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PinT X

The Reformataky reantion botwsen ¥ and J-thisnyl eldehydes, amd
the 2 apd 3~tideomyl allyl iotomos with & vardety of sctiwe balogen
compounds was earried out in sn effort %o csrrelate produsts and ylelds
with sterie faedors, reartion sslvants and sonditions, and induetive
affects, Tim fivet study was of the voashisn of several «bhromoestors
with thtanyl earbonyd dorivatives in tle presence of zine and an inert
solvent sceording %o the equutions

B By O Ry »
Call & Bre0eCO00 8, CaeluCON gl
By E Ry
8 g

where B is hydregen, meihyl, ethyl or prepyl, Hy is hydrogen or wethyl,
and g 12 hydvogen or methyl,

Yhe yislds of «hydvoxyuster obbained frem 2 and J-tlemal weve
uniforaly good (%56-65%) regsrdless of the nsbure of the halogen
reagont saplegred, From Sl hetones yiclds waried widely and were
found o be depemdsnt wpon bYhe amoust of steric fnterastion betwesn
the B groups of the ketome ani the  ~bremesster, The yield of preduchd
uay deoraased by 10-20% through inervassd eselivation of she hwtone
wian dioxane was uasd ax the rescties solvent,

The «hydroxpestera obtasined as producte wers dehydrated to the
sorresponding wasatnrated astars by treatpent with belling o4 agueous
omalie agid,

iv



sltogether, 18 otlpl I-{thienyd)=3I-hydroxyaliancates ware propared
tirough the Reformatsky resetion snd 12 ethyl ~(thienyl) scrylates
wore obtained by delgdration,

The Reformataly reastion of carbonyl derivasives of thiophens
with oblyl  bremuorotenate procseds aseording to the following

sguations
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where B is bhydvogen, methyl, ethyl or propyl.

From 2 and Y-thensl the produst leslated in largest aseuwnt wes II
while from 2-acstylihdophene $here was obtainnd a larger gquantity of X,
The only product resulting from Sepropionyle, P-butyryle, aml Reacetyle
Jematipd thiophene was that resvitdng from the dabpivation of I,

Mtogether, six othyl Se(thdanyll-S«ulirle2 Jepontadiencates
thes oblyl R~ethonyled-byiraxyei-(thienyl}alanoates and Siwse etlyl
Sw{tiionyl ) mSelrdrony~Z-aliunontes wors preparesd by the Relorwatsky
resotion .

The keformatsky rosstisa of allyl dvomtde with thlenyl sarbomd
derivatives progesds »eadily with reoultant high yleldse
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Call o BreGly-CHGH,

wimve R 4o bydvogen, methyl, etipl snd propyld.,

slregether , sevan b-(thisnyl)-helydroxyel-alkonss were prapared
by thie application of the HReformataky reantion,

From the Reforsstely resotion of propargyl bromide with 2- and
3=tienal, good ylelds of the empected prodect were obtained,

oK
C Holl BynlleC H

a (1) %n
CH + BreOHy-CeCH THYTo
. s

When thienyl allyl ketones wers allawed to underge recotion with
propargyl broside An the presencs of sime, only large amounts of une
ohangnd Swtone ware resovered, Apperontly the halowine derivative ef
propargyl bramide causes satensive enclisasion of tw ketone rasulting
in ite recavery,

Pary 1%

The Selmidt roaction of 2 and Jethisnyl aldebydes and 2 and Je
thdenyl aliyl ketonss with hydrasoio acid in the presence of strong
aeid was studiod, Prom the intarsstion of 2 and I-thenal withs hydrae
zols aesd dissolved in bensepe, good yiolds of the axpested nitriles
wore ohtainsd when aither concapirated sulfuric seid or ploasphoric
asid wan used as the catalyst,
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The Solmidt reasctien with 2 and J-atetylthiopimae, 2-propionyl-
spe and Rebubtyryltidophens gave only lew ylelds of the correspend-

0 o 0
GuB + M, Eﬁ%" MELR CoB Bol

8 B &

The thenoalkylumides ocould not be Ssolated in & pure condition apd were
canvarted by basis hydrolysia to the corrsspondiog thencis eawid,

The low yiolds were lergely dus to side reactions such as sulfosiaw
tion of the produste, dogradation of the thiophene ring by She wirosg
agdd catalyst and Lormation of cguplaxss betusen the katone and the
catalyet. The see of golutlons of hpdraveois acid and suspensions of
sodiue aside in bDempenn, scetls azdd and ellovefors falled o give any
aatably sucosss In Increseling yiolde and degresasing side reastions,

The use of trichlorsscetis soid, phesphoric acid and trifiuore~
apotie acld sx oatalyst and reagtion solvent wis wnsussesasful, Densens,
chloreform or asestle aold selutions of these tws solde falled to promote
the Sehmidt meagtion,

Through the ivtersction of sxvoss lnydraszole acdd with 2e«thenal
thers was obtalned & fair yield of S«(Z-thienyl)tatrasele,
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In an effert o determine whother the nltrdle was an intormediats
in the formatiou of the tetowsols, S-~theponitrile wus allowed to reset
with hydragole seid under ldenticel comdiliona, ipparently a Gifferent
totrazoles was forwed fodisating that Be-tboponitrile 42 not an intere
modiate in the formation of S«(Z-thtenyl)tetravols from Zethonal,
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‘pER REFORMATSXY REACPTION



DITRODUCTION

The Reformateky reaction involves the intersotion of an  «halo-
ester with & carbonyl ¢ompound sach as an sldehyde, ketono, or an
ester in the presence of sino under anhydrous conditions (1), In this
reasgtien a new carbomwoarbon bopd is erosted and spparently the followe
ing sequence of steps and intermsdiates are invelved (2),

KeQu000R + Zn — 5 XERAGGOOR ()
! ‘ (&nX

ol + XIneQeQOOK ———> <G=0uCOOR (2)
(77334 O

«GuGulO0k ¢ HL — > «0uB-000R + 2Znks  (3)

Thus, from aldehydes and ketones, ( ~hydroxyesters are obtained
a8 the final prodwt, Under certain expeordmental conditions o w&th,
some types of reactants, dehydration oocurs during the resction and
remilts in an unsaturated ester, 'Mhere dehydration does mot occur
during the resction, the O «hypdroxyester may be converted to ths
gorrespondiing « , & -ungaturated esier during » subsequent step,

_gfé.,g;m 3, WCaQuCODR  + HgD (W
P [ |

Where an ester is used instead of an aldehyds or lmtons the process
appoans to involve the following steps (sssuming equation 1) and ylelds
& ( «ketovster,



9 : nX
CaOR ¢ XZn=CaCOOR — 3 =GuC=CO0K (5
OR
ax 9,
-gqgaona *H&———)-ﬂ—?&ﬁﬁﬁ*ﬁﬂﬂ*ﬁnﬂ (6)
OR

¥hile the resction ls gensrally considered Yo proceed between
the reactents Iindicated, numerous variations in these have been success-
fully applied. The balogen componend may be a (3 ~haloester (3,L), a
vinylog of an~ -hsloester {5-18), an allyl halide (19), a propargyl
halide (20-23), & benxyl halide (2h), anx , & ~dihaloester (16,25,26),
or an & whaloanide (27), Likevise, an ethylene oxide (28,29), a shff
base (16,30}, or sn amide (1) may be used as the second reaotant,

Due to the aymthetis utility of the Reformatsky reaction, it was
the purpose of the work desoribed here to investigate extensively the
reagtions of thienyl aldehydes and tidenyl allyl ketones with a variety
of Malogen components in an effort t determine possible correlations
betwaon the yleld of produst, steric factors in the resstants, reaction
solvent effects amd substituent affects in the reactants, PFPrevious
studies of the Reformabsky reaction with carbomyl derdvatives of tido-
phene have besn reported (L,16,23,65,66), However, these ars of a
superficial nature in that only the twe substituted ifsomers were ine
vestigated, the wariety of reastants was restricted to the aldehyde and
methyl hetone of thiophene and gertain other aspeots of the investiga-
tions such as rearranged products, by-products and splvent effects
wore in neod of further study,



HISTORICAL

The Rofurmmataky reaction was firat reported in a eerles of papers
(2,2,32-36) by Reformataiy and Plesoonoff and immodiately became the
subject of a wide and varied investigation by mumerous peopls (37),
It represonts an extension of the reactions of organswine compounds
with carbomyl compounds, but has the edvantage that dsolation of the
intermediate orgmnorine compound is not required, The resction ine
velves the interactison of a carbonyl compound with an agtive halogen
cowpound in the presence of sine under anhydrous gonditions, im intere
sadiate orgenosine halide £ formed whdeh thun abttacks the carvonyld
compenont to yield en addition complex,

Bvidense that an organozine helide is forwed was provided by
Dain (38) when hw wes able to Leolate and analyze the product fyom the
roagtions

(ag,),.?.mm,& ¢ In ——-——-)(Mh)w-il?mzﬂs
Br Znlir

Dain further demonstrated that the addition complex results from the
intoraction of the carbonyl compovent witk the organczine halide
internmadiate,
Colyet  HoCH
aHg~CH (sﬂa),-?m,ﬁﬁ — c,n,mmﬁ*wma%
ZeBr (cRy),



Decomposition of the addition complex by hnivolysis yields the
sorresponding hydroxy compound,

nBr H
a,n,-gﬂx-?m,& * g,g__;c,x,-gmf-cm,% + 2nRpOR
(CHy) 5 (CHy) 5

The ovdar of reactivity of the haloesters is, as wuld be expected
iodo > breme > chlore, Lsters with secondary or tertdary & ~halogens
ave considerably move reavtive than the correspomding primary derivae
tives, bat in nany instances the resctivity of & given haleo soumpound
way be modified by steric factors operative in the ester, is the
carbonyl component tle aldelydes sre more reasctive than the ketonea
and the latter compounds in turn, are move reactive than the esters (37),

The over-all reastion of either & ketone or sldehyds with an
active halogen compound under Reformateky conditions results in the
formation of a ( ~hydroxyester which may be converted by dehydration
to the corrosponding uwnsatursted ester,

& i
an-f?-x R — n m%-w B0 mj;-c.n
ox oH

hﬂmm\aaﬁriamdutheemmgmmmpmdmtm
gonerally a (3 ~kstoeater,

BeGeX 4 R1aGoORO Zn \,smg.-é-a + B%OH



Mller und ¥Sord (L) succeeded in uiilising ~bromowsters for
Roformataky yoaction where others (3,8) reported nome or conly moderate
suwcess by substituting magnesium for sine and carrying out the re-
aotion in tetrahydrofuran,

o
a,mpgs + BrCHyCBL0000,H, —NE 304 R,~CHDHCHC00C ol

The vimylogs of the & ~haloesters underge the Reformatsky reastion
(S«18), Tims, Pusom reporte (8) that ethyl ¥ -lodocrotenate, p-chloroe
benzaldehyde, and sinc resct to form the expected condensation in a
h2% yleld,

Gl@-gﬁ + Tomchcndos, 28, m@wms, .

crs-c #8302,

Orewe (19) found that eyolis ketonse seact with allyl bromide and
eine in diothyl sther and aniscle %0 give a typleal Reformatsky
produet,

CO0EL oom

CRHpd
‘0 + CHysOBOH By _ = G‘ CHgmCHC Ry

An sotive halogan cempound analopous to allyl bromids {s prepargyl
browide, A nusber of investigators have reported that it functions
in the Reformatsky reastion to give good yields (20.23), Hembest and
so-workers (20,21) found that a vardety of carbonyl compounds could



be emplayed with propargyl bromdde,

cm.gm, CH:CuC 28 op Son oo
Ge . ! » : oGz
SO wm,

Fuson and Cook (2L) observed that bensjd lalides reast with
arvomatic aldabydes 5 yisld stilbens derivatives, The uwnsaturated
eompounds result through the sasy delpyriration of the carbinols during
dietiliation, Tims, benswldelyde reacts with benzyl ohloride to yileld
stilbone tn & 2h¥ yleld,

o Zn oH
ColglH + CgHUH 0L —> CuHlBuCHColy

*E0 (U OBCES By

In & process reminlsomnt of the Darsens glyeidic ester condensation
(393 » Hydroxyohlorcesters are cblained when <, 2 -dihalossters are
allowed %o react with carbomyl compounds (16,25,26). Por exampls the
interastion of acetophenone with ethyl dishiorvagetate gives bhe
Reformateky type product im a 90% yleld (25),

9 GHy
ColpllHy + CLOHUOOCRHy —> ﬁa&Wa&
Smploying & winc-copper alloy in plase of zine, Drale (27) prepared
¥ Hedialiyle (3elydroxy amides by the treatment of carbonyl compounds
with = ~bromoamides,



0 ) OH O
BreH,ONRy + ROH _ZnC8  pOHCHLCNH,

Certain epoxides react with o{-haloesters in the presence of zine
to produes hydroxyesters analogous to those cbtained from carbonyl
gsompounds in the normal Reformatsky reaction (28,29). Ethyl l-hydroxy-
cyclopentylzestate 1s formed from gyeclopentene oxide by condensation
with ethyl bromoacetate (28),

OH

Q @
@)o » Bromfomy 2B Q\G&Wiﬁt

The interaction of Shiff bases with <(-bromoesters in the presence
of zinc proceeds in an expected mamner with simultaneous loss of an
alcohol to give a 2-azetidinone (16,30), Thus, Miller and Nord (16)
prepared l-phenyl-3-methyl-l-(3-mothyl~2ethienyl)-2-azetidinons in 55%
¥ield by reacting 3-methyle2-thenmalaniline with ethyl o(~bromopropionate
under Reformatsky reaction conditions,

B, b
| + BrOHCOOEy %0 | H-NC B
l I:x-uc,zg ! s |
S A CHyC HaC =0
+ CgHOH

lukes (31) has obtained ethyl l-methyl-2-pyrrolone-S-acetate in
about 208 yield by treating N-methyl succinimide with sthyl bromo-
acetate and sinc,



CRy-CO G Reng G 840000 28
KeCfly + BrOH00OCH, —oN /s-ex,
CHgnCO CRyeCO

Experimental Conditions

In tlw sarly work on (1,2,32+36), the Reformateky ressction,it
was carried out by mixing 4hs reagtants at rocm tempsrature without
a solvent followed by extermal cooling of the system to moderate the
vigoroua inttilal reastion, Aifter bLeing allowsd to atand at room
temperators for varying periods of tdwe, the weaction mixturs was
briefly heated, 60.80% C,, and then decomposed with dilute acid, In
the more recent applications of the reaction a solvent has been
smployed and one of the reagtants may be added portionwise with stirring
and at %he reflux temperaturv of the solvent, It is esssntial that
the solvent employed be one 1n which the produsts are solusle in order
to pravent coating of the surface of the minc whiech greatly Anhibite
the resction, Prolongsd reaction timos are to be avolded since,
even at low Sempsraturss, extended resetion time rosults in an inarease
in the amount of high-boilimg by-products {LO,L3),

Strictly anlydrous conditions are reguired for successful utilie-
sation of the Reformataky reaction, In the presence of minute aquanti-
tize of moisture the rosction may be initiated only after an induction
period or the use of catalysts such as lodine, amalgamated zinc or
the sopper camplex of asetoacetic ester (L2),



The quality of sine used in the resvtion is often responsible
for differences of opinion concerning reaction time, yield, catalyst
and parificaiion procedurs, It should he of & high degres of purity
and have a Iresh olesan gurfage, One of the better procedures for
coritioning the sinme ia repocrted by Fleser and Jolmeon (L3), who
advise fmmersion of 30-mesh ginc in lot concentrated sulfuric acid
to which a few drops of nitric acid have been added, The sine 1w
washed with water and acetone and then dried in an oven, In certain
inveatigations amalgamated sine, mixtures of sine and copper powder
(10) or sinc-gopper alloys (27,llL,U5) have beon used, Numerous ine
stances are reported (L,20,21,46,47) in which mercuric ohloride was
uaed in conjunotion with gine to fwprove the yislds in the Reformatsicy
reaction, Other metals or mstal combinations which have been investl.
gated are alundnam (h8), magnesinm (L ,L9,50), magnesium-lodine (51,52),
magnegium-sobaltons ehlaride (L) and magnesium=cepper (53),

The salvents mest generally ompleoyed in the Refovmateky reaction
are diethyl ether, benvone, toluens, xylems, dioxans, dibutyl ether,
anizole and tetralypdrofuran, The criterla for determmining the solvent
%o be used in a specific cuse are solubility of resstants and preducts,
reaction temperature desired, and in certain cames, the effect of the
solvent on the ceurse of the reaction, Dioxane, for exmmple, is said
to promote enolization of the carbonyl component, thereby decreasing
the yleld of produot (5h).



10

Hde Heagtions of the Reformatsly Neaction

Various side reactlons result whenever the Keformatsly reaction
is exeouted {37), The organozine halide intermediate may add to the
A ~halosgter forming an acetoacssic ester, Hamn and Lapworth (5%)
ohgerwad that zino and ethyl bromoacetate interuct to give etipdl
# bromoscstoasatate,

OlnBr
2 BrOHaCO0CyHg + Zn — anzﬂaggfgomaﬁe

Q
B . BrORGCHLCO00,Hs + CaHgOZBr

This resction would be of minor concern when aldehydes and ketones
are used since they possess greater carbonyl reactivity than the ester
grouping of the heloester,

Another side reaction which is of tmpertance only where the
garbonyl component is an ester is the coupling of tle haloeabter by the

sinc,

lﬂﬂ,ﬁﬂ(zﬁﬁ,

2 BrCHgOO0CH, + Zn —>
CHgCOOCH,

* :’;nﬂra

Kowmun has reported (5h) that the organsszine gompound may induce.
emlization of the carbonyl component, This resalts in recovery of
the original carbonyl compound and the reduced aster,



nB
ngcn,za + BrCH,C00C ofly ——> CHyCOOC B, + f”i;

@
RUCHH + ZniBr

The amount of enolisation has been found to Be a functlion of the type
of solvent, the balogen derivative employed, and the steric blocking
by groups in the ketome (56,57)., Dioxame, for instance, is said to
promote enolisation (SL),

When aliphatic aldehydes and ketones are used, these may undergo
aldolization through the influsnce of the sine salts,

2 [0 22, é’@ . HO

In addition to consuming aldehyde or letons, this aldoligation, followed

by dehydration of the aldol produces water, which in turn causes dee
composition of the organvgine halide intermediate,

The formation of a rearranged product during the Reformalsky
reaction bas been reported in two cases, Unglish and Oregory (18) and
Jones, O'3ullivan and Whiting (17) isolated two igomeric products from
Reformatsky reactions employing methyl & -broemocrotonate, The products
were identified as being the normal product and an fsomeric o =vinyl

derivative,



ON
BOH-CHRCH=CH00CH,
>

HC H-CHO0OC Hy
OH CHeCHy

RE BrOH, CHWCHIOCH, — B

Prosumably, the - «vinyl derdvative results through & charge migration
in the negative species of the organozinc halids,

mmmn-cu-g-ma, —> Brog® Pcu,wma-g-mu.

Q 0 @ 9
ROBCRLEOCE, o ToiR By <CHGB-C-0CH,
GHeCH,

Hechaniem of the Reformatsky Reaction

Very 1ittls direct investigation has been reported concerning the
mechanism of the Reformateky reaction, Evans and Pearson (58), who
wade a thorough study of the Urignard reagent, RMgX, also conductad
4 oursory sxaminatlon of the Reformatsky reagent, RInX, Results of
transference studies conducted by thess investigators indicate that
the halo orgunometallic complex in ether selution may be represented

by the following expressions

RZnX — BRs @+ Q’aﬂx

Yt was found tha
while ethar solutions are excellent conductors, This may be attributed
to solvation by ether of tlw organcmetsllic complex.

sne solutions of the reagent do not condust,
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The reasction of the Reformataky complex is presumed to procead
by an initial carbanion attack on the carbomyl carbon,

o ®
€+ RIY —> heaR?
) R it

There may be certain reoasons to believe that free radicals are
involved in the Heformatsky reaction, These are suggested Ly the
izolation of esters of succinic and substituted succinic acids as a
result of « coupling reaction between two molecules of X\ ~haloester,
Fowever, there is considerable controversy as $o whether coupling
reactions of this type proceed by a free radical or ionic mechane
iem (59),

XINCHLCO0BY ——> Xim+ »  ~CH,CO0L
2 LHLO0EY ——> (CBLCO0EL) 3
or
® @
NG HaCO0EY —>  XZn tCH,0005
then by 542 displacements
)

ICHCO0Et + ICHRCOOEt —— 5 (CHgCOOEL)g + X

The recent investigations (40) on the “urtz reaction tend to indicate
an lonic mechaniem,
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Bvidence supporting the ionic mechanism of the Reformatsky
reaction may be found in a study of the products formed from the
vinylogs of the esters of bromoacetic acid, inglish and Gregoery (18)
carried out reactions betwesn cyolic aldelydes and ethyl Y ~bromo-
crotonate and reported the isclation of two isomeric products, and a
possible mode for the formation of these products through an jonie
mechaniam (17) bas already been discussed,

The isolation of unreacted carbonyl compound and nonhalogenated
ester in the Heformatsky reaction has been explained by Newman (SL)
on the assumption tkal enclization of the ketone is promoted by the
organometallic complax followed by interaction of the latter with the
enel to yleld nonhalogenated ester and the halomestallic complex of
the enol which regenerates the ketone vhen the resstion mixture is
bydrolyzed, This mechanism, however, falls to account for the isola-
tion of unrescted carbonyl compound and nonhalogenated estaer in the
mmerous cages where thse ketone or aldehyds is incapable of encliza~
tion, In such cases 1t is more plausible that the ionic form is
respongible for the isclation of unreacted carbonyl compound (17).

G."cs.»g-.@a —_— CHy oG-
Ok

dw @
CHyC-0® gf*___; CHg o R
* Ok KR R
+ Q
CHau(-O-C-R + H' ————>  CHCO0R + RCR

OR
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In view of an ieonic species of the typs :%Haaoom s 1t ia not
surprising that the isolation of Claisen type condensation products
has been reported (55), This may be represented as procesding by a
typical Claisen mechanism (61).

