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ment but failed to react thus confirming Canrai ne's

previous Te)UlLb< ) Adcditional studies on the 2-

thienyl series included an atterpted vrenaraticn of

.

N-bromo~-2-thenamide, the synithesis ¢f 2-tienoyl azide

and an sttempted Curtius rerrroncenent of the lotter
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The relationshins between cherical structure and
physiolozical effect in organic materials have inter-
ested man since the besinninss of tihe sclence of
chemical theropeutics. In 1C27, Iofgrencl) seneral-
ized tre structurzl requiremcnts for an or:;anic chem-
ical which would have local anestretic vroperties, as

A-K—€0H2}HNR2

where A revresents an aryl group axd I is a heteroatom
or a group having one or nmore such atows. Trie len:th
of the polymethylene chain (ie., the value of "n")
between the aromaitic and tertiary anine sroupns is
important but the ontimum value of n varies with the
remainder of the chemical structure. Usually, how-
ever it 1s 2 or 3. In the majority of the commer-
cially important local anesthetics, A& is a phenyl
or substituted phenyl group and Il is an ester link-
age. For example, "Irocaine" or "Novocaine" which
was first synthesized and shown to be supcrior to
the naturally occurring "Cocaine" by Einhorn(g) has

the structure:
~C=0=CI “N-
H2N C-0 CrI2CH2 N (C2H5)2
The thiophene analog of "Procaine"(3) and a number

of other esters of 2- and %- thenoic ucids(q) have

been prepared and tested pharmacolozically.



S

It was the vrimury purpose of tris lavestcization
to synihesize thiopiiene derivabives wiidich might poscess
outstanding local anesthetic properties by replacing
the ester linkaze with an amide group. Tre compounds
prepared in this study can be represented by the

+*

ceneral Tormulsa:

0
[ I
| —JC—CE TR,
al

Anticipaticn for hizh physiolozical activity with the
amice group can b~ found in The recent literature,
"Lidocaine", W -diethylamino-2,6-dimethyl-acetanilide

has been found to have twice the potency of "Procaine",
with less toxic and fewer side effects(5). Further it
wa2s the purpose of the present investication to deter-
mine the effect of various substituents on the thiophene
ring, lensth of hydrocarbon residue (value of "n") and
the importance of the tertiary amine groupins on the

anesthetic properties. This thesis, hovever, will
RE b 9

W

concern itself with the preparation of thne heterocyclic
amides as the pharmacolozical results will be reported

elsewhere.,






5.

A comparison of the physiologzical effects of
certain benzene and thicophene co-pounis has aroused
considerable interest for several ycars and the status
of the field hus been revicwed by Blinke(e) and more

ST (72 N ,
recently by Campal-me . Some work has been reported
substitutin the thuiopnl:ene for tiie benzesnc nucleus in
local anesthetics, mostly analos ci effective rhenyl
compounds. Dann(a) macde and tested tie Z2-thienyl ana-
log of "Proczine" and reported an avera_e duration of
anesthesia of 120 minutes for the 5-amino-2-thienyl
ester as compared to 100 mwinutes fcr "Procaine" in the
rabbit cornea test.

The most complete study was that of Camnai’ne and

Q
LeSuer(b) w0 prepared a series of compounds having

0
n
Kﬂ—c-c—(—cz&2 —i(R,,
3

substituted in both the 2 and 3 positions of tne

the formula

thienyl rinz. The only two compounds havinz local an-
esthetic activity were the 2- and 3-thienyl derivatives
where n=3% and R=n-butyl. In tune corneal irri:ation
test, both compoun@s rave 20 - 22 minutes of anesthesia
which is in the rane for "Butyn".

The general type of compounds investicated in the

prescnt study can be represented by the general



formula:

0

n
NhC—éng}ENR2

X S Y

It is to be noted that théy are acylatea arines, rath-
er than amides of 2-.and 3-thenoic acid, and hence
might be expected to stow a greater difference in their
physiological promerties than just the substitution of
an anide linka~e for an ester group. The work report-
ed in this thesis deals with the synthesis of these
w=-alkylamino substituted acyl aminothiophernes and
does rnot include the physiolozical studies, which will
be revorted elsewhere.

The first step in tre vrevaration of the desired
compounds was to obtain tiie amilncthiophenes. Both 2-
and %-aminothionhenes have been rrepured in fair yield
by the reducticn of Ithe corresvondinzg nitrothiophenes
and their isolation as a double salt of stannic chlo-

(9) (10) (11)

accordins to the followingy equation:

- Sn . etrm @
N02 —Ear—9 [::%E}—NHZ HC1 SnCl4
' S

The free 2-aminothiophiene has been distilled in an

(

ride

~
inert atmosphere 10) but rapidly becomes a gummy tar

in an ordinary atmosphere. The hydrocnloride salt of

. 1N 2 ) b o " 3 12
2-aminothiophcne has supposedly been made Dby Tonl( )



7
but it was "too hygroscopic" to obtain a mwelting
point. The Z-aminotnicphene has not bteen isclated
either as tiue free wmine or as its hydrochloride<ll>(1§)
but the N-acetyl derivatvive of tiuls amine has been pre-
pared by tre acticn of acetic anhydride on %-aninothio-
phene obtained from Gic upCl doubdble sal*(ll) or by
' (13)

Hofmznn rearran:ement of 3-thenanide

L4 Ty

[:jj:] F‘E HC 'anl4 + Ac20 iij;;?ﬁ H:ji:]-ﬁh%_CHB
0
S )
NaQEBr Ac~0
{ s ] 0 YaC i [: :} 2 [: ::

The isomeric42—acetamidothiophene has been synthesiz-
0 ;
ed poth from the double salt(lJ> ard by a Beckmann

rearranserent of the oxime of 2—acetylthiophene(lo>.

NOH PCl5 O
ﬂ ﬂ_ - Ty “ “_T
S C CH3 muaer S Nz C Cd5

Nuclear substitution reactions of 2-acetamido-
1,2 - : i 3 s a 3 1 (ll)
thiophene were first described by Steinkopf and
R - - 14 1
more recently in The studies by Hurd et al( ) (15)
Nitration, brominaticn, sulfonaticn and mercuration

occur first in the 5-positicn of the thiophene ring

vith a second substituent entering the 3-position.



8e

A nitro group can be displaced by a chloro, The 5-

sy,

position beinT the most susceptible An azo dye

readily formed when 2-acetamidobthiophiene was coupled

. . . . .. (16
with P’-nltrobenzenedlazonlum chlorloe( ().

-NHC-CH
| TR
O —
S
0]
1"
N— -iN=N- -NuHCCH
021\ =N s N r*5

L(13)

Campaigne et a have carried out brominaticn,
chlorination, iodination, nitration aad counling re-
actions with 3-acetaridothiorhene. Substitution occurs
initially in che 2-positicn wnile a second group attacks
the 5-position.

Reacticn of the w-chloro grovr in a w-=chloro-
allylphenyl sulfide with a secondury w.ive has been
carried out previously by Kim and Schuetz(l7) to obtain

terticzry anine derivatives of mixed phenyl alkyl

sulfides,

—b—%CHe}HCl + R2LH / 8; —o-{Cng}EﬁRz

A two mole excess of the secondury amine was employed
which, together with recmoval of the hydro—sen chloride

formed in uvre reacticn as the cecondary armiae hydro-



chlorice salt, served to drive

pletion.
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S=ALIN0TLIOrFLLS DUNIVATIVLS

The arninoalkyl subctitused ccyl-5-aminothio-
phenes studlied in thiis invesil_ aition ree nremured by

the followins secucnce of reactions:

-C-IH, N~0C2r -, Cl1CH, ‘-,)9—00\,1

“|SY XY

\J

SN

aasial e wrTr 30w an
, L ilv V*129—C{ Cl + qzx.-. D.f)o me 3

X Y

O
—mHC—éCH -}-—Cnqm

Y

[
1}
s
tJ
H
]
O

J

R2 = plperydyl,
orrholyl,

dietnhylamino.

(9

A, B-Chloro Alcyl-Z-:mirothio~hzres

The g -chloro substituted acyl-Z=urinothiorhenes
were synthesized by carryinzy out a iofiturn rearran~e-
rent on 3-thenamide and acylotinag dirsctly the result-
ing amine with an w-chloro-acid chloriae without ico-
lation of tne intermediate amine followin tre pro-

(13,

cedure of Cazinaisme and lonroe sodium hypro-
bromite solution was prepared by aadin: bromine to an

ice cold (O—lOO C.) aaueous NaOH soluticn containing



12.
excess NaOd. The solution of tie 3-thenamide or sub-
stituted %-thenarnide was stirred under a nitro_en
atmosphere for about an hour after the amide had dis-
solved. Usually the reaction solution darkcned and
warmed spontaneously to 50-400 C. The rearrancement
was comrpleted by heating the alkaline reaction mix-—
ture for 320-60 minutes at 70-850 C. During this time,
the 3-thenamicde reacvicn mixture remained clear and
took on a deep red coloration alttou h the 2,5-dibromo-
3=thenanide turned black and an insoluble product form-
ed. After immediately cooling trie reaction mixture in
an ice bath, the amine was acylated directly with an
W-chloro acid chiloride wivhiout attempting isolation
of the free awine. The product was recovered by filtra-
tion, washed with waler cnd recrystallized from a hot
water-ethanol mixture, decolorizing withn activated car-
bon. The Hofnaan rearrangement was carried out many
times (Table I A) and the yield is usually 25-30%.
The principal side reaction is presunably polymeriz-
ation of the azine(15> but some deco:positicn also
occurs durins tl.e recrystallization as evidenced by
darkening in color of the product and formation of a
snmall amount of a tarry matcrizl. Dirkenin. of the
aqueous solution of tihe product has even boen observed
while it was set aside at room teiperature in the dark.

