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INTRODUCTION

For many years the instability of compounds in the furan
serles has been a challenging factor, Not only has this
characteristic served to confound many investigators, but has
seriously retarded this branch of organic chemistry, In re-
cent years, however, a new and increasingly successful tech-
nique has been developing,

As an outgrowth of this phenomenon, the problem has natur-
ally ariszsen s to the mechanism by which the decomposition has
taken place and to the probsble structure of the decomposition
product, It is the purpose of this theslis to shed some light
on this problem, In particular, investigations have been car-
ried out on halogen substituted furylaryl cerbinols and their
subsequent decomposition products formed by the loss of halq-
gen acids, Incidental to this, an additional proof of strue-
ture was developed for Hill's dibromo- and dichloro-furoic

acids,
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HISTORICAL

Since the discovery of the Grignard reagent in 1900, the
chemist has had access to one of the most useful tools of ayn-
thetic chemistry, especlally in the preparation of secondary
and tertiary furyl alcohols, Although the first compound of
this nature was prepared by the action of diethylzinec on fur-
fural (1), the earliest attempt using an alkylmagnesium halide
was made by Victor Grignard (2) in synthesizing furylisocamyl-
ecarbinel,

Hale, McRally, and Pater (3) stated that furfural did not
react with phenylmagnesium bromide nor benzylmagnesium chlor-
ide to give the expected secondary alcochols, but only the
coupling products, diphenyl and dibenzyl, They found, however,
that the Grignard reagent reacted smoothly with esters of fur-
oic scid giving the tertiary alcohols in good ylelds, It was
also noted that these carbinols were very sensitive to mineral
acids, and even on standing for a short time diphenylfurylcar-
binol gradually melted into a gummy mass, scquiring simultan-
eously a dark red color, Nothing further was done with these

resinous substances.

(1) Pawlinoff and Wagner, Ber., 17, 1967 (1884), .

(2) Grignard, Ann, de 1'ﬁniv. de I on., 8, 1 (1901), /Chem,
Zentr, .

(3) Hale, McNally, end Pater, Am, Chem, J., 35, 68 (1906).
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Since these early experiments, there have been reported
\aoveral successful preparations of secondary and tertisry
furylecarbinols by use of the Grignsrd reagent on corresponding
derivatives of furan, Douris (4) prepared ethylfurylcarbinél
from ethylmegnesium bromide and furfural, Other secondary
furylcarbinols have been ;eported (5); Peters and Fischer (6)
prepared 2-furylphenylcarbinol which Hale had falled to make,
Maxim and Popesco (7) have recently prepared many tertilary
furylearbinocls by the action of the Grignard reagent on sryl-
furyl ketones, Paul {8) has given & few suggestions for in-
creasing the yield of furylphenylcarbinol,

' The reaction which serves as a basis for the work found in
this thesis was discovered by Hewlett (9), who was attempting
to prepare {5-chloro-2-furyl)phenylcarbinol and the correspond-
ing bromo compound, by the action of phenylmagnesium bromide
on S-chloro-2-furfural and 5-~bromo-2-furfural, The particular

technique used in performing the experlmsnt‘was directly re-

{4) Douris, Compt, rend,, 157, 722 (1913).

(5) Pierce and Adams, J. Am, Chem, Scc., 47, 1098 (1925);
Yavorski, Ber,, 42, 495 (i909); Jolkver, Rec, trav, chim,
28, 439 (1909); Mahood and Jordan, Science, 60, 4),

(6) Peters and Fischer, J, Am. Chem, Soc., 82, 2079 (1930).

(7) Maxim and Popesco, Bul, soc, chim, Romania, 16, 89 (1934).
C.A,, 39, 4355 (1935).

(8) Paul, Compt, rend,, 202, 1444 (1936).

(9) A, p, Hewlett, Thesis, "'Purfural and some of its Deriva-
tives", Iowa State College, p.83, (1930); Iowa State Coll.
J. Sci., &, 439 (1832).
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sponsible for the results obtained, A discussion of these will
be found later in this thesis, The two products which Hewlett
isolated were both white solids with definite melting points,
and were both called carbinols, The products contained halo-
gens and were analyzed for them, The most unusuel behavior of
these two so-called carbincls was the loss of a halogen acid to
form a new stable product, This substance, melting at 86°, was
obtalned as a decomposition product from both the chloro- and
bromo-carbinols, being entirely devoid of halogsns.

