metiyl kctoﬂe of the two biheterocyclic
comﬁounds described above, with all of the substituent groups
located inAthe 5 vosition,

The 5-carvoxylic acid and 5-carboxaldchyde of 2,2'-bifuryl
wore initially nrenared by Reichstein, Grussner, ~nd Zschokke
in 1932 (5). These investizators synthesized the aldehyde via
the action of hydrogen cyanide and dry hydrozen ciloride on
2,2'«bifuryl. The aldehyde was thon oxidized to the carboxylic

acid.

1 ECN, HC1
2 Hy0 > Clo
0 @ QO Q
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The second reaction patunway to the preparation of bihetero-
cyclic systems investigated involved the coupling of the lithium
derivative of a heterocyclic molecule with the same or another
heterocyclic halide. This procedure had been investigated recently
by Ramanathan and Levine (6). These investizators reacted
2-thienyllithium with a series of alkyl bromides and a haloaromatic
compourd, bromobenzene.--The alkyl halides coupled with the
taienyllithiwa giving excellent yields of the alkyl thiophenes.

The reoction of 2-thienyllithium with bromobonzene‘gave a thirty
percent yield of 2-piienylthiopnene, and a sriall amount of 2,5~

diphenyltiiophene. Ramanathan and Levine (7) extended their

)



coupliny reactions to furan, but limited their studies here
to reactions with alkyl nalides.

The counlingy reactions investigated in the present work
were conducted in tetrahydrofuran as well as in etiner as reaction
solvents., The tetrahydrofuran -vas the better of the two solvents
with rozard to product yield in the reactions investizated
by Ramanathan and Levine. No 2-phenylthiopnhene ﬁas produced
when ether was emnloyed as the reaction solvent.

with the successful arylation of thiophene with the fairly
unreactive bromobenzene, it secmed reasonable tihat the synthesis
of biheterocyclics utilizing heterocyclic halides, specifically

halothiophenes, could be successful and should be investigated.
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2-Fursllithiu, 0433Li0: idoVle 73.99

The mothod of Ramanathan and Levine (7) was utilized in the

preparation of 2-furyllithiune A 20.4% g. quantity of furan

(0.30 mole) was adied to 0.25 moles of n-butyllithima in 400 ml.

of anaydrous ether duriny a half hour period. The reaction wuas
carried out in a nitro~zen atimosphere by a continuous passage of
nitrozen tiarousih the ona liter threo-necked reaction vossol at -20°,
fter the addition of the furan, the reaction mixture was allowed
to warm to room temperature, and was then hecatcld at its reflux
temperature an additional four hours to comvlete the reaction,

The yield of the organoheterocyclic, 76%, was based upon the amount
of 2-furoic acid produced by addition of the 2-furyllithium to an

ether slurry of carbon dioxide.

2,2'-Bifuryl, CgHgOz: M.W. 134.10

A solution of 2-furyllithium was prepared as previously
described by the addition of 20,4 g. (0.30 mole) of furan to 0.25
moles of n-butyllithium in ether. The total volume of the reaction
mixture as increased to a half liter by thue addition of 100 ml.

ether following the formation of the 2-furyllithium, The reaction

== T TN

1 meltinz and boiling points are uncorrected.



mixture was cosled to =102, and 33.5 g (0.25 mole) of anhydrous
cupric chloride was added to the 2-furyllithium cther solution from
a dropning funnel durinz a half hour veriod. Initially the reaction
mixture turned a dark jreen from a »nale zreen in a ma.ter of a fow
minutes, after which it was stirred rapidly at 0° for three and a
nalf hours and then pouroed into 300 ml. of a saturated aqueous
amroniua chloride solution. Tne aaueons layor wag sevarated and
extracted twice with 250 ml. of otuer, and the combined ether layers
were dried over anhydrous calciwa sulfate. Thne etner was reioved

by distillation, and the liquid residue as vacuwi distilled to obtain
7.06 g. (0,052 mole, 423) of pure product as a colorless liguid;

bepe 62-53°/11 mn. Literature (5) value, b.p. 63-54°/11 mn,

2= Litniuwi-N-methylpyrrole, CSHéLiN: M., 87,03

The method of Shirley (8) was modified to obtain this
compound, H-methylpy:role, 32.4 z. (0.40 mole), in 50 ml. anhydrous
ether 7as added during a neriod of a nelf hour to a solution
containiny 0.37 moles n-butyllithium in 630 ml., of anhydrous ether.
The reaction was conducted in a one liter three-nccked flask under
a nitrogen atmosphere at a reaction temnerature of -25°, Following
the additisn of the heterocyclic ether solution, the reaction
mixture was allowed to warm to room temperature, and hezted at
its reflux teuperature for twelve hours. T.e work of Shirley
indicates a maxiaum yield of 423 based on the aount of

2-N-metnylnyrrole carboxylic acid produced by carbonaiion of the



litiiwn derivative wita an echer slurry of solid carbon dio:tide.