The thiopnhere nucleus was substituted in tv.e 2-

position with a nitro group and in the 2,5-positions



Qu

with dbrorine. Usunlly the cabstit bion o3 carrie
out aftecr the Hofi<nrn rearran-c ert ovut 2,5-dibromo-

<

A -crloro=f=pronionamidotiiophene has clso besn pre-

N
)

pared by rezrranserent ol the subsulivtod Z-itconaeide,
The 2,5=dibrormo=-Z-thenoic acid wao Jirct rrenarved
by brorinotirs 3-treroic acid in 1zeivl zceetic z2cid
at rocm terrecrature. This wos converted to the aide
via its acid chloride and the hofmann rezrranement
vas carried out with vie 2,5-dibromo-3-thenanice in 2
narner sirilar to that erployed for tre 2-thenanile.
T'e over2ll yield of tie amide from 3-thenoic =wcid wnos
ratrer low, 4.G/%., Conductin_ L.e ol ann rearrsn_ e-
ment on the unsubstituted amide @nd brominziins t'c
[g-CthTO-r—ﬁrﬁu'O”‘ idothiophene in lacial wcetic
acid gave a 7.8 overall yield from s-tihenoic acid.
(Tavles I A ard I B). This diffcreance ir ¢ yiclds
of the aunide obtainuble Tre~ L'e tiuo rrocedures is nob
significant since 1t is based on only =2 cirlie sot of
experivents,

Nitration ian e Z2-position of ihe thiophene
rins was accoaplisneda by very sloxly a’cdin s concentrut-
ed I O to g-chloro-3-propionaridotiiorhene dissolved
in acetic anhydride at -15 to _50.(1)) Tl.e product
was 1lsolated by irrediately pouring the reaction wix-
ture into ice water ard neutrolinicz e anhydrile
with Nqocoy. The product vits recovered b, filtration,,

washing it with water and recrystallizi~> it from a



wvabter-ethanol mixture follo-i g treatment of the litter
with activated carbon (Table I RB).

e physical, chc.icul pronerctles g antlyses

£

of tte /?—Cdlofo—acyl—5—amiﬁobhimg»;gcs e swonmariced

in Table II. Both tne Z-nitro wxd Uie 2,5-ditroro-

A<chnloro-3-pro~ionanidothionicnes have be-m »rovtred

a suffici »t nunher of Tives ClLriss e couvrse of this
worw Lo estavlisn Lhnt the yield of e niitro is o1 her
thn e 2,5=dibroro corpound (22ulc I Z). It is not
kro.n vwhelilar this g cue prin>ily Lo =n drcroenced

yield in % e reacti n or less Jocom osieion in 4 e

isolution or e rrodacts. 10 1% ~eve Ge lwcuer, tne

still lorer overa e 7iclc ¢ ¢ unsunsoiluuced comonouna
could le itim=vzly Te conpiderad w3 L ¢ cnoril con-

accomrosicvion recto e (hydrolycis o ooe Trice ond

nolymerization ot ¢ wonire Lhus Jermed) weuld be ex-

nected o oo Ll o onconilte coeer ol U nility.  atbuack

by a nucleonnilic »ow wnt (ESC or Ci ) on tie conuornyl
[N

_roun cuoule He facilitzted b

croups ir ¢ e thiorhene riag, viz.
e . I



1

\J

Therefore nydrolysis would oe ewsler nitn the 2-1.0,

compound and the expected yield shculd be pcorer.

B. W-N,N-(Dialkylazrino)-icyl-%-Amircthionhenes

Initially the tertiary avire salis were synthoesiz-
ed accordin: to tre metucd of Kim and Schiuetz
which the @-chloro comnound was refluwred in dry tolucne
wilth excess secondary anine ind Uiie excess anine wus
separated by steam distillati-n irom (e reaction miu-
ture. Ixtensive decompositicn occurred wiith this pro-
cedure as evidenced by bt.e acid insclubility and black,
tarry arrearance of Cre product wiich rerained in the
distillation flask tihas necessibuting ceveloonznt of
an zlternative wrethod for C:o preparation of these
compoundas .

The folloving successinl prenzyration was eventually
developed. Tre amitstion was perfeormed in dry dioxane
at room temnerature uurin ot least a 15 hour neriod
in the prescnce of a t o molur excess of thie secondary

- 4-

amine, Jater was ooen zaced to Loe reaction nizture

to di.solve the s#:ince hydrocialoride wad rreccipitate

tne hi_her wolecular wei nt oroduct, ﬁ-wmu@holyl—}—

otiionhere wus on c¢xcenticn ir thot 1t had

[on

rropionani

tate wWis then tior-

|-

to be steuam distilloed. The precip

ou nly washed witna wuter to remove 4any reralning seconc-
ary amine. IT was then dissolved in ajueous hydrosen

chleoride 2nd any uvnrewctod gsiortiy, @ otoris] wuas re-

Lo



moved by exSractlon wilih ethors ite 2000uUS Dhase Uag
made alk:line, ebher extracted, ohn eblhwer layor drled
nith anhydrous scodiuwn sulfote, (iltercd -nd bt {or-

ticry crminege nrecinitated with raccous hyiroincn chloride,

- Y

v

A variety of sclveris (usuolly 4vy isorrovyl z2lconol or

~

ethiznol) vere used for recreys5211liz:tion of tie hydro-
chloridée salts. Cne product (& -dicthiylanino-s-propion-

amidothiophene) fuiled te yield a solid hydrochiloride

1%) . C
S0 salt =g prepared( 2) by 2oitatin~ an

4]
,..J
c
-
el
ot
o
—~
3
R
<

-

@]
C
S
[0
H
[&]
O
[
[t
ct
=
e}

n of Tne ﬁ3-c loro=2=nrooion e 1dotlonhene

7ith excess methyl iodide Tor 79 h-ours at rocm tenpor-

v

2,
[N

ature. The crule product was 2 sbticlyy solid ~dhering

~
[}

to the bottorm of tre flack -0 g lzelated Ly decent-

inz the solvert, dissolviis [ residuac in shzclute
alcokol, troentir- Jich acceivietod curvon, Tiliterios
and allo iz e sult To recrystallice., D¢ -—wepnur—

[

ations of the @W-(I7,IN=-iiallrylarino)=ncyl-s-cninotnio-
phenes are summarized in Toable IIT nd he propcrties
and aralysis of Ve Irvdrocnloride and methyl iodice
quarternary s2lts are tabuluted in Table IV,

Tl e prenaration of & -pineridyl-j-aceta idotiiio-

nhzne differed from Ul.¢ pronanamicdo derivative in that
the intermediate cnloro commounda from the chloroacetyl
chlcorice acylation of the “-aminothionhcre formed by

was not nurified ond iszolated

C.
4
C

the Hofrann reuwrrin e e v
to nrevent Uhe nydrolysic ol Liic «£-=c-loro atom in

K -chloroacetamidotiionh-o2c. The a iratlion resction
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with piperidine was accomplished 2s usual in a dry
dioxane solution but some difiiculty wus exverienced
with recrystallization of the product and tne yield
was only ©€.&5%5, possibly becau.e of t'.e impure start-
ing mwaterial.

There is no navtern ciscernible resarding the
yields of the various salts but the melting polnts
are in the order morprnolyl > pineridyl > diethrylamino.
Recrardinz the influence of rinc substituents on the
meltingz voint; the unsubstituted riic cornounds have
thie hithest meltinz roints, the 2-nitro derivacives
are intermediate zna the 2,5-dibromro connounds have the

lowest meltirn> points.

C. 3=Thcral

‘ne et 31(20) (21) describe a metnod of pre-

Campai
paring 3-tnensl from Z-methyltniopnene in sutisfactory
yields accorcir s to the ejuations ziven on pagce 49.

The first step in this synthesis was the prevnaration

of 3-tnenyl bromide by tle free radicsl bromination

of tne methyl roup with N-bromosuccinimide in benzene
as a solvent. Isolction of tre 3-thenyl brouide is
hazardous becauce it 1s a powcrful lachrymator and has
been knovn to explode curin; distillaticn. Tihe Somnelet
reaction was utilized to convert the 3-tiienyl bromide

to 2-thienal, le, a quaternury broride was formed with

hexamethylenetetracnine wiich was decomrosed to the



1.
aldetyde and arines by steam distillation. The
aldenyde .as extracted into etnsr from an zcid solution
and distilled.

Zhen the aldenyde 1s desired, a simplified pro-
cedure ivin @ comnaravle yields nus becn develored.
Follo:drne preparaticn ¢l trne 3-tienyl tromide and re-
moval of tne succinimide by filtratiocn, the quaternary
bromide was ned by adain; hexametiuylenetetramine
to the benzene solutiun erployed in syntiesis of the
3-thenyl bromide. The nizture was usually allosed
to react overni.iit at room tervperature and completad
by warming it to 500 C. for a couole of nours. The
remainder of tie preparation was the sare zs t.at

described b Campali-me.