Several years later, Wright (10) repeated the work of
ﬁewlett with identical results, His investigation of the de-
composition material showed that it could not be 5-phenyl-2-
furfural as s possibility of 1,4-addition, hence a fuithsr

suggestion was offered that it might be an alpha-pyrone, thus

Hﬁ-—-ﬁﬂ . /-HBy Z C*-"ﬁﬂ »[Ebnrr.z Hii?\TH
Bré, f—-Cells L ﬁ'g-caﬂs : Celig-b =0

]
¥

¥o proof of structure, however, was given at that time.

At s more recent date (10a) 1t was esteblished in some unpub-

(105 @, P, Wright, Thesis, "Purfural and some of its Deriva-

(IOa)ﬂnp%bfgaﬁe& nerat‘fgvgogggée’cglfgbélgiggs
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lished work of Wright's, that the final decomposition product,
melting at 86°, on reduction with hydriocdic scid in a sealed
tube, yielded delta-phenyllevulinic acid, identifled by its
semicarbagone, It was also stated that the oxidstion of the
product melting at 86° with chromic oxide, gave benzoic acid
and maleic anhydride, This work was not repeated by Wright and
many attempts of the author to obtain maleic anhydride have
failled, If correct, however, it would be excellent evidence

for the following structure,
B(ft-?—-IB
6:6\0/ =g-6335

nT-- [e7

OBC\O P 8 e R s 36359003
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DISCUSSION

In order to avoid confusion, the work will be diacussed
following the natural sequence in which it unfolded, each step
apparently leading to a more promising development of the prob-
lem, until an assembly of facts warranted several theories as
to the mechanisms involved,

The work of Hewlett was repeated in preparing the so-call-

ed (5-chloro-2-furyl)phenylcarbinol, care being centered on
experimental deteils, The results were identical with his and
those of Wright's, It was noticed, however, that the extreme
instability of these products depended to 2 great extent on

the absence of acids; molsture, or any resgent tending to bring
ebout hydrolysis, 1If great care and speed were not exercised
in crystallizing these materlals, one frequently obtained the
final, stable, and halogen-free decomposition product, m.p. 862

One of the detalls was the hydrolysis of the Grignard-com-
plex with dilute macetic acid, followed by a steam distillation
of the ether leyer. The key to the whole problem depended on
this step, After most of the ether had been distilled, there
was & pronounced, yet slight darkening of the remsining oil, a
fact which indicated that a distinct change had taken plece,
Some doubt then existed as to the validity of calling this un-
stable product, thus obtained, a carbinol, A Zerewitinoff an-

alysis on this intermediate, m,p. 114.5°, soon proved that no
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active hydrogen existed, thus confirming the suspicion that no
carbinol had resulted,

In view of these facts it seemed advisable te run Zere-
witinoff analyses on several furylcarbinols, such a&s furfuryl-
alcohel, phenylfurylcarbinol and diphenylfurylearbinoel, All of
these showed approximately one active hydrogen to be present,
Also the product prepared by Hale and co-workers {(3) from ethyl
dehydromucate and phenylmagnesium bromide geve two equivalents
of methane, The corresponding dicarbinol from methylmagnesium
iodide was syntheslized and likewise gave analyses for two active
hydrogens, 1In every case, the normal carbinol was obtained as
would have been expected, This led to the conclusion that
either 5-chloro-2-furfural reacted normally, followed by =aome
further reaction due to the steam distillation, or that 1t
pursued an sbnormal course with the Grignard reagent, The
former being the simpler and more plsusible explanation was
further investigated.