2,2'-Bi-lmetiylpyrrole, CipHypily: MoW. 180437

An ctnrer solution of 2-litulwi-H-metuylpy.rTole was nrepared
as doscribod above by addinz 32.4 g. (0.40 1ole) l-methylpyrrole
to 0,37 moles n-butyllithium., Aftcr heating the reaction mixture
at its refluw: temncrature for twolve rours, it -o5 cooled to -lOo,
and 50.4 g. (0.37 mole) cunric chloride was added to it during a
half lour period. The reaction solution turned a dark grey from
a pale yellow on ad.ition of the cupric cloride., The reaction was
allowed to coniinue for an adiitional tarec iours at 0%, The
reaction wixture was then pourcd into 403 ml., of saturated aquoous
amnonium cliloride. The water layer was extracted twice with 200 ml,
ether, and the combined ether extracts wore dried over anhydrous
calciun sulfate. The etlher was removed by evavoration and the

residue, a dark blue oil, was distilled under reduced oressure to

obtain 12,1 g. (0,075 mole, 427) of the desired product; b.p. 86°/1 mm.

Anal: Calculated for ClOH12H2: C, 75.00; H, 7.50; N, 17.50

1

Found:™ C, 74.73; H, 7.70; XN, 15.71

2,2'.B lonethyloyr-ole, 5-cartoxildenyde, C11H7,H20:  1.W. 138,37

2,2'-Bi-Nomethylpyrrole, 12,1 . (0.075 nole) in 40 ml, of

- Eleriental analyses irere performed by lMicro-Toch Laboratories,
Skokie, Illinois
] De



etier, was ad 'ed durin: a »eriod of 15 minutes to 0.03 moles
‘n-butyllithiun at -?50. Tho rosaton ucs conducund in a 500 ml,
taree-necked [{lask under 2 niurogen atuos ucie with vizrous
stirrinzy, TFollo.ing the addition ol the heterocyclic, the renction
mixture was allowed to warm to room temnerature, and ncated at

its reflux temperature for seven hours. The otiher solution of

the lithiwa derivative of the bi-ll-mothylosyrrole was cooled to -40°,
and 5.84 z. (0.08 ole) N,N-dimethylforamaide in 30 ml. ether

was added to it slowly. A white fluffy solid senarated Irom
solution immediately. Thne suspension was stirred for a half hour
duriny wailch it warmed to room temperature, and then it was Houred
into 200 ml, of a saturated acueous amaonium chloride solution.

The water layer was extracted twice with 50 ml, etiher, and the
combinced etner extracts were dried over aniydrous calciwa sulfate.
The ether was reioved by evaporation, and the residue was vacuum
distilled to obtain 4.1 g. (0.022 :0le, 32%) of a yellow oily
product boiling at 113°/0.07 mm. The oil crystalizcd on being set
aside at room temperature. Recrystalization of the crude product
from lizroin gave a colorless crystalline product. It molted

at 50-50.5%, and had a sharp carbonyl peak at 5.98 «in the inirared.