The 2A-thenzl wuas oxidized to 3-thenoic acid by
silver oxive follosin_ t'e procedure cf Carpalsne et
(21) Wi s ) elosn Teacticn aed  e1d
al o This iz a very clcan reacticn and c.e yield

was always Zreater Lnan 90%. Tie acia was converted to

ct
5

acid chloride by refluxin - it “1th excess S50C1l,;
(a8

@]

the unreacted 50012 was removed by distillation und
the 3-thenamicde was formed by slowly nourin - tie acid
chilorice into concentrated awvonlun hycronide 2t room
temperature. The 3-lhenarice was recrysu.ullizea Irom
hct water.

24,5=-Dibromo=-3-thernanide wus gsynticcized emnloying
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the procedure Jjust descrived stz2rtinz with 2,5-dibromo-

(]

Z-thenoic acid. The acid wzs3 made by adding bromine

=

to %2-thernoic acid dissolved in clacial acetic acid at

_ (18
room temrneratur

2=-substituted Taionhones

It seemed wortihnile To rerezt tihe Eofmann re-

arran;er.nt of Z-thenamide atternnted by Carraisne and

. 15 . . ~ -
MOnroe( )>. Ti.e prenoration of 2-uvhenaride was accomp-

22)(23) (24) |

I-h
O
}_l
]..
O
}_)
3
8]
()
I—S
’_l-
[©)
0]
o]
)
3
)
()
_J
C‘
V3
UJ

lisned by the

+ ACEO ugPO

=
f

—CCfIlA
S ez

The process is siurai htforward ond vill not be described
here in detail (experimental section). he overall

yield for tie four steps, based on a ci~ls trial, we

6
0n

4G ,7%. This compares with a 20.7% yield for tie s5ix
step synthesis (only three procducts were isolated) of
3-thenanride from 3-methyltiaionhene.

The hofmunn rearrancerent of 2-t ~ide was



S

U e
attempted emnloyin:; the icenvical procedure as tiaat
used successfully for Z-trenarmide excent that tle
acylatin~ agent was acetic anhydride and the temnper-—
ature was not allowed to rise above 570 C. Cnly a
sm31ll amount of an unidentified, very water soluble
solid sad about 6% of unreacted amide were recovered.
Campaigne ard honroe(IB) also failed to i1colate any
2-acetamidot:iophene. Jhen heated to 60—700 Ce., they
observed ammonia evolution and 2-thenoic z2cid was
recovered in about 80 yield.

Since it is known that the first step in thue
Eofrann rearrar~ement is tne formation of a IN-bromo
compourd, prenuraticn cf N-bromo-2-thenamide was at-
tempted in chloroform to elirinute hydrolysis which
could occur in tlre alkaline hyvobrorite solution. The
2-thenamide and bromine . ere heated to reflux in a
chloroform solution, cooled, potassium hydroxide was
added and the preciritate wiich formed w2s recrystallized
from water. From tiie melting point of this material
(163° C.), it was concluded that brominusticn of the
thiophene ring nad occurred.

After failure of the Hofrann rearransement with
2-thenamide, a Curtius rearrancerent of 2-thenoyl azide
was attempted. The azide was rrepzred in accordance

(25),

with tThe eaquation



2l.

+ Nalt Acetone
I “-§01 5 T 2 —C-x
] fast

Jul

10°¢C.

The sodium azide was dissolved in ice water nnd the
2— thenoyl cnhloride dissolved in acetone was added
portionwise, durin  a period of 1 - 1.5 hours. The
azide product .as recoversd Ly filtration anc dried
ia a vacuum dessicavor (73.30 yield).

Tne Curtius rearrzngrement was acconpliched in

4 reaction mixture under a

refluxing benzene as
(23)

nitro-en aztivurhere o ~ive 2-thienyl isocyanave

A

wnich suprosedly could bhe hycrolycsed to 2-aminotlio-

rhene,

)

O
]
6]
i
)

. ﬁ;-, - =T
-CH -.=C=C -

(9]
A %

/J Acetic

- Annydriae” om -
-H N C=CT
S ‘\02 \S ” :lj CHB

0

It is thou ht thac © ¢ dlzocyznate we s Tormed but
alkoline hydrolyse znd wauraninr with z2cetic anhydride
failed to yield any 2-acetaczidobiiopnene. 4An acid
hydrolysis of tie isocyanate waz also tried ond re-
action of the sur oced arine with c¢rloroacet;l chlorice
cave a torry m:terinl. ITo rure co oouncs could be
obtained from tie tarry m terial.

It is vorth deccribin an experiscnital onscrvation
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which snould be investiraved furticr wid cculd lead

ciremistry. ollowins the

o
<
®

to some interestin:
Hofmann rearrangerent, crude & -chloro-3-provionamido-
amidcthicrhone wias custonirily trewted witn activubed
curoon in a kot water-ulconol nmixtare d vacuunm
filtercd Tarousn 2 friftted ~lass funrel. Prrt of the
time, a solid wnich was only slorly soluble in acetone

P

(£ -chloro-3-propicnzridothionhune iz very soluble)

T e

collected cn tne underzide of tie Tilter., If

P
[VESERC

is treuted »ith 3 warnm concentrated nitric ucif, =2

ry

rilliant blue color is fermede Tne color is soon

nars

)

di

6]
O

ed, mresurably belw oxidized o Lre nitric

acid,
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B =CTCRC=3=-F_ CrICi IoCDATICE 1L

<§
A 500 ml., three-nccized, round vtottom rlusk e ulp-

~

ped with stand=ard tarer joints wnd fitted with a

(5]

T
a\

\,

~

cas inlet tuvbe, stirrer, croponir; funnel and support-
ed in an ice bath was charred with 22:. (V.25 moles)

of IaCH diszssolved in 170 ml. dizctilled water. 4 2%.3
ge (0.145 roles) quuntity of bromine wus added slowly

o trYe ice cold alkslire solution. The flow of nitro-

ct

sen wuns started, the ice bath wos reroved wnd 12079 5.
(0.1 moles) of 3-thenwride were added to the reaction
mixture., The aride digsolved vnile the reaccicn
temperature was alloved to rise durin
czbout 1 hour to 30 - 40° ¢. The reaction solution
then was heated at 70 - 50° ¢. until its color ve-
came dark red (about 45 minutes). Tue flack was im-
mediately cooled with an ice bath to below 10° C.

and 12.7 . (0.1 moles) of A?—chloropropionyl chloride
were added dronwigce durir : about 3 minutes while a
slor flor of nitrocen was maintuined. oLfter stir-
rin; the -ixture for 10 - 15 minutes, tTre brown pre-
ciritate was recovered by filtration, wvushced, hested
to boilinc in 600 ml. of water and enou-h zlcolol wns
added to dissolve all the solid, The solution was

then decolorized with activated carbon =2md filtered
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hot throuch a fritted elass filter vrecoated with
filter-aid. Upon coclinz in ice water, a flocculant
white precipitate formed, which after filtering and
dryin> overni~nt in a convecticn oven at 500 C., gave
a.light tan colored powder. Addaiticnal product :ias
obtzined by washinz the filter cake with acetone and

alcohol until the efflucnt was substantially color-

t

r

¢
w

less, addin;; the ambs oluticn to 500 - 600 ml. of
water and evaporating 1t on a hot plate until the first
sizn of a ovrecinitate bezan to apnear. The activated
carbon from the previous crystallization was employed
to decolorize thne product and tue previously described
recovery vrocedure wus used. The combined nroduct
weirhed 4.1 g., 21.350 of the theoretical,.and melted

at 159 - A1° C.
Anal.*: Calc'd. for C

H CINOS: C, 42.3; Cl, 18.72;

778

s, 16.9.

Found: C, 44.24; H, 4.31; Cl, 12.55; 3, 10.7C.

245 DIEICIC- 4-CLICR0-2-22C IC 100 TCF. 00
0
." - -
-NMC—CHQChz-Cl
Br Br

\\S
To a 500 ml., three neciked flask e:uir~ed as

described were added 8 7. (0.0422 moles) of fF-chloro-

(*) All micro anclyses nerformed by licro-Tech Labora-
. torieg, okokie, Ill.
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3-prooiconamidotiiiozhene and 95 ml. of lacial acetic
acid. 4 solution containing 15.5 g. (0.024 moles) of
bromire dissolved in /0 ml. clacicl acetic acid was
rlaced in t:e drorpins funnel und adced to the trnio-
phene derivative durin: a period of 20 minutes. Dur-
ins the adeition of tiie haloien, trhe soluvion cleared
and darkened and, after stirring an additionzal 20
minutes, 1¢ a3 poured iuvo a liter of lce water. A
pink colored enmulsion resulted wihich becumne a sticuy
material as it wzs warmed but eventually formed a
flocculant, ecsily filtered precipicate. This was
heated with an ejual volume of water and alconol, but
part of the solid fused to tne bottom of thie beaker so
the clear, yellowv liouia wus decanted =21:¢ cooled.
After filterins wnd deoying in an oven at 50° Cey 2o5
g. of a tan colored crystalline muterial in the form
of needles was obtained which melted at 120 - 121°
witnh darkeninj;. Tne fused solid was dicssolved in hot
alconol, wabter added until tie initi.l turbidity ap ear-
ed and, after decolorizing with activated carvon, fil-
tration was attempted. Difficulty was experienced with
solidificaticn of the product in the filter which ne-
cessitated cleunin;; vae filter witnh acetone and re-
peatin; vre crystallization procedure. Xventually,
5.5 g. of tan colored powder was oblained which melted
at 120 - 121° with darkening. The corbired product

o -

weished 6 5., which is 41.4% of ti.e theoretical.