Ju s
Q7% & 9
BrCHy-C + 10Ha00086 —> BrCHa=C-CHgCOOES
OBt OBt
e
9 0
BrOHa-(~CHg000Et  —=  BrOH,-B-CH,COOEt + E80°
OBt '

Sincs aldehydes and lketones are much more reactive than esters, this
aide reastion 1is important only where the carbonyl component is an
ester, In fact, the reaction of a Reformatsky reagent with an ester
may be represented by the same sort of mechanism as described sbove,

Most o, 3 -unsaturated ketones undergo the normal Reformatsky
reaction, FHowever, Kohler and co-woriers {62) cbserved that methyl
bromezinemalonate adds 1,h to benzalacetophenone, Iyer (63) found
that when acetone is treated with thes same Reformatsky reagent the
only product isolated is that corresponding to 1,k addition of the
haloester to mesityl oxide, Apparently, the firast step of the reaction
is the condensatiocn of acetone to give mesityl oxide, The oocurrence
of this aldel type condensation awi dehydration of the aldol may be
represented by a mechanism similar to that of a typical aldol
condensation “ﬂz) .
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COOEY 0 00%S )
GD:G\/H +  CHOCH, —> cj&i + S don,
GOOEL C00ES
S
QI ® 1 &‘3 Q
Cllyeld + TICHSCH; — > CHy=G-CHi0CH,
Gy CHy
@

¢ o ® -
CHy=C-CH,COH, + ImBr —— sw-cfgcaa + ZnBrOR
Uy CHy

Thus, the various products isolated from the Reformatsky reaction
may be explained on the basis of a single ilonlo species, Only more
extonsive investigation will confirm or disprove these pospsibilities,
Previous Investigation of the Reformataky Reaotion on Thienyl
Carbonyl Compounds

In a series of publications (h,16,23,65,566) Kord and gollaborators
reported the application ¢f the Reformatsky reaction to a series of
2«thenyl ketones and aldehydes., These investigations were donducted
on the more readily avallable ketones and aldelydes and no attempt was
made toward the investigation of the more Jdifficultly prepared
A=thionyl compounds, |

The firet of these papers (65) discusses the interaction 2-acetyl-
thiophene, 2~thonal, and some methyl and halogen substituted 2-thenals
with the athyl sstora of bromoacetde acid, & ~bromoproplonie acid,

A «bromoisovaleric acid, bromemsalonic acid and < -bromo-n-butyric
apid, Zinc metal and a benzene~tolusne mixiure were the other
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componsnte of the systsm, The yilelds reported were consistent with
expeotations drawn by analogy from the corresponding benwene derivae
tives, beting 10-53% depending on the nature of the reastants, ‘here
ethyl bromoasetate, ethyl < -bromoisovalerate and ethyl bromomalonate
wore smployed, these investigators wers unable to isolate the (@ ~hydroxy
esters, bub obteined instead the corresponding unsaturated esters.

4s a furthsr preparation, the products from reastions yielding

G «hydroxy estors were refluxed with 6% oxalie solutidon to yleld the
delydration products,

The second paper, by Keskin, Miller and Nord (23), describes the
preparvation of some acetyleric derivatives of thiophene in which
1«(2«thionyl)«3-butyn-leol and l-(2-thienyl)el-loxen-Swyn=3-o0l were
gynthesized through the reaction of 2inc and propargyl bromide in a
bensene~tetrabydrofuran mixture with 2-thenal and O «~2-thisnylacrolein
raspectively,

) oH
1]
| len Br-CHg-CECH  —28 “ ] ‘]—cl HeGHgmC=CH

B

No investipgation was condusted on the resaction of thienyl ketones with
propargyl bromide,

The third publication (L) concerns the selection of a condensing
agent for the utilization of A -gllore and G <brome ssters in
Reformatsky reactions, The only carbonyl derivative of thiopliens
investigated was 2-acetylihiophene, It was found that mercuric chloride
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sorves satlisfactorily as a promoter in Beformatsky reactions involving
the above mentioned halogen compounds giving expscotsd products in
yields as high as 328, The reaction of 2-acetylihiophene with etlyl
dichlorcacatate to give a 234 yleld of sthyl @-mathyl«(ﬂ»‘bhiwl) |
acrylate is reported,

In & study of the syntlesis of some thiophene polyenes (66),
Miller and Mord employed their previously described procedurs (L) of
the intersction of (-2-thieuylecrolein with methyl (-bromopropionate,

9

D /'-clm.ms o Br-CHyCHo00CH, 2> U Woncrcucicr,coocs,

s 3
The final paper (18) by Miller and Nord reports the preparation of

goms 2«-thienyl polyene wedds by the reaction of 2-thenal and (R«2-thienyle-

acrolein with ethyl JV-bromecrotonste and methyl < ~bromosorbate,

] 9 (D In ||
ﬁ +  Brel HowQOHeCHnCODEY ————> HoC Hall HeC B=COOR
(2) HaOH 8

They wore unable to isolate eitler the corresponding hydroxy or unsaturated
estory and o saponified and delydrated the reaction mixtures with
methanollic sodium hydroxide to obtain the unsaturated acids, Despite the
findings of Jones, 0'Sullivan and Whiting (17) and those of English and
Gragory (18) for similar reactions with bsnzaldelyde, these investigators
could not Iind any evidence that the rearranged -vinyl acids were

formed along with the noymal products, They do, howover, support the



mechanisn proposed by Jomes and collaboraters for the isolation of
unreacted aldehydes whars enolization samwt occur, No thienyl
tones were studlied in this investigation,

19
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Praparation of Intermediates

The 2« and J«thienyl aldehydes and ketonss employed in this
investigation were synthesized by standard procedurss described in the
toerature,

The preparation of Z-thenal was accomplished by tuwo different
methoda, Hartough and Dickert (67) prepared 2-thenal through an
adaptation of the aminomethylation reaction to thiophens (68), This
involves the interaction of thiophene, 37 formaldebyde and ammondwms
chloride giving the intermediate N N'edie(2«thienyl)-l,3~dizzacyclo-
butane, which is not isclated but is hydrolyzed in dilute acid selution
(pH = 3,0-6,8) to give a LB yield of 2-themal and a L7% yleld of
Beme thylw2-thenylanine .

“ ll v CH0 + BHCL —> [l 'La,u{caa‘mn,ﬂ 0
3 8 CHy 3
PR3 - 6.8 l! . ﬂ-cm ’ “ % ‘}.aa..ﬁﬁmaa

The best yleld obtained in the present investigation was L6,785.

A better procedure from the standpoint of yielde and simplicity ofi
reaction conditions for the preparation of 2«thenal is that deserived
by Champaigns and irsher (69), This synthesis involves the direct




formlation of the thiophene nucleus by dimethylformamide in the
presence of phospherus oxychloride, Chémpaigne snd Archer reported a
72% yield of 2~thenal; the present study confirmed this with a Th% yleld
of the aldelyde,

[l . U ¢ (OH) R +—FP%la, Llﬂ 'lcm + (CHy) NH-KC1

Tho Zesoyltidophenss were obtained by the acylation of thiophene
with acid anhydrides in the presence of satalytic amounts of ortho
phosphoric aeid according to a method deseribed by Haxtough and Kosak
(710). After extraotion of the phosphoric acid the product is isolated
in good yield by vacuum distillation, Employing this procedure,
2eacetyl thiophene was prepared in 868 yleld; 2eproplonylthiophene was
obtatoed in 72,72 yleld and the yleld of 2«butyrylthbiophsne waa Th.5%
when thiophene was acylated with acetic anhydride, proplonic anhydride
and butyric anlyndride respectively. Using the sase process, J-methyl-
thiophene wes atylated with agetiec anhydride to give a 663 yield of
2eagetyle3-methylthiophene as well as a 128 yield of the Llsomeric
2~asetylelemethylthlophene,

Since direct substitutien at the 3 position in the thiophens ring

does mot cecur ler
Jetiwmal and Jeacetylthiophene, By rescting 3emethylth
H-bramosuceinimide in the presence of benmoyl peroxide in carbon tetra-
ghloride as solvent acgording to the method elucidated by Dittmer and

gthy procedures vere regquired for the preparation of
Onhene ﬂth




collaborators (T1), a maximum yleld of 60,6% of 3ethenyl bromide was
obtained, The reaction is quite exothermic and the product jsolated
ie 2«bromo-3e-mothylthiopheme if the bensoyl peroxide is omitted or
desomposed, In addition, the normal product, 3-thenyl bromide, is a
strong lashrymator and was found %0 be unstable, deo
violence after a storage period of several months, The Sowmolet re-
action provides a convenient method for the preparvation of J-thengl
from 3e-thenyl bromide (72), 1 sclution of 3~thenyl bromide in chloro-
form wag treated with emametlylenetstramine to form a complex salt
which was hydrolyzsd by hot water to give a LBE yleld of 3I-thenal,

The aldehyde, J~thenal was gonvertad to 3-themoic acid by oxidation
with silver exide following a previcusly described method (72), Silver

¢ with

oxide was formed by the trestment of a gllver nitrate solution with
agueous sodiuwm hydroxide, To the resultant brown suspsnded silver
oxide 46 added 3«thsmal and the precipitated stlver iz removed by
filtration, After acldification of the filtrate a 95% yield of solid
J-tinnole asid le obtained, The 3~thenoie acid was convertsd to
Jethenoyl cohloride by thionyl chlaride with the product being isolated
in 80% yield by vacum diztillation after removal of sxsess tllonyl
ellordde (72), Cumpaigne and LesSeur (72) used s procedure developed
by Oilman and Nelson (73) to comvert 3-thenoyl achloride into 3-acetyl-
thiophene, & propared solution of mathyl magnesium bromide was treated
with finely ground cadmiwm ehloride to gilve a solution of dimethyl
sadmiws to which wag added alowly and with cooling 3«thenoyl cliloride,



23

After hydrolysis of the reaction mixture with dilute sulfurio acid
the liguid product was obtained by vasuaen distillation in a yield
whioch was T3% of the theoreiizel,

The trensformations invelved in the praparations of 3-~thenal and
3ragetylthiophene are represented by the following egquationst

0
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Of the active halogen compounds used for the Reformataky reactiocns,
othyl bremoacetate, ethyl
commercially avallable,

Bthyl &5 ~bromolsobutyrate was preparesd in good yielde by a ratier
elogant adaptation of the Hell-Volhard-Zelinsky reaction, Bromine was

onate and allyl bromide were
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added slovly to a atirred solution of phosphorus pentashiceride in
isobutyric aold, After being set aside overnight, dhe mixiure was
treated with an excess of thlonyl chioride te give “<X-bremoiscbutyryl
ohloride which was mot isolated, but, after removal of exeess thionyl
c¢hloride, was treated with absolute ethanol, By vacuum distillation,
8 718 over-all yield of etlyl o(~bromoiscbutyrate was obtained,

Using the methwd desoribed hy Selmidt and Karrer (74), etiyd
& ~bromoorotonste was prepaved from ethyl orotonste through the inter
agtion of E-bromosuccinimide with ethyl erotonate in the prasence of
benzoyl peroxide employing carbon tetvashloride as a solvent, BEthyl
¥=bromourotonate was faolated by distillation in & 823 yleld, Ethyl
erotonate was synthesived in 75% yield by the esterification of orotonic
acld with 954 etbanol and sulfarie asid,

Eirrman's method (75) for the synthesis of propargyl bromide from
propargyl aleohol was used successfully to produce a T2% yleld of
propargyd bromide, Plogphorus tribromide wag added dropwise to
propargyl aleohel dissolved in dry pyridine as a solvent and the alkyne
halide was iselated by distillation,

Reformatalky Reaction of o ~Bromvesiors

The o-bromoesters employed asz the aotive halogen constituent were
ethyl bromoacatate, ethyl o(«bramopropionate and ethyl osbromoisobutyrate,
Tids selsction of bromoestsrs alloved an exasination of the resctivity
of a primary halogen, a sscondary halogen and a tertiary halogen,
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The curbonyl derivatives of thiophene examined were 2-thenal,
3+thonal, 2-acetyliliophens, J-avetyltldophens, Z-propionylihiophene,
dutyrylthlophene and Zeacetyl<J-methylthiophene, The variation of
thiany) derivatives was in the position of substitution on the
thiophene ring, the length of the aliyl chain in the 2eascylthisphenes
and the pressnce of « mathyl group adjacent to the asyl group,

The solvent employed was bemestie since no reaction was found to
oseur In ethyl ether and axcessive decomposition took place in toluens,
The use of a benzens~toluene mixture was found te offer no advantages,

Ry the hReformateky reactdon of carbonyl derivatives of thiophene
withe «bremoanters a variaty of branch shained ethyl 3-(2«tlhdenyl) or
3=(3-tidenyl) «3=hydroxyalkanoates wers pioduced,

“ 88 ardecooms B “ .f 2 3 coont
zg) " T "o

Equimolar quantitics of the thienyl carbeny) cowpound and S <bromoe
ester wore dissclved im anhydrous bensene and %o this selution, with
stirring, was added a similar gnantity of dry acdd washed sinc dust,
The resetion was initiated by & slight application of hsat to the
bottem of the resction vessel, and onse atarted tlw vigorous exothermic

reastion had t0 be moderated by brief immersion of the apparatus in an
fce bath, When the initial reaction had subslded the mixture was
heated at its reflux tempsrature for one hour and then hydrolysed by
the addition of an lce codd 0% sulfurdic scid esolution, The non-
agueous layer was geparated and combined with a subsegquent ether
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extract of the agueous portlon, The combined extracts wers glven
consecutive treatmants vith water, 10% sodium garbonate and water in
order Lo remove traves of mulfuric acid, ifter the solution was dried
over anhydrous godiom sulfate, the etler and benzone were removed at
raduced pressure and the residue was dlstilled umder vasuum, L guantity
of recoversd ketone or aldelyde was first received followsd by the

O «hydroxy oster, Distillation pressurss of lssa than one millimoter
of mercury were usuxlly required to avoid dekpdration of ths ¢ -hydroxy-
aster to the corresponding wnsaturated ester,

In all cases the (3 ~hydroxyusters were igolated in a pure condition,
Apparently the use 6f a lower boiling solvent and lowsr distillation
temparatures agoount for the succesaful isolation of the (O -hydroxy-
estors as comparsd to Miller and Nordis $65) fallure to isolate these

pouwnds where atlyl bromoacetate was used,

Alﬁm, ton etlyl 3~(2-thienyl)-I-hydroxyallancates and six
otipl 3~(3-thionyl)ed-lpdrexyalkanoates which have mot previously been
reparted ware praparved and some of thelr propertios are sumsarized in
Tables T and II respectively, The ylslde and percentage of recovered
ketone are reported in Tables III and IV,

The ylolds where ebhyl bromoscetate wus interacted wlih the unsube
stituted thienyl derivatives ranged from 58 to 68%, Little change in
yield covurs with variations in the lengih of acyl group attached to
the thiophene mucleus, . marked decresse in the amount of product

obtained scourred whore Zeasetyl-3-metlyl thiophene was used as only
a 258 yield resulted from the interaction of this compound with ethyl
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% Carbonyl Yield

% Carbonyl

{Benzone) Hecovered (Dioxane) Recovered
H H H H 62 8
R H CHy 57 6
H CHy CHy &l 9
H CHy H H 66 16 L2 Lo
H CGy B CHy 63 17 53 3o
H  CHy OHy CHy 15 56
H CgHy B H 65 15 k3 37
H CgHy H CH 62 13 55 3l
K neCylly H K 58 16 L3 36
H nelully H  CHy 5k 1k Lé 3k
CHy CHy B B 25 L8
CHy CHy, H CH 20 57
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Carbonyl
H B B &5 9
H CHy 58 3
CHy Chy 63 7
CHy R ¥ 68 171
CHy CHy CHy 56 22
CHy CHy CRy 26 56




bromoacatate under Reformataky comditions, The amount of recovered
ketons was high (L8Z), The low yields and high recovery of starting
materdal are presumsbly due o the blocking effect of the I-methyl
greup on the thiophene ring, A similar result was reported by Newnan
(56) for the Reformatsky reastion involving acetyl mesigylense,

Hewman attributed the Mgh regovery of unchanged asetyl mesitylene to
enplizsation of the wtone by the organometallic derivative which then
reacted with the enol form of the ketone to produce a reduced ester
and the halozine ecomplex of the snel, On hypdrolyeis of the reaction
nixture the halosine complex regenerates the ketons,

@ | H
R Byt LnlHgeCO0R i%-GKg«R

4

oF OZnX
HelHWCwR + XZOnCHgeCOOR mmmeemd HoOHoCeR + CHyeCOOR

Ewwwéﬁn%x t H c— Rl 'iga + inXh

The amount of enolization hus been fourkl ¢ be a function of the
typo of solvent, the halogen empleyed, and the steric blooking by
groupe in the ketone (56,57), Ueually ths emolization reaction proceeds
at a slover rate than the nermal reaction except in those cases where
sterie factors hinder formation of the mormal product,

Frem the reactions involving the aldelydes of thiophene soms un-
reacted aldehyde was recovered, This recovery, $5-10%, was accompanied,
as with the ketones by a comparable amount of redused sster,



Av enelization doss not cevuwr with aldehydes of thicphepe, thelr
mcevery dn the Reformateky cesction must be ascounted for by z2ome .
other explanation. The ideas offered by Jones and collsborators (17)
for the revovery of benzaldehyde from its ressbion with methyl

mogrotonate nay be offered sz an oxplanation, The organcsine
derivative of the ezter disveclstes inte lonic species, 4 resonsnee
stracture with the negative charge on the carbonyl oxygen then adtacks
the aldehyde and resuits in & product whiah, when hydrelysed, would
yiald the aldelyde and reduced easter,

, @ @ 2
BreloelHew0008% T——= Brin + CHpL-0Bb

e ¢
My Cm0Bt <> CHy=Cw08

l -? ._P 0kt
d,ﬁ b CHauCmwORE  momnnd M«c‘-c:

©
| g, g |18
. BenululHy + Hd  owemd> o H + OHgCO0&%

Whon ethyl A ~bhremoproplonsis served as the actiwe halogen qom-
ponent in the Reformataky resotdon, ylelds wore slightly lower, Sh-533%,
exgept whore 2-aceiyl-3-methyl thiophene was used in which cane the
yiald was only 208. Apparently any incraased starle effect of the
longer carbon chain in the haloester is overcome by the increaszed
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resctivity of the sscomdary Malogen, The percentages of recovered
starting meterial were ot appreciably different frem thous where ethyl
broscasetate was wsed, Onee again, o important variation in ylelds
wag noticed with the varlation in the length of the carbonm chaim in the
acyl group of 4w carvonyl derivative,

The use of etlyl «bromoiscbutyrate resulied in considersble
fluctuation of yields of produgts cbtained, From 2 and Jethenal yields
of &l and 63% were obtained, while with 2 and 3eacetyl thiophens
yielde of only 15 and 26% were obbained, The longer chained Peasyl
tidophenes gave only large amounts of recovored ketone, Gimilar results
were obsarvad vhere Zeacotylel-mothyl thiophens was smployed, The
rosults with the seyl thlophemes ars due to the heavy blocking offect
of the %two o{-methyl groups in the haloester, The enolization reaction
is the only ome that procesds at any reasonable rate., Increasing the
reaction time and ralaing the tamperatwre of the reagtion resulted in
axpeselive decomporition and no improvement in ylelds,

A un over-all cbemervaltlon, some slight lmprovement in yields was
aoted for thoee cases whore the 3-tldenyl derivatives wore employed in
gomparisen with the corresponding 2-thismyl cospounds, This dfference
may bave haen greater In view of the fachk that the molar quantities
stilieed in tho reaotions af the I-thienyl derivetives wers only onc-
hall of the amounts used for the Jethionyl carbonyl compourds, The
percentage logt through machanionl munipulations was certainly lurger
in the cases of 3J«thdenyd nds which were uzed in smaller quantities
besause of the much greater ‘d:bﬁ’ficulﬁ@s involved in their preparation,




iny diflferenge in ylelds between the two groups oi feomers may be due
%0 the Inoreased electromegativity of the two posiitlon in the thlophens
ring as compared to that of the thres position resulting in & slightly
decressad tondenoy fur the negative spesies 1o attack the cuarbonyl
carbon, Thuz, acoording to the possible mechanien,

@
| g e | 9 .
R+ IOBaeCOODY e l ]-cf ~CHy-CO0 T,
5 £ &

the wore electronegutive the carbonyl carbon the less is the likelihood
that the andonie atback will cccur,

The wee of dloxans as a resotion solvent was studied to determine
it yislds wore desressed dus to the promotion of enclisation as wms
reported, by Husssy and Bawmar (S7), in the phenyl kotones, These
investigators found that yislds were reducsd by ag much zs L0F with
the recovery of unrescted ketons being proporticnately higher, Muintaine
ing other conditions comstant, dioxans was used instesd of benzens as
a solvent in the Reformatsky rezction of the thienyl ketonss, and 13
was obgserved that ylelds were redused by only 10-208 for the thiophene
derivatives, Correspondingly grsator reductions were cbserved in those
cases vimrs athyl Lromoagetate was used than in thoee where etlyld
A <prawpropionate was the halogen compement, HNo significant variation
wag noted in the amount of enolisatisom in dioxans with the vardation
in the size of the acyl chain, The use of dloxane as a selvent for
the resgtions of the JI-~thienyl ketomee was not investigated beoause of
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the limited quantity of these compounds available, The results of
this study are recorded in Table IIX,

The dehydration of the Reformatsky products to the ecorresponding
uwsaturated esters was carried out according t0 a procedurs dessribed
by Miller aud Nord (65), Five gram guantities of the (R-hydroxyesters
were cefluxed in 6% ewhef&iumn for six hours, The product was
extracted with etiyl ether and after drying and concentration of the
solution, ths ebhyl B ~(thienyl) acrylate was distilled under reduced
pressure, The use of acotic anhydrdide, 85% formic acid (76), szinc
chloride in acetic aeid (77), or bensene solutions of lodine (78) as a
dehpdrating agent resulled in the formation of tars and highly colored
reaction mixtures, The unsaturated products are presumed %o be o R -
unsaturated, but there e the possibility thet in certalin instances
(3, ¥ ~unssturated ewters may have bsan produced (79), In no case,
however, wers two isomeric unsaturated esters isclated, Through the
dehydration reastion, sight etlyl (@G-(tidenyl) acrylates which have
not beon previously reported were prepared, Some of the properiies of
thess compounds are recorded in Table V,