Since the (5-chloro-2-furyl)phenylcarbinol, if first form-
ed, would have been extremely sensitive toward heat, purifics-
tion by vacuum distillation wasbentirely out of the question,
Thus purification by any method having been elimineted, the
only alternative left was direct preparation in n-butyl ether
instesd of the customary diethyl ether. After the phenyl-
magnesium bromide was prepared and the 5-chloro-2«furfural aided to
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it, the mixture was hydrolyzed with iced emmonium chloride solu-
tion, The n-butyl ether layer was dried with definite amounts
of anhydréua sodium sulfate and sodium carbonate, aliquot por-
tions being used for Zerewltinoff analysis, A blank was also
ran under identical conditicns of tempereature, moisture, dry-
ing egents, snd time, It was thus found that after deducting
the amount of methane produced in a blenk sand after figuring
on 100% yield of carbinol from the aldehyde, which was highly
unlikely, there was still evidence for 0,7 of an active hydro-
gen, In order to show the reliability of this method of anal-
ysis, & compound which had no active hydrogen, namely, benzo-
rhenone from benzonitrile and phenylmagnesium bromide was pre-
pared in the same manner, The amount of methane produced from
an aliguot aamplg was approximately the same as was given off
by the blank, showing that the gas obtained above was due only
to the active hydrogen from (5-chloro-2-furyl)phenylcarbinol,
Further validity of this method was shown by the fact that
2-furylphenylecarbinol prepared in n-butyl ether solution gave
almost the identicsl amount of methane as (S~chloro-2-furyl)-
phenylcarbinol, namely 49,1 e¢c, and 49,4 c¢cc, respectively.
Since it was proved that the initial product from S-chlxro-
2-furfural and the Q@rignard contained beyond a doubt an active
hydrogen, it was deemed advisable to next show that this hydro-
gen came from a hydroxyl group., This was acoamplidhed after
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several attempts by oxidizing 2-furylphenylesrbinel in the cold
with fuming nitric acid, Extreme care was taken that no acid
fumes came in contact with the carbinol prior to 1ts addition
to the nitrating and oxidizing mixture, A product was finally
obtained which was identical with Young's (1l1) S-nitro-2-furyl-
phenyl ketone, The carbonyl group proved not only the exist-
ence of an alcoholle hydroxyl group, but also its position,
eliminating any suppositions that it might have rearranged.
| The reaction between S~chloro-2-furfurel and phenylmag-

nesium bromide having been shown to be a normsl one, it was
necessary to further investigate the unstable product,'m.p.IMP,
reported by Hewlett and Wright, Since the author has always
felt that no acid should be used in the hydrolysis of any Grig-
nard-complex involving the furan micleus, all experiments were
carried out in the above reaction using smmonium chloride for
this purpose. 1t was found that the (5-chloro-2-furyl)phenyl-

carbinél prepared in g—butyl ether as above could be subjected
| to a vigorous steam distillation for fifteen mirmutes without
the slightest signa of darkening or decomposition, A few drops
of 011 steam distilled very slowly and solidified when chilled
in ice, but melted again after the cold bath was removed. Hav-

ing been extracted with sther, dried, and evaporated in a stream

(11) ailmen and Young, J. Am, Chem, Soc., £6, 464 (1934),
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of dry air, the product was stable for several days, When
heated for a few minutes at 1000, darkening took place, mois-
ture condensed on the flask, and after standing one hour the
dark purple residue was recrystallized from alcohol giving the
secondary reaction-product of Hewlett's, m.p. 114°.

The above experiment substantistes the supposition that
the carbinol was obtained as the 1n1tia1 product of the reaction,
and that its stability depended upon the absence of heat and
acids, It was further strengthened by the following test; an-
other sample of (S-chloro-2-furyl)phenylcarbinol was prepared
in diethyl ether solution, ammonium chloride being used for hy-
drolysis, and dried with‘anhydrcus potassium carbonate, The
vyellow cll left after removal of the solvent by evaporation
with dry alr was very soluble in alcohecl, as would have been
expected of a carbincl, It steam distilled very slowly with-
out darkening., When, howsver, one drop of dilute acetic acid
was added to this hot mixture, a sudden discoloration was notic-
ed and upon completion of the run, Hewlett's unstable material
was again obtained, m.p. 114°. This showed beyond a doubt that
a trace of acild catalyzed the first‘step in the decomposition
of (5-chloro~2-furyl)phenylcarbinol, 3Since moisture in con-
siderable quantities was evolved upon heating a sample of the
carbinol, it was concluded that water was one of the decompo-

sition products from twe molecules of the secondary aleohol,
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giving in all probabllity an ether,