2‘7.
Anal.: Ca2lc'd for C7Hf8r201H05: C, 24.25 H, 1.73;

I}

O
Helogen, £6.%1
Found: C, 24.31; H, 1.95; Lzlosen, 52.15;
N, 4,07; 5, 9.22.
The 2,5-dibromo- B-chloro-%-

sropionanidothionhene

-

can also be »rerured by the Lofmunn rearrvzn_emcnt of

o)

245=dibromo=3-thenaimice. TFollowin: tie same general
procedure as employed in rearrangin tihe unsubstituted
5-thenamide, a solution of NalC3r was prepured by dis-
solving 8.0 £. (0.215 moles) of NaCH in 70 ml. of ice
water snd slowly adding S.1 . (0.058 moles) of bromine.
The ice bath was removed, the flow of nitrosen gas was
started and 11.1 g. (0.039 moles) of 2,5-dibromo-3-
thenamide was added to the reactlion mixture. as the
solution warmed, it took on a bri-ht yellow coloration,
which turned green and a precipitate cettled to the
bottom of The flask. After an additional hour of
stirrins, vhe solution had becoie quite dark in appear-
ance and apvarently was homogeneous. It was then heat-
ed for aponroximztely a half hour durinzs which time a
black precipitate was otserved to form. Tien, after
cooling it in an ice bath, 4.8 3. (0.058 moles) of
A?-chloropropionyl chlorice .~as added Lo iie reaction
mixture. The black colorsed goluticn was filtered, the
precipitate wis wusnhed vith water, dis.clved in hot
water conizinirs gome alcohol, trezted with activoted

-

carbon, filtercd ard t:2 filtrate on coolir preciri-



ja)e]
C. e

tated a crystallice solid. Recrystallization of the

crude proauct was repeatvted twice and rave, after dry-

ing 2.1 . of yellow colored powder. .nciler O,

N

e

o

of product was recovered by concoentrating the mother
ligquor to about onc third its oririnal volune nnd
cooling. The total weisht of product wos 2.4 $., which
is 17.8)% of tre theoretical. The compound melted

1 O S ) 3 i
sharply at 120 - 1217 C., which is the sare as tha

obtained above by an alternative synthesis.

2-NITRC- 4-CHLCRO-3-FLCFICNALIDOTHICPENE

o
n
~NHC-CH,CH,C1

NO
2
S

In a 300 ml., three neclied flsck eaulrped with a
stirrer, tnermoneter and droppin’ funncl, wvere placed
8.4 g. (0,043 mcles) MF-chloro=-3-pronaniidotihionncene
and 140 ml. of acetic anhydride and this mixture was
coocled to -150 Ce with a dry ice-iscopropyl alcohol
bath. The droopins funnel was charsed vith 12.5 g
of concentrated HLTO5 (0e14 moles SYOB). This was
added to the reacticn mixture very slcwly a drop at
a time while apnlyin: and withadrawing the cooling

i 7 N r’O
bath to control the reaction temperature betwcen =157 ¢,

o e

and -5° C. The nitric acid addition recuired 40 nmin-

utes, the reaction mizture was stirred an adiitional 20
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nminutes while holding tnie temperature within itihe pre-
scribed limits and then the mixture was poured into
600 ml, of ice water. The quenched mixture was neu-
tralized with solid sodium carbonale. This a3 very
slow because of excessive foamirng, but the latter
served to indicute when all Uhe zcid h2d been ncu-
tralized. Tre neutralized solution was filtered and
the black precivitate wus wasned Jith woter and dissolv-
ed in hot 2lcohol. Sufficient water was added to the
hot solution to zive a sli it turbidity and 1t was
then treuted with activated carbon, filtered and the
filtrate on coolin® precipituted a crystalline solid
which was recovered by filtration. The filorite was
concentrated And crysvallization a"iin occurred. This

rrocedure was repreaccd trice, walch zive, wouer drying,

the following four fractims of mubteriazl: .o Z. of &
. ~a ~:0
yellecw celored vowcer, me. p. 10 = 1297; 2.8 . of a

crystalline solid in the rTorm of long yellowy ncedles,
Me Te 113 = 1200; Oe3 Lo of a dark colored yellow
crystalline solid in te form of needles, m. p. 108
1090 and C.9 ge. of an amber colored powder, m. p. 107 -
103°, The total weiznt of product was 6.0 g., which

is 57.7% of the theoretical.

ClN,C.53: Cl, 15.1; K, 11.G2;

Anal,: lec'd. for C-H
ol Calc'd or C/h7 5

S, 150'\:5.

Found: Cl, 15.1; M, 11.%%; 3, 15.8.
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Table IA: Preparation of Substituted p-Chloro-3-Propionamidothiophenes

Moles
Y NaOH

(a)
(b)
(e)
(a)

H 0.55
H 0.55
H 1.48
H 0.74
H 0.73
Br 0.21
Br 0.1%

B=-Chloro-~Propionyl Chloride

Mls
H20

180
180
486
243
240

70

46

O

Moles
Bra
0.15

0.15
0.39
0.19
0.19
0.06
0.04

0

n
-NH-C-CHz~CH2C1

Stirring Heating
u&%WMM| ZOHMMV Temp. Temp. *Aawov
amide CPC Mins. -° C Mins. ° C Yield
0.1 0.1 45-60 8-30 45 30-90  21.8
0.1 0.1 4560 8-30 60 30-80  50.9
0.27 0.27 90 10-35 50 35-83  29.2
0.1k 0.14 50-70 8-30 60 30-80  26.2
0.13 0.13 50-70 8-30 60 30-80  25.2
0.04(4)  o.04 60 8-30 30 30-70  17.8
0.03(4)  0.03 60 8-30 15 30-T0  48.6

Recrystallized from a water-ethanol mixture
Based on weight of 3-thenamide or 2,5-dibromo-3-thenamide.
2,5-Dibromo-3-Thenamide.
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Table IB: Preparation of Substituted p-Chloro-3-Propionamidothiphenes

o

-NH-C-CHz2~-CH2C1

Solvent
_ Mls. Mls. Reaction 4

Moles Other Reagent with with Temp . Yield

X Y oweAmv Name Moles Name Qweﬁuv Bra ° C Mins. (b)(c)
Br  Br 0.04  Bra 0.08 HOAc 95 70 25 140 1.4
Br  Br 0.04  Bra 0.08 HOAc 95 70 25 50 3.6
Br  Br 0.08  Brs 0.16 HOAc 184 135 25 75 17.6
Noe o.ob mNos(d)  0.2(®) Ao 1m0 - -5 to =15 60 57.7

No. 0.05 mNos(®)  0.11(®) acq0 78 - n 65 55.0

No.  o.0% mNos(®)  0.16(®) Acz0 115 - " 60 22.3

Noz . 0.035 mNos(®)  0.15(®) ac0 107 - " 85 59.4

(a) B-Chloro-3-Propionamidothiophene

(b) Based on weight of B-chloro-3-propionamidothiophene
(¢) Recrystallized from a water-ethanol mixture

(d) T70% HNOs

(e) Calculated as 100% HNOg
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Table I1I: Properties and Analyses of Substituted g-Chloro-3-Propionamidothiophenes

0
<MH-C-CHg ~CHgC1
um _Hn
s
Analyses(®)
$C $ B $ Halogen ¢ N $8S

X X Formula m.p. °C Calc'd. PFound (Calc'd., PFound Name Calc'd. PFound Calc'd. Found Calc'd. PFound
E B CyHgC1NOS 159-61(5) 1324 82.3 r.31 6.2 ¢c1 18.5 18.72 - - 16.79  16.9
Br Br  CyHeBrgClNos 120-21(P)  2a .3, 24,2 1.95 1.73 Total 56.31 56.31 ».07 803 9.23 9.22
B NOs  OrHrClNsOpS  118-20(P) - - - - a1 15.1 15.1 11.35 11.92 13.8  13.65

(a) Microanalyses by Microtech Labs., Skokie, Illinois.
(b) Recrystallized from a water-ethanol mixture.
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Into a dry, 200 mnl. tirce necized Tlusk rioced
cith a4 soiveer, roflux concenger, aropris o funncel und

electric hevtin s atle, “ere niaced Cof oo (00111

moles) of pireridine and 20 rl. &y n=-but; 1l et cr.