Anal: Calculated for Cy7ijpNp0: C, 70.21; i, 6.33; N, 14,89

Found: C, 70.03; H, 6.49; N, 14,74

e

2,2V Ci-Teethyloyrrole, 5-nethyl ketoro, Cloiyip 0 MW, 202,38

in 11.5 z. (0,072 mole) cuantity of 2,2'-bi-H-netiylpyrrole



in 30 ml, ether was added to 0.08% .ioles n-butyllitiitwa in etaer.
Tho apnaratus and experimental reactlion conditions orinloyed here
were those described for the nreparation of 2,2'-bi-ll-methyl-yrrole,5-
aldenyde. The quantities of reactants used -ere 7.0 g. (0.072 r0le)
of N,ll-dimetihylaceianide in 40 ml. ether added to tho lithiunm
heterocyclic solution at -25°, A white solid procinitated
imnediately; nowever the rocction was allo el co contiime for two
aours during wiich the recaction mixture heated to room temperature.
Product isolation was carried out as »roviously described in the
prevaration of the aldchyde. Distillation of the crude product
yielded 3.7 g. (0.018 mole, 267) of a lizht yellow oil boiling at
110°/0.07 ma. The oil crystalized upon beinz set asido at room
temnerature; m.p. L Lt ,5°, Reerystalisation of the crude product
from lizroin gave a colorless crystalline material with a sharp

caroonyl peak at 6.,0luin the infrared.

Anal: Calculated for CypiuNp0: C, 71.28; H, 6.93; N, 13.86

Found: C, 71.12; H, 7.17; N, 13.59

2,2'-Bi-N-metiylpyrrole,5-carboxylic acid, Cq1ii2205: MW, 204,35

An 11.0 g. (0.088 rmole) cuantity of 2,2!'-bi-N-methylpyrrole
in 40 ml, ether was added to 0,072 moles n-butyllithium in ether
at =20°, Thé reaction mixture was warmed to room temperature,
and taen heated at the reflux tauperature for seven hours. The
re..ction nixture was cooled to room temnerature, and w.s voured onto

an etizer slurry of solid carbon dioxide. A yellow precinitate was
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formed imucdiately, and ms dissolved in mter by the andiltilon

of 200 ml. cold water to the etner-nrecinitate mixture. Tie ether
leyer was extracted twice witin 100 ml. water, and the coisbined

water extracts acidified with twenty wercent ydrocidoric acid

to a pi of four. A precivitate was obtained wiich was rocrystalized
from methanol-water to yield 6.0 z. (0.03 role, 433) of ihito
crystalline product; m.p, 124-125°, Tho comnound had a sharp

carbonyl pezk at 5.97.4in tue infrarcd.

inal: Calculated Jor Cy1llpiia0p: C, G4.70; i, 5.088; N, 13.72

Found: C, G4.90; H, 6.12; N, 13.23

2,21,52", 5", 2" LTetra-N-methylpyrrole,Cpooilroly: 1.7, 312.45

A 10.58 g. (0.065 mols) cuantity of bi-N-motlyloyrrole in
L0 ml, ether was adied to 0.065 moles of n-butyllithiun in ether
at -25°under a nitrogen atnosvhere. The recaction mixture was
warmed to room tcmperature, and heated at its reflux temperature
for nine nours. Tuen 8.8 z. (0.066.mole) of anhydrous cupric chloride
was adlded to the reaction mixture at -150, and il was stirred at
0° for an additional two and a half hours. The 1izat yellow
reaction nixture turned a deep purple in color foilowing the addition
of the chloride salt, The rcaction mixture was poured into 250 ml,
of saturated aqueous amioniwn chloride solution, and the product
tias isolated as deseribed above for the otwr derivatives of binyrroles.
After dryiny the rezction niixture, the etlier and unrencted
2,2'-ul-li-ncthyloyrrole were rcioved by distillation under reduced

pressuite.  The rosidue, a dark browm semi-solid, was dissolved
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in 1li-roin, treated with lorite, and filtcred to oblain a clear

solution, Tue orocuct was crystalized Zroa tihe 1iroin by coolingz,
and collected via filtration. The yicld of pure nroduct obtained

was 0,75 2. (0.0024 wole, 7.1%) as a wi.ite poidery solid meltinz

at 89-91°,

Anal: Calewlated ior Chpilooly: G, 7547 H, 6.92

Fourd: C. ?50“1; H, 7.01
2,2'-Bituryl=5-carvboxaldeiy.ic, CQHGOB’ e 152,14

An etler solution of 2,2'abifuryl was preparod by the addition
of 6.9 z. (0.052 mole) of 2,2'-bifuryl to 150 ml. of anhydrous
ether. The ether solution of bifuryl was cooled to -25°, and 0,057
mole of n-butyllithium in hexane was added duriny a half uour
period. The reaction mixiure was allowed to warm to room temverature,
and then was heated at its reflux temperature for four nours.
The reaction mixture was cooled to -300, and 4.04% 7. (0.055 mole)
N,N-dimethylformanide in 30 ml. ether was added durins ten

