ATTEMDPTS TOWARDS SYNTIIESIS OF CANTHARIDIN
PART IJ1

ConvrNsatton or Ky 3 -DIKL 10111 RATYDROFURAN—¢«/~
DICARBOXYT AT WITH «~BROMO ESTERS*

Ly B H Iye and P C Guha

Kukpatede (fowa State Coll J Ser, 1956, 11,70, Of American
Chemecal  Aistracls, (957, 31, 1800°) has observed thal m physio-
logrcal action fwan 1esembles hensene  The B-dicthylaminoethyl
estets of several furan acids are muld local anesthetics A number
of muixed hetones contauning the furyl radical are hypnotics A group
of furan dervalives of varied composttion includes vesicants and
lactimators  Further, Bruchhausen and Betsch (dich Pharme, 1928,
266, 697) have obscrved thal when canthaiidin 1s passed over
pallacdised asbestos at 2807 1L 15 decomposed mio furan and dimethyl-
malere anhydide  Therelore il would appear rational to employ
& suttable furan compound as the starting matersal for the synthesis
of cantharichin

Guha and Iyer (J Indian Insé Sce, 1938, 21 A, 115) have
shown that the condensation of cthyl 8p-dikelolettahydrofuran-ua'-
dicatboxylate and its tluophene analogue with alkylenc bromuides
takes place only m {he di=enolic phases of the iwo former esters
As it 15, however, possible that under certam condibions and with
patlicular reaclants these two esters mughl react wn the diketo
forms—as then nomenclatuies mdicate (Cf “ Organische Chemae”
by Richter-Anschuts, 1981 edilion, pp. 18 and 19) —1t was hoped to
build up the canthanidin molecule according to the followmng scheme
Condensalion ol one molecule of cthyl B8-diketoteirahydrofuran-
w-dicarhovylale wilh two malecules of ethyl «-bromopropionalc i

* Idiacted liom o thesis subnglt_;d by one of the authois (B H, 1) for
the Ph D Deoree of the Umversity of Bombay
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presence of sodium ethylate was cxpeeted to e connponnd (1)
which was 1o setve as a tonventent starhing wate thal tor e svnthesty
of cantharidin
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Clemmenscn reduction of (I) with suultancous hyvdiolysis and de-
catboxylation would lhen give the dicarboayle acwd (1) Dhronun-
tion of the diacid chlonde of (1) followed by estordhadon wauld
then yield (I11)  The latter, on ung closwre by removal of the two

bromme atoms with zmnc o1 silver and subsequent hydiolysis and
dehydration would lead to cantharidm (Iv)

As a model expeiiment, ethyl bromacetate was fust condensed

with the disodum denyative (Vo VI, R=Q)) of cihyl Ad*-diketole-

trahydrojuran-ua'-dlcarboxylate when a fine cystalline substance
(m.p 65°) was obtamed

The corresponding compound (mp 350
x;rolm ;he disodium c}enva‘twc (Vor VI, R:8) ol ethyl #p'-dihetote-
Orfa g rothiophene-au ~dicatboxylale was also prepared  The results
! ementary analyses and a study of the products of hydiolyses
showed that two molecules of the bromo ‘

ester combued with one
each of the furan and thiophene asters

Therctore the products of
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condensation mught be 1epresented by erther of the two formulze
(VII) and (VIII) (R O o1 §)
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From then lawlure to give any mdication of the presence of ketonic
groups when tnied with semicarbazide hydiochlotde, phenylhydrazme
and 4 4-dmitiophenylhydiasine , fiom theu nsolubihty m alkali and
trom then tendency fo decompose on heating with dilute hydrochloiie
actd, the structure (VIII) has been suggested as the more probable
one than (VII) for these two producls  They may be called (1) ethyl
addicarbethovy-furan-gA'-diovydiacetate (VIII, R=0) and (2) ethyl
wd-dicarbethovythophene- @' -dioxydiacetate (VIII, R=5) Eflorts to
bronmnate them were not suceessful

On hydiolysis with aleoholic potash, the products yielded the
mono-potassium salt (IX, R=O o1 8) of the coiresponding tetracar-
boxylie avid mstead of the acid itself