=

Tre latter mixture woo hedabed Lo its reifluxw tecrature
and from ithe dronri-y funnol wus acceld Lo 16 & solution
of 7.0 =+ (0.0%7 ro0les) of [3-ch]u:o—j-pwopiunﬁ'ldo-
triovhene dlssolved in a mixture of
T

o T TN o
2000k i"‘(:) rl . U "u’ n—nu t‘Jl [CHVEREN AN

SO

<
[99)
[
-~
o
D
-
(@]
~
)
al
3
s
i
f
o
S
o
«
Cu
e
o
g
-
|
~
3
]
=

4 hours. T & meflu:

co~licaser vas renlucod with a

(]

cocce=-naoci aiantor and sornl ot cendencer ol oLoe
stircer witn a course, fritted —lcgs spuro.r for in-
jection of stcma. The reouction wilxbuce wos ooode alkia-—
liae with dilute, ajueous ITaCH soluticn ana gteum dis-
tillaticn berun co renove (he excess
the orsanic solvents. Ifrom Ui e to tire, t'.e Sinon's
coleor test for secondury anines was aprlied to the
Gistillate and aprroxivately 3 1l. of distillate had

to be collected before a necative 3Jiron's test was
obtained. BSufficient conc. LECLl wus adced Lo t.e dis-
tillaticn residue Lo e the 2nueous nnacre acidic but

the major ~urt ¢ Lhe bluck coleored ¢il Toilcc to Cis-



solve. The aueous puase was exiracted three tires

with chloroform, made alkaline ..ithi a TnCX solutlon,

extracted anin wits chileorofomm, deled with cnhydrous

[

Naq504 and filvered. Tre czloroform wons rocucved on .
—

steam bath, and ether was added but The 2. j1e ~recini-

=

1

dacd to tre etner solu-

&

tated so sufficient CE};C.5 WO
tion to wake homo enous. Gaseous HCl was naussed into
the solution and a sticky precinitate formed waich be-
came filterable after bein: sct aside overnli hte The
so0lid was separated by filtraticn, discolved in hot,
dry ico:ronyl alconiol, treated with activated carbon,
filtered and allowed to crystallize. The product vas
recrystalliced a_zin, dried /A hours in a 45° oven and

-

l.% 5. of a 1isht tan coloxed rowdery, vop. 209 -

) L

~A7

was oobtuined, This vas 15435 of tie vicoretic=l yielc

Aannle.: Czlce'd for 015H15013505: Cy 52075 E, 9.00;

. o

Cl, 12.¢6; S, 11.7.
Found: C, 52.01; H, ©.S4; Cl, 120.75; 3, 11.45.

,B =ICryACIY L=-3-FuCo ICh e T UCE 0 S EY B CO2LCaIDS

L
[

\

4 220 ml., roundl botter, <in-le necked flosk was
charsed with 4.7 7. (C.0243 molzc) of ﬁ-«ﬁJOTO-b—

pronionar:ilot iorrene avd 20 nl, of dry diomone. This



1

Zr
-

"

\

wns stirred by a ragnetic stirrer but only noart of

the colid dissolved, however a clear solution was
obtained uron the addition of 6.5 =. (0.075 moles)

of morpholine. A large droppiny funnel cerved ¢s an
air condenser., In soout zn hour a »recivitcte besan
to form, stir-ir: wos continued 2t room tenrerusture
for 24 hours and then 2C0 ml. of water w-o odded to
the reaction mixture but no precipitation occurred.
Trie turvid yellcw colored solution was sbtemm distilled
(about 3.5 1. of distillate collected) and tie residue
in the distillation flask was made alkaline with NaCi.
The amine was extracted witn ether and the latier was
shaken three times iith an-roximstely 105 agueous nCl
which caused the yellow color to shift to the acid
layer. The lutter was thnen extracted once with ether,

T

nevtralized with TaCH and azoin ether ewtracted. The

ether layver was dried with anhydrous Ta~oC filtered
< 4 2 /_}_,

eous HC1l was passed into 1t to obtain a white

("_)

nd ga

6]

dispersion. The ether was allowed to evapnorate at
room temperature and the tan colored solid which form-
ed was dried in =2 500 ovene. Thils wus recrystallized
from absolute ethanol, dried ard 0.6 g. of a very
lizht tan colored crystalline solid was obtuined (8.8%
of the theoretical yield). The salt melted at 2320.5 -
2510 and was analyzed to give the followin: results.

[

Anal,: Calc'd. for CllH17CIN2O°S: C, 47.05 H,0.14y



o
- -

Cl, 11.65; &, 10.12; 3, 12.8
FOU.DC}: C, "'470/)5; 4.:’ (—).1‘?‘; Cl’ llo\f’?; TL-T, 10‘2

5, 13.010
B -DIZIiNLL T00=-3-FoCriOl i ToC LIz L0310 YL I0DI2S

IHC—C“AC1A (C L5)2
O

Using the apparatus described in itue previous
evamvle, 6.7 >. (0.035 moles) of @-chloro-’-pronion-
amidothionhcne was disrersed in 20 ml. dry dioxene and
Cel 5. (Cul? moles) of diethylamire was added. fter

a few minutes of stirrin;, tre 1ixiturc bec clezor

@

ard within 15 minutes there was evidence of a precini-
tate beirng fermed. The reacticon wous carwicd out dur-
inz 21 hours at room temperature. At this point,
about 100 ml. of water was added to the reucti
mixture and a brown o0il sevrarated. Tiis was water-
washed three times in & separatory funnel znd shaken
witnh dilute ©HCl in wlicnh rost ¢f T.e oil wus soluble,
The acid solution waos extructed tihrree tiing mill
ethcer, made alkazlire with FaCl and €ho w.ine product
was extracted into the eblner lyer. This woas dried

with arhydrous 12,50 filtecred and trewted with gas-
<

Dr’
eous .Cl wnich gave an emulsion. Dvaporation cof tLhe
etrer left an o0il residue whnich was taken up in dry

isoproryl alconcl, treated

]

)

-
~

-]

P

~

-
c

b}

J



cooled. Crystallizotion could rnon Lo inuced 50 Lhe
; oA ~0 1 s ;
alcohol wis evanoruted at 507, The residual anver

colored o0il was dicsolved in sater ard made alkaline

]
2

<

with dilute ¥eCHZ. The vrecipitate wns extructed into
ether, dried with anhydrous ragscq, filtered =and placed
in a magnetically stirved, 250 ml., round bottom flask.
To this was added 10 . (0.071 moles) of CH,T snd the
solution was stirred at room terperature for 39 hours
at which tire thnere was a sticky solid adhering to the
bottom of tihe flask. The essenticlly clear linuid was
decanted; the solid wus clssolved in absclute alcohol,
and, followic the usual activated cardbon btreatment,
filteation and dryin, & pale yello: colored powder
was obtaincd. e nroduct w3 recrystallized azain

and gave 0.45 . nale, yellow colored solid in the

form of ncedles, mep. 155 - 1660, (3.75 of e theo-
retical).

inal.: Calc'd for C,, BTN C3: C, 28.C; H, 6.22; I, 313

Fourd: C, 3%.2; h, ©.00; I, 34,12,

2,5=-DI3CiI0- 4-FIFLLIDYL-

S5-FROFICI IDC L ICr= ' HYDCC. LIl

—:C=CHACH,~N *HC1
[l [

Rr Br

S

L

Erxloyinz thie marnmesically stirred eoulrnsont

.

discussed nrevicusly, & ~. (8.017 moles) of 2,5-cditromo-



A?—chloro— -propicnaridotnic:’ e iz dlssolved in
27 ml. of dry diowane ord 5.2 z. (0.001 moles) cf
nineridine was added to the soluvticen. Thie solution
wurs 1t roconm termerature curing
which tine pireridine hydrochloride procinituted.

Ahout 1C0 ml. of wonter vizs added to e zooctlion

o~

i)

mixture to conlete tie precivitaticn ci tl.e prouuct.

Tnis was recovered by filtration a d thirouchly wuached
with water. The solid procticnlly =21, dissolved 1n a
noderately strong HC1l solution (cz. 15%) but, after
standin 2 few =inutes, a flocculant nrecipitute form-
ed transTorming the soluticon into a thiotronic nacste.
This was made alkaline with NaCH ond e resultunt
slurry was etiher evtracted. The ecvher soluvion was
dried witn anhydrous NaaSoq, filtered znc treated with
anhydrous HC1l g;as which formed a copious vwhite precipi-
tate. This was filtered, crystallized twice from dry
isoproryl alcohol, decolorizin_ with activated carbon
each tire. The solid was gjiven a toird crystallization
from absolute alcohol. Additional procuct wos recover-
ed from the filtrate by corcentrstion of tl.e latter.