HQ-—CH BC~——CH

oh 2 g o] | g, s T,

This hypothesis was substantiated by all the experimental data
 collected on this product, The molecular weight as determined
both in c¢smphor and in benzene showed a velue approximately
double that of the carbinol, Anslyses for carbon and hydrogen
and also chlorine, all sgreed more closely with the ether
structure,

Little or nothing has been said up to this time concern-
ing the final, halogen-free compound, m.p. 86°, It is preferred
to leave a discussion of its structure until later, since more
light can be shed on the problem after considering the corre-
sponding derivatives from tertlary carbinols,

Thus far, the only reaction mentioned has been that in-
volving the preperation and properties of secondary helogen-
substituted carbinols of the furan series, The msjor portion
of this thesis, however, deasls with the attempted preparation
of tertiary carbinols of the same type and their subseqguent
decomposition products. The study of these was undertaken he-

ceruse 1t was felt that the tertlary slcohols might be solids
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and hence more stable, Some of the first attempts to prepare
{5~chloro~2-furyl)diphenylcarbinol or the corresponding bromo
compound proved very discouraging because the initial halogen
eaters were not sufficlently pure, even though they were puri-
fled by distillation in vacuum several times, The esters ob-
tained from the chlorination of ethyl furcate and from the
bromination of furoyl chloride were not sufficiently pure to
give a clean~cut reasction product, They were both hydrolyzed,
recrystallized, and then again esterified before they were
satisfactory for use, Pure ethyl 5-chloro-2-furoate was pre-
pared by Hill and Jackson (12) and ethyl 5-bromo-2-furcate by
Hill and Sanger (13). | |

The tertiary carbinols were prepared in the usual manner
by adding the halogen-substituted ester to the Grignard re-
agent. It might be pointed ocut here that a gummy, sticky, and
insoluble precipitate formed at this stage of practically all
experiments in which there wasva Orignerd-complex that hed a
furan ring as one of its components, This seems to be quite
characteristic, For thls reason all Grignard-complexes were
hydrolyzed with ammonium chloride solution directly in the

flask, cooling when necessary. The ether solution of the ter-

(12) Hill and Jackson, Am, Chen, J., 12, 30 (1890),
(13) H1ll and Sanger, Proc, Am, Acad, Arts Sci,, 21, 142 (1885).
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tiary carbinol was evaporated by a stream of dry air, but just
as soon as the last amount of solvent was removed, an immedi-
ate darkening commenced, accompanled by the coplous evolution
of the halogen acid, This decomposition sometimes gained such
speed as to become violent, In order to avoid accidents, o
small amount was first allowed to decompose, and then the re-
maining ether solution of the carbinol was added, the solvent
being removed slowly with dry air, The seame effect could have
been brought about by removing the ether with steam, which
would have been followed by & sudden darkening of the remain-
ing ol1l, After sll the halogen scid had been evolved, the
brown to black colored, solid, residue was treated with ncrite
in elcoholic solution and recrystallized several times, m,p,
111°, 1Its structure will be discussed later in detail,

' As yet, no tertiary halogen-substituted carbinols have
been 1solated as such, because of their extreme instability.
Hence it was belleved that a tertisry furylcarbinol containing
small groups in the place of phenyl residues might be slightly
less inclined to decompose, (5-Chloro-2-furyl)dimethylearbinel
v‘s prepared in the usual manner, and the pale‘yellow 01l re-
maining sfter removal of the carefully dried solvent, ether,
solidified in long glistening needles, one to two inches in
length, It wes extremely soluble 1n every organic solvent

used, and all attempts to recrystallize it failed, A small
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amount was pressed on a porous plate for five minutes and an
immediate Zerewitinoff analysis showed one active hydrogen to
be present, The melting point was 42°-43°, Decomposition
slowly commenced and within thirty minutes a gummy sticky resi-
due remained, hydrogen chloride having been lost, This com-
pound represented the only so0lid tertiary halogen ¢arbinol
ever isolsted long enough to take its melting point., No de-
composition product could be found,