HOOL H.C O C:——:——-——:? COOK
R {IX}
1100C H,C O C====C COOH

This 15 proved by the deteinunation of the equivalent of the potassium
salts
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When the hydiolysts was clfedted by e diusmee waith diut
hydrochloric actd, decomposiion occurted wnd no product coukd be
solated  Here 1t should he mentoned thal the dicarbosvhe acds
corresponding 1o BE-ciketotetiabydioturai (and thiephiene )-wd-
dicarboxylates have not w0 tar been rolated T thape frenn the very
nature of therr configuation viz, gA*-diketome dracuds with oxygen
or sulphur as members of the 1mg, they an ucapable of stable
existence

However, hydiolysts of the condensation products (VL) wath
concentrated hydrochlorie actd m the cold readih vielded the two
corresponding  diester-di-acds iz, wd’ chicarbothosviuran-fig’ e
oaydiacetic acid (X, R=0) and w-dicarbethosythiophene e’ diovy-
diacetic acid (X, R=5)

|
ll\ 4]
HOOC [1,C O Carmmme(, COOBL

Equivalents and the 1esults of analyses aftord additional suppmt to
the above stiuctines

A systematic study of the hydiolysts of these products will be
mteresting because 1t Jooks as though a stepwise hiydiolvas can be
eftected by varymg the experumental conditions  The ann o the

present mvestigation bemng difterent, o further study of the hydiolyses
has not been made

Betause of the occurtence of decomposttron on he ating with
hydrochloric acid, Clemmensen reduction of the condensation products
could not be carried oul successfully

I 1s clear from our expermments that these condensations
proceed only with the di-enolic phases of the furan and thwoplene
esters, (Of Hoehn, Iowa State Coll J Sei, 1936, 11, 66; Cf
Amervcan Chemical Abst acts, 1937, 31, 18007

ond Wlilen ethyl u-bromopropionate and ethyl bromomalonate were
onde ;
nsed with the disodum dervative of the furan ester m alcoholic
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medwum, no reaction took place , the 1eactants were totally recovered
Eapeimients usmg magnesmum  mstead of sodum were also unsuc-
cessful - The diy disodmm detvative, on bemg refluxed with a laige
excess of the bromo oster, yielded oily procducts which could not be
further worked out and charactersed owing to poor yields

EXPERIMENTAL

Ethyl-pf*-diketotetr ahydiofuran-ud-dicarboxylate was prepared

by condensing ethyl diglycollate with ethyl ovalate n prescnce of
sodum ethylate ((7/ Guha and Iyer, loe cot)

Ethyl-wd-dicarbetho yfuran-Bp-droxydiacetate (VIII, B=0) —
To a hot solution of cthyl Ap-diketotetrahydrofuran-w/-dicarboxy-
late (24 6 ¢) m absolute alcohol (400 cc), a solution of sodum
(4 6 8) m absolute aleohol (100 c.0 ) was gradually added and 1efluxed
for about one howr  The wlute disodum dervative mimmediately
separated out  This was cooled and excess of ethyl bromacetate
(40 g) was added  There was no immediate visible reaction  The
contents of the flask were 1elluxed on o water bath for nearly 20
hours when the white disodmum dervative gradually acquired a yellow
colour  The resulting dear solution was acidie to Iitmus and a small
quantity of sodmun bronude had separated  This was filtered out,
alcohol was 1emoved Lrom the filtiate and the 1esidual oily mass was
subjected to steam distillation to remove the excess of ethyl brom-
acctale  On trealing the resultmg pasty product with 2 N sodium
hydroside, o sold separated oul  This was collected on filler paper,
washed suceessvely with water, dilule acid and waler and finally
crystallised from alcohol, mp 65° It 15 soluble mn most of the
olganic solvents but msoluble m petiol  Alcoholic solution does
not give any colotation wilh lerrie chloride whereds the fuian ester
gwves o charactetstic  colotation  (Found  C, 5164, H, 616,
C,H,0,, tequues C, 5192, 1, 576 per cent)

The alkalme Oltiate (rom the reaction product yielded un-
changed turan ester on acidification