A totzl of C.© 5. of colorless powder was obtaired

(12% of tne theoretical), m.p. 170 - 172°

Anal,: Cnlc'd for C BrgClN CS: C, %2.40; Hy 3%.93;

1217
Halozen, 45.10; 35, 7.40.

Found: C, 332.Z4; H, 3.C0; Lalozjen, 44,525 S,

p. iy 2

()'\

7ok



2,5-DI1220..C- -1 CoTEULYI-

Z2-FDCIICI L IDCTICr=L U ty2es. LIS
C
]
~FHEC-CH,CH— O °:uC1

The eneral procedure ang onrariLus vere ©oe
sae 2s used in tie mrevious rre-uaraticn. 4 2.7 <.
(0.C11 molos) quuntity of 2,5-dibrero- @-chloro-3-
propionaridothiophene was reazdily dissolved in 20 rl,
of dry dioxune, ard 2.3 (0.272 wolus) of morpholine

was added to it re reacticon mixture wes stirred at

&)
L]

¢

i
()
@]
o}
O

roon te.perzture for avout 722 hour
evidence ol heat evolution wien e rornhcline wos
added. Tz yreviouvgly descrited product ilcolation
procedure o folloved. Jater was addced to the re-
action mixture and ©¢7e vrecipivuted vroduct was filter-
ed. It wns uanter-washed, dissolved in mCl sclution

and etrer extracued to remove any unreacted material.
The asueous layer was made alkzali~o with NaCH and

ether extracted wrain; the latter was dried, filtered
and treated with sasecus HC1 to obtain A wuite enulsion.
The ether was evancrated at 5) and the resultunt brown
colored solid was recrystallived twice Trom dry 2-
pronranol, trcavin: t e soluticn wilh activated crirbon

4

eachh time. Tne 1isut, tan colored rowder wei “hied 0.7 73,



40,
which v:53 15.17% of tle theoretical =nd —elted at 177 -
1780 with discoloraticn.
Anal. : Calc'd for CllHl5Br2C]N2025: C, Z0.45 E, 3.44;
Halozen, 45.C1; S, 7.%5.
Found: C, 70.C1; H, 2.05; Holo-en, 44.,73;

3, 7.04.

2,5=-0I32CL0-A-DIZ =Y LA IN0-
3-PACFIONALIDCTHIOFEITE HYDRCCHLCRIDE
0

a
-NEC—CHOCHQN(CQH
Br Br

5), 501

A 2.7 g. (0.011 moles) quantity of 2,5-dibromo-
P—chloro-E-propionamidothiophgne s dissolved 1n
20 ml. of dry dioxane follo.ed by the additicn of 2.3
(C.0%2 moles) of clelhylamize. Tie reacul.n nixbure
wns set aside for 72 hiours bt room te »ncricure, te-
ing stirred durin; a- rovimately a thira of this tirme.
After precipitation of tie product by aa’in_ wnter,
tre waxy solld w2s recovered vy filteration. The
physical characteristics of tie oreciricate made wash-

inz it with water r=ther difficult. T o procduct iso-

o

laticon vrocedure w.os tiie oo st outlired in ih
previous mrercration crcent thav = cinsle crystal-
lizaticn from dry isc-roryl ualconocl wits errloyed.

After bein cet asice overnisht, ' 2 proiuct ceparzte



L1,
a3 a thick yellow colored solid in v..e form of needles
wnich, wnen dricd, wei_hed 1.3 g. ané melted at 1735 -
174,

4inal.: Cale'd for C ClNAO5: C, 31.%6; E, 4.04;

17 T2
Halozen, 45.22; 3, 7.%1.
Found: C, 31.45; #Z, 4.07; Halo en, 46.43;

—~

Dy 7.30.

P=nITHO0=- 2= _ITTL-

e -t T T - N
- )—J LUl A.ki. po I C C;l- [ ".-_‘:...4.‘~\,C.-I_\_....[_.J_l

0
v-'v~" T -r ®oTT
~75C-CH,CHa- 5C1
l lz\:o0
[

S
Usin~ t e e:ulom-nt described apove, 5.
(0.024 moles) of 2—nitro-f3—chloro-B—propionaﬂido-
thioincre wns dicsolved in 25 rl. dry dioxurne,
tris sclution was aiced & go (00071 noles) cf piperi-

)

iz2y at room ternperzture. Tuae reacticn mixture be-

Y]

care wourm spontoneously, a rrecivitete formod wn

,v

stirri~» was cortinucd overni_:t. The rroduct was

rrecizitated with water, Filtered, waoood, dissolwved
in dilute EC1 =nd extracted wilh euicr., Tue a2ueous
solution was wade 2r-nlice wusins TaCH end etier

extructed asuin. Lome difficulty wus enceountered in

optainin~. a ~cod seroaration of the s becaie of

~ma
T = Py _E’>A

o
RO

¢ D

the irncrecased viscesivy. after isel-ting v e avine,



the hydrcchlorice sslt waos formed in ©The ether so-
lution by treatze .t of Lie lutter with ~nseous ECI.

Tre darl colored precivitate vwun reciysuvalliced turee

w

timcesz from absolute alconol, trewtin~: ¢ ¢ solution

)
(S ]

each tire with activated curbon. A total of

\Ji
.

(22.795 yiecld) of a creenisgh arber colored solid, m.p.

20t - 2059 (dorkened) 2s obbtoiced.

anzal.: Calc'd for C Pl -C1N 5Opf: Cl, 11.12; I, 13.14%;
5, 10.01.

FOU_‘Hd: Cl, ]loil; I\:, 12-98; S, 909.

2=IT0-fZ -1 CoFHOLY -

3 OIT TNV ST T T Ty U ey T T
A=PROFICLI.IDCLICE A SYD200 0.1 08

Y /N

' .-
-NHC=-CELCHA-N O °:=C1
[ [
I ' N \\__d/
S 2
Interaction of 5.2 =. (0.06 molces) of rorpholine
and 4.7 . (0.02 molcs) of Q—nitro—/g—chloro—}—propion-
amidothiophene which had previcusly been dissolved in
20 ml. of dry diox=ne was carried cut corin a period
of 14 hours at room terperature. 4An additional 25 ml.
of diowane had to vte added socn after e inning tle
reaction becuause the slurry becate too heavy to stir.
The product was isolated Ly The usual nrocedure excent

thiat tihe precinicate which formed when tTe ajucous so-

luticn was made zlkaline proved to be ircoluble in



4%,
ether, Tre amine w-s extracted with CECIZ, dried
with anhydrous NaESO4, Tiltered, and the latter was
treated with ~useous HTl. The sticky ~rscinitate
w25 set aside feor several doss o0 Torm tenmperature
snd a bri Tt yellow colered dry pownder resulted.
Thais wa3s dissolved in a mivture of uol isomrop;l
alcohol und sufficient water To juust brin a2bout
solubilicy, decolorized witn activabed cuarbon and

alloved to sloxly ciysiallize overni-nt. Tre yellow

cclored sclid was recry lized from te szve solvent
mixture to yield 2.8 3., after c¢ryin_, of a yellow

colored solid in the form of plates (4%.49% of tie theo-
reticz1l)., The nroduct relted at 215 - 2170 with derk-
anale: Calc'd for Clld fCIMﬂO S: Cy 41,215 I, 4.95;

cl, 10.8&9.

Found: C, 40,98; H, 4.91; Cl, 11.03.

Z—ITIZ‘RC—B -DIZTHYL:: I20-

3=FRCPICIALIDCT IO 1L EYDLRCCELC.IDE

0
l I ~NHEC-CHACHA-T (uf“E q'HC
— <
N
527
To 2 solution of 3.2 =. (9.014 noles) of 2-nitro-
/3—ch1oro—E-propionamidothiopheqe dissolved in 20 ml.

of dry dioxane was adied 3 =z. (0.0%1 moles) of diethyl-



uh,

amine. Heat was evolved snontanceously. «~ifter stir-
rirg the mixture fcr 24 hours at roon ternerature,
wzoter was acded to it to precinpitate U e crude proauct.
Tris was nurified by lle procedurc nicviously describ-
ed. The only <¢ifficulty encountercd was ihe sepcration
of the etuer ard acueous rthases durin;; the extruction.
The hydrocnloride sult vw.s recrystallized twice fron

bsolute alcoliol, tre:.tins te soluticy euch tine with
activated carbon. The 1lic-mt thua colored porder welshed

Ce5 z. (11.¢% of theory), ard melted at 175 - 17-° with

Ansl.: Cale'd for C, H,CIlN.C,3: C, 42.8; H, 5.25;
Cl, 11.54; K, 13.57; 3, 10.41.
Fournd: C, 42.00; H,y 5.85; C1l, 11.22; 7, 15.45;%

3, 10.32.