.

minutes. A wilte precipitate was ovtained. Tne reaction mixture
Was allowed to warm to room temverature during three nours, and
then it was poured into an aqueous solution of ammnonium chloride.
The etuer layer was separated from the water layer, and the water
layer was washed twice with 75 ml., portions of eother. The
Combined orjanic layers were dried over anliydrous sodium sulfate.
The et!er solvent was resoved by evaporation to yiecid 5.5 7. of

Crude uroduact, m.o. 52-53°, The dark yellow crude material was

Tecrystalized twice from methanol to obtain 5.0 :. (0.031 mole,



“ - e »0 e .
57.5 %) of pale yollow colored crystals, wi.D. 5. « Literature

o . 1 (J ]
value, mevs 54 (5). Tie puroc product showed an infrared carbonyl
absorntion at 5.92.U.
2,2'-Bifuryl-5-methyl ketone, Cy5Hg0,: .l 176415

m:
-

e lithiwa derivative of 5.4 7. (0.0L0 mole) 2,2'-bifuryl
wis prepared in the manner deseribed under tho syntiesis of
2,2'-bifuryl-5-carboxaldehyde. Followin~ the addition of 0.043 mole
n-butyllitniwi in ether and refluxiny for four lours, the reaction
mixture wes cooled to -33°, and 3.8 z. (0.043 mole)

N, N-dimethylacetamide was added in 50 ml. anhydrous ether. The
recction mixture was stirred at room temperaturc ‘o four hours,

and thne pnroduct isolation was as described in the synthesis of
2,2'-bifuryl-5-carbcxaldehyde. The solvent was rerioved by
evaporation to yield 3.8 g. crude product. A sinzle recrystalization
from methanol zave 3.4 z. (0.019 mole, 48.3 %) of brizht yellow
colored crystals; mep. 500. The »nroduct showed a sharp carbonyl
absorption at 5.9%«in the infrared.

Anal: Calculated for C10H303: C, 68.13; H, 4.55

Found: C, 67.,97; H, 4.04

Attemnted synthesis of 2-(2'-thicnyl)-furan

Successive vortions of 10.2 7. (0.15 wols) fur-n in 50 ml.

cther and 12.6 7. (0.15 mole) tiaionhene in 5) :1l. otler -rere added

2

. A0 .y oy .
during a half hour at -20° to 0.30 mole n-butyllithiua in 300 ml.
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cther. The rcnrction nixture was allowed o ~arm to room temperature,

LS

Iux teanorature for lfour hours.,

(SN

and taon was ticated at its re
The reaction temrerature was then lowered to Oo, and 403 e

(0,30 mole) ol . .-...rous cupric chloride was added cuickly. The
reaction mixture was stirred at 0° for tio and one half hours,

and then poured into 500 ml, saturated aﬂaoniun‘thoride solution,
Tae orzanic layer was senaratoed from the aqueous layer, washed
witin 200 ml. porilons of water twice, and driled over anhydrous
sodium sulfate. The ether was renoved by evaporiiluviy, .. .
residue was distilled under vacuuwa to obtain 1.35 7. (0.014 mole,
18.5 %) of pure 2,2'-bifuryl and 5.3 1. of crude 2,2'-bithienyl.
The 2,2'-bithienyl was recrystalized from lizroin to obtain 4.6 g.

(0,028 1ole, 36.8 %) of 2,2'-bithienyl; rm.p. 31.5°. Literature

value, m.p. 32° (2).

Attempted synthesis of 2-(2'-furyl)-N-methylpyrrole

To an etner solution of 0,30 mole n-butyllithiwm in 200 ml,
anhydrous ether was ad od 13.8 g. (0.18 mole) of N-methylpyrrole
and 13.2 3. (0.13 mole) of furan in the stated order. Doth
heterocyclics were initially dissolved in 50 ml. etiier before
addition to the n-butyllithium solution which occurred at -20°
during a veriod of an hour. The reaction mixture was warmod to
room temperature, and then heated at its reflux tcmperature
for six hours. The mixiure s cooled to =20°, and 40.3 q.