Reformatsky B@&sm‘n of ©ihyl JY-Bromocrotonate

The resction of ethyl ¥-bromocrotonats with thienyl sarbonyl
derivatives vnder Reformataky corditions ylelds a variety of produets,
the origin of which are dependent on the naturs of the carbonyl
component, The carbonyl compoundz investigated were 2-thenal, 3~thenal,

2~acetylthiophene, 2-proplonylthiophene, 2-bubyrylihlophene and 2-acetyl-

Jemothyl thiophene,
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Benzeue was found %o be the best resetion medium for the Reformatsky
reastion of etlyl Y ~bromoorotonste with the thienyl carbonyl derivae
tives, Ethyl edher, toluene or benzens~toluene mixturss offered mo
advantages,

In the ¢ase of 2~ and 3-thenal, the hydroxyestors were isolated
in a pure condition from the reaction mixture by vacuum diatillation,

The produots of 2-acetyl, 2epropionyl, 2-butyryl, and 2-acetyl-J-methyl
thiophens were contaminated by the sorresponding delydration products,
The dehydretion of the hydroxyosters is presumed to bave ocourred
during their distillaiicn, since repeated distillation failed to Dmprove
the purdty of the produsts, and only resulted in further dehydration,
These producta were, therefore, converted to the unsaturated eaters by
refluxing for eight hours 4n a 6% exalic soid solution, Hiller and
Nord (16) were unable to isolate sither the hydroxy or unsaturated
esters and w0 sapopified and delydrated the produsts with methanolic
sodium hydroxidse to obtain the sorresponding ascldse,

By the Reformatsky reaction of ethyl Y ~bromocrotonate with carbenyl
compounds of tldophene a variety of branched etiyl S-(thienyl)-Sealiyl-

2 wpentailenpates ware synthesized,

, _.].mg..zz + BreCHy=CHaCB=COOEL 2B [ —HeG <G B-CHAC H-COOL
e SR

The interaction of both 2~ and J-theral with ethyl Y ~bromo-
crotonate resulted in two isomeric hydrowyestors whose boiling points
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differed by approximately 25° C, The lower boiling of the products,
vidoh was isslated in the larger smmount, rapidly adsorbad one mole of
bromine. Purther, the treatment of the lower boiling ester with
ozone followed by hydrolysis of the vzonids, resulted in the formation
of formaldehyde, This latter cbservation is indicative of a terminal
multiple bond linkage, while the rupid resction with bromine is
sharacteristic of a double bond which is mot adjacent to an eleptroe-
Bogative prouvp, Uonslideratlon of these two reactions strongly suggest
that a resrranged product having s terminal vinyl group was formed,
The higher boiling isomer rescted with bromine at a much slower rate,
4 proparty sharacteristie of a double bond adjasent to or in conjugation
with an slogtronegative group, ilthough Miller and Nord (16) were
snable to isolate anmy produnts gorresponding %W A -vinyl esters, the
isolation of such rearranged products have been effected before in
Reformately reactions employing methyl Y ~bromoarotonate (17,18).
These investigators veported that the A -vinyl isomer boils at a cohe
aiderably lower tomperature than doss the normsl product, The present
investigation confirmw this cbhaervation, Fresumably, the & ~vinyl
derivative results through o charge msigration in the negative species
of the organoeine halide,

y @ . .A
H!%MMHHCMQG&% ﬁ Brén + IGMK"CMO%E‘E
=
g, © .
/ n!! + ngmm -—-9 . :ﬂu{?m i
8 HeC iy § CHCHg
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In the case of P-themal, the yleld of o «rifnyle R «hydroxyestor
was 28% of the thesrstical widle that of the normal produst was 163
of the theorstical, 'Hth 3-thenal the ylelds of the vinyl iscwmers
were 295 amd 178 respeatively,

The formation of an o(=vinyl isemer was noted %o have osccurred
with Z-asetylthiophens although to a lesssr extent than with the
aldehydn, 8-thensl, The normal hydroxy ester tended to dehydrate upon
distillation while the oA(-vinyl derivative could bs isolated and
characterized as the hydroxyester, The nommal product was dshydrated
and gharacterised as the alkadienoic ester, The ylsld of o -winyl
isomer was 7% of ths theoratical while that of the normal product was
265 of the thsoretical, There were no lsomeric products formed in
those reactions whers 2«propionyl and Z-butyrylthiophszne served as the
earbonyl compound, FPresumably, the incrsase in size of the ketonic
alkyl group tends to inhibit the attack of the more bulky anjonic
species bearing the charge on the ~-carbon,

Large quantities {S52~62%) of recovored thienyl ketones resulted
from their interaction with ethyl XY-bromoerotonate, . comparasble
quantity of ethyl crotonate was isolated from each of ths reaction
mixtures, Ihis may be aescribed to enmolization of ths ketone by the
organozine halide intermediate resulting in reduction of the haloester
and the recovery of unchanged ketone,

4 small amount (10-1L%) of recoversd aldehyde was found in thoss
reaction mixtures in which the thenals wore employed, Jones, O0*Sullivan



and “hiting (17) observed s similar occurrenve when bengaldehyde,
which cannot enolize, underwent the Keformatsky reaction with methyl

X “bromoorotonate, The explanation was advanced that the isclation

of benzaldehyde was due to the formation from the Y -bromocrotonate

of an intermadiste which 49 a resonance hybrid and as euch can react
to form an anionic species of the organozine halide which on hydrolysis
yields benpaldohyde and reducsd ester,

@ @
BrineCHy-CHsCH-QOOMe ———= Brin + 1CHyCHCH-COOMe
9> le 0
CHyCR-CHCoMe <——> CHg <CHC =G ~OMe

Q 0® 0@) o
Celg=CH + CHyCHCHWwONe —> a,ﬁ.wﬁ-o-&ﬂ-cmaa
o que
CqHp=CRO-CoCR-CHCHy + Hg) —> OgHg=CHO + CHyCH<CH-COMe
A similar mechanism accounts for the isolation of the thenals from tbe
reagtion mﬁma in the present investigation,

The Reformatsky reactions were carried out by mixing ecuimelar
quantities of oarbonyl cowpound, ethyl ¥ -bromecrotonate, and gine
dust in dry bemzene, i small crystal of iodine was added as a reaction
inftiator, stirring was commenced and the bottom of the reaction vessel
wag heated gently to start the reaction, It was necessary to moderate
the vigorous exsthermic reaction by temporary immersion of the flask
in an ice bath, The reaction mixture was heated at ite reflux



temporature for one hour after the spontanecus refluxing had subsided
to complete the resstion, ifter hydrelysing the resction mixture with
an ice cold 108 sulfurie acid solution the non-agueous layer wae
separated and extracted suceessively with water, sodium carbonate solu-
tion and water, The organic solution was dried over sodium sulfste
and the solvents weres romoved, after which the residus was subjected
to vacuwn distillation, The forerun contained ethyl erotonate and une
reacted carbonyl sempound followed by the product or products,
Lltogather, five thienyl substituted hydroxyesters which have not
proviously been rsported were prepared, The properties of these
materisle are summerized in Table VI, In addition, six ethyl S-(thienyl)-
Seallkyl-2 hepentadienostes were synthesized. 4 summarization of the
properties of these compounds ia shown in Tabls VII,

Reformatsky Heastlon of illyl Bremide
The condensation of allyl bromide with carbonyl) derivatives of
thiopheno under the conditions of ths Reformatsky reaction leads to the

formation of L-(thienyd-l-lydroxy~l-alkenes,

OR
][ g—a * nr-ms,-.sn-cﬁ,-—--»] L-c-cﬂ,-cnuw,
~
8

The use of allyl bromide in the Reformatsky reaction has received very

1ittle attention (19) previous to this investigation,
This agtive bromine compound was found to react with the thienyl
carbonyl derivatives to give excellent yields of the expected produect,
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Since only very small guantities of unrescted ketone were recovered,
it may be speculated that the enclization reaction is of minor ime
portance when allylie bromlides are used, There was no indioation that
the products obbained underwont any degree of dehydration during
distillation at low pressures, The yields obtained were of the order
70-80% and very little variation in ylelds was nmoted between the
thenals and acylthiophanes nor between the 2-thienyl and 3-thienyl
derivatives,

The reaction was earried out by the interaction of eguimolar
guantities of carbonyl compoundd, allyl bromide and sinc dust idn a
mixture of egual volumes of benszene and tetrahydrofwran, The presence
of ths tetralydrofaren prevented the precipitation of the allylzinc
bromide intermediate wideh caused early termination of the Heformatsky
reactdon, After the initial exothermic reaction had subeided the .
reaction wixture was heated at its reflux tempsarature for an additional
hour, Ice cold 308 acetic acid was used to achisve hydrolysis of the
reagtion mixture, After the aforementiomed washings, drying and
vamoval of the solvents, the residus was distilled in vacuo to yleld,
first, a very small amount of unreacted carbonyl compound followed by
the pure liquid product,

iltogether, seven previously umreported L-thienyl-lehydroxyel-
alkenes were prepared by this procedures, Their physical properties
are gummarized in Tabls VIII,
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Reformatsky Esaotion of Propargyl Bromide

4 previous report (66) descrives enly the interacticn of propargyl
bromide with 2-thenal to yleld ths expested l«{2etidenyl)e3j-butyneleel,
This study reports a mors extensive investigation of tids psrticular
ampect of the Aeformateky reaction to a wide varlety of carbonyl deriva-
tives wiich included 3-thenal, 2-acetyliliephene, 2-propionyltldophens
and P-butyrylithiophene, The reaction was found to proceed as reported
with 2-themal vesulting in a 60 yield of the expectsd product,

“ i]-gnx « BreCHp=CZCH 2B “ n-g:nma,.cs‘ca
8 | 3

likewisze the reaction with 3-thenal toock plaéé with o 828 yield of
the gorresponding 3~thisnyl derivative,

With the 2-tidenyl ketones, bowever, even though the reaction
appeared to procesd vigorouely, with the zine being completely consumed,
4t was impoasible %o obtaln any ieformataky type product, The recovery
of unresated ketone was for Zessetylthiophene CLE, 2-proplonylildopliens
26% and for 2-butyrylthiophens 733, is asmall suantitiecs of nondistille
ablae material remaimed in the dlstillation flask it 4= possible that
mall amouets of the expected products may hive been formed, but were
depstroyed by pyrolysis during the distillation, Tha use of a higher
voiling solvent such as tolusue or ther increese of roaction time up
to four hours gave ne thienyl alkynols, but only rosulbed in more
extensive deoomposition in the reaction mixbture, Based upon the laryge
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percentages of unreacted ketone recovered, it seems that the inter-
yl wine bromide promotes considerable enolization of
the 2-thienyl ketonea, This result is in sharp contrast %o the small
amount of enclizatien which cocurved in the Reformatsky rewaidon with
allyl bresdde, %o suitable explanation may be offered for this

The Reformateky resgtions of propargyl bromide were carried out
in the same mennsr as were those invelving allyl bromide, The reactions
proceeded vigorously and witlout the application of heat, Indtially,
cooling of the reaction vessel with an 1ce bath was required to modorate
the veaction, Hydrolysis of the rescvion mixture was accomplished
with an 4oe cold 30% acetle aeid solution, ifter the usnal exiractions,
washings and drying the concentrated residue was distilled under reducad

pressure.

The properties of the two 1~(thienyi)-3-buiyn-l-ols which were
prepared are reported in Table IX, One of these compounds has not
been reported previously,
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CIMICAL REAGENTS

Thiephene-Fractical grade, Bastman Kodak Co,

isetie dnhydride~35%, Bastman Kodak Co,

Prepionie inhyvirdde~Fractical grade, Eastman Bodak Co,

Butyric inlpdride«~PSE, dastman Kedak Co,

Zino duste300 mesh, sotivated by immersion in Lot goncentrated svlfuriec
zeld to widoh & few drops of nitric acid bas besn added, The zine
way washed with distilled water and agetone and dried at 50° C,
for twenty minutes,

Bensene-i, P, grade, dried by distillation from sodiws,

Tatrahydrofuran-C, P, grade, dried by distillation from sodium,

Hoxane«C, P, grade, dried with magnesium sulfate and stored over
godiunm,

Toluene-C, P, grade, dried by diatillstion from sodium,

J-Mathyl thiophene-Courtesy of SoconyeVacuum 041 Co,, purified by
drying over magnssiuwm sulfate and distillation m gsodium,

Ethyl browcacetate~"hite label, Zastman Kodak Co,

£thyl <(«bromopropionute~hite label, fastman Kodak Co,
Pormaldehyde~Practical , 375 solution,

Isobutyric icid-Practical , Sastman Kedak Co,

Crotenic ioldePractical, Zastman Xodak Co,
N-Bromosuccinimide-"hite label, Lastman Kodak Co,
Benzoyl Peroxide~Commercial grade, Lucidel Corp,
Carbon Tetrachloride=C, P, grade, absolute, Morek & Co,

Alyl Bromide~‘hite label, Xastman Kodak Co., purified by drying over
magnesium sulfate and distillation through a Clalsen column,



50

Mumethylformamide«¥hlte label, Tastman Kodak Co,
Hexamethylenotetramine~thite label, Fastman Xodak Co,
ChloroformeC, P, grade, absolute, Merck & Co,

Thionyl chloride-C, P, grade, purified by distillation from quinoline
followed by distillation from boiled linseed oil,

Kethyl Bremide-White label, Zastman Kedusk Co,

Hognesiur-C, P, turnings, Lastman Kodak Co,

Cadmiwn ahloride~C, P, anhydrous, Baler Chemical Co,

Propargyl ‘lechol-"hite label, Zastman Kedak Co,
Pyridine~Practical , Eastman Kodak Co,, distilled from darium oxide,
Plosphorus Tribremide~Fractical , Zastman Kedak Co,

Phosphorus Trichloride-Fractical, Zastman Kodak Co,

Phosphorus Oxychloride~Practical , Bastman Kodak Co,



EXP ERIMERT &)
Preparation of Intermediatos

-Thepal

Method 4 == A well stirred mixture of 252 g. (3.0 moles) of thicphene,
1020 g. (12 woles) of 37% formaldehyde and 321 g. (6 moles) of ammonium
chloride was heated to 67° and allowed %o gool to 557, it 67° the
eloudy reaction mixture olesred and became straw colored, By the care~
ful addition of 1035 potaseium hydroxide solution with rapid stirring,
the reaction mixture was brought %o a pH of 6 (Universal Indicator
paper), The mixture was steam distilled; the portion boiling above

98° waz collected and neutralized with concentrated hydrochloric acid
to a pH of 6.5, ifter separation of the o¢ily layer, the aqueous layer
was oxtracted three times with 300 ml, portions of ethyl ether, The
extracts were combined with the o4l and dried over anhyirous caleium
sulfate, After removal of the sther the residue was distilled

in vacuc through a Clazisen column to yield 153 g. (3.37 molesy h8Z) of
clear pleasant amelling product, Its physical properties weret b,p,
51° (1 ma.); nZ> 1.5927. The reported physical properties of the
product ares b.p, 72.5° (7 m.); nZ® 1.5920 (67).
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Method B -~ In & one liter three-nwcked flask fitted with s reflux
condenser, stirrer and dropping fumnel ware plased 126 g, (1.5 moles)
of thiophene and 138 g, (1.92 moles) of dimethylformamide, From the
dropping funnel 286 g. (1,86 moles) of phosphorus oxyehloride was added
slovly to the rapidly stirred and cooled reasction mixture, ifter an
initial heuting on the steam bath the resction commenced and preceeded
vigerously with the svolution of hydrogen chloride, When the initial
reaction had sobeided the resction mixture was heated for ome hour
with stirring on the steam bath and then cooled to room temperature,
The dark colored solution was poured over 1500 g, of oracked 1oe and
treated with 300 ml, of saturated sodium acetate, The oily layer
widch separated wae combined with subsequent other extraota of the
aqueous layer and washed thoroughly with 10% sodium biloarbonate solu-
tion, After drying over anhydrous sodiuws sulfate, the ether solution
was oconcentrated on the steam bLath ani the residue was distilled wider
reduced pressure, 4 forerun of unreacted thiophene was followed by
12k g. (1,12 molens 7h#%) of clear liquid, Its physical properties
wore b,p. 17-48° (0.3 ma,) 3 ng,s 1,.5906,

| e,

To a mixture, heated to 70°, of 378 g. (4.5 moles) of thicphene
and 175 g. (1.55 moles) of 95% asetic anhydride contained in a one

2«ipetylthiophene
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liter Shree«meuind flask fitted with & reflux condenser and tharmometer
was added 15 g, of B85% phosphords acid. 4 wigvrous reaction set in on
shaking the flask and ite contents neceseitating ismersion of the re«
astion wessel in an ice bath to control the temperature of the solution
whish reee rapidly to 907, Aifter being set aside for a half hour the
mixture was refluxed at $6° for two hours and sllowed to cool to 50°,
4 volume of 300 ml, of water was added to the reaction flask followed
by shaking of the mixture for five minutes, The organic &yar was
separated and washed with 300 ml, of 108 sodium carbenate followed by
washing with 300 ml, of water, The solution was transferred to a
Cladisen flask where s thiophenc-water sseotrope was removed by distille
ation at 687 followed by the excess thiophens at 84°, The apparatus
was arranged for vscuum diatillation and a water clear product was .
obta!md; Ita plysical properties werer b.p, 7%° (3 5m,); ngs 1.58637.
A total of 168 g, (1.33 mlan;- 86%) of Z~acetylthiophene was obtained,
The reported (70) physical properties of this compound aret b.p, 77°
(b )5 022 21,5610,

2-Propionylthiophens

Using the apparatus and procedurs described above, 50L g, (6,0
moles) of %pmna, 301 g. (2.2 moles) of propionic anhydride and
20 g, of phosphoric acid were interscted at s reflux temperature of 100°,



After the addition of water and washing the crude product in the manner
deseribed in the previous preparation the organic layer was conocentrated
and distilled st redused pressure, There was vscelved 22h g, (1,60
moles; 72.7%) of olear liguid whose plysical properties were: b.p,
82483° (1 mm,); %5 1.54k2, The reported §80) physical properties ave:
v.p. 88° (7 wm.)y n25 1.5035,

2~-Butyrylikiophene

D@-ﬁ HgOHoC Hy

The apparatus and progedure smployed here wvere the same as that
used in the two previous preparationa, This compound was preparsd by
the resction of 50L g. (6.0 molea) of thiophene with 366 g. (2.2 moles)
of 9534 btutyric anhydride in the presense of 20 g, of plouphoric acid,
This reaction mixture was heated at its reflux temperature of 106° for
tws hours, Following the separation procedurs used in the former
preparations, the crude product was fractienated, ylelding 254 g.
(1.65 moles; 7h.5%) of pure product which had the following physical
propertiest b.p, 83-85% (1 mm.); ngg 1,5408, Its reported (80)
physical propsrties aret b.p, 87-92° (3 am.); ngf’ 1,518,

2«igatyl~I-methyl thiophene

~C Hy

s
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Using the same general procedurs discussed above, 29h g. (3.0
moles) of 3emethyl thiophene, 175 g, (1.55 moles) of 95% acetic
snbydride and 15 g. of phosphorie acid were interacted and the orude
product wos 1solated in the usual manner, Fractionation of the orude
product through & column 30 om, in height, 12 xm, in diameter packed
with 1/8" glaes lelices, yielded 1h3 g, (1,02 moless 668) of 2-acetyle
3-mothyl thiophens, refrastive index na> 1,560k, boling at 7heTh.S°
(1 =m,), and 26 g, (0,285 molesy 12%) of 2-agetyl~h-mothyl thiophena,
refractive index n>> 1,558, boiling st 77.5-76.5° (1 am,), The
reported (81l) physical constants for 2-agetyl-3-methyl thiophene ares
bop. 79° (h mm,); 02 1,9618; ami those for 2-asetyl-l-metiyl thiophone
arer b.p, 86° (3 m,)} ”%5 1.5600,

For further emmmsaﬁan the thiosemicarbazones of 2-agetylw
Jemethyl end 2-acetyl-b-sethyl thiophene were prepared, The melting
pointe for these derivatives were 206-207° and 219-220° respectively,
The reported (81) melting points for the thiossmicarbagones are for
2=acatyl-J-mothyl thiophene, 207-707,5° and for Zeacetyleh-methyl
tidophons , 219=220°,

3~Thenyl Bromide

Uw

In a two liter thres-neclwd £lask fitted with an efficient reflux
condemser and stirrer were placed 282 g, (2,88 moles) of 3-methyl
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thlophene and 3.5 g, of benzoyl peroxide dlssolved in 700 ml, of dry
carbon tetrachloride, To this solution was added, with stirring,
500 g. (2,88 moles) of N-bromosuceinimide containing an additional
gaantity of L g, of benzoyl peroxide, The bremiasting agent was added
during a two hour perdiod and at such a rate as to allow a steady
roflucing of the reastion mixture, Follewing the complete addition of
the H-bromosuceinimide the reaction mixture was heated at $ts reflux
tomperature for five hours and than sllowed to cool to room temperature,
The insoluble suceinimide was removed by filtration and the filtrate
was concentrated at reduced pressure, The residue on vasuunm distilla~
tion ylelded 309 g, (1,75 moles; 60,68) of pungent smelling liquid
beiling at 75-82° (1 ma.), The reported (72) boiling point of 2-thenyl
bremide 18 75-76° (1 wa.),

0f two previous preparations of 2-thenyl bromide one became azo
violent that the reoscotion mixture was lost through the condenser, the
other guve 178 g. (1,01 molea) only a 35% of the expected product,
It should be moted that a stored sample of about 200 g, of 3-thenyl
bromide deccmposed with considerable viclense after several months of
standing.