The next phase of the problem to be attacked was the
structure of the residue, m,p, 1110, remaining after loss of
hydrogen chloride or bromide from the corresponding (5-chloro-
2-furyl)diphenylearbinol or (5-bromo-2-furyl )diphenylcarbinel,
After several unsuccessful attempts to synthesize it, the other
method for proof of structure was followed, namely, degrada-
tion, Here several avenues of appreoach were used,

The first of these was the treatment with hydriodilic acid
in a sealed tube, The product isolsted was an acid, postu-
lated as a new diphenyllevulinic acid, m.p, 107°-108°., 'This
compound had the peculiar property of oiling-out and remaining
in this stete sometimes for two weeks before solidification,

The second course was the hydrolysis with sodium carbonate
followed by the reduction with zinec dust in acid solution,
Since such a weask base as sodium carbonate hydrolyzed the com-
pound, it was apparently & lactone, strong acids having 1;ttle

or no effect on it, For convenience, this product will be re-
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ferred to as a lactone, the formula of which is postulated be-
low, It was found that the compound obtained in this experiment
was also a diphenyllevulinic acid, identicsl with that result-

ing above,

a?:::?a

co el

Z§h2 &;7 0=C\ /G=zg °
0
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[n + 8047 By
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In order that the preceding experiments shall have had any
value, the structure of this acid was proved both by synthesis
and degradation., A number of delts-substituted levulinic acids
have been made by Chichibabin (14) by the catslytic secission of
the furan ring in different primary or secondary carbinocls,
delta-Phenyllevulinic acld was prepared from furylphenylcerbi-

nol in alcoholic solution using a trace of hydrogen chloride,

T e g

' CeH : 8Hs fFearr, GeHs5 /EpHg0

¢ C— & 5@__'9;_'__“!‘_7 HOC_ /G_EH M =€ C—CH /C2B50H
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(14) Chichibabin, Chimie end industrie, 11, 563 (1931), Congres
de Chimie,
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This same reaction was employed using diphenylfurylearbinol.
Although the ethyl ester of diphenyllevulinic acid was a very
high bolling viscous 1liquid, it could be distilled in vacuum
using small quantities, Hydrolysis with a base, however, as
suggested by Chichibabin resulted in a total loss, Refluxing
with 5% hydrochloric acid worked very well, The acid obtain-
ed was crystallized from petroleum ether (69°-70°) or in very
small amounts from hot water, It showed slightly more than one
active hydrogen in a Zerewitinoff analysis, a fact which might
be explained as being due to slight enolization,

Two methods of degradation were followed, the first of
which was oxlidation, Upon treatment of an alkaline solution
of diphenyllevulinic acid with potassium permanganate, two
products were formed and identified by mixed melting points
of appropriate derivatives with authentic samples, These were

benzophenone and oxalic acid,
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The second method used was the splitiing with alcoholic potas-
sium hydroxide, It has been shown by Ordkhoff (15) that bensz-
hydryl benzyl ketone gave diphenylmethane and phenylacetic acid

0CHoCBoCOOH

> BOOCCHoCHoCOOH

when treated with alcoholic potassium hydroxide, 8ince the
samé typs of linkage can be found in diphenyllewvulinic seid,
one would expect the similar cleavage-products, diphenylmethane
and sueccinic acid, These were found and identified by eppro-

priate derivatives,

¢ | . Cels c
ens\cawo-cgg — EF—g B, HOOC-CHg-CgEy

H. 0H
1
C.H ' ¢
685~ A ¢Hs. H »
ngs//caTco-cngcngcoon e Gsﬁs/c\ﬂ + E00C-CHoCHoCO0H
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Since the structure of diphenyllevulinic acid was shown
to be as {llustrated above, the third step in the proef of

(15) orékhoff, Bull, soc, chim., 25, 109 {1919).




structure for the diphenyl lactone was the cleavage action of
alcoholic potassium hydroxide., It was highly probable that
hydrolysis was first brought about, followed by splitting,