(0.30 1010) of anhydrous cuoric chloride was added anring a

Hy
o)
81

quarter of an lour. The reaction mixture iras stirred at 0°
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throe hours, and then nourcd into 450 ml. of acueous aiioniun
chloride., Tne ether layver was senaraved and the =auor layer was
vasned taico witin 100 ml. ether. The combined oftler oxttracts

ard orzanic layoer were dried over anhydrous calciun sulfate.

The ether was reioved by cvavoration, and the residue was disiilled
under vacuum to obtain 4.54 z. (0.03% mole, 25 %) of pure
2,2'-bifuryl. o other product could be isolated from the residue,
a aary sonlesolid.  The 2,2'-hiturrl was denolifled by weans of

infrared spectroscopy.

Attem>ted synthesis of 2,2'-bitunienyl

The method of Ramanathan and Levine (6) was used to synthesize
0.2 mole of thienyllithium in 100 ml, anhydrous tetrahydrofuran,
To this solution was added 42.0 g. (0.2 mole) of 2-iodothiophene
dissolved in 90 ml. tetrahydrofuran at --15° during a half hour.
The reaction mixture was allowed to warm to room temperature,
and then it was heated at its reflux temnerature for an uncur,
The nixture was poured into 300 g. crusied ice, and the orzanic phase
was separated. The water layer was washed with two portions of
50 ml, ether, and the combined extracts and orzanic layer were
dried over anhydrous sodium sulfate. The ether, tetrahydrofuran,
and 25.6 g. (60 3) of the 2-iodothiophene were recovered by vacuum
distillation. The residue was dissolved in 25 ml. of anhydrous
ethner, treatoed wita Morite, and the ether wwas reoved by evaporation.
Li+ui yellor erystals, 4.33 z. (equal to 32 5 of the unrccovered

S ks v “s .n°
2-iodothionhene) of 2,5 diiodothioohiene were recovered, mep. 39-40",
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Litercture value, m.p. 40.5° (9). The conscund had an infrared

specLrua w.aich was identicle to a kno.m sample of 2,5-dilodotiiopiene,

ttemoried symtnesis of 2,2',5'-tertnicnyi

A solution of 0.2 mole of thienyllithiua in 190 ml. anhydrous
tetrahydrofuran was prepared as nreviously described in the
attemnrted synthesis of 2,2'-bithiienyl. Tho thienyllithiun

s

-\

>

SUwmlhvavid ua Covinolu wu

PR PN

2,5-dibronotiionhene was added durinzy a one nalf hour. Tae
reaction mixture was allowed to warm to room temnerature, and then
it was heated at its reflux temnerature for tirec hours. The
Product isolation procedure used here was that uscd on tue
2,2'-bitaienyl synthesis, excent that tho distillation residue,
22.6 z., was chromatograpied on 140 g. of activated alumina.
After eluting the colunn witia 365 ml. of dry hexanc in ten
fractions, the hexane was removed by evaporation to yield 2.4 g.
of unrcacted 2,5-dibromotiaionnene and 7.2 3. 2-bromothiophenec.
Thais reosresents a total recovery of 32 %, as 10 5 of the starting

material and 22 % of 2-bromothionhene which could have been

produced.

Attemoted synthesis of 2,3'~bithienyl

To 15.8 3. (0.2 mole) thiopiicne in 109 wl. anliydrons
Letrahydrofuran was added 0423 wole n-butyllithiwa in heiane at

=20°, The resction nixture was stirred al =15° for two hours,
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and taen 1543 7. (0.2 mole) 3-bromothinspiicne was adicd during one
half hour atfter loering the reaction mixture touerature

to -700. Tie ro.colon mixiure was stirred at -77° for tuo and
421l hours, and then allowed to warm to room te.arerature
Gariny two hours. Tare reaction mixture was poured into 200 nl,
of a saturated agqueous solution of amaoniua cihiloride, and then
the resultiny water layer was washed twice with 50 ml. portions
of ethar. Thao combined e'h = ontizceits ond orranic laver were

dried over anaydrous sodium sulfaie. Tid SOLivcive .c.

off, and the residue distilled under vacuin to ootain 14.6 =,
3-bromothiopiene; recoresentiny a 90 % recovery of startint material.

Tue rocovered 3-bromothionhene nad an infrared spectrum identicle

to that of the startinz material.