& -PIr RIDYL-2-LClT 0 T0CoLICTE L2 (DI CCICLIDS

I -—"L‘THC‘; -Ci5-N ‘EC1
' -

Preparaticm of «'Ug co pound difleroed Irom Ul
e e
rrorioraigotihiiontene devivacives in That bie inter-

mediate crloro comnpouwrd waz ot isolabced since it
would be expected T underzo easy hydrolysis of L.e
chlorine. In a 300 zl. tharee-ncciod rounsd bottomn

flask fitted withr o silirrcer, nitro-on sparier ond



2

C.037 moles) of 3=-ticrumide., The T
ment was conducted follovin: i e svrme oenerul rro-

cedure discusced previously evcert acylz=tion of tle

\N
|
5

iinethiontene present in the soluticn after re-

.S . (0,007 moles)

[

\f‘)

arran—erment was accor-clisiicd with
chloroucetyl chleride. Thie crule -c:loro-J-acct-
naridotrieornhenme weg filterad while 40 e golution was

ES)

still cold, wasi.od with ice water, diccolved in di-

~

o
H
’, .
()
o

oxnne, treatcd with acvivoted curbon, [filtercd
with anhydrous IaDSOA, and filtcred oroine. Tiis so-
luticn was ploced in ¢ e mzonebically stireced apra-

scrired previously. A 10 =, (0.12 moles)

H
1)
ot
c
%)
o
(-

[6})]

quantity of pineridine was added anrd vie reaction

S

ct
S

aslde at room tewmmerature for a week

oy
]

mixture was se
(a shorter tiue could have been uscd). .ater was
added to precipitate thc v»roduct wnd this wos isolsted
and converted to tl.e nydrocnlorice salt 23 previously
described. a4 1little difficulsy was crerierced with
recrystallizavion tut it was accouplished eventually
from isopropyl alcohol, decolorizin:; tiie solubicn
twice with activafted carbon. A firal crystallization

was carried out from a renture-absolute alcohol mixture






I

1"'\;) .

vielding 1.5 g. (7.7 of thcory) of the desired

s .3 oy o)
product which melted at 1S3 - 1SS7,

Anal.:

Calc'd for C C1r,08: C, 50.6; H, G.1j;

11819
Cl, 13.5; N, 10.7; 3, 12.1.
Found: C, 50.61; H, €.%2; Cl, 13.G5; I, 10.53;

3, 12.083.
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~CiI KB3* ~Cii,2r
Bonzoare \ , l
Bennoyl Peroxide 7 P

S Reflux S

N

CH,N, ~Cii5(CH 1T, ) Br

-CIio
S

The initial synthesis of Z-Urenuldenyie fron
-methylthiophene is that described by w. Cunmrai_ ne
et alcpg)(21> and hos been carvicd out steprice with
with an averace yield of 54 (literacture reports 33 -
57#)e« A modificd procedure s been develcped waich
saves conrgiderabls ti ¢ cood will be described in detail.
In a well ventilated hcod, a 5 1. three cked flusk
(standurd ta-er Joints) wausz fitted wii. 2 _ocd rellux
condenser, stir-ecr, heatin; muantle and a specizl 10"
long condecnser for solids addition naovin o cylindrical

oD" diameter onenins. 4 soluticon ccertaining 275 .
(2.81 moles) of 3-methylthionhcne, . (0.0206 moles)
of benzoyl peroxide and 875 ml. of dry benzene wus
hected to vigorous rellur In a lurre cryctullizing

dish were dry blended 5 ¢. (2.48 woles) of li-brono-

* N-Bromosuccinimide



50,

succinimide =nd 5 e (00200 moles) of benuoyl ner-

3

oxide., This wns added Lo Lhe reaccion wixture portion-

wise throuch tre lur-c bere corndenser =. rapidly as

-

fowring would perwit wund pusied down the coadenser with
a $lass rod. The addition of the brominuti-; a
reguired about 40 miautes. The muntle wis replaced
first by a water znd (ilen by an ice bath to reduce the
solubility of the succinimide. The succiririle was

rermoved by filtrotion and washed withy dry benzence.
J

Tre yellowv colored filtrate wais returned to the reaction

3

flask and 205 £. (2.18 molecs) of hexametlylene tetramine
was added. Tue slurry was stirred for svout a half
hour, set aside overnizht, and then heated for an ad-
ditionzl 2 hours at 50 - 60° C. Libout €00 ml. of water
was added and T e water lzyer wus sepurated in a large
funnel. The benzene layer was ewtracted tiice with
water und tne combined water extracts were placced in

a 2 1. three necked flagk ecuipped for steam distil-

O

lation. hen the distillate sowed no turbidity
(about 4 1. had be~n collucted), it was ucidified with
IC1 and extracted trree Cires ith ellcr. The ec.cr
extracts were corbvined, dried with anrhyarous ﬁ;quc

filtered and aistillcd Throu_h 2 10™ colurmn pacrted

with slass helicese The ethcr wixs reoved at atmos-

[oN
&)
ct

pheric pressure and the S-thenocldehyde dictillce

o} /1
N5 -, . 20 . .

'h ?T 1.5233 (Campairne renorts WLTT 1.5220) wnich took

N

70 = 7 w3 a colorless 1i

mr, The nroduct

w



51,
on @ yeliow colorution even wien svored in cn witer

bottle. Tre yielcd was 156.2 5. (4S.7/60 of theory).

/_‘...“:.-'4-1 v ACID

—

Silver oxide wus prepared by slowly addins a
soluticn contuining 300 =. (1.77 mcles) of n;KO5 in
600 ml. of wubter to 2 scolution containi-z 140 5. (2.5
roles) of INaCi in €00 wl. of water; tre latior beiny
ted flzox ecuiprad witn

- *

cont.inced in a 2 1. thres nec

an a~it

v

tor. The bro.n, seri-sclid suo-ension was
cocled with an ice buath za2d $5 ¢. (0.7 moles) of
Z-trenal wus added in shall portions Ifrom a drornping
funnel. Jhe slurry vas stirrec fer 5 = 10 rnirutes
after adaltion of cie zlcenyde and Lie blic'ty oIl
suspengion wasz renoved by vacuun fIltroticn throu b
a fire, fritted
washed vith "wet" stean from an untror ed lire, the
combirn.d fiitrates vere heated to coa~ulute Tre

colloidal silver woich cune Tohvoo 1 the Filoer and

4

the solution reriltesred ew»nloyirny a filtcr-.id couted
furrel. The cold [iltrate on acidirfic-.ion wibn
jote!

concentroted HC1 ¢uve n voluninous ite mreci

- s L. S . O
wnich was recovered by filtraticn and «dricd ot 507 for

s
(e
i
.
~J
C
.

12 hours. The wuiilte wowderced ~roduct welshe



and hod a4 mem. of 137 = 1257, an acdicionzl Vo4 o,
of product wis recovered from Uie filirace by naiing
it alialine, concentruvin, Yo tro tihiirds of its
volure and reacidifin~-. Totel weil Mt of - roduct was

Y

100 z., suicnh is 92.45 of tre theoreticil. Comnaisne
NERIEE

and Lesue “/, wrose procedure was used in the
anvove v»repsraticn, renorted 2 meltin s poist of 177 =

2 A0 . : L
1237, Trey revnort a yield of ¢5 - €70,

5-=10000 0 IDS

Into a 500 ml., sin:le necked flask ficted with
2 reflux condenser sad heutins nantle vicre pluced
110.3 o (034852 moles) of 3-thenolic zcid wund 275 ml.
(3.76 moles) of SOCl,. These were heated gently for
2.5 hours walle the major pzrt of the a5 evolution

vas occurring a a tren trne mixture was heated at its

reflux temperature for arcsier 4.5 hours. 4After cool-
ing, the reflux condenscer was revlaced with a distil-
lation hexd and uie excess 80012 Zas resoved av
atmospheric rressure. Jbiile still warm, the dark
colored resgidual liguid wos ~oured, in siall portions,
into apnrowimately 1 1. of a well stirred concentrated
LH,CH solution contnined in a 1500 £l beldicr. 4

vizorous renction occesrred ith erch adaition of ncid



chlorice., Tne wnreci. ilated aride wos recovered oy
filtraeion, walcr wooiod @ recryouullized froem adhoutb
o0 1le of Lot Suters afl-r cocoll:, filteri: = and
dryinz, 62.8 —. (£72.2% yield) of a tan colored procuct
in tve form of n:edles mope 1783 = 177 w5 obntained.

- (12)

Cuwrpai nme nnd lonrce

H
T
=
"
t
S
=
(o)
'_l
I-

roirt of

178 = 17¢° ard £7.5% yield.

2,5=DICE-C.C-2-000000 0 100

Tre 2,5-dlbromo-Z-Urercic soid wes nren

)

~ r

b

A
v

e8]
QJ

B
1

Irom

thie procecure of Cronrui one ond Bour;eois(
either %2-trcmoic 2c¢id or 5-bromo-Z-taenoic scide a
well stirved solution ceontainins 8 2. (0.05723 moles)
of 5-bromo-3-thenoic acid c¢is..olved ‘n 1CO rl. of
slacial acetic acid wa. placed in a 3200 ml. three

necked flask anda 24 ¢o. (0.15A wolez) of brormine was

added from &« dropplr.: furnel durin_ o 15 ~inube
novicd. after scllprdic s oo reuction o liituie on
addivionzl 3 nours ob rocw Limrorroeie, oooe contents

ol il¢ {lagi o e rourcd i7to 200 wl. of ice water.

Excens bromine wns destroyed oy acdirc; NallsC; until

-

the bromine color w2s dischnrsed. The nroduct was

recovered by filtration und dried ot



St

of 2,5=-ditroro-Z-tlicnoic wcld wos converted To itg

amide by the procceduare descrived in L2 wr2. ruavion
of Z-tlenavice. The a.ide wus recrystullised froan o
%:2 water-ethanol mixture to ive 7.6 . of @ color-

less procduct (8S.1% yield), m.p. 146 - 1477,

2=ACLTYLTHICELIT S

——
—

m»

The 2-ucetyltihiophene g rrepired by L.¢ method

’)")
2P0 L o5

of Kosak and Eertou:l n 2F . (3 moles) nuuantity

of redistilled thiophere and 117 =. (1.1 moles) of
acetic anhydride were placed in a 1 1., three neciea
flasx fitted with a reflux conde.ser, suvirrer, tner-
mometer, heating mantle and 125 ml. drornri~> Tunnel
contziniar 10 g. (0.047 moles) of 455 H5PO4. The flask
was heated to 700 end tre cotalyst was adaed wrich
caused trhe reacticn to erature to rise to 900. after
the 1nitial reacticn had subsifed, tie gclution was
~cnted at its reflux termerature (S5°) for 2 hours.
It w=s then cocled, Tvransfoerred (o a sernritory funnel
aod exbracted Miest with 200 al. of Jisiillaed water
ard trnen witnh 270 rl. ol a 13 agucous :nQCCZ sclution
The or-avic liyor wos plocza In oo Cighillavion ono-

il < - {

ratus a0 Lhe Cliectone=waber 4meolrone 5t ercesns



55.
triopherne ere recoved at airocnt eric rresare. The
c=ncetyltriorhvene woee Cizbilled under 2 "re
and 108.2 =. (€55 of theory) distilled be

26 -~
700, 5 1.5240 (literature ro*O“tuﬂn TT e 50C7) .