3-Thanal

o
.

To 177 g. (1.0 mole) of 3«thenyl bromide in 350 ml, of chleroform
copntained in a one liter flagk fitted with a reflux condenser was



added 138 g, (1.0 mole) of examethylenstatramine, The mixturs was
heated at ity reflux tompersture for one hour, coolad and filtered,
The widte crystalline solid was dissolved in 500 nl, of water and
steam distilied until one liter of distillate had been collected,
After neoutralization of the distillate with dilute hydrochlorie acid
the oily organle layer was separated and combined with three subseguent
athor extractions of the agusous layer, Using caleium sulfate, the
otlor solution was dried and then conceptrated on the stesm baih,

By dietillation at redused presmsure Sk g, (U,L8 mole; L8K) of clear
1iguid produet was obtained, I%e physical properties were: b.p,
76-71° (12 mm.). The reported (82) physical properties of 3-thensl
aret b,p. 78° (1l wm.), This preparstion was repsated to yleld 5% g.
(0,49 moley L9%) of I-thensl,

3«Thenote ieidd

The eombination of a solution of 150 g. (0.083 mole) of silver
pitrate in 300 ml, of water with a4 solution of 70 g, (1.75 molss) of
sodium hydroxide im 300 ml, of water gave a brown suspension of silver
oxide, To this suspension was added, with rapid stirring, L7.5 g.

{0, 42k mole) of 3-thepal over a 25 mimuts perlod, during which time it
was neossaary to cool the reastion mixture %o moderate the exothermic
reasotion, At the completion of the addition of thenal the characteristic
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odor of dids aldelyde had disappearsd and a heavy precipitate of
ailver had sattled to the bottom of the beaker, The metzllic ailver
was removed by filtrstion and washed with 200 ml, of water wideh was
combinad with the basle filtrate, icidification of the filtrate with
eoncantrated hydrochlorde acld caused the pracipiiation of a white
solid, The mixture was get aside in the refrigerator for twelve hours
during whioh time 51 g. {O,L0 moles 95%) of preduct crystallised from
solution, It was filtered and dried, The product had a melting puint
of 135.5-137°, The reported (77) melting point is 137-138°,

J.Thenoyl chloride

in

————
873
b
2

The sdditdon of $9.5 g, (0,50 mole) of thiony) chlerdde te S1 g,
(040 mole) of 3-thenolo acid over a two hour pariod, during whish
$ime the reastion mixture was kept at its reflux tewperature, gave a
¢lear yallow solution, After removal of the excess thienyl ehlorids
on the ateam bath the residus wag distilled under reduced pressure,
At a temperature of 99-101° (30 mm,) there was obtaimed 16,7 g. (0,32
mole; 00%) of slightly yellow lisuld produst which solidified to a
soldd having & melting point of L9=51°, The reperted (7?) physical
constante for this asid ehlerids are? b.p, 110.111° (36 mm.); m.p.

$1.52°,
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Methyl magnesivm bromide was prepared by the interaction of
b3 g. (046 mole) of metly) bromids with 11 g, (0.L6 mole) of magnesium
turnings in 300 ml, of anhydrous ether, To this rapidly stirred and
cooled Grignard reagent was added LL.7 g. of finely powdered ankydrous
cadndum clioride. The reaction vessel was removed Lrom the cooling
bath and the mixture stirred for an additionul bowur at room temperature,
if%er replasing the reaction vessel in a cooling bath, L6,7 g, (0,32
wode) of 3wthenoyl chloride was added in amall portions, '/hen the
spontansons refluxing bad subsided the reaction mixture wua hmated at
1ta reflux temperature for an hour and then allowed to cool to roonm
temperature, The heterogensous solution was poursd, with vigorous
stirring, onto a mixture of dilnte sulfurie acid and cracied lce,
a 300 m}, ether extract of the mixturs wis washed twice with water and
dried over anhydrous sodium sulfate, fier removsl of the sther tie
residue was distilled under reduced pressure to yield 29.5 g, (0,23h
mole, 73%) of clear product with the physicul constantss b,p, T7-78°
(L m.); no° 15621, The reported (72) boiling point ie 8l-85°
(6 ma,)s 2> 1,5@2,

The 2,k dinitrophenylhydrazone of the product had & melting point
of 265,5-266°. The reported (72) melting point ia 265°,


mailto:p@Kdo.rod

Ethyl # ~bromoiscbutyrate
Cly
Br=CeC00C o Hy
CHy

Into a one liter three necked flask fitted with an efficient
reflux condenser, thermometer and drepping fumnel were added 275 g,
(3,13 moles) of iacbutyric acid 5 g, of phosphorus pentechloride.
To the stirred solution, maintained at a temperature of 78° y was added
cautiously 525 g, (3.28 moles) of bromine, The resnlting dark colored
reasction mixture was heated on the steam bath for seven hours during
ubioh time the temperature of the mixturs ross to 87° and the red
eolor of bromine practically disappeared, After being set sside overw
pight the mixture was warmed to remove any unrsacted bromine and it was
then treated cautiously with LLO g, (3,70 moles) of thionyl ehloride
follewed by heating of the reastion mixture for a two howr perded at
its rofiux temperstura, The condenser was then removed and the ezceans
thiony)l ehloride allowed to boil off, To ths solution, after allowing
it to oool to room temperature, was slowly added 184 g, (k.0 moles) of
ethyl alcehol with an occasional shaking of the resction vessel,
Following the addition of the alcohol the eolution was hsated at reflux
tempoerature for fifteen minutes and then translerred to a ome liter
Claisen distillation apparatus, The ethanol and a small wantity of
unreseted ethyl butyrate ware removed by distillation at atmospherie
pressure and the apparatus wag then arranged for vacuum distillation,
Distillation under these conditions gave L67 g. (2,10 moles; 77%) of



elear liguid product distdlling at 50-51" (10 mm.) which had a
refractive index of nff 1,4L07, The reported (83) boiling point is

63=65° (1h mm.).
Etlyl erotonate
£ HyC HeC BeC0OC o Ky,

i mixture of 258 g. (3.0 woles) of erotonie acid, 750 zl, of
sthanol and 250 g, of sulfurie ascid was placed in 3 two liter flask
fitted with s reflux condenser and heated at its reflux tomperature
for three hours, The resultdng slighily yellow reastion mixture was
then poured inte a three liter beaker containing 1000 g, of cracked
ice and neutralized by the careful addition of 25% modium hydroxide
solution using litmus paper to indicate neutrality, After remgval of
the expess ethanol by distillation the two layers were separated and
the agueous layer was extraated with 250 ml, of ethy) ether, The
ather oxtract was combined with the nopaquecus layer and dried over
anhydroue sodium gulfate, After removing the ether on a steam bath
thare remained & straw colorsd olly liquid whieb on distillation
yielded 266 g. (2,26 moles; 75%) of product boiling at 137-135°. The
reported (83) beiling point 1s 136,7°.

Bthyl a’@m@m\‘mmm
Br=CHawCHeC BeCOO0 gl

Te a one Yiter Llask fitted with a reflux condenser was added



118 g, (1.0 mla) of ethyl orotonate, 17h g. (1.0 mole) of N-bromo-
suooininide, 1,17 g, of beneoyl peroxide and LOC ml, of carbon tetra-
ohloride, This mixture was heated at its reflux temperature for an
hour and a half and then treated with an additional 200 ml, of carbon
tetrachloride followed by immediate filtration to remove the insoluble
succinimide, The filter cake wus washed thoroughly with carbon teira-
ohloride and the combined filtrate was concentrated and distilled
under reduced pressure, ifter a forerun of a few milliliters of

ethyl orotonate there was obtalned 158 g, (0.82 moles; 82%) of a
elear produst having the physical constantss b,p., 7h.5+76° (2 mm.);
ne> 1.l932, The reported (74) pliysical constants of this compound ares

b
b.p. 92-93° (10 am,) ﬂgs 1.9k,

Propargyl bromide
Br-CHpeCzCH

To a solution of 119 g. (1.0 mole) of propargyl alcobol and 12 g,
of pyridins contained in a 500 ml, three necked flask fitted with a
dropping fupnel and reflux condenser with an atitached drying tube was
added dropwise, with cocasional shaking of the resction flask, 95 g,
(.35 mole) of phosphorus tribromide, The temperature of ths reaction
mixture was held at «30° by means of an ilce-salt bath during the
addition of the prominating agent, Aifter the complete additfon of the
latter the reaction mixture was jmmediately distilled to yleld 86 g,
(0.72 moles 72%) of a water clear product boiling at B1,5-84°, The
reported (75) boiling point of propargyl bremide ie 82-85°,
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Reformatoky Reactions of o ~Eromoesters

Ethyl 3«(2~thlenyl)=3-hydroxypropanoate

(i R

Under anhydrous conditions, 11.2 g. (0.10 mole) of 2«thenal,
16.7 g (0,10 mole) of ethyl Lromoscetate and 50 ml, of dry benvene
wore placed in a 250 ml, three necked flask equipped with an efficient
stirrer and & reflux cendenser fitted with a drying tube, To the mixe
turs in the flaak was added 6.5 g. (0.10 mole) of dry acid washed zinc
dust, and a small orystal of lodine, Aifter starting the stirrer, the
reaction flusk was heated lightly to inltiste the reaction after
which 1t was necessary to moderate the wvigorous resction by z brief
immergion of the reaction vessel in an dce bath, “hen the initial
exotbarmio resction had subsided, the mixture was heated, with stirring,
at 1ts reflux temperature for an lour, The reaction mixture, after
being allowed to cool 10 rcom temperature, was hydrolyzed by the
addition, with rapid stirring, of 75 ml, of an ice cold 10% sulfuric
agld solutiou, The nomeajueous layer was separated and combined with
a subsequent ether extract of the ajueous portion, The combined solu-
tions wore given consecutive treatments with 100 ml, of water, 100 ml,
of 10% sodium carbonate solution and 100 ml, of water followed by
drying over unhydrous scdium sulfate, The ether and benvene were
removed at reduced pressure and the residue was distilled under vacuum,



At 63«66% ( 4 mm,) 0,7 g. of 2-thenal was recovered followed by 12.8
g. (0,062 mole; 62%) of a clesr colorless product boiling at 113-12°
(0,2 mm.) which had & refractive index of ni> 1.5220, inalysis of
the compound for carbon snd hydrogen gave the following results:

Calotd, for CoHyaDs81 C, 54,03 H, 6.0,
Founds C, 5h,1j H, 6,2,

A previows preparation of this material following the above
pwméum resulted in a 51.5% yield of the expected product. “hen
toluene was employed as the solvent with other experimental conditions
being kzid constant the yiald‘dmpsd to T.5% of the theoretical amoumt
and the quantity of undistillable residue in this ease was 10,0 g.

Ebhyl 3-(2«thienyl)-3=lydroxy-2-methylpropsnoate

|| l]?ﬂ CHy
o HeC H-COO0 g By

Using the apparatus and procedurs described above, 11,2 g, (0,10
mole) of 2-themal, 18,1 g, (0.10 mole) of ethyl 5 ~bromopropionate and
6.5 g. (0,10 mole) of zing dust were allowsd to interact in 50 ml, of
dry benzene as a reaction m:i.a. Aftor hydrolysis and severel washings
the orude product was distilled %o yleld 0,3 g, of Z-thenal followed
by 9.7 g. (0,057 moley $7%) of slightly yellow product, with a refractive
index of 3’ 1.5129, and botling st 108-110" (0,5 mm,), The reported
(65) physioal properties of this substance ares b.p. 119-122° (L ma,);
ni? 1,5181,



Ethyl 3=(2-thienyl)-3-hydroxy-2 ,2«dimethylpropanoate

| ljomon

The apparatus and procedure employed wera the same as in previous
propavations, The above compound was prepared hy the interaction of
5.6 g, (0,05 mole) of 2ethenal, 9,75 g, (0,08 mole) of ethyl X «bromo-
fscbutyrate and 3,25 g, (0,085 mole) of dry simec in 25 ml, of anhydrous
benzens, Following the separation procedure used in the former experi-~
monts, the crude product was fractionated to yield 7.3 g. (0,032 moley
&h%) of straw aalnmd product whose physical constants weres b.p,
m-m“ {01 mm.); n?f 1.5112, inalywis of the compound for carbon
and hydrogen guve the following resultss

R IS T T

Gthy}l 3«(2~thienyl)el-hydroxybutancate

L, Bnpr

The interaction of 12,6 g, (0,10 mole) of 2-acetyl thiophene,
16,7 g. (0,10 mola) of ethyl vromoacetate, and 6.5 g. (0,10 mole) of
zine in 50 ml, of dry benzene procsaded vigorously and spontancously,
After the usual separation the residue was subjected to wacuum distille
ation, and there was oblained as 86-88° (2 mm,) 2.0 g. of 2-acetyl
thiophene followed by the clear colorless product with the physical



propertiess b.p, 93-94° (0.2 mm,); 02> 1,5083, The yisld of product
was 1h,2 g. (0,066 wole; 66%), imalysis of the compound for carbon
and hydrogen gave the following resulist

Cadetd, for Gmﬁuﬂaﬁl H 56013 H 6&5-
Founds C, 58.9; H, 6.6, ’

The use of only 25 ml, of bengene as a reaction solvent with the
other experdimental conditions and amounts of reactants being held
constant resulied in a 32% yleld of the same produsct,

A third preparation of this materisl involving imdtially the same
reagonts and amounte as above followsd by the addition, after fifteen
mimtes, of an additional 1.6 g. (0,025 mole) of zinc amd L.2 g,
{0.028 ml&) of ethyl browoacetats resulted in 1L.0 g, (0,065 moley 65%)
of the expeected hydroxy ester and the recovery of 2.3 g. of unreacted
2«agetyl shiophene,

“When 50 ml, of anhydrous toluens was used instead of benzene as
the reastion selvent the yield of product was reduced to 1.2 g. (0,0068
mole; 6,5%) and 3,8 g. of unchanged ketone was recovored, with the
amount of high boiling by-products being 8.k g,

The interaction of 12,6 g, of 2wacetyl thiophene, 16.7 g. of ethyl
bromoacetate and 6.5 g, of zine in S0 ml, of dry dloxane was vigorous
and exothermic, ‘“orking up the product in the usual mamner ylelded
5.1 g. of unreacted 2eacetyl thiopheme and 8.9 g, (0.0L2 mole; L42%2)
of produst boiling ab 102-204° (1 mm,) which had a refractive index of
n23 15077,
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Bthyl 3e{2«tlienyl)»3-hydroxy=2-mothyloutancatse

|l .
ST S

The aame gensral procedure as previously deseribed was employed,
using 12.6 g. (0.1 mele) of 2easetyltidophene, 18,1 g. (0.1 mole) of
ethyl X «bremoproplonate and 6,5 g. (0.1 mole) of zina dust in SO ml,
of dry benzens, Following the separation procedures disoussed above,
vacuun distillation of the orude product gave L.l g, of 2-acetylthiophene
and 12.5 g, (0,055 mols; SS%) of slightly ysllow ligquid boildng at
102.303° (0.1 MJ « 1ts refragtive index was n25 1.5122, The reported

B
(65) physical proparties for this compound are’ b,p. 113-117° (3 mas.);

Wtheammmﬁan was ¢arried out in 50 ml, of dloxane it
gave 3.8 g. of unreacted ketone and 9.8 g, (0,053 mole; 53%) of the
expectad Heformatsky resctlion product,

byl 3=(2«thienyl)-3-hydroxy2 2~dinethylbutanoats

| [[98_cma

Using the same expevimental teshni-us ze in the above reactions,
12,6 g. (0.10 mole) of 2-acetylthiophens, 19,5 g. (0,10 mole) of ethyl
A «bremoiscbutyrate and 6.5 g, (0,10 mole) of zine were allowed to
interaot in 50 ml, of anhydrous bengene, ifter hydrolysis and
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separation the residue wes diwtilled under redused pressure to yleld
3.3 g. of ethyl lsobutyrate and 3.9 g. of 2-acetylthicphens followed
by 3.6 g. (0,018 modes 15%) of 1ight yellow liguid produst boiling at
200-101° (0,1 mn,) with & rofractive index of no> 1,553k, inalysts
of the product for carbon and hydrogen gave the following results:
Calo'd, for U, H 3: C, 59.53 H, 7.k,
Founds  C, S9.8; B “% » 5
Ethyl 3-{2«thienyl)-3-hydroxypertanoate

L.
8 éx,agzcm’%

To a dry three-nscked 250 ml, flask fitted with stirrer and reflux
condanser wes added 1L.0 g, (0,10 mole) of 2~proplonyliblephons, 15,7
g. (0,10 mole) of ethyl bromsasetate, 6,5 g, (0,10 mole) of dry wine
dust and 50 ml, of dry bamens, The arude product was 1solated in the
usual maxmer and subjected te vacuum distdllatdon to yield 2,1 g. of
unreacted ketone bolling at &i’uﬁf {1 mm,) and 1L,8 g, (C,065 moley 65%)
of clear 1iuid product boiling at 95-96° (0.2 mm,), which had a ree
fractive index of ngg 1.5108, Analysis of the compound for carbon and
hydrogen gave the following resulisr

Calev¥d, for Gy Hy 033‘ g, 57.9; B, 7.0,
Foumds ©, 58,23 ?&

When the above synthesis was mpm.wd using only 25 ml, of benzene
as a reaction solvent the zmount of wnreacted 2e-proplonyltldoplione
was 5.9 g. and the yleld of product was 8.2 g, (0.036 mole, 364),
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The substitatdon of diosane for bengene as & reaction media and
maintaining other experimental conditions constant gave $.2 g, of une
ressted kotome and 9.2 g, (C,0L) molag L3%) of the expescted product,

Bthyl Je{2ethionyl)3ehydroxy«2-methylpentancate

(i3,

87 CHCH,

Pollowing the previously desoribed method, 14.0 g. (0,10 mole)
of Z-propionylthiophens, 18,1 g, (.10 mols) of ethyl & ~bromp-
proplonate and 6,5 g, (0,10 mole) of zino wers allowaed to interast in
50 ml, of dry bensene, ifter obtaiming the cvude product by methods
alrsady discussed it was distilled ot redused pressure to yield 1.8 g.
of Z-propionyl tldopheme and 12,3 g. (0,062 mole; 62%) of yellowish
1iquid product whose physical properties weres b.p, 3.03~1§>h° (0.1 ms,)j
- n2% 1,5018, inalysis of the compound for carbon and hydrogen gave
the feollowing resulter

Calotd, for Caglyelabt ¢, 89,53 B, 7.4,
Foundt ©, S?gﬁxg:a?.h. ’ ’

Repetition of the ahove reaction using dioxane as & veaction media
instead of bameene gsve L8 g. of unreacted ketome and 11,1 g, (0,055
woles 55%) of the expseted hpdroxy ester,

Heaslion of Zeproplonylibiophene with ethyl™ -bromoiscbutyrate
Zaploying the axperimental technicue described previously, 14,0

g. (0,10 mole) of 2epropiomylthiophene, 19.5 g, (0,10 mole) of ethyl

A <bromoisobutyrate and 6,5 g. (C,10 mols) of zinc were allowed to
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interact in 50 ml, of benzene, The reasiion proveeded vigorcusly,
bub after working up the reaction mixture in the usual marmer and
distilling the erude product, enly 9.5 g. of unreacted Z-propionyl-
thiophene was obtained boiling at 76-77° (0.5 mm,), There remsined in
the distillation flask 5.6 g. of an unidentified high bolling residue,

The same reaction was repeated again using 2h.h g, (0.125 wole)
of etlyl o(-bromoisobutyrate, 14,0 g, (0,10 mole) of 2upropionyl-
thtophene amd 8.1 g, (0,125 mole) of dry zinc and heating the resction
mixture at ite reflux temperature for three houra, Again there was
obtained by distillation 8.7 g, of uwmrseacted ketone with 7.2 g. of
non~distillable residue remsining,

Ethyl 3 2+thienyl)«3«hydroxyhexanoate

mw:%

87 GHyCHaCH,

The apparestus and experimental procedurs wera the same as out-
14ned above, The reaction of 15.k g, (0.10 mole) of 2-butyrylthiophene,
16,7 g. (0,10 mole) of ethyl bromoscetate and 6.5 g. (0,10 mole) of
gine dust in S0 ml, of benvene gave 2.Lh g, of unresched ketone and
1.0 g, (0.058 mole; 58%) of a straw colored ligquid procuct boiling
at 97-98° (0.2 mm.); ngﬁ 1.508k, The results of analysis for carbon
and hydrogen weres

Cale'd, for CygHiePaeSt C, 59.5; H, 7.L.
Founds G’ 59»93 K’ ?ch-
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4 previous preparation of this gubstance using the same expari~
mental conditions and quantities of reactants resulted in 3,1 g, of
wnrsacted ketons and 12,7 g, (0,052 mole; $2%) of product,

Prom a similar synthesis of this compound in which dioxans was
used as the reaction solvent there was isolated 5.5 g, of 2«butyryle
thiophene and 10,6 g, (0.0L3 mole; L3%) of product boiling at 115116°
(1 mm,) widoh had a refractive index n> 1.5073.

Ethyl 3e(2etilenyl)«3«hydroxy-2-nethylhexanoste

‘ lemr OBy
2l W ﬂﬁ

‘ OH GH,
ﬁ-cme,&

The interaction of 5. s, w“ﬁ %%, .. 2-butyrylthiophene,
18,1 g. (0.10 mole) of ethyl X =bromoproplonate and 6,5 g. (0.10 mole)
of dry zinc dust in 50 ml, of dry benzene procecdsd in a marmer similar
o previoualy described HReformatsky reactions, . fisr the uzual

geparation and distillation under reduced pressure there was obtained
2,1 g. of unreacted ketone and 13,5 g. (0.06L mole; 6L%) of a yellow
liquid produst boiling at 112-113° (0,1 mn,) which hud a vefractive

%s 1.h970, inalysis of the compound for carbon and hydrogen
gava the following resultss:

Cale'd, for cmnmeasa c, 60.9; H, 7.8,
?ﬁw‘ G’ .?’