2-Iodotliianaphthelene, 083513: oW 260,09

Thianapiatheleno, 25.8 g. (0.2 mole) in 100 ml. anhydrous
ether, was reacted with 0.2 mole n-buiyllithium in hexane at
-10°, Tae reaction mixture was stirred for one our at -10° to
comrlete the reaction, and then 42.0 g. (0.2 mole) 2-iodothiophens
vas adied to the mixture durinz one half hour. Tae rezction
mixture was stirred at room temperature for twelve hours, and
then poured into 150 ml, water. The water layer was extracted
twice with 56 ml, portions of ether, and the combined extracts and
or:anic layer cdried over calciua chloride. Tlc solvent was

evanorated off, and tre residue was distilled und-r vacuum to

obtain 25.7 3. (62 } recovery) 2-iodothioohene, 14.9 z..(55 % recovery)



thianaphtuelens, ond 15.0 g. residue. The residuc uas dissolved
in 35 ml. 1lizroin, treated witih llorite, and cooled in an ice bath
to obtain 10.7 «. yellow crystals, m.n. 53-50°. o1 ~diitional
rocrystalization {r . lwoxane resu.ocd in 3.7 . .ol mole, 20 %)

- . o .
yollow plate-like crystals, mep. 63-63.5 « Literature value,

m.p. 63.4-55° (9).

17
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AY ey YN A A

svesle.be Jalasv il

A Varian A-80 nem.r. spcctromicter overatinz at approximately
o . N .
357 was uscd to obtain all n.m.r. snectra., The samples were

L T P U T A B S - .0 . NI . - .
Tun Taotaln onllod A=n0 sanmple tubos.  Viisosnltl T sl Tam r oy

uscd as the interazl reference stardard (T= 10,00).
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The =likylation and arylation of thiownaene via the coupling
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of 2-tiienyllitiiua and allgyl or aryl halide
succossfully sy Levine and Ramanathan (§), with tio bost resulis
ovtained in cuyyirous tetrauydroluran as a reactisn solvent,
tiie case of arylation, counling occurrud cxclusively in
tetrai,drofuran,

In tre case of neterocyclic arylation, investisated in the

L0y a

scudy, there 'was an exclusive oiclorence for halozren-

ithius exchanze to ocrurs The above was indicated in tie
reactions botween 2-tiaienyllitiaiun and thae heterocyclic hnalides,
2-lodothlonhene and 2,5-dibromotiaisnhens,

In tiae case of 2-locdothiovnhene, the only n«iwv shecles obtained

was 2,5-dilodothionhicne. An explanation for the formation ol

the latter product can be based on the followir: roactilon
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IL ds not difliculdt to sce that the five sosition in o:livated
torard nucleoniilic attacic due to tiac crectron wicldraal
ivduziive effect of the Io.ilwe Tiis activated mosition is tuen
meoarated by any 2-tilenyilivaius orescnt. The rcsultin:

2-iodo-5-1itadiwa thionhene can tiaen wrdor~o metal-haloxen

cichanze with odditional 2-iodothionicene prescnt in the reaciion
-l

nizture. The fact that an ilodoheterocyclic comnound +ill underso

cxeianze was Lurcier evidernced DY 1lsolatvlon ol a T.ounly
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Atditional studies with metal-inalogen counlin-g »:. U'on
attennts 1udicated tie same »reference toward exchante with
the bromolcterozyelic compounds. In the atic.nicd synthesis of
2,2V, 5 .tertnicnyl Trom 2,5-dibromothicpicne and 2-thienyllithium,

the only cospouna isolated was 2-bromotiilonhene.
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2,20, Blatcriiionyl, a tuealy
10 nercent yicld of tiae 2-bromotiionkene s irmalated from the
reaction siixture.

An dnvestlirzation was conducted to atle..u a coasting of
3A-bromotalonhero and 2-thienvllithium, It was 1o -ad that the
less rcactive 3 position on the thioplene nucleus‘would resist

exziante and instead counle to ~ive the unsymmetrical 2,3'-

oy Le e reaction zave only starting matoerial buasl
indiecatinzy tant ciinhanye had not occurred. Howevar, under the
reuciion conditions utilized, the 3=bronotiilsonicne vms also too
warcacitive to permit co.vlins

A osuccessiul syuvhesis of symmetrice
wes acaloved wilh the use of anhydious cuosric chiloride