The products identifled were diphenylmethane and fumaric acid,

i T it _fovnse
CeHs Alc, KOH He oni
0sC, o=f /R VAR $=c<§e 5 /ketonize
07 Cgls 6 om CeHs
HO H
| -Celg
HOOC-CH=CH-CO-CH —— HOOC-CH CeHs. _H
! GGHS ” + c n 7 \n
HO \H CH-COOH 685

In the fourth and last step, it was found thet equeous 5%
sodium hydroxide slowly reacted upon the lactone giving an oil
which could be steam distilled from the reaction flask in small
amounts, After extraction, 1t suddenly solidified when
soratched with & glass rod, It was recognized by its character-
1stic odor as asymm~-diphenylacetone. There are two isotropic
forms of this compound which was first synthesiged by Stoermer
(16), The lower melting unstable form, m,p. 46° was obtained

only once, namely the first time 1t was prepared, This on

(16) Stoermer, Ber., 38, 2302 (1906),
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standing changed into the higher melting form, m,p. 61°, Both
forms gave the same oxime, m.p. 164°, The lower melting vari-~.
ety was obtained as the cleavage product of the lactone, the
first time the reaction was performed, but all subsequent runs
praoduced the higher melting substance, The ketone was identi-
fied as the oxime, and e mixed melting point was not lowered

with an suthentlc sample synthesized according to Stoermer,

HO H

HO H
n-?:ef-n Tas Taa

: CeH c
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All attemrts to isoclate further products felled,

If the precursor to the lsctone was & haslogen-substituted
tertiary carbinol, then it shonld have been possible to have
prepared it elso from the corresponding halogeno-ketone and the
Grignard reagent, It was found that S5-bromo-Z-furylphenyl ke-
tone when treated with phenylmagnesium bromide gave the same
0ily product which leost hydrogen bromide in a vigorous manner,
The same final hslogen-free decomposition compound was formed

as in the case of sethyl S5-~bromo-2-furoete,
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The structure of the stable halogen-free product obtain-
ed by Hewlett and Wright from 5-chloro-2-furfural and phenyl-
magnesium bromide 1s in all probsbility similer to that pre-
pared above from the haslogen furoic esters, the exception be-
ing, only one phenyl residue in the place of two, This is, of
course, supported by all of the physieél constants and dats
together with the results of Wright's work mentioned earlier
in this thesls,

BC—CH

/é::g-esﬂs

Q=C
~o

Since the eniy ester thus far treated with the Grignard
reagent was a mono-halogen derivative, it was desired to in-
vestigate this same type of reaction with di- and tri-halogen
compounds, Because of the apparently 1ncqrrect nomenclature
given by Hill to some of his furoic ascids, the followlng names
will be used:



Hill's name Name used herein
3,5-dibromofuroic acid (17) 4,5-d1ibromo-2~furoic acid
x-dichlorofuroic acid (18) 5,5-dichloro-2-furoic acid

3,5-dichlorofuroic acid (19) 4,5-dichloro-2-furoic acid

The reasons for this change will be dlscussed later in this
thesis, 1In all cases in which the esters were liquids, puri-
fication by distillation was not alone sufficlent, The free
acid was first prepared in a pure form and then esterified,
So0lid esters, however, were recrystallized,

The first compound of this nature to be treated with the
Grignard resgent was ethyl 4,5-dibromo-2-furoate, m.p. 58°,
prepared by the bromination of furoyl chloride and followed by
hydrolysis with ethyl alcohol. The (4,5-dibromo-2-furyl)di-
phenylearbinol was, of course, never isolsted because it lost
hydrogen bromide more vigorously than the corresponding mono-
bromo alcohol, It was so unstable that the ether solution
sometimes turned purple around the sides of the flaak, Cooling
with ice was occasionally necessary when the decomposition

gained speed, the reaction being exothermic.

{(17) B11l and Sanger, Proc, Am, Acad, Arts Sci., 21, 159

{1885~88),
(18) H111 and Jackson, Am, Chem, J., 12, 128 (1890),.
(19) H11l and Jackson, Ibid,, 12, 47 (1890).
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Upon erystallization from carbon tetrachloride, a light yellow
colored lactone was obtained, m