When the above reactants wers allowed to interact im SO ml, of dry
dioxane a9 & reaction media there was obtained 5.3 g, of 2«butyrylthiophene
and 9,7 g. (0046 moley L6E) of the expected product.
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Reaotion of 2«butyrylthiophane with ethyl < ~bromoiscbutyrate

Avcording to the previously desgribed experimental conditions,
15,k g. (030 mole) of 2-bulyryltldephens, 19.5 g, (0,10 mols) of ethyl
A ~bromolsobutyrate and 6,5 g, (0,10 mole) of zinc dust were allowed
to interact in 50 ml, of dry bemzene, Although the reaction proceeded
vigorously, there was isolated by distillation 10,7 g. of unreacted
2~butyryltliophens boiling at 79-82" (0,5 ms,), + total of 6.1 g. of
unidentified and non«distillable residue remained in the distillation
sk,

Bthyl 3e(3wthisnyl)~3ehydroxypropanoate

[—]i’iiew,&

Using no change in experimsntal conditions, the intoractlon of
5.6 g. (0,05 mole) of 3-thenal with 8.k g. (0,05 mele) of ethyl bromo~
acetate and 3,3 g. (0,051 mole) of zino 4n 50 ml, of anhydrous benzens
took plase vigorously,. . fter the same separation procedures as
deseribed sbove, vacuwum distillation gave 1.1 g, of 3-thenal distilling
at 63«61 (L mm,) followed by 6,5 g, (0.0325 mole; 65%) of clear colore
less preduct boliling st m—n&“ (C.5 mm,) whose refractive index was
nngﬁ 1.5202, Analysis of the produot for carbon and hydrogen gave the
following resultss

Cale®d, for Colly0e3t G, Sh.,03 K, 6,0,
Found: C, SL.,O3 H, 5.9,
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Bthyl 3+(3ethilonyl)el=hydroxy=2-methylpropannate

QU Gy

g

Using the apparatus and prosedurs deseribed abeve, $,6 g. (0,05
mole) of Jethenal, 8.1 g, (0,05 mole) of ethyl o5 -~bromopropionats and
3.3 g. (0,081 mole} of dry sino powder wore ailowed to interact in
S0 ml, of dry benzene, Aifter hydrolysis, washing, drying and removal
of the reaction solvent the eruwde product was distilled to yleld 0.7
g. of unreacted 3J-thenal followed by 5,9 g. (0.0275 moley 55%) of
product boiling at m-—m.f (0.5 m,) vhose refractive index was
ngg 1,5110, analysis of the product for carbon and hydrogen gave the
following results?

Calo'd, for CaHu0aS8 C, 56.1) H, 6.5,
Founds ¢, 563.3%!, 6.8, ’

™

Byl Ie( Jethlonyl) «3ehpdrogy=2 2edinethylpropancate

To a 250 ml, threc-nschked flask was added the quantities, 5,6 g,
(0.05 mole) of I-thenal, 9.8 g, (0.05 mole) of ethyl <% -bromolsobutyrate,
3.3 g. (0,051 mwole) of zinc dust and 50 wl, of benzene. ifter the
usuzl vigorous reaction, sepavation procedursz and removal of benzene
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the erude prodect was distilled under reduced pressure to yield 0,5
g. of unreacted 2-thenal amd 7.2 g, (0 ,0316 mole; 63%) of a slightly
yellow liquid produet boiling at 116~-128° (0.5 mm,) which had a
refractive indsx of ngg 1,5098, inalyeis of the product for carbon
and hydrogen gave the following resulte:

Caletd, for C;,Hyq0a88 C, 57.95 H, 7.0,

Found: G, 5&,931%, 7o, ’ ’
Ethyl 3-(3~thienyl)«3-hydroxybutanoate

GH

[

3

The interaction of 6.3 g, (0,05 mole) of 3~acetylthiophene, 8.k g,
(0.05 mole) of etly) bremoseetate, 3,3 g. (0,051 mole) of zine in 50
ml, of bencene ay a solvent proceedsd spontancously, Separation of
the erude product in the uvsual mammer and its vacuws distllilation re-
sulted in 0.9 g. of unreacted 3-asetylthiophenc and 7.3 g. (0,03k mele;
68%) of clear solorless product distilling at 93-54,5% (0.1 mm.) whose
refractive lndex was ngg 1,5067, snalysis of the produst for carbon
and hydrogen gave the following resultst

Calotd, for Ca.l, 055t C, 56.1; H, 6,5,
Founds a’ 56- 3xi‘§i 6aaa ! ’
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Eblyl 3~ 3~thionyl)=dehyiroxy-2«ms thylbutanoats

oy

C —C HaCOOC 3 Hg
\ i CHy CHy
[s]

The resotion of 6,3 g, (0,05 mole) of J~acetylthiopheme, 9,1 g.
(£ .08 mols) of ethyl KX ~bromepropisnute and 3,3 g. (0 L5) mole) of
sine in 50 ml, of dry benzene took place rapidly. Afder the usual
sgparation, the orude product was distilled to giwve 1.8 g, of umreacted
3~agetylthiophens bofling at 70-717 (1 mm,) followed by 5.3 g. (0.028
moles 56%) of ligudd product eollected at 10Le206° (0,S mm,) vhich had
a refrastive index of n‘gg 1.511h, inalysis of the product for garbon
and hydrogsn gave the following resultst

g::;:;g, g:rsgtghﬁfagia ‘3, 57.93 H, 7,0,

Il 3={3ethionyl)«I=hydroxy«2 ,2~dimethylbutanoate

Following previously desoribed experimental conditions, 6.3 g,
(0,05 mole) of Ie-acetylihdiophene, 9.8 g. (0,05 mele) of ethyl & <bromo-
isobutyrate and 3.3 g. (0051 mole) of dry zine were allowed to umdorge
interaction in 50 ml, of dry benmens, The orude product was iasolsted
from the resctlon mixture by the ususl method and on vaouwum distillation
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gave 3.5 g. of unreacted 3escetyltbiophene and 3,1 g, (0,013 molej
268) of & straw golored product betling at 105107 (0.5 mm,) wiieh
had a refrastive index of n.> 1,5521., Analyais of the product for
carbon and hyndrogen gave the following reeulbss

CalCalevd, for CyglyaSt C, 59,55 H, 7.4
A - am I »
Fowpounds ¢, 59,33 H, 7.5. » 57028 Hs Lolte

Ethyl 2e{2«(Jemathylthlenyl)=3-lydroxybutancate

CHy

| )98
e3nC HgGOOS 3 Hg

Hy

ya

b

Bmploying the previously desgribed apparatus and expsrimental
procadure, 14,0 g. (0.2 mols) of I-agetylelemethyl thiophene wers
allowed o react with 15,7 g. (0,10 mole) of ethyl bromoacetate and
6.5 g. (0.0 mole) of xine dust in 100 ml, of dry benseme, There was
obtainad by distillation, after hydrolysis, washing, and removal of
the reastion media, 6,6 g, of unreacted 2easetyl~3-mathyl thlophone
diatilling at 73-75° (1 ma,) followed by 6.6 g. {0.025 mole; 25%) of
a slightly yellow product beillng at 1116 (0.5 mm.) ngs 1.9137.
inalysis of the product for carbon and hydrogen guve the following
resultes

Caletd, for Gy H;a0.88 ©C, 57.9; B, 7.0,
Founds C, 58,05 H, T4,



Ethyl 2e(2(3emethylthienyl)e3«hydroxye2-methylbutancate

mga GH-C00C3He

37 Gl Chy

A wixtare of 1h.0 g, (0,10 mole) of 2eacetylel-methyl thiephens,
18,1 g, (0,10 mole) of sthyl= «~bremopropicnate and 6,5 g. (0,10 mols)
of zine in 100 ml, of anhydrous beniens rescted vigorously, After the
deseribed hydrelysis, washing and solvent removal vrogedures the mixture
was distilled in vasu yislding 7.1 g. of umreactad letone and L9 g.
(0,020 moles 20%) of Iicuid produst distilling at 117-218° (0,2 mm,)
vhose refractive index was nﬁg 1.5083, smalysis of the product for
carbon ant hydrogen geve tle fallowing resultes

Caletd, for Ogil, D8t ©, 59,53 H, T.h,

Foundy C, 59.43 K, 7.3.

Heantion of Zeasetyled-motbyl tldophene with sthyl A ~bromeiscbutyrate

The interaction of 14,0 g, (0,1 mole) of 2easetylei-mothyl thiophens
vith 19,5 g. (0,10 mole) of ethyl & -bromeiscbutyrate and 6,5 g, (0,10
mole) of dry zine powder in 100 ml, of bensene procesded mpontansously,
Aftor the usual merdpulations, the oruds product was distilled te
yield 7.6 g. of Zeacetyledemecthyl thiophene boiling at 72-7L° (1 mm,),
and leaving in the distillation vessel 12,2 g, of a non-distillable
material,
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isformataky Reactions of Lthyl Y -Sromocrotonate

Bthyl 2{(2ethionyl)-lydroxymethyl)-3I-butencate

h l]_g;!mmm%
3 SHeCHy

i

Ethyl Se{2«tidenyl)=S-hydroxy-2-pentenoate

H lon
.  H gl B BelCOOC g B

In a typiesl reaction, 11,2 g, (0,10 mole) of 2-thenal, 19,3 g.
(0.1 male) of sthyl Y ~bremocrotonate and 6,5 g. (0,10 mole) of zinc
dust were added o 100 ml, of dry bensene and the resulting mixture was
put 48 3 threoe-necked {lask equipped with a stirrer and a reflux
condenser with o caleium clioride tube, A small crystal of fodine was
added , stlrring wae comuenced and the bottom of the reaction vessel
was heated lightly to initiate the resctlon, afier which it was necossary
o moderate the vigorous exothermic reaction by temporary ilmmersion of
the flask in an fce bath, Aifter spontanecous refluxing had subaided,
the reaction was continued for a half hour at the reflux temperature
of the reaction mixture after whdch ths contents of the flask were
allowed to «col to room temperature. Hyirolysis of the reacstion mixture
was accomplished by the additlon, with vigorous stirring, of 75 ml, of
ant loe cold 10% sulfuric actd golution, The non-aguoous layer was
soparated and combined with a subsegquent sthor extract of the aqueous
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portdon, The combined solutions wers extracted successively with 100
wl, of water, 100 ml, of 20¥ sodium carbomate and 100 ml, of water
followsd by drulng over snhydrous sedium sulfate, After romoval of
the solvents on a stesm bath, the residue was distilled in vaoue,

The forerun eontained 1,3 g, of ethyl crotonate boiling at 30-40°

(80 vm,) and 1,2 g, of Pethenalj b.p., 55-5¢° (2 mm.). Following these
fraotions of unresoted material was the £irst preduct whioh amounted
te 6,2 g. (0,020 woley 28%) of ethyl 2e({2ethienyl)shydroxynetiyl)=3e
butencate, boiling at 132-131° (1 mm,) which bad a refractive index of
ni® 1,5270, inalysis of this product for carbon and hydrogen gave

the following resultss

Caletd, for Oy Hi0s5¢ C, 58,3; B, 6,2,
Founds C, 58.65 1, 6.3, ’

The secend product amowntad ¢ 3.6 g, (0,016 moles 168) of ethyl
Sul 2etidenyl ) «Gabydroxyez-pontondate and distilled at 160-161° (1 mm,),
Y48 rofractive index was agg 1.5575, inalysis of this product for
cxrbon and Inirogen gave ﬂm following results:

Caletd, for C ﬁ*m%s: c, 58,33 H, 6,2,
Founds® C, 5863 H, 6.0,

The first of thess products reasted rapidly with bromine in carbon
tetrachioride while the second did not, ‘

Following a previcusly reported procsdure for osomalysis (17),
0,2 g. of athyl 2=({2~thienyl)«lydroxymethyl)=3=butencate was dissolved
tn 10 ml, of stetis acid and treated vith a stream of veome for an hour,
The osonids was docompoged with sine dusd and water and sthen dlstilled



wntil 20 wl. of ddstillate bad been collected, The distillate was
treated with 0,25 g, of dimedone and sot aside for a twelve hour period
in the refrigerator duming widch time an insoluble material crystallized
from solutieon, This wie removed by filtration and recrystallized from

a methanplewster mixbture of equal parts %o ylsld about 0,1 g, of a
material which mlmd sharply at 187-187 5° + There was no depression

in the melting p@i@ when the latber substance was mized with the product
obtalned on interaction of formaldehyde with dimedone,

Etlyl 2«Bthgnyle-3«hydroxy«3=(2-thienyl)«butancate

T
G Fn300 G 5 Hg
s)c‘:;z:gzmaa atk

Ethyl Se{f-thienyl)e?;l«hexadiencate

‘ [l D—ga-ﬁ:maacﬁ-camg%

8 ’ Qﬂa

Employing the usual procedure, 12,6 g, (0,10 mole) of 2-acetyle
thiophene, 19.3 g. (0,10 mole) of ethyl Y-bromocrotonate and 6.5 g.
(C .10 mole) of zino dust were allowed to interact in 100 ml, of anhydrous
benzene, Afder carrying out the isolation procwdures deseribed above,
the products wers vasuwum digtilled, The first fraction obtained was
7.1 g. of othyl crotenate followed by 7.8 g, of 2-acetylthiophens,
Following these fractions of unreacted starting materials there was



obtained 1.5 g, (0,007 mole; 75) of sthyl 2eethsnyled=hydroxy~3e
{(2thlonyl) <butancate bodling at 107-108° ( 1 mm,) wiich had a refractive
index of nig 11859, Ainalysis of the produst for carbon and hydrogen
gave the following resultss

b&l@‘ﬂ 1’0!‘ ﬁufﬁggﬂaai 8 59.9’ H é".?o
Founds C, 59,73 H, 6,8, ’ ’

The next fracbion bail&ng at 155¢156° (1 ma.) did not give a
gorrect analysis for the Lisomeric estor and ae a roesuld was refluxed
for aight hours in a 6% oxalic aocid solution from which there was
isolated 5.8 g, (0,026 mole; 26%) of ethyl Se(2ethienyl)=2 li-hexadiencato
belling at Li7-1L8,5° (1 mm,). Analysis of the product for carbon and
yévagen geve the following results:

m‘d fﬁ? Q;aﬂ Qaﬂ‘ Q &i& 8; H 6u3a
Fﬂmﬁ‘ g i?’aﬁ # *

The fivet of the above produst took up bromine rapldly while the
segord rescted only slowiy,

Ethipl Gw( 2ethisnyl)-2 Li=heptadionc

“ \Lucmaucmm",%
CHaCH,

Uslng the previously desoribed method, 14,0 g, (0,20 mole) of
2-propionydtbiophiene, 19,3 #. {0 .10 mole) of ethyd ¥ -Bromocrotonate
and 6,5 g, (0,10 mole of zine were allowsd to undergo rsaction in 100

ml, of dry bengene, Jistillation of the isolated crude product gave
7.8 g. of ethyl crotenate and 8,7 g, of 2~proplenylthiophens, followsd



by 5.9 g. (9,025 mole; 25%) of produt boiling at 1h9-150° (1 mm.),
Tts refrastive index wae ugs 1.,5777. Ainalysie of the product for
carbon and hydrogen gave the following resliss

Caledd, for Guﬁwﬁaﬁf c 6{3.1] i 7,.&.
Founds ’3’ %a?i ﬁ’ 7.8, ’ ’

This later product reasted slowly with browine in carbon tetres
chloride,

Etlyyl Se{2etldenyl)e? Liecotadienoate

{l H-guzsmmw.&
87 CHyCH.CH,

The reaation of 15.L g, (G,10 moele) of 2«butyrylthiophene with
19.3 g. (0,10 mole) af ethyl X <~bremocrotonate and 6,5 g, (0,10 mole)
of uinc powder in 100 ml, of dry bengene ocourred spontansously,
Wfter the uwmal isclation procedurs, thers was obtained by vaocuwum
eummm 6.8 g, of othyl crotomate, 8,8 g, of unreacted ketone
and 8,3 g, (0032 moley 32%) of & product boiling at 162-164° (1 mm.),
Analyeis of the product for carbon snd hydrogen gave the following
resultss

Cadetd, for Gy dadadt ©, 67.91 H, 7.2,
Fmdl. c, 68, ] ﬁ' ¥ R ’ : *

A vary slow reaction occurrad between tke product amd bromine in
carbon tetrecklorids,



83

Zehyl 2e((I=thlenyl)shydroxymethyl) ~3-butsnoate

?mmom aFe
f l CH=OHy

8
Ethyl Se(3=tlienyl)«Sehydroxyw2epentencate

OH

U-‘cma,—ca-cmmaﬁg
8

Pollowing the above desoribed progedure, 5,6 g. (U.05 mole) of
I=thenal, 3,25 g. (0,05 mole) of zine and 9.7 g. (C,05 mole) of ethyl
¥ ~bromosretonate were sllowsd to interact in 50 ml, of dry bensene
as a solvent to yleld two Reformatsky produsts., The firet amounted to
3.3 g. (0,01L6 moley 298) of ethyl 2e{(3-thilonyl)=hydroxymetiyl)e3e
butemoate, and had the follewing physical properties: b.p, 13ke13s”
(1 mm.)s mo° 1.5255, inalysis of the product for carbon and hydrogen
gave the following results:

Caletd, for Oy ﬁ‘ﬁgggi C, 53.33 H, 6.2,
Founds G' 57.59; 3 Peliy

The second product, distilling at 1581607 (1 mm,), smounted to
1.9 g. (0,008h mole; 173) of ethyl S~(3«thienyl)eS~hydroxy-2-pentsnoate
and had a refractive index of ngs 1.555%, Carbon and hydrogen analy-
sis of the produst gave the following resulis

Gm‘éo f@r Qxla ﬂas. G 5230.33 'E 602.
Founds &, 58.3;]‘!‘8, Gbiy ’



The £t of the above products reacted rapidly with a carbon
tetrachlorids solution of bromine while the second reacted only
Gmly .

Byl Se{2e(3emathyl thienyl) J«2 Lehoxadienoate

| ll.‘;"
l L o HaC RO HeCOOC g By
& Hy

Gaing the same procedurs as in the above synthesis, 1k .0 g,
(0,10 mole) of 2eacatylwl-methyl tldophene, 19.3 g. (0,10 mols) of
sthyl ¥ <bromocrotonate and 6,5 g. (0,10 mole) of dry sine were
allowed to interact in 100 ml, of anhydrous bengene, i the reaction
procseded a small quantity of precipitate formed which dissolved on
the addition of 50 mi, of additional bengzene, ifter hydrolysis amd
washing, the reaction mixture was distilled under reduced pressure to
yield 7.3 g, of vnreagted 2~avetyl-3-msthyl thiophene followed by 5.5
g. of & product which gave rather poor analysis for carbon and hydregen,
The product was subseguently delpirated by 65 oxalie acid solution to
give 5.1 g. (0,080 moley 20%) '01' yellowish product distilling at 1oke
165° (1 mm,), The amalysis of the product for carbon and hydrogen gave
the following results which were ligh in carbon and low 4n hydrogen,

Caletd, for Cauak,a0g5t C, 66.1; E, 7.5,
Found: O, 65,93 B, 6.9,

etk this material only a very slow reaction cccurred with breming
in carben tetrachloride golutdon,
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Reformately Reactiona of {1lyl Zromide

{\ \}eﬂ, '
o iCilgCHeCHy

Under anhydrous conditions, 11.2 g, (0,10 mols) of 2-thenal,
12,1 g. (0,10 mole) of allyl bromide, 6.5 g. (0,10 mole) of zine dust,
50 ml, of berwene and 50 ml, of anhydrous tetralydrofuran were placsd
in a 250 ml, three-nocked flask eouippod with an efficient stirrer and
a veflux econdenser having an attached deying tabe, A small crystal of
fodine was added and the reachion was inttiated by lightly heating the
bottom of the resotion vessel, Afber the spontanecus refluxing had
subaided, the reaotion mixture was lwated at its reflux tempsratwrse
for an hour and then allowed to cool @ room Seamperaturs, Fydrolysis
was carried out by the addition, with rapld stirring, of 100 ml, of an
ice cold 30% seetic asid, The resulting two layers were separated and
the aqueous layer was extracted with ether which was combined with

lw(2=Thisnyl)=3-baton-leol

the noneagueous portion, This selution wae washed with successive 100
wl, portions of water, 104 sodium carbonate, and again in water and

then dried over anhydrous sodlum sulfate, The solvents wers removed
under redoced pregsure and the erude product was then distilled under
roduced pressure to yield 12,0 g. (¢ ,078 molang T8%) of elear colorless
13auid boiling ab 8990 .5@ {1 mm,) whose refractive index was ngs 1,.5L39,



Carbon and hydrogen analysis of the produst gave ths following rssultss
Calotd, fur Cghg,088 C, 62,33 i, 6,5,
Founds® O, 6215 K, 6.9° 0

bw( 2= Thienyl) wdeponten=Leol

Following the experimental procedure uged in the above synthesis,
12,6 g. (0,10 mole) of Z-acetyltidophere, 12,1 g, (0,20 mole) of allyl
bromide and 6.5 g. (C.10 malo) of dry sine were allowsd 4o interast in
a mixture of 50 ml, of bengene and 50 wl, of tetrahydrofuran, ifter
hydrolyals washing, the orude product was distillsd to yileld 11.8 g,
(0,070 mole; T0%) of 1ivid product distilling at 828" (2 mm,), Ius
refrantive index was ugs 1,5512, Carbon and hydrogen analyels gave
the following resolbtes

Caletd, for Coli;g08t €, 6k,3; H, 7.1.
Foundi ©, 6h,5j K, 6,70

s
G

HaCHy

he(2-Th enyl) ~dehoxenel-bl

The procedurs employed wag the same zs that previously desoribed,
The interactdon of 1L,0 g. (0,10 mole) of Zepropionylthiopheps, 12,1
g. (0,30 mole) of allyl bromide and 6,5 g. (0,10 mole) of eine in a
solvent mixture of 50 ml, each of benmene and tetrahydrofuran procesded



vigorvusly, After the usual separation method the orude product was
diotilled under vaowum %0 yleld 13,2 g. (0.0725 mole; 72,5%) of
olear 1iquid predust. Its physical propsrties weret b.p, 9le9s°
(1,5 mm,)) ags 1.,5260, Analysis of the produet for carbon and hydrogen
gave the following reosults:

Cale'd, fw Smnxﬁf}m ¢, 65.93 H, 7.7,

Founds O, 68,73
[ et v,
877 CHoCHyCH,

The preparation of thlas compound was accomplished by the intere
action of 15.L g. (0.10 mole) of 2«butyrylthiophens, 12,1 g. (0,10
mole) of allyl bromide and 6,5 g, (0,10 mole) of minc in 100 ml, of a
mixtare of squsl parts of bengene and totrahydrofuran, Aifter hydrolysis,
washing and removal of ths reaction solvents tkc remainder was distilled
to yleld 1,3 g, (0,073 mole; 73%) of liquid product., The physical
properiies of this material were: bL,p. 9w95” (0,5 mea, )3 ni”;s 1,5708,
Carbon and hydrogen analysis of the product gavs the following resultss

Caletd, fm' Cy Hwﬂm G 671,33 H, 8.2,
Found: ©, 66.,8; H, 8,1,

OR
H\_]-cms,«mwa.
s

bu(2+Thonyl) sleheptonelmol

1«(3=Thlonyl) «3«buton-l~0l



Using the previously developed experimental method, 5.6 g.
(0.05 mole) of 3wthemal, 3.3 g, (0,05 mola) of zine dust and 6.1 g.
(0,05 mole) of allyl bromide wers allowsd to wndergo reaction in 50
ml, of & one to one mlxture of anhydrous benzene and tetrahydrofuran,
The resctlon mixture was worked us acoording to the previcusly described
procedure, The product was distilled to yield 6,1 g, (0.0LO mole;
80%) of a gcolerlsss liquid with the following physical properties:
b.p. ©=91" (1 ma,); 1% 1,522, inalyets of the produst for carbon
and hydrogen gave the following results:

Cale'd, for CgHy 081 C, 62,3 H, 6,5,

Founds G, 62,73 H, 6,3,

Le( 3=Thienyl) ~lepentanwlival

OH
Gl By HoC Hy
I ll gss,
B

The interagtion of 6,3 g, (0,05 wole) of 3Ie~scetylthlophens, 6,2
€. (0,05 mole) of allyl bromide and 3.3 g. (0.05 mcle) of dry sine
dust in SO nl, of & one %0 one wmizture of benzene and tetralyydrofuran
took place vigorously, Imploying the swse separation procedurs as
previously deserdbed Icllosed by vacuum distillation of the orude
produot yielded 6,0 g. (0,035 molej 72%) of clear colorless produst,
Tts physical properties weve:s Db.p. 80-81° (1 m,); ags 1.5498,
Analysis of the produst for carbon and hydrogen gave the following
resultal

Caletd, for C.Hy,08v O, 6h,33 H, 7.1,
Pounds C, 6L.5) B, 7.7,
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liwi 2o( 3tothyd tiionyd) J=deponton=beol

rCHy
(.
a/d:H,M e

Ascerding to the already dessribed experimental conditions, 1L,0
g. (0,10 mols) of 2«usetyle3wmethyl thiopheme, 12.1 g. (0.10 mole) of
allyl bromide and 6.5 g, (0,10 mole) of dry sine wers allowed to
undargo interaction in 50 ml, each of dry benzene and dry tetrahyiro-
furan, There was isolated by the ususl procedure, from this reaction
mixture 12,0 g, (¢ 070 moley 70%) of a clear liguid product, Its
physical propertios wores b,p, 97-98.5° (0,5 mm,); no 1,53L0,
ipalyeis of the product for carbon and hydrogen gave the following
resultss

Calae'd, for ﬂmﬁ D8y G 65'9] Hy T,
Founds ?3' &5,?“%, Tuso’ '

Raformateky Kesotions of Propargyl Bromdde

[I | | o8
s HeGHgeCzCR

The conditions used for the Reformatsky reaciions of propargyl
bromide were identical to those used for allyl bromide, asccording
to conditions previously deserdbed, 11,2 g. (0,10 mole) of 2-thenal,

1o 2eThianyl) «inbutyn-decl



11.9 g. (0,10 mole) of propargy) bromide and 6.5 g. (C .10 mole) of
eine were interscted in a mixtaure of 50 ml, of unhydrous benzene and
50 ml, of dry tetrahydrofuran, iftor separadion, the orude product
vas distilled in vacuo to yleld 9.1 g, (0,060 mole; 60%) of liquid
produet, This compound bad the following plysiocsl propertiest b.p,
8le85® (0,1 mm.); n2° 1,5220, The reperted (66) physteal properties
for this asmpound aret b.p, $8100,5" (3 me,)} nES 1.5235,

b
OH
[—mefaﬂ
4

4 opontansous reaction took place when §,6 g, (0,05 mole) of
Jwthenal, 5.95 g. (0,08 mole) of propargyl bromide and 3.3 g. (0,05
mole) of sino dust were added to a mixture of 25 ml, of benzens mc!
25 ml, of tetrahydrofuran, ifter hydrolysis, washing and removal of
thas reaction solvants the orude product was diatilled at redused
prassure giving k.6 g, (0030 mole; 62%) of & product which had thess
physical constantet b.p, 838k.5° (0.1 m.); ngs 1,5207. Carbon and
hydrogen amelysis of the produst gave the following resulds:

Calatd, for OgBg0st C, 63,23 H, 5.3,
Founds C, @3'33 HQ gt *

dw{ 3=Thienyl) »Jebutyneleol



Reastion of Peasetyltidophens with propargyl bromide

A vigoroua reaction ensved when 12,6 g, (0.10 mole) of 2-ascetyl-
tidophene, 11,9 g. (C,10 mele) of propargyl bremide and 6.5 g, of
nine dust were added to 100 ml, of a ome %0 one Densene and tetrahytiro~
fuvan mixture, 41l of the sinc was completely consumed amd the rew
sotion appeared to be complete after the wususl period of heating,
Yhen the resstion mixture was hydrolyzed, washed and resction solvents
removed , distdllation ylelded 10.L g, of wreacted 2-avetyl thiophene
boiling at %f%ﬂ (0. mm,), NHo further produsts could be obtalned
from e 2,2 g, of high boiling residee which remained in the distill.
atdon Lask,

The reaction wae repaated using a longer reaction perdod of three
hours iestead of the usual one, but there resulted 7.1 g, of unrescted
2enoetylthdophene snd no further distillable material, In thie case
the residue amounted % 2,9 g,

Repetition of the above reastion using 10C ml, of toluens as the
soivent rosulted in the formution of & precipitate which dissolved
upon the additien of 50 ml, of dry tetrahydrefuran, The reagtion was
completed and after the usval troatment of the reaction mixture there
wap obtained 8,6 g, of unressted wasetylthiephene and h.2 g. of s-none
diptillable material, | '

The use of 100 ml, of tetrahydrofuran as a reaction medinm gave
no botter results with the only isolatable material baing 10,6 g, of
unrezcted Zeacetylihiophene, In this instance very litile high
boiling residue remalned,



Reagtion of 2«proploryltidophens with propargyl bromide

The results of the interaction of 14,0 g, (€,20 mole) of
2eproplonyltidophene with 11,9 g, (0,10 mole) of propargyl bromide and
6.5 g. (0,10 mole) of dry zins dust wers similar %o those of the pro-
ceding experdment, Distillation ylelded 10,6 g. of vareasted 2epro=
prionylthicphens boiling ot 6hesS” (0.2 wa,), The amount of residus
after distillation war 2.6 g,

- Heactlon of 2«butyrylthiophene and propargyl bremide

The resmdlt obisined here was comparable to that of the other
kotomes, ay 15,k g, (0.0 mole) of 2-butyrylthiophene appesred to
resst with 11,9 g. (0,10 mole) of propargyl bromide and 6.5 g. of zine
in 50 ml, of bemzene and 50 ml. of tetrahydrofuran, However, distill.
ation of the smixture gave 11,3 g, of 2-butyrylibiephens with 3,1 g, of
hghe-bolling residuo remaining in the distillation vesael,

Hoastion of 2eacotylei-metiyyl thiophene and propargyl bromide

The intersciion of 14,0 g, (0.0 nale) of 2easetylel-methyl
thiophene, 11,9 g. (0,10 mole) of propargyl bromide amd 6,5 g, (0,10
mole) of zine in 100 ml, of a one to ore mixture, by volume, of bensene
and tetrahydrofuran resulted in the isolation of 10.3 g, of umreacted
ketone smd 2,5 g. of residue, which could mot be distilled,
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Pelydration of G ~Hydroxyssters

In a typlcal preparation, 5 ml, of the 3 ~hydroxyester was placed
in & 300 ml, £lask fitted with a reflux condenser and 50 ml, of « &3
oxalic acid selution wes added, The resulting Lmsisoible liquid
mixture was heated at Lts reflux temperature with occasional agitation
for three hours and then allowed to cocl to room temporature, 1 quantity
of 24 ml, of ether was wdded and the mixbure wag shaken, Following the
separation of the two layurs, the ethsr layver was dried over anhydrous
sodiun sulfate and the ethar was rewoved on the steam bath, The product
vas distillied under reduoed pressure, The ylalds in tless dehydration
reastions were almost muantivative,



BMNARY

1, The Reformatuly reactions of the A -bromossters; ethyl bromo~
asetate, ethyl < «bromepropionate and etiyl & <~bromo-isobutyrate;
w:t.th 2« and Jwthenal, 7w and 3Jescetylthioplans, 2eproplonylthiophens,
2ebutyrylthiophene and 2eacetyl-3emedlyl thiophsne were carrisd out,
Thelds of (3 whydroxyresters wers largely a property of the amount of
sterdc hindrance invelved in the formation of the product, The use of
dioxane instead of benzene as the resction media caused only slight
raduntion in ylelds through enolization of the ketone employed, The
properties of the (@ ~hydroxy saters formed as well as ths properties
of the ecorrssponding wnsstursted esters are reported,

2, Thoe keforsatsky reastions of ethyl Y <~bromoorotonate with 2-
and 3I-thenal, 2-acetylthiophene, 2~propionylihiophene, Zebutyrylthiophene
and 2easetyle3-motlyl thlophene were carried out, Yields wers relatively
low and in the cape of the first three thtophens derivatives mentioned
thore was received some ileomerie rearranged product along with the
sxpected product., The propartles of the producsts are reportsd,

3, The Reformatsiy reactions of allyl bromids with 2- and 3~thenal,
e and 3Iwacetylthiophene, Peproplorylthiophene, 2-butyrylthiophene and
geagetyled-methyl thiophens were carried out, The yilelds of L-(Thienyl)-
L=hydroxyelwalkenss were uniformly high with very little wmsaoted
ketone being recovered, The properties of the preduscts are reported,



L, The Heformetsky reactions of propargyl bromide with 2« and
J-thenal,, 2~acetyltldophene, 2-propionylthiophens and 2-butyryltidophene
were carried out, Only in the esse of the thenals was any Heformaksky
type product isolated in good yields, From the lmtones no product was
formed , bat large quantities of wweucted ketone were recovered, Tie
properties of the producte mﬂﬁng from the thenals ave reported,

S. Wherever feasibls, ylelds are correlated with steric consider-
ationu, inductive offects and resction solvents,
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THE 0MSIDT REACTION



INTEOUCTION

The intersction of equimelar juantities of hydragoic aeid with a
carbonyl compound in the presence of a strong acid has become known as
the Selmidt reaction, Through it, is available a convenient method
for the preparation of a number of organic nitregen compounds, Thus
acids yleld amines according to the following equation,

*»
ReGOOR + Hiy —Bo ReHHy + €Oy + Wy
from aldeshydes, there are chtained nmitriles and formamides while
ketones yleld amides,

g
BeCHD » W8y _B_  HON  and  ReNBOID

RGOR + Ry Y RCONER + M,

The reaction was first recorded by Karl Scimidt in 1923 when he
obsorved that bensene had an accelerating effect on the decomposition
of hydrazoie acid in the presence of mimeral acld (8L,88) and that
varistions in the reaction %emperature rasulted in different products,
He found that the addition of bengophenone to the mixture resulted in
a vigorous reaction and an almost gquantitative yleld of bemzanilide,
Singe that time the spope of the resction has bean broasdened considerw
ably to include not only carbonyl compounds but oléfins, lactones,
asnhydrides, esters, soid halides, quinones, nitriles, imido esters,
anides, isocyanides, oximes and many other types of compounds (86),
although when most of these later compounds are a reactant with
hydrazoic acid such interactions ure not gemerally considered as

gonstituting 1 true Sclmidt resctien,



There has been reported wery little work on the Schmidt resction
of carbonyl derivatives of hedorcsyelis compounds and only ome of
thess deals with thiophene derivatives (87). In thie study, Hurd and
Hoffat oonduoted a rather cursory examination of the Solmidt reaction
of 2~acetylthioplene and found that a mixture of the two possible
products, 2escotunidotidophens and 2ethencmethylamide, resulted,

It was the purpose of the presently deseribad investigation to
study the Sclmidt reaction of the ketones and aldelydes of thiophene
under a varleby of gonditions, Both the two and three substituted
thiergl carbonyl derivetives were studied and a large number of acids
woere employed as the catalyst, Purther, several different sclvents
ware investigeted and considerable vardation in resction temperatures
wan exandned ,

The thlophene derdvatives investigated in this study inecluded

2ethenal , J«~thenal, 2eacetylthiophene, Zepropionylthiopheny, 2-n~butyryl-

thiophens and 3I-anetyltliophens, The resultent products were, in all

ocases, known gompownds whioh had been previously prepared by unsquivoeal

methods, The aldehpdes of thiopbane gave unifeormly hizh yilelds, of
the expscted nitriles, while only raiher poor yields of amides were
obtained from the ketones,
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The Solmidt reagtion has found 1ts most extensive application in
the aynthesin of smines from acids, Ath straight chained aliphatic
soids the yleld of amine gemsrally inercases with the length of the
aliyl ochain (B8,89), but no such generelization can be made in the oase
of the wore somplinated branch-chained acids, In gsneral, dibasie
acids yleld the corresponding diamines (90,91) with the exveption that
malonio acid and substituted malomic ecids yleld A —mmino scida (92,93)
widsh de not underge further reasction with hwdraszole acid,

seoy
Bl

3 + 1y _Fa¥y G BCOOR
COOR S e Tl

KHy

The reaction procesds readily oven with aqi.d-a in which the earboxyl
mmw!nmﬁmﬁmmyﬂwﬂw‘ﬂnmmmmudmmﬁmmﬁmﬁemu@ﬁmw(&0
to thone pemeralisations will not be discussed here sinee this partiou-
lar study was not eoncerned with the themois soids,

The Sehmidt reagtion is mown to procesd more readily with aldehydes
and ketomes than with acids, The difference in the reactivity of hydra-
gzole acid with carbomyl compounds and scide 18 large enough that a kste
acid will react with one mole of hydrazole asdd in the presence of an
aeid catalyst %o give explusively two amides with no amines resulting

(%,9&) »
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O 0 g
OlyeCuGRaCl,CO0R + M0, — CHC-NRIH,CH,CO00R « CHNHICHR,OR,CO0H

The reaction of aldehydes with hydrasoic acid has mot been as
extensively imvestigated as the reactlon of the later resgent with
ketones, The principal product resulting from aldelydes Ls the correse
ponding ndtrile, bul in gortain instances a formemide is obialned,
Thus, from bemzaldelyde two resction producta, bengonitrile and forme
anilide, are obtained (£5,95), The relative ylelds of these products

@cm . Wy [j-m . @Jmm

dant on the amount of sulfuris sold umed as a catalyst,
Larger amounts of this catalyst esupe the formation of a greater pro-
portion of Lormanilide,

The corvesponding acld amides result when aymetrical ketones
undevge the Scihmidt reaction, Thus acetone is reported (B85) to give a
suantitative ylald of mwethylacetandde while eyclohexanone and vyolos
ootanome give 708 ylelds of € -~saprolactam and 8euminocaprylie lactam,
resceckively (96,97).

; s
G ' ﬂ_{

oE R,

‘ Ha ?Ka . ity —> éaa Hy

W, S g, P

In those cssse where unsypmetrical ketones are employed there is
the possibility of one or both of two different produsts resuliing,
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i® poted abova, levulinlc acvid reacts to give the two posgible amides,
However, sinoce the larger proportion of produst resulte through the
wigration of the propionic aeid group, the nature of the mein product
13 in many cases largely dependent on ths relative electronsgativities
of the two groups involved, From acetophenone there 18 cbtained a 77%
yield of acetanilide with none of the other ipomer being ilsolated (92).
@mith reports (98) that the proportion of isomers produced is dependent
vpon the acidity of the medium as determined by the acldity of the
catalyst, basicity of the solvent, basieity of the carbonyl compound
and bulk factors of the groups attached to ths carbonyl carbon,

4 brdef discussion of the prasently accepted ldeas concerning a
mechanistic picture of the Scilmidt reaction 48 in order, Sclmidt
propossd a mechanism (85) in which he suggested that the hydrazcic acid
cleaved the strong acld catalyst to ylseld nitrogen amd the imide radical
which then attacked the carbonyl group, followed by a rearrangement
similar to the Beclman reaction,

on
ReCali=
R
D / 0
R~Cek + {(NH) —> a{-RHR
HOH
EnQwit

In 1948, Newnan and Gildenhorn (99) proposed a carbonium ion
mechanism which was more acceptable in light of more recent evidence,
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Aecording to their theory, the earbonyl groun oxygen is protonated
ylelding a ocarbonium don which is attacked by one of the resonance
spscies of hydrazolo acid, followsd by the elimination of nitrogen
and the migration of one of the groups attached to the carbonyl carbon,

9 0 H <lc)
Ryulaliy —> By "ﬁu BN g -T-Ra
g
o "
K2 . Rrybur ® -H i
T2, RykeRyg — 5 R =B RG-mER
T Y, r .

Howman and Gf:udenhum poatulated that ths group which migrated
was that whioh pos-pased the greater migratory appituda, This theory
was apparently strengthened by the results of a study of the reaction
of wnsymretrical diarylethylenes with hydrazelc acid in the pressence
of sulfurie acid conducted by MoEwen, 0illand and Sparr (100), From
this particular work it seemed rather evident that the group which
migrated from carbon to nitroegen wvas that possessing the greater
imtrinsic migratory aptitude, They found the order of migratory
aptitudes to be acoording to the following schemes

peaniayl)> p-tolyl) p-biphenyl> phenyl> p~chlorophenyl > methyl

Thie order is in qualitative agreement with the migratory aptitudes
found 11; the Pinacol rearrangement,

Almost simultaneously, Smith (98) preposed a siwmilar mechanism
in which the esphasis was not upon the migratory aptitudea of the



groups, but rasther upon the relative bulkiness of the two groups,

This mechardanm was postulated to account for a number of instances in
whioch the group migrating was not that which would be expscted to have
the greater migratory aptitude, but the onme having the larger bulk,
This concept of a bulky group is also discussed by Schuerch end Rmtress
(101,102). The distinguishing factor in Smith's mechaniss is that it
presants an internediate spscies exhibiting geometrical isomerism

anslogous to the oximes,

C® OH

Q ON A ‘
Ryel=Ry ———-K:} ﬁz‘g'ﬂn o LN By "g)a

Nl

~l1g0 HywGwRy al 2 Qc;-a, B0, m.-cg?-a.
7 | @ Ryl fiy-NH

_ R;«ﬁk-guﬂa + »xmo

The dehydration step of the mechanimm causes the formation of a
single species which may bave two geometrical configurations about the
double bond, It wonld be expacted that a preponderance of this species
would be in a form »0 that the larger group would be trans to the aze
group causing less strain, Consequently, in the succeeding step,
procedding through the lose of nitrogen and shift of an R group to
nitrogen, the group which would be axpected %o migrate would be the
oms oeany S0 She spo group, Tt 18 evident that the larger group doss
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migrate praferentislly from later work by Smith (103-105), It is
significant that in the p~substituted bensophsnona series, almost
equal amounts of each rearrangement product are obtained, This is
insxplicsble in terms of purely elestrical factors, but it is in
agresment with the steric comsiderations which have been desoribed,
Singe %he para substituents do not imcrease the bulk of a phenyl group
as far as the ago group is concermed, an squal mixture of isomerie
products wonld be expected,

There are three goneral methods for csrrying out the Sclmidt
reagtion with & carbopyl compound, The firat of these entails the
addition of a bensene or chlercform solution of hydrazoic acid to the
organie compound dissolved in about 4wice its volume of concentrated
sulfuric acdd, This method is most generally applied to the preparation
of amines from aclds and is mot useful where the orgsnic compound is
sonsitive %0 bigh concentrations of strong acid, The speed of the
reaction is cbserved by leading the evolved gases through & wash bottle
arvanged as a budbble counter, The amount of hydraszolc acid employed
is usnally 1 %0 1.2 moles por carbonyl grouvp and following the complete
addition of the hydrazoie asid solution, stirring of the reaction mixe
ture is continusd until gas evolution has ceased (69,91-93, 106-113),

The second ganeral method and the one applied most frequently in
the case of aldelydes and ketones involves the addition of concentrated
sulfurie acid to & stirred solution of the earbonyl compound and
hydrazoie acid in ehloroferm or benzens. Prolonged contact of the
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erganio coupownd with sulfuric acdd is avolded, This latter procedurs
i» the only one that has been suscessfully applied to the reactiem of
aldehydes with hydrasoic acid (85,92,86,111,11%,115),

4 less commonly employed procedure rogquires the addition of a
solution of e carbonyl compound end hydrazoic acid %o a well stirred
quantity of congentrated sulfuric acid or to & mixture of sulfuric acid
and ehloroform (85,97,134),

Frequently, & variation of the first method can be successfully
applied, In thie procedure, solid sodium aside is added in small
portions to ths carbonyl compound comtained im sulfuric acid or other
wold catalysta, or 1t can be added %0 the ecld catalyst dissolved in
solvents such as egetic aeid (90,103,104 ,107,108,116~118) ,

A varioty of soivents have besn employed in the Sohmidt reaction,
the moat common being dhloreform and benwene, Recently, trichlorvacetic
acid has attainsd some prominence, both as a solvent and cabalyst
(98,103,10k), There has been at least one instance in which acetlc
acld sorved satisfuctorily as a reaction media (119) and the use of
trdckloroathylens as & solvent has been reported (120), Bthyl ether
1s not a satiafactory solvent (92), although its use has been claimed
in a few patents (11k,121).

Finmee the Solmidt reaction is normally quite exvthermic sone
mothod of temperature contrel is required, The reaction with aldehydes
and kotones 16 usually carried out with cooling of the resotion mixture
in an ioe bath, and controlled addition of the hydrazois asid, Omnly
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when the vresstion is sluggish is a higher temperature of any advantage.
However, with aldehydes and ketones this is likely to lead %o exceasive
decompositiop und there is the further danger of loosing hydraszoic
acid (b,p, 37°),

Considorable work has heen devoted to ascertaining ths type of
utiliszable scatalyst and the concentrations which will give the highest
yields, Concentrated sulfurie acid in amounts of about double that of
the oarbonyl oompound has besn used most extensively as the catalyst,
Decrensed yislds result fram the use of dilute sulfurdc actd (85,92),
but there iz considerable evidence that the use of 9%% sulfuric acid
1 the most satisfaectory for ketones (122), Imith and others (98,103,
104 ,122,123) have shown that triollorcacetic acid is exnellent catalyst
for the Selmidt reaction, Other catalysts which have. been mentioned
are hydrogen chloride (97,107); phozphorus trishloride, plosphorus
pentachloride, phosphorus oxychloride; ferric chloride, stennic chloride,
thdonyl chlordide; sulfonls avids (95); phosphoric acdd (13h)) alumirme
okloride (95); and ultraviolet light (12k), There is no evidence that
any of tiwse catalysts serve as well as gulfuric or trichlorcacetiec
aedd,

The most common biproduct resulting from the resstion of a hketons
or aldehyde with hydragole avid in the pressnce of a strong mineral
agid 15 & tetrazole, This ig of minor importance wisre the melar
ratio of carbony)l eompound to hydrasolo acid is one, bud in the presence
of large excesses of hydrasoic aeid tetrazoles may be the major product,
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Phenyltetrazele is reported (95) %o result frem the interaction of
benzaldehyde with hydrazolc aodd,
ColgnCiO + 2Ry ——> CofgnG== N
' K8 ¥
\n#
In the presence of excess hydraseic acid, acstone readily ylelds 1,5~
dinetiyltetrazole (85,125), Cyolio lestonss are found to react in a

Q
UHyeluCHy + 2Hy ——> CHyl = ¥
CHgeR ]

\a/f/’
sinilar mawmer (99,123,126«128), Aesordingly, the heart stimulant
Metrazole 15 prapared from oyolohexsnone and hydrasoic acid (85,125),
GHa=CHy~
8n

CHy .
géﬂ; | g%a * Wy —> Eﬁ:‘awg\:}'}

It has been established that the tetrazoles resulting from ketonss
do not result from the farther reastion of sxcess hydragzolce acid with
the wmide, which would be the expected product of the Sclmidt reaction,
since if this amide 18 subjected to treatmwent with hydrarciec acid
under the same experimental conditions, no tetrasole results (85,115),
The origin of tetrasoles resulting from aldshydes is even less well
established, There i» some indication that a nitedle 13 not the
intermediate sinece the reaction of s nitrile with hydrazoic acid in
the presence of contentrated sulfuric acid ylelds s Seaminpeleslkyl~
tetragole (129-132), Phenyltetrasole has beon reported (95), as the



product resulting from Lensaldehyde,

Hurd and Moffat (87) made the only report of the Sclmidt reaction
being carvied out with a carbonyl derivative of thicphene, These
investigetors were sesking a simple one step preparation of 2-acetamidoe
thlophene Lrom 2%%&%@@@ and made use of the Solmidt resctien,
By their precedure, a cold solubtion of 2~avetylthiophene dissolved in
chloroform was treated with 568 sulfuric acid and a chloroform soluticn
of hydrazolc acid. They wera able to recrystallize from honsm and
pentans & autestic mixture of 2-asstamidothiophens and 2«thenomethyle
amide which was separated by solution of ths products in a merouric
sgetata-sodiun acetate solution and extraction of the 2«thenomethylamide
with ohloroform, When thase investigators carried out ihe resction

. /wg-sy, v By wﬁmnf Ej}.ua-gmg

at elevated temperatures they oblained only a mizmute amount of
2«thonomethylanide and a considerable amount of material which they
presumed t0 be un acetamidothiophenesulfonie asid, There was con-
pidorable degomposition in this latter resction, 3ince their inmterest
was ptrictly in the synthetic nature of the reuction, Hurd and HMoffat
made no further investigation,

.



DLS0U SILON
The Solmidt Heastion with Thenals

In carrying out the Solmidt resotion on 2-thenal and 3-thenal,
the most resdily executed experimental procedure was examined,
4 bengens solution of 2«themal having a slight exvess of hydrazoie
acld and contained in a bealker was treated, while baing stirred, with
4 small mmount of mmtrafked sulfuric acid, | steady stream of gas
was evolved anl at 1ts completion a mixture of ice and water was added
%0 the reaction mixture and the resulting layers were separated, .ifter
vashing with dflute sodiunm hydroxide, the benzene layer was tracted
with a concentrated sodium bisulfite solution to remove unrescted
aldehyde and was then dried over anhydrous sodium sulfate, Tle bensene
was removed by evaporation and the residue was distilled under redused
¢ to give an SLE yield of 2-thenwnitrile which was identified
by means of 4ts boiling point, refractive index and sonversion of a
sample by basic hydrolysis to the knowm 2-thenole acid,

i second preparation of 2ethenonitrils was carried out exsept

shat sirupy phospheric acid was used as the catalyst, The reaction
sosmed to procesd somevhat mlower as determined by the evolution of
nitrogen, but after the above deseribed isclation method there was
obtained a 60% yleld of Z-thenonitrile,

These same two procedures were applied to 3ethenal and where
sulfuric acid was employed as the catalyst a T9% yield of 3-thenonitrile



resulted whdle from the phosphorie acid catalymed reaction, there was
obtained a 62% yleld of the expected product, The identity of the
produsts vas detemmined by boiling point, refractive index and cone
version to the solid 3-thenoie acid,

PQ“W*%‘E; [ Fecw + 5,

O . B o’ o
[ Fan e mo 2 [ Jcoom + un

The propertisy, derivatives, ylelds ard methods of preparation
of these products ar: summarized in Table X,

In all of the above described studies the temperature was held
at 20% C, or less. One study was copducted ir which 2-thenal and
hydragoic acld wore ellowed to undergo resction in the presemce of
sulfuric aoid at L5°, This reaction was earried out in & flask fitted

with stirrer and reflux condenser to prevent ths loss of hydrazoic agcid,
As the resction proecseded considerable decomposition was in evidence,
Yhen the evolution of nitrogen had cessed the mixture was worked up

4n the usual manner $6 yleld s rather large amourmt of tarry material
and only 21% of the theoretical amount of 2-thenonitrile, There was
also praesent a large amount of a base ssluble material which yislded

a yollew insoluble preeipitate with barium chleride solution, This

was probably & subetituted thiophene sulfonic acld salt, but no

furtler examination of the substance was conducted,
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The Selmidt Heaction with the icylthiophenos

4 study of the Schmidt reaction of the acylthiophenes is beset

by conslderably more diffioulty tham is that of the thenals, Firet,
the work of Murd and Moffat (87), whioh was not completely satisfactory
in that they revsived a mixture of products from which they were able
to 1solate only 2-thenomethylamide, was repeated, The interaction of
2easetyltldophene with lydragois aecid in the presence of sulfurie acid
with chloroform as the solvent proceeded readily at 0-20°, Following
timse autbor's procedurs, the mixture was poured onte ice and the
agquecus layer was repeatedly extracted with chloroform which was come
bined with the original chloroform layer and washed with dilute alkall,
After gvaporation of the chloroform ths product was recrystallised
from bemsens and a gedord crop of erystals was obtalined by the addition
of pentane, The first product melted over a range of 108-139'5' while
the second bad & sbarp melting point of 101-102°, Repeated recrystalli-
zations of both products from variocus solvents falled to effect any
further separation, These observations followed elosely those of Hurd
and Moffat, The mixture of the two orops of crystals was subjeected

sis to yield a very dark colored solution from which
1t was possible to 4solate a low yield of 2.thensie acid Ly acidificae
tion, This indicated that the majority of the product was 2«-acetamido-
thiophene with a smaller portion being 2-thenomethylamide,

It was thought that changing the reaction solvent to bensene

night result in a preponderancs of a single product and thereby avoid




a very difficult separation of the two Lscmaric amides, The sddition
of conventrated sulfuris acid to & henzene solution of hydrazole acdd
and 2-acwtylihlophens, at 0°, resulted in a dark red ssluton, After
the previowsly dessribed saparatien the bemsane was removed by svapor=
ation to yleld a dark red oil wiish wan taken up in sdbsolute ethanol
and trested with Nordte 4, Slow svaporation of the ethanol resulted
in the formation of ths same red oil wiish was talum up in hot bensene
and socled slowly, “hen s fow widte orystals appeared these wore
fmmedistely separated and dried, They melted at 159+160° (136), “hen
no forthey orystals could be iselsted from the benzene solution it
was concemtrated and treated with a barium chleride solutien whish
eaused an lmmediate precipitation of a yellow solid, This was presums
adly dus to the formation of the barium salt of a sulfonic acid, The
remaining banzone solution was evaporated to a light red oil wiich
wap diotilled at reduced pressurs to yleld sowe 2escetyl thiophens,
but mo furthsr products could be isolated,

Fepetition of the abowve procedure resulied in the formation of a
14 vield of Z-scetamidothiopbuns, a 237 recovery of 2-asetylthiophens
and a large awount of 2 barium saly, Thers is & report in the
1iterature (137) of the formation of red complexes between Z-acotyl~
tidophens and sulfuric sedd, It was thought that this may account for
the isolation of some unreasted thicphens.,  ecordingly, a benzene
solution of 2-agetylthlophens was treated at 0° C, with a small amount
of sulfurie acdd t0 yield an immediate dark red solution whose intense
golor was lightened considerably by dilution with water,
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astion of 2esvetyltidoplene and hydrasoie asid was wnsuccessful becsuse
of the formation of a erystalline complex between phosphoric asid amd
Zeanetylttdophene which inhibited the Schmidt resction, This whkite
s0lid eomplex was first reported by Klages and Allendorf (138) wieo
noted that it melts &t 92-»960.

CH—CH
M "

cjl 3§ /s"ﬂmﬂa'ﬁa?o‘

In an effort to improve the yileld of products obtalnable from
.’aumwlhmpm in the Sclmidt reaction the method of Spmant and
Helntosh was employed (119), The sddition of solid sodium apdide to
a mixture of Zeaseiylthiophene snd sulfurie acid in glacial acetie
agid resulied in a rapid and vigoreus evolution of nitrogen, ifter
a half hour the resction mixture was poured ento ice, meutralized
with ammonium hydroxide, and extracied several times with benzene,
The benzeme solution was dried and concentvated to a browndsh oily
14uid which was poured onte crushed ice 0 yield a tan solid melting
at 110-133°, The solid was dissolved in a small volume of bensene
and treated slowly with hexane to give a material melting at 152-157°,
4 Puprther reorystallization of this material from a water and wthanol
mixture resultaed \in a matarial melting at 155,5-159.5°, This melting
point was mot depressed when the product was mixed with s.spliple of
pure 2eacetamidothdephens,



Kuserous variations of this prosedure were examined without any
rotable success, The uss of lurger amounts of sulfurie acid osused
mors extonsive decomposition of the reaction mixture as did prolonged
reastlon time and elevated temperaturss, The reagtion proceeded
rathor alugglally at 5° and yielde were not improved,

Using the procedurs of Samant and MeIntosh (119) om 2-prepienyle
tidaphene and Zenbutyrylthiophene resulted in 2L and 225 yields
respectively of 2«-proplonamidotidophsne and 2e«butyramidothiophens.,

In both cases theve wap evidence of extensive dooompositlon of the
reagtion mixtare, Thers was obltained during the veerystallization of
both of the arude products an olly mabteriul which when cooled to low
temporstures guve a semlsnlid of indefinate melting point, Basie hyw
drolysis of tlds material resulted in the formation of a small amount
of 2«thenois acdd indlcating that some thenamide had regulted im the
Solmidt reaction of theass ssylildophenea,

Fronm S-agetylthdophene the yield of Jeacetumidetbiophens was only
13%, BHers, as in the above experiments, a emall wsount of the corrase
ponding thenolo anid was lsolated by basie hydrolysis.

The use of trishlorcacetic acid as both catalyst and solvent was
examined, “hen tids procedure was attempled on 2essatylthiopbene with
the hydrazoie apid b@iﬁs ponerated in the reaction mixture by the
addition of sodium axide, an almost lmmediate gelstion amd charring of
the sywtem ovcurred, This was found to be dus to the high acldity
snd relatively kigh melting point of trichlorcacetic acid (557) since
dissolving 2~acetyltddophens in the li:uid acld resulted In a similar



occnrrelce, Acoordingly, this possibility was sbandoned,

It was thought that trichloroucetic acid might sorve satdsfastorily
a8 a eatalyst if 2 solvent were employed to sllow the mixture to remain
1icudd at lowor temperatures, ‘hen bensene was employed as the solvent
$he resction failed %o cscur even at elovated temparatures, The addi-
tion of sulfurdic acld cansed the usuval vigorous reaction with decompo~
sition, ipparently the dimerization of trickloroacetic acid in bernsene
was effective An reduoing the acidity of the medium to such a poinmt
that tlw Solmidt veaction did not ocecur, A siwilar phenemenon occurred
when oliloroform served as the resstion medium, In both cases only
Pessobyltldophene and 3 small smount of decomposed material could be
isolated from the reastion mixture,

sgetio acld was examined for its saitability as a solvent vhere
trdshiorososdio avid 8 used as the csbalyst $n the Sclmidt reschisn,

4 mixture of 2eacetylildephens, trichlorousetie acid and acetic acid
was trested with finely powdered sodium azdde with no apparent reasction
sscurring, The tempsrature was ineressed from 20°C, to 50° C, without
indueing any reaction to occur, Vhen a sample of the rsaction mixture
was withdrawn and treated with concentrated sulfurds acid an Lwmsdlate
and vigorous svolution of gas ftook place, The remainder of the solu-
tion wag noutralized with ammordum hydroxide snd extracted repeatedly
with benszena, The benzene extragt was concemtrated and the remaining
guid was distilled to yleld s 957 recovery of the starting material,
2-agatylthiophene, |
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Bovagse of its low melting point and high agidity, trifivoro=
acetic anld was studied as & reagent 10 serve both as catalyst and
solvent in tlw Solmidt resction, The additlon of Zeacetylthiophens,
in abuenae of lydrazoic aold or scdlum azide, %o this acid resulted
An a very rapid decomposition and charmming indicating the futility of
attempting to conduct the Sclmidt reaction in thde medium, ia with
trichloreacetic woid, a reaction would not cecur between 2~anetyle
tidephone, sodiwm azide and trifluoroagetic aold in acetic aeid,

A wummarization of the produsts resulting from the intersction
of the asyltdMophones with hydrasoie agdd and sulfuric seld in acetic
acid is to be found in Tuble XI,

Tha identity of the amides resuliing from the Schmidt resction
with aoyltidophenes was ssecerdained by a comparison of the produscts
with the same amides prepared by the fellowing sequance of. reactions

cH—13 CH — CH
i I+ mo, + (CHgo)go SHEXR 4T
OH CH CH  CalDg
3 ]
o, |SE—CH (1)(CHaC0) 40
| ) / w0 ] TG+ ] @)
B CunllHa*HCL ¢
3\5/ Ha 3 "
CH—CH

fl Il
GR /a..mxmwa,
3

The nitration progsdura was carried out to give an 828 jleld of
2epitrotitophene by treating thiophene with a rixture of acetie
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anhpdride and mitrie acid in scetic acid at room temperature, The
product was 1solated by pouring the resction mixture ento avushed ice
énd collscting the ysllow solid by filtration (139). The 2enitroe
thiophens was reduced to the stammic elbloride-hydrogen ohloride dowble
salt of Zeaminothiiophene Ly reasction with metallic tin in the presence
of gontemtrated hydroehlorde avid (136) at 4S°, The precuct, which
precipitated a8 & yellowish solid, was ssparated by filtratien, washed
with ether and drded, The desired scylamidothicphens was cbsained
from the 2~aminothiophone sals by trestment with the appropriate scid
ankydride dissolved in sn squal volume of other (136), Aifter the
inttially exobbernio resction had subsided, the mixture was troated
with & concentrated solution of sodium hydrexide and crushed ice, The
precipitated produst was quickly filtered, washsd with water and then
with othar, The amide was resrystallised from water and drded,

The preparation of tbe asyltidophenscs and thenals is disoussed
in Part I of this dissertetion,

A rather cursory examination of the reaction of Zethenal with
soxness hydrazolc acid to yleld the tetrasels was conducted, Vhen
2wblhenal wag treasted with a two fold expess of hydrseoic acid 4in
beusene and 955 sulfuric acid a vigoreus evolution of nitrogen ocowrred,
The reastion mixbture was poured onto loe and treated with a 202 sodium
carbonate solutien, The voluwe of the resuliing solution was redused
by evaporation and ethanol was added to precipitate sodium sulfate
wiioh was removed by filtration, - fter careful trestment of the



concentrated solution with 6 nommal hydrochlorio acid, a yellowish
#olid separated which was filtered off amd redissolved in scdium
earbonate solution and filtersd again to remove a censiderable amount
of yollow amorphous solid, Cuareful acidificstion of the carbonate
solution with & nomal hydvoohloric acid, csused the produst to separate
48 a vhite solid which was collected by filtration, There was reseived
s % yisld of Se(2«thienyl)tetrascle which was identified by its melt-
ing podnt and compardson with the reported (13L) melting point of the
same qumpound prepared by a differsnt procedure, In a seond proparaw
tdon following the above procedurs, a L2% yleld of the same tetrazole
dorivative way oblained,

in abtempt was made % determine whether or mot the tetrazole
regulted from the reaction of an intermediate nitrile with the excess
hydrazoic asld, Using the same experdmental progedure and conditions
as desribed above, 2-thenonitrile waz allowed to interact with hydrae
gofe aoid and mulfuric acid in benzene, Distinctive from the previous
reastions was the fact that the sulfuric layer disoolored rapidly and
appearsd to contain considerable dscomposed material, The reastion
mixture wap poured onte lee and slowly novirallzed with sodium carbonate
solutien ylelding an smorphous black tar which was slightly soluble
in ethanol and completely eoluble in dilute sulfuric, Thia latter
property was completely opposed to the base solubility of Se{2-thienyl)=
tetrseole, 4ll efforts to decolorive or erystallize the product were
abortive,



Based on vhe different scluwbility of the product resulting from
the mitrile, 1t would seem that the nitrile was mot an intermediate
in the resstion of 2«thenal with exsess hydrazoie acid to yield the
Setragols, Under the conditions employed, nitriles usually yisld
I=gubstitutedeSeaninstotragoles which are soluble in strong acid and
insoluble in bases, Presumubly, the tatrazole resulting from 2-theno~
pitrile way decomposed through 4ts solubility and reaction with
sulfuric aeid, Tt wonld be expested that the thiophens ring of
1«{2ethionyl)-Seaninototrazole would bs sasily attacked by sulfurie
aedd leading to subatitution and probable ring rupture, while Se
{2«thienyl ) totrasole should be considerably more stabls in tle reaction
mixture dus to the deavtivation of the thiophens ring by the electro-
negative totrasole ring and the low polubdlity of the compourd in
selfurde aedd,

The probable reastions ocoursring Letween Z-thanal and Z-themow-
pitrile with exsese hydrasole acid are,

CH—CR CH—QH
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CHEMICAL RBAGENTS

Brdragole asdd solutions - Frepared by the addition of sulfuric ascid
to & solution of sodium azide covered with a layer of bemzens or
ehloroform, ﬁi‘m or layer was separated and dried over
anhiwirons sodism aw‘

Sodium aride -~ Practical grade, Hastman Kodak Co,
igetis icid -- C, P, grade, Mevck & Co,

Tricllorouncetic acld -« White label, “astman Kedak Co,
Chloroform ~=- C, P, grade, Harok & Co,

fritlnorcacetic aold ~~ Obtaived as student preparation,
¥itrde aoid (fuming) »«Practieal grade, Eastwan Xodak Co,
Tin (shot) =~ Practical grade, Zastman Kodak Co,

ieetdc anhydride - “hite lsbel, Jastman Kedak Co,
Propionic anlydride - Pragtical grede, Hatheson Co,
Butyric anhydride - Yhite label, Bastman Kodak Ce,
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2-Thenonttrile

G — Q8
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cg 3/(2-@3

4 100 nl, benmens solution of 11,2 g. (0.1 mole) of 2+thenal,
and 1,0 molar in hydracols aclid sontained in a LOO md, beaker was
teeabed alowly, widle belng stirred, with L »l, of concentrated
sulfuric anid, 4 wvigorous evelution of ges occurred which subsided
in about 20 minutes, . fter baing set aside for an additional 15
sdautey 200 g, of ice water was added to the reaption mixturs and the
vosulbing tue layers were separated with the benzems layor being
thoroughly waslnd with dilute sodium hydroxide solutlon followed by
drying over anhydrous sodivm sulfste, The benzene was removed by
evaporation and the resulting oil was distilled under reduced pressure
to yield 9,2 g. (0,08h moley 8LE) of clsar colorisss product whose
phyeiaal constants weves b.p, 90-90,5° (21 mm.)s n§5 1.5653.

The roported {(133) physieal censtants of 2«thenonitrile ave
T7.5~76° (12 mm,)y n2° 1,561,

A quantity of 5.0 g, of the produet was refluxed for oneshalf
hour in 50 ml, of a 10% sodium lLydvoxide solution during which time
the odor of awmordla was very apparent, The selution was cooled,
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extrasted onse with sther and then carefully treated with dilute

ri0 aedd which caused » white precipitate to rapidly settle
out of solution in the form of neodle shaped crystals, The latter
wers colleeted and dried, and amounted to 4.8 g, of a product melting
&% 126,5.129,5° indteating that the rdtrile had been converted to
2«%hamole asld, The reported (135) melting point of 2«themoic acld
18 129230°,

In s rephtition of the mosction of 2-tlenal with hydraroic acid
the same quantity of resctants wore employed with the exception that
10 wl)., of glrapy pliosphoric apld was used ag ths catalyst instead of
sulfurde acid, The reaction procesded somewhat more elowly, but after
two hours the reaotion mixbturs was suidjected to the same separation
procadure to yield 6.9 g, (0,060 moley 60%) of 2-themonitrile distill-
ing at 86-86,5° (19 mm,), and which had a refrective index of ni>
1,568, The produtt wae subjected to the same mathod of hydrolysis
to yleld 2-thenolc acid melting at 128,5-130°,

3«Thenonitrile
CH —QuCN
OH CH
~N a

wt

Followlng the above described procedure, 5.6 g, (0.L5 mole) of
Jethenal, 50 ml, of 1 molar hydrazoic acid in bensens and 2 ml, of
concentrated sulfuric acid were sllowed to interact, .fter the usual
separation scheme there was isolated, by distillation, 2,15 g.
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(0,0395 mole; T9%) of 3-thenonitrile whose physical constants weres
b.p. %.5-8&° (18 mm,); ngs 1.5551. The reported (13h) physical
constants of 3-thenomitrile are 203-205°; n?> 1,553k,

4 sample of the product was converted to 3=thenoic acid by
basie hydrolysis. Its melting point was 136-137.5°, The reported
melting point of 3-themoic aeid is 137.138°,

In & second study of the reaction of 3Jethenal with hydrasgoioc acid
the sume quantities of reagents were used as above except that S ml,
of phosphorie acid were employed instead eof sulfuric acid, ifter a
reastion period lasting two bhours the product was separated and isolated
acoording to the previously dasoribed procedure, There was obtained
by distillation 3,38 g. (0.031 mole; 62%3) of a colorless liguid preduet
which had the following physical constants: b.p, 88-85° (20 mm.);
ngs 1.5538, Basic hydrolysis of a guantity of the product yielded
3-thenoic acid which melted at 136.5-136°,

The Schmidt Reaction with 2-icetylthiophene

Following the procedura elucidated by Hurd and Moffat (L) S.L g.
{0.0L3 nole) of 2-acetylibiophens dissolved in 100 ml, of chloroform
wag treated with 5§ ml, of 96§ sulfuric acid ani LO ml, of a 1,5 molar
solution of hydrazoic acdd in chloroform, 7The reaction sclution was
kept at 0-10° for 15 minutes, while being stirred, and then poured
onto ice. The resuliing two layers were separated and the agueocus
layer was extracted repeatedly with chloroform. fter the ocombined
ehloroform solutions had been washed with dilute sodium hydroxide the
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chloroforn was removed on a stean bath to Yield a ywllowish brown
s0lid which was taken up in hot bensens, The firat crop of slightly
yellow orystals smounted to 1,13 g. and melted over a rangs 108-1390.
The addition of pentane to the remalming benseme solution caused the
separation of 1,2% g, of yellowish orystals melting sharply at
1001027, That this second orop was mot & product expected from the
Solddt reagtion La indicated by the fact that the expected products
2-acetamidothiophene melts at 160-161° wiile 2-thenomethylamide has

a melting point of 113-»1150, Following Hard and Noffat's suggestion
that this material was a sutectic mixture of the two possible products,
the two cropes of orystals obtalned were combined and subjected to
hydrolysis by refluxing for 2 hours in S0 mi, of a 108 sodium lydroxide
solution, The derk colored mixture was cooled and extracted twice
with 50 ml, portions of ether, Upon acidification of the agqueous
portion and aoncentration to & volume of 15 ml, there was obtalned
0.29 g, of 2-thenoic acid which melted at 129-130°,

2=igetamidothiophene

€3

H—¢
g

e

R
~NE-COCH,

To & well stirred mixture of 12,6 g, (0.1 mole) of 2-acetylthio-
phene in 110 ml, of a 1 molar benzens solution of hydrasoic acid,
at 0° , wag added L ml, of goncentrated sulfuric acid, The evolution
of gas was so vigorous that a 20 mimute pericd was required to



complete the addition of aecid after which the ige cold reaction
mixture was allowed to warm to room temperature and 1t was then
poured into a mixture of ice and water, The resulting two layers
wore ssparated and the benzene layer was extracted with a 103 sodium
bloarbenate soludion and then dried over anhydrous sediwm sulfate.
When the bensens was removed by evaporation a red oil separated and
this was taken up in absolute othanol and treated with Norite 4.
Slow evaporation of the ethanol caused the red oil to separate again
and it wap taken up in hot benzems and this solution was allowed to
cool slowly, 4after a faw crystals had separated they were immediately
removed by filtration and dried, They had a welting point of 1591607,
When a sample of this material was combined with an authenic sample
of 2-apsatamidothiophane thore was no depression in 1%s meliing point,
The veported (140) melting point of 2-acetamidothiophene is 160-161°,
As the benrens solution wae coolsd further ths reddish oil again
separated and it was redissolved in & larger wolume of benzene and
extracted with 5% barius ehloride solution which caused a yellow
precipitate to form in the aguecus portion, This material was assumed
t0 be the barium salt of a sulfonic acid, but was not examined further,
The remaining benzene solution was soncentrated to give a light red
o4l widch on distillation ylelded 5.k g. of 2-acetylthiophene bolling
at 75-76° (3 mm,). Yo further material could be isolatad,

A second application of the Schmidt reaction to 2-acetylihiophens
resultad in a 7% yleld of 2-acetamidothiophene and a 23% recovery of
unreacted 2-scetylthiophens, There was also obtained & rather large

amount of a barium salt.
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In an attempt to deorease the amount of sulfonation which was
spparently oscurring when sulfuric asid was used as a catalyst, &
mixture of 12,6 g, (0,1 mole) of 2~acetylthiophbene and 110 ml, of a
1 molar bensens solution of hydrasoic acid was treated with 10 ml,
of phosphoric acid, 7The addition of the acid resulted in the
instantaneous formetion of & white precipitate without any gas evolu~
tion, The solid was recovered by filtration and dried under vacumm,
It bad a melting point of 73-97° which agrees closely with the melting:
point reported by Klages and Allendorf (6L) for the complex formed
between 2-asotylthiophene and phosphoric acid,

& diffarent procedure for the reaction of 2~acetylthiophens and
hydrazoie acid was tried whieh inwvolved the addition of 8.L g,

(0,13 mole) of sodium azide to & stirred solution of 12,6 g, (0.1
wole) of Zacetylthiophene and 10 ml, of sulfuric acid in 100 ml, of
agetic acid at .350 . Gas evolution had ceused after approximately
two hours and the dark red reaction mixture was poured onto erushed
ice and peubralized with ammonium hydroxide, To the nsutralised
mixture was added 100 ml, of bensens and the layers were ssparated,
The aquecus layer was extracted thres times with 100 ml, portions of
bengene and these were combined with the eriginal bensene extract and
dried over anhydrous sodium eulfate, The benzens was removed and tls
repidual red oil was poured 3:3_&@ erushed ice where upon it solidified
to a tan solid, Aifter ome méryﬁmizamn from bengene the product
melted over & renge of 11&133?. The melting point incrsased to
152.157% after a reorystallizetion from a mixture of equal parts of
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benzene and hexane, There wao obtained 2,8 g, (0,02 moley 20%) of
white orymtalline produst after a fimal recrystallizasion from a
mixture of ethanol and water, The molting point was 158.5-159,8" and
it vas not depressed when a sample of the product was mixed with an
authenic sample of Zeasetamidotidophene, The reported (140) melting
point of 2easetawidothiophene is 160-16°,

A vepetition of the sbove reaction using 20 wml, of eulfurie
acid resulted in & red eily plastic appearing product which could not
be induced to eryatallize, It wes completely soluble in sodium
kypdvoxide and gave a yellow precipitate when treated with $¥ barium
ehloride selution,

Wit the reaction was carried out at 5¢ the evelution ef nitrogen
was axtremely slow and only by warming the mixture to approximatsly
25° could 1t be csused to proceed at a mormal rate, Bmploying the
4solation method which was just described there was obtained a 17%
yield of Ze-acetamidothlophene,

2-Fropilonamidothiophene
gﬁ —CH
g . _CuliHeCOC o8

To & stirred mixture of 1k.D g. (0.1 mole) of 2~propionylthiophene,
20 ml, of concentrated sulfuric acid and 100 ml, of acetic aeid waa
added , in smmall portions, 8.4 g. (0.13 mole) of finely pulverdized
sodium aside., After approximately two hours at the resction temperature



of 35“ gas evolution had coased and the red reaction mixture was
poured onto srushed ice and neutralized with dilute ammontum hydroxide,
imploying tle previously described separation procsdure there was
obtained, after two recryetallizations frem a mixture of benzene and
hexane, 3.5 g, (0,02h mole; 21%) of u erystalline product which
melted at 109,5-110.5°, i sample of the product when mixed with
2-proplonamidethiophane had a melting point of 109<110.5°; the re~
ported (1L0) melting point of Zeproplonamidotiiephens is 110-111°,

Evaporation of the benzene solution from widch the initial erop
of erystalline product was fizolated yielded a semisolid material
which vas refluxed for two hours in a 108 sodiws hydroxide solution,
Upon neutralization of the rasulting solution there was obtained
0,9 g. of 2-thenclc acid which melted at 129-130°,

2-Butyramidothlophens

GH—CH
CH _CeRHeCOC HaCHoOH,

~ 3 4

Following the same general method described previously, 15.L g,
{0.1 mole) of 2-~butyrylihiophene, 20 ml, of 95% sulfurie acid end
8.4 g. (0.13 mole) of sodium azide were allowed to interact in 100
ml, of glacial acetlc acid at 350. fter approximately two hours
the reaction mixturs was prooessed to yleld 3.7 g. (0,022 moles 22%)
of slightly yellow orystals which melted at 128-129°. A mixed melting
point of 128-129° was obtained when the product was intermixed with



an autlenie sample of 2-butyramidotidophsne. The reported (1LO)
malting point of the product is 128.5-129.5°.

The original benzene mother liquor was evaporated to yleld a
semisolid mass which was hydrolyzed in a sodium hydroxide solution »
0 yield 1,2 g. of 2-thenoic acid which melted at 128.5-129°,

J-seetantdothiophone
CH — QuNN-CO0H,
¢H CE
-8
The interastion of 12,6 g, (0,1 mole) of 3eacetylthiophens, 20 ml,
of 95% sulfuric acid and 8.k g. (0,13 mole) of sodium aride in 200 wl,
of acetic acld provesded in a mamner similar to the reaction of
2-acetylthiophens, after neutralisation of the reaction mixture with
amsonium lydroxide and extragtion with several portions of bensens
there was obtalned after two recrystallisations from a mixture of
bemeens and cyclohexane 1.8 g, (0.013 mole; 13%) of a product melting
at 1U6-147.5°, The reported (140) melting point of I-asetamidothiophene
1s 1h5-1u8°,
Treatment of the original benzens extract residus with boiling
sodiur hydroxide and neuiralisation of the mixture with dilute hydro-
chloric agid resulted in the formation of 0,7 g. of 3-thsnolc aeid

which melted at 136.5=-137.5°.
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The Schmddt Resotion of 2=icotylthiophene in Trichlorvacetic deid

i mixture of 3 g. (0.02h mole) of 2-acetylthiophene and 35 g. of
trichloroacetic acid was varmed to 60° to effect a homogeneous solution
to which was added in small portions 2 g, (0,031 mole) of powdered
sodium sglde, Within five mimutes after the first two components had
bean brought into solution the reastion mixture ocharred badly and
becamo semisolid, The resultant mass was infusible and insoluble,

It was found that & mixture of 2-acetylthiophens and trichloro-
acetic acdd at 60° rapldly reached a charred solid state,

Te 12,6 g. (0,10 mole) of 2easetyltliophens dissolved in 110 ml,
of & 1 molar benzene solution of hydrasoic acid was added 10 g, of
trichloroacetic acld, ¥No gas avolution was observed even at tempera-
tures asz high as us®, Finally S ml, of concentrated sulfuric acid were
added with the resultant expecied evolution of nitrogen,

Fmploying 12,6 g. (0,10 mole) of Zeasetylthiophene, 8.5 g, (0,13
mole) of sodium aside and 10 g, of tricklorcacetic aoid in 100 ml, of
chloroform gave a result identical to %lw one just discussed., The |
addition of 5 ml, of sulfuric gaused the reactlon to proceed,

In a varistion of experimental prucedure 12,6 g. (0,10 mole) of
2~acetylthiophsne and L0 g, of trichlorcacetic acid dissolved in 100
ml, of glaolal acetls acid wore treated with 8.4 g. (0,13 mole) of
sodius azide, The solubility of sodium aride in tle reaction medium
was rolativsly low and no reasction seemed to occur., Yhen the tempera=
ture was raised to 50° the mixture became homogeneous, but no gas
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evolution or other evidence of reaction occurred. Finally, after two
bours, the solution was neutralized with ammonium hydroxide and
extracted twice with 150 ml, volumes of bensene which were combined,
washed with water, drisd over anhydrous sodium sulfate and evaporated
%o leave an olly liquid residue. This liquld was subjected to dige
tillation at reduced pressure t0 yield a single liquid fraction which
bas the following physical constantes b.p, $2-94° (12 mm.); no> 1,563k,
These properties agres with those of 2~avetylthiophene of which there
was 11.7 g, recoversd, No other matorial could be isoclated from the

reaction mixture,
The Selmidt Resotion of 2-icetylthicphens in Trifluercacetie icid

To determine the compativility of 2~acetylthiophene in trifluoro~
asetic acid, 2 g. of the former wers dimsolved &n 5 ml, of the acid
at 0°, in instantaneous charring occurred indicating the futility of
carrying out the Sclmidt reaction with trifluorcacetic acld as solvent
and catalyst,

In a separate emperiment, 6.3 g. (0,05 mole) of 2-acetylthiophene
and 20 m), of trifluorsasetic acid diamiveﬁ in 50 m), of acetic asid
was treated, at 10°, with Li,2 g, (2,065 mole) of finely powdersd
podium axide, No evidance of reaction ccourred so the mixture was

warmed %0 50° resulting in a darkening of the solution, but etill
no evolution of nitrogen,
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FPormation of Tetvexoles

To 5.6 g. (0,05 mole) of 2-thenal dissclved in 150 ml, of a 1
molar bengene solution of lydrazoic acid was added 8 ml, of 95% sule
furie sedd with rapid stirring, The evolution of pitrogen wis prompt
and vigorous and after an hour the mixture was poured omto 100 g, of
ise fellowed by neutraliszation with a 20§ sodium carbonate solution,
The neutralized solution was ovaporated o a volwms of SO ml, and
treated with 30 ml, of sthancl to precipitate sodium sulfste which
was removed by filteration, The addition of 6 noymel hydrochlorie
soid to the £iltrate caused a wilte precipitate to form which was
separated and redissolved in 50 ml, of 208 sedium carbonate and re~
Liltared to remove o small amound of yellowish amorphous solid, The
sareful addition of & normal hydrochloric to this second filtrate
caused the produods to reprecipitate, It wae recovered by filtration
and after drying amcunted to 3,29 g. (0,027 mole; LLS) of white
erystalline solid melting at 202.5-204,5°, The reported (60) meltdng
podnt of Se(2-thdenyl)tetrazols is 20k,7-205°,

In a second preparation by ths same procedure there was isolated
3.21 g. (0,021 moles L2%) of S~(2ethienyl)tetrazole which melted at

203-205",



134

y |

Reastion of 2-Tharonitrile with Hydragols icdd

Baploying the asme experimental conditions as were just deseribed,
& mixture of 2.2 g, (0,020 mole) of 2-thenonitrile and 80 ml, of a
1 molar banzene solution of hydrazoic asid ware treated with & ml, of
95% sulfurde aoid, Vigorous gas evolution continued for about a half
lour during which time the sulfuric acid layer bacame very dark in
golor, The mixture was poured onto 50 g, of ice and neutralized with
a 208 sodium carbomate solution which caused the preeipitation of a
black tarry materdal, The latter was slightly soluble in ethanel and
completely soluble in 6 normal sulfurio acid, The black tarry material
wag takenm up in hot ethamol and treated with Norite : with 1ittle
suceess Iin decolorigation, as the tarry materisl separated from solu-
tion again ag the ethanol cooled, It was then dissolved in dilute
sulfuric scld and again treated with Norite i, WNeutralisation of the
aedd svlution with a godium carbomate solution resulied in the
separation of the original tarry material, . repstition of this
procedure natted the same result,

2-Fitrothlophens

CH— CH

CH  C-M0,
\;}/

Inke a flask fitted with a refilux condenser was poured one half
of & solution composed of 160 g, (2.L moles) of fuming nitric acid
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and 3200 ml, of acetic acid, To this vas added slowdy; at 10° and
with agitation, ons half of a molution contaiming 168 g. (2 molos) of
tidophone and 680 ml, of acotie anhydride, The addition of the
latter eolution resuired two and a half hours during vhich time %he
temperature of the resction mixture was not allowed to rise above 25°,
A% this point in the preparation the reaction mixture vas again cooled
0 10% and the remuinder of the mitric acid and acetic aciad eolution
waz added, This vas followed by the addition, durdng an hour and a
half, of the remainder of the thicplene acetis anhydrids solution
under the same conditions as were described above, ifter the reastion
aixture had beson set aside for an additional two hours ut room tempera-
ture the light colored solution was poured onto 2000 g, of cracked
ice widch cuueed the formation of a light yellow precipitate of
Repitrothiophene, This was recovered by filtretion and dried,

2«iminothlophens Hydroeclleride Stamnie Chlordde Salt

PH—CH
} iy Hilg *
GE‘B /G Hy a Snlly

A solution of 1L0 g. (1,09 moles) of 2-nitrothliophens and 2500
nl, of concentrated hydrochleric sold contalmed in a LOOC ml, beaker
was warmad to LS®, To this solution, while being stirred, was added
270 g. of 30 mesh tin shot dweing a half hour period, ifter an
additdonal hour and a half of stirring the reaction mixture was
f£iltered to remove the white insoluble product which wae mixed
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theroughly with ethyl ether and refiltered, After drying, this
matorial amounted to 201 g, (0,86 male; 79%) of a slightly tan
colored produst which was atored in & brown bottle under refrigeration.

2-iectamidotidophene
%n ——gH
1 . _G-NH-COCH,

To & rapidly atirred solution of L2 g, (0,079 mole) of Zeamino~
thiophane hpdroshloride stannde chloride galt in 120 ml, of water was
addad 30 g, (0,268 mole) of scetie anhydride disselved in 30 ml, of
sthyl gther, ifter 15 mimutes, & molution of 52 g, (1.3 mole) of
sodiwn hydroxide in 50 ml, of water waz added slowly while cooling of
the resction mixture, The s0lid which separated was immediately
removed by filtration and washed with water followsd by ether, After
& single reerystallivation from hot water there was obtalned 9.87 g.
(0.(7( modes 86%) of product which meltad at 160.5-161.5°. The
reported (140) melting point of 2~acetamidothlophens is 160-161°,

2«Propionamidothiophene
GH—CH .
CH C-RE.COC N,
~8

‘scording to the sbove experimental method, k2 g. (0.079 mole)
of 2-aminothiophene hydrochloride gtammic ohloride salt in 120 ml,
of water and 33 g, (0,254 mole) of propionic anhydride in 30 ml, of
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ether were allowed to interact, .fter nsutralization of the mixture
thore was obbained 9,20 g, (0,06 mole; 61%) of a produst melting at
3104120,5%, The reperted melting point (140) of 2~propdonamidotiioc
phene ie 110-111°,

2«Butyranidothiophone

CH——CH
CH_ ] _ Gl HeCOC HyO HaC My

The reastion of k2 g, (0,079 mole) of 2eawinothiopleme hydro-
shloride stannic chloride salt with 36 g, (0.23 mole) of butyrie
ankydride in 120 ml, of water and 30 ml, of ethyl sther resulted in
the formation ol 9,15 g. (0,054 moley 67%) of Z-butyramidotidophens
which bad a melting point of 12?.5-1890, The reportsd (1LO) melting
podnt of 2-butyramidothiophens is 128,5+129,5°,
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SUMMARY

1, The Sclmidt reaction with 2 and 3-thenal wers carried out
using hydraroic acid in bensens, Good ylelds of the expectsd nitriles
were cbtained when eithor consentrated sulfuric acid or phosphorie
acld was used as the gatalyst,

2, The Jolmidt reastion with 2« and leacetylthiophene, 2-propionyl-
tidophene and 2-butyrylthiophens geve only low yislde of the asylamido-
thicphenes and small amounts of the thenvalkylamides, The low ylelds
were largely due to side reactions such as complex formation with the
catalyst, sulfomation of the products and lack of stability of the
tidophone derivative towsrd the resgents omployed, The use of solu-~
tiona of lyydraseic acid and suspensions of sodium awide in bermene,
chloroform and acetie acld was investigeted, 4 variety of aclds,
including sulfuric acid, phosphorie seid, trichlorcacetic asid ami
trifluoroscetic acid, were studied as catalysts for the reaction,

3. The formation of tetrazcles through the interaction of excess
hydragoic agid with 2-thenmal and Z-thencnitrile was studied, The eame
tetrasole was not Lsolated from the two starting compounds indicating
that the nitrile probably is not an intermediate in the formation of
a tetrarole from 2«thenal amd excess hydragole acid,
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