D

a5 a counling azent. The compowrds 2,2'-bifuryl

2,21-bi-l-netaylpyirrole were obtained in a fourty percent yield

by the interaction Loiweon the heterocyelic lithiwa compzound

arnd the cupric salt.
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Tz ~dventase of thls nmrocedure lics inm toe niti yiclds of tho
syimactrical biheteroceyelic and tho fact thre L.oc reastion
involves a sin=le sten. ALl »revious renoried synthescs of

2t-cilfuryl gave sow yiclds and inmvolved multi-sten roaction

Tae rescition conditions were cxanmined In an cffort to

daver.tine ontiawa conditions. Resulis inlicated that low

LTI i B =T £ )+ - - .
CeIlnCl U0 s ol il dlliuewdn Iavorea U . { Y 0L Lan
1 ar radiad e s R U FRER
desired conmouwnds by reduciny the major conrocoiil; roaciion,
5 3 2 NVt e oA o Dm iyl Sy Y mrva ey -
olynerizaiion,  Ithor tmg also founa to be nrelerable over

)

tetreiydroluran as the solvent mdia,

Conc. 4 Yield
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n Jiher Reflux 0.42

& = Reflux 0.42 17.0

2,203 Tauiethyl-s Zither Reflux 1.25 25.0
wyrrole
" Itaer Reflux 0.k2 23.0

n Sther 0 0.42 52,0

.

This coupliny wrocedure was cxtended to the synticsis o

B S R el qere ol D Pb_nwiltT
anoliir snansurinsl blheverocyelic synias, 2,°20-tillliactihriovrrole.
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tiith cunrice cehloride to obtain a seven nercent yield of the
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2,00, 58, A0 s 2 L Lotra~iane nayloyrrole.,
Culls N
- =5
CuwnCay YV
lovins obtained the bilheterocyelic systcas of 2,2'-biluryl
oo 2L ntanialins s rloyerole in good yicold, toe 5 esicion TN Lo
derivatives of eaca wers synthesised by interzotion with
n-tubilithiia. The 1ithians derivatives were then Lroacld with
a carom dioride-ether slurir, with oy Liorminnida, and
Wity i, =dinovarlatetanide to synthesize 2,2'-bilurrlaS5-corbortylic
acid, 2,l'.uilursl-S-carboxaldenyde, 2,2'-bifuryl-S-nctayl ketone,
2,21 nilanetiylyyrrolo=5-carboxriic acid, 2,2'-di-llacthylinyrrole-5-

arooxelidceiyde, and 2,2'-bi-l-meibylpyrroic-5-uict oyl Lcronce,
411 of these products were obtained in yields varyiny Ifrom

Lwenty-six to sixty-throe percent. Tae derivatives of 2,2'-bifuryl

were ovtained in the nizner yiclds. Tals may

Y
1

se rationaliscd

as a function of the extent to which the individual bihcterocyclic
systeas could be metalated., In vicviosigs studies on vhe isiclation
ol furan and lU-necuylnyrrole, furan as netalated in substantially
nishier vields and wnder milder roaction conditions (7,3).

3

2hc HeiieRe snectira  of the bineterocyclic deorivatives

B SRS, B KX T T A 4
res Todned modinly to svhastantlatc Uiein strethras., A11 tho
s B . RN &0y N n R AR L T e T ;_.- KN

Hevlete Siectra of the 2,21.0i-lancinyl wrirole acuiratives

N o~ g ~

and Tho .l R. snectrum of 2,2'-bifulyl-j-moetuyl ketono were
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Tho WeiloRe spectrum  of 2,2%,51,2W, 50 29t {otra-N-methyl-

wyrrole was used to substanciate the structure of thls compound
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The wse of cunrlc c¢hiloride as a counlinz: agcnt to obtain

e e v - e Ce
unsymzetrical biheterocyelic systens was also investizated.
aimolar cuantitices ol “=luryllithiwa and

1 were nrodiuced on tae cdditlon o7 cudrice chloride,
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up &5 o metalating enent for any uareacted helerocyclic nolecule
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O atuas wes made Lo isolate the sbtortin
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rexzcilons exanined. One additional exnlanation for the failurc

to obtain wnsgyruictrical asierocyclic systcis moy Do “he ease with
wilch The bilhclterocyelic moleeoule wolyuerizes under thie reaction

concitlons cmonloyed.  The unsymmetrical biacteorocyelics may have

been too unstable to surviva,.
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