R~

FATUE TN A T Ty
- LU oLy

-CCCx

Into a 4 1. beviter vlaced on a lcroe ©.ol:ance ..as

placed 440 . (11 moles) of NuOl, €00 xl. of water 2nd

2500 ~. of ice., Chlcrire as waw bubblod 1-to the
solution until 322 s. (4.5 moles) hzd becon absorbhed.
This solution was then troansferred to a 5 1., three
necked flask egquinred with a stivrer, thermomcter,

cdroprins funnel and heating mantle. The coxntents of

)

tne flask vere heated to 600, tre murtle zevoved ard
125 5. (1 mole) of 2-acetyltrioynherne added at such
rate that the reacticn terperature was held between
60 - 70° with the sid of a water bath. The solubion
wz3 allored to cool, 100 y. of NauhiC; cilscolved in
200 ml. of weter wws added znd Lhe reaction mixture
was acidified with cconcentrated HECl. The wiilte,
fluffy prrecivitate was removed dy filtraticn, re-
crystallized from zbout 1200 ml. of hot water, and

dried to yield €8 . of a while crystalline solid

(needles). 4An addition2l 5.7 2. of 2cid wns obtained



=
D5

e crystoliisation 71 trvatie by concentrution,
ethor cxtructins, rercvin® e etier o cryoctuallizins

the acid frem hot wabtzr., Thne tornl yileld wus Zf

. . - 0O pem .o
of Tre thocretic 1, mene 127 = 122Y (Ford =nd Lechoy
0

_ 22
revoried o mep. 107 = 1207, urd Durbou .t 77/ rerorted

. -0
2 m.p. 123 = 1297),
2=, CYL C.IC. I s
I S -CCC1
In 2 250 =l., sin_le nccrd fluzyy a rmixture of
102.4 . (0.7 o0les) of 2-Uhencic zcid 4D . GE6

rmolesg) of L0C1l, was

liguid beili- btetue

3

.

Thlg wen oa yield of &720 of thiory, (Ford =3 Luackny

rerort an "aluwoct cuarnlitative™ ;1214 by ools pro-

X -0
cedure and 2 b.r. P70 /10 7.

[ DI Bt S ol St
[ Y e |

S -CCLiZA
[
To a well ctirred solucicn of 720 =l. c¢f con-
centrated I, Cil, cont i ed in o 2 1. bexler wes clowly

‘-

acded <€ . (0.52 roles) of 2-ticioyl crleride. Tie



amice was recove 20 by filtration @no crygtolliced

.\
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fron 1750 =1. of tot wator
L (50)

I m I T I R — 5 - R
Vel llcd ,’Ll! o/ . (\_rr,—)o!;,q v wa )] T e l, e E_ .PL,OL;_\

renorts 2 nene 1000

e ~ e R Lo - R 2-—1-- -
[P U VN AR SRR S WIS N S S e e d

4 TaCBr solution waog nrepored fron 22 o, of F=Ci
digsolved in 130 =l. cf waoter s0d 2l.1 =. of broui-e

25 cdesceribed mreviously in the synthesis of —-crloro-

N
—pro;ionaﬂﬂjotﬂiobh\ﬁe(l’)

inile magsin. a streom
of nitroen ¥ rou h ive ITa0Rr solution, 12.7 . (0.1
roles) of 2=-tieramide was added. The rescilon mixture
allovied to varm un spontaneously Aand 45 ninutes latcr
the temperature hud resched 370 durin~ vhich tire a
rrecinitate had formed. The dark rixture was cooled
to 209, 20 ml. (0.21 woles) acctic anlydrvide wzs add-
ed, and 1t was stirred for abcut 2 hours and tren
filtered. The solid 'as crystallized from hot water
after activated cuarbon treatrient snd ve 0.8 g. of

unreacted amide, rm.p. 179°, Ei'er extraction of tie

azueous layer Cave only a smzll zmount of an un-—

(]

-

identified, very water soluvle solid.

\L)

SO PTED BT anaTlT CF N-ERCL0-2-0100.0 123

-
s

-CCLIiBr
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znnlecying tie procecure iven in ickintiotton

noesis of '=broroberss ide, a4 rizture of

of bronine = d 120 g. of CiiCl, wis heuted at itz re-
fluv teperatuce terfore @ honc onous coluuvicn was

obtunircd. &lfbcr coclin Tre mixture o solution ccn-
talcios 5058 e (001 mole) ol ICI dicoolved in 2O rl.
of water was added oradu2lly in ¢ wll nocvions with
occusional shaizin: of ¥hie renction mixuure,

ition of v ¢ zlitulil coveed a vrocinitacse to form,

[\

his wags crystalliced from wavcr ivinsg a wite solid

(n

l—]

o

—~ ~~0 N . . e
edles), Mepe 165 = 1567, The addition of izl O5
T cr

small quantity of the product dissolvcd in wut

0

save no precinitate. The recovercd product was proba-

bly S5-bromo-Z-thenanide, m.p. 165° () or 4,5-dibromo-

167° (32),

2=-thenaride, M.Te

2-1:40YL aZIT3H

‘ -COx

S 5

Tlie proceaure emnloyed was an adantaticn telken
o)

d
[
from Or;anic Reactions. (25) in Irlenneyer flask con-

tainirz 7 g. (0.108 moles) of Nuil; dissolved in 25 rl.

of water was cooled in an ice bath and 14.7 —. (0.1

moles) of 2-thenoyl chloriie dissolved in Z0 rl. of

acetone were added. A vrecinitate formed almost



immedictely; norover, e Sloziod et i LT ¢ dce
hoth fer on hour Jith periccic gwivlio_ . Ln 2dditicn.
50 ml. of “ater was aadced to v rezction solution zan
the precinitate wos removed by Jiltraticn o . d nresced
as dry i ccrsinle with filter sooore fber Cxylns
in a vacuum dessicotor at room tewner-viure, 1l.2 G
. _ o .. . M,
of the azide wus obtained (73.2% of theory). Tee
weltin: point wos not Unlen for fezr cof c:”lo:ion(”
o - L
AOT I EDLD CURIUS NEAZRII O 2T 07 2-0n 0YnL 4L s
| ' I TT~y - ~»—v~”| ~re~ 3
— S - et VA it 7 il ;
—pCbﬁ cenienec -I:CC
S N S
D
[
I | seetic N I |
- - .
5 -1, anhyaride S =1THCCCH,
The rearroneecnt of the azide o v-e lcocronaote
and its hydrolysis to ©hie =rine were carried out by

escrivtion civen

ey

V.o

[y
]

necked flask

e 2=thenoyl

=

Ll

ne

~ e e ™
scnarTing K4

b]

reflux temperature for 2

tine it took

kent at its reflux te —erature

iidins 50 rl. of 157 27ueous XnCE

b
<

senaratory

tr=anms

in "Cr
az
nours,
on a maroon colorati
abo

funnce

cnirred

)

.
IER TS

B Y

ide

solution

on, The

to it.

e

1.

T

.

canic

>0

L

\34

™

with

ol

AL

during

e <~
S2ACT1IOrnS

nceeted

vl cen

crr

2)

solution was

ut 2 hours

It

benze

Ve e
LN

after

ne



50,

vas separated, dried, warmed with 10 #1. (0.11 moles)
of acetic unhydride arnd noured into wz2ter. Lo nre-
cipitate formed. 4 solid was precipitated fronm the
water layer by the addition of EC1 »ut this was not
investi—-ated further.

Followi~> this Tudlure, 2n acid hydrolysis was
attemnted. Imployive the same genernl procedure as

just described exvcent tnat a reaction »nericd of &

~e (0.03% moles) of 2-trhenoyl

hours was uscd, €.l
zzide were rearranced in 50 =l. of benzerne. Con-
centrated HC1 (50 z.) wa2s then acdded, the reaction

. . -0 )
mizture was heated for 1.5 hours 2t 50 - ©0° and the

]

. made 21kaline. Thie oreen-—

water layer was cooled anc
ish colored benzene layer was serarited, dried =-d
warped with 10 5. (0.11 moles) of acetic anhyirice.
There was no visible chon e inn Uie benucn: gsolution
so a 11ittle crlcoreucetyl ¢ loride vwas a deds
vi-orous reacticn occurred ond torry moterindl Tormed
in the bottow o. ire Tflusk. Acicificobtion of Tle

4 T -

aqueous layer cuzused 1t to Taxe on a turbidity but

no precipitation occurred.
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