Alhale hydrolyses of the aboee cster (VIIL, R=0) IKoimation

2

of the mono-potasseum salt (1X, B-0)—To an alcoholic sojution of
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the ester (2 g) an aleoholic soluton of potassuin by dvoxude (15 ¢)
was added AL once & solud separaled ont The nivbhure was
refluxed on o watcr bath tor 14 nunules, vohol tomoved and the
residue dissolved m water  The hltercd alkadun wintion vielded
fine white precipriate on acidihcation with hydiewhlone aeul Tl
was collected on fller paper, washed with e vold water and
crystallised from botling waler It does not melt bul oty darkened
on long heating at 110° and charts above 20" The aqueous solution
of the morganic residuc obtumed on momeration, o athahne w
reachon  The product dissolves with effvrvesconee i cold 2N
sodmm bicaibonate and 15 meoluble m organi solvents

A warm aqueous solulionof 00711 ¢ of the mono-polassum
salt (IX, R=0) 1equwed 1843 co of 008G N wodw hydioxade
for neutralisation (phenolphthalem) — (Found — cquvalent, 1139,
CH:OuK requues equvalent 114)

020380 g of the mono-potasstum =l gave 007510 g of K50,
(Found XK, 1127, C H,0.K 1equues K, I 10 per cent)

Silver sall —05 g of the mono-potassiumt sall was treated
with 8 to 10 c ¢, of ammonmum hydioxtde and evaporated fo divness
To the fillered aqueous solution of {he r1uswdue, was added, an
aqueous solubion of silver mbiate (14 g) when w while heavy
precipiiate resulted  This was collected on (et paper, washed wilh
water and alcohol and diied m o steam oven (L g) A cored

estimation of silver was not possible owme to the sudden decompost-
tion of the salt on beating m a cruwble

dad Tydiolysis of [VITI, R-O)—(a) with delute hydro-
chlorne acud (11) ~The ester (4 g) was teflused with 10 v of (11
dilute hydrochloric aud Willun ahout 15 nmunutes the contents of
the flask got dark and lot of 1 othing occured  The dldooking filtrate

left only a tairy residue on evaporation trom which notlung detimte
could be 1solated

(8)  Whth concentr ated hydrochlonie acwd  FPormation of wi'
‘2230“7Z’Eﬂwm/ﬂ”“72“35’—dzc)xydmcelw aced (X, 1 O)—The este
(2 g) was mixed 1 the cold with concentiated hydiochlonc aud
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(20 ¢ ¢ ) m a conwal flask, warmed on {he water bath {or a minute

corked and shaken well with simultaneous cooling under the water’
tap  After shaking {or aboul 5 munutes, a clear solution resulted

This was left al o1dinary temperature for about 15 1o 18 hours Al
the end of the petiod, the 1esulting solution was diluted with water,
cooled n 1ce and filtered  The acdic hiltrale was1epeatedly (6 times)
extracted with cther, the combmned etheieal solution washed with
iced water, dried (MgSQ0,) and the product rccovered It was
dricd m o desiccator, mp, 221-225° (decomp ), yield 1 g Soluble 1n
alcohol, acetone, chlorofoim, and methyl alcohol , msoluble 1n benzene

Eflervesces with and dissolves m sodmm bicaibonate solution  Ele-
mentary analysis and equivalent weight determination show that 1t
contams one molecule of watcr of crystallisation  Separate estimation
of the water of aystallisation was not possible owing to the decompo-
sition occuring when the substance was heated (Found C, 44 39,
H, 5 34, C 11,04, ILO 1equues C, 4444, H, 4 76 per cent )

A warm aqueous solution of (a) 01188 g of the above hydro-
lysed product 1equued 13 co and (b) 00785 ¢ 1equued 8§55 cc of
00486 N Sodwm hydioside for neutialisation (phenolphthalem)
[Found cquvalent, (o) 1881 and (b) 188 9, C,,H, 0, H,O requires
cquvalent 189 |

Ethyl pg'-diketoteliahydiothiophene-uu-dicarboxylatc was pre-
pared {rom cthyl thodiglycollate and  ethyl oxalale m a manner
stmilar to thal cmployed lor its furan analogue (Cf Guha and Iyer,
loc cut) .

Lithyl  wi-dicar bethorylhwphene-BR-dwrydiacetate  (VILL
R=8) —To the thwophene ester (26 g) dissolved mn hot absolute
alcohol (300 ¢ ¢) was added a solution of sodium (4 6 g) n absolute
alcohol (100 ¢ ¢)  To the waim disodium deiivative thus obtained,
excess of olhyl bromacetale (80 ¢ ) was added and the mixtwe re-
flused on @ water bath  After some time a solution resulted  This
was tefluncd for 10 hows  Then alcohol was distilled out and the
testduc subjecied to steaning when the excess of the bromo-ester was
removed  The steamed 1esiduc was treated with 2 N, NaOH when
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the alkali msoluble tcaction product sepas ated ont as asold Thyy
was filtered out, washed with watcr and crystallecd trom difute
alcohol, mp. 50°, yield 18.6 ¢ Soluble m ether, benzone, acetong,
chloroform and caibon tetrachlotude maoluble m petiol  Alcohole
solution does not give any coloration with ferre chilonude whereas the
thiophene ester gives a distinet coloration,  (Found  C, 4978 1],
571, Cy,H, 048 requies C, 50,00 ; T, 5.56 per cent )

Alkals hydrolysss — Formation of {he ane-polasseon sall
(IX, R=8) —An alcoholic solulion of the esler (22 ) was hydrolysed
with an alcohohc solutton of KOIT (13 ). The product was worked
out and purified as i the analogous experunent described before,
yield 12 g Does nol dissolve 1 organte solvents , cflervesces and
dissolves 1n sodium bicarbonate , leaves 1eswdue on meneadion

A warm aqueous solution of (a) 0 1804 g ol the mono-polassum
salt required 31 25 cc and (b) 00940 g requured 16 30 ¢ ¢ ol 00486
N NaOH for neuttalisation  [Found equwvalent (a) IS8 and (b)
1191, C, H,048SK 1equres cquivalent, 119.335]

02120 g of the mono-potassium sall gave 0051 & of K.SO,
(Found K, 1087, C)H,0,8K 1equues XK, 10 89 per cont)

Salver sall —This was prepared from 003 ¢ of {he mono-
potassum salt as delmled  the former case, yiekd L2 o Silver

could not be estimated as swelling and sudden decomposttion  occut-
ed on heating

Aerd Hydrolysis (a) wnth (L 1) dulute hydiochloree acid —
When the hydrolysis was conducled wilh dilule 1IC! under refluxng

decomposition and charting occutred as 1 the case of the futan
analogue  No product could be 1solated

(b) with concentrated lwdrochlorse acad. B matuon of wt'-
dicar bethozythnophene- B -dwrydiacetie  aced (X, B S)—Eslor
(2 of VIIT, R=8) was mixed mn the cold with 20 « ¢ of con-
centrated hydrochloiic acid m a small flask, warmed for o punute on
the wate1 bath, cotked and well shaken with sinultancous  cooling

under the water tap  The resulting solution soon solidified  Tlus was
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left at room {cmpetature for over 15 hours, Then added water,
fitered out the solid, washed 1t with ice-cold water and dried on
porous plate (15 g) Il was then dissolved in 2N NaOH and filtered
to rcmove any unchanged ester The alkaline filtrate was acidified and
the product laken up m cther by 1epeated extiactions  The washed
and died ethereal solutton yiclded the diesterdiacid (X, R=S)mp
225-227° (decom ) 'When the molten substance 1s raised to higher
{empetalure, vigorous evolubion of gas followed by charring takes
place  Ii 15 soluble 1 acetone, chloroform, ethyl acelate, alcohol and
botling water , sparmgly soluble m benzene and insoluble 1 carbon
tetrachlotide and petrol  (Found C, 4422, H, 408, C,H,0,S
sequires C, 44 68, T, 4 26 per cent)

A waim aqueous solution of 0 0723 g of the above hydrolysed
procuct required 790 cc¢ of 00486 N NaOH for neutralisation
(Found equvalent, 188 3, C,,;H,,0,S 1equures, equivalent 188)

SUMMARY

Ethyl @a-dikelotelrahydro- (1) furan- and (2) thiophene-ad'-
dicarboxylates  condensed with  ethyl bromacetate to give ethyl
we'-dicarhbethony- (1) {uran- and (2) thiophene-g@'-dioxydiacetates
Alkalt and aud hydiolyses of these two products have been studied
The condensations always proceeded m the enolic phases of the furan
and thiophene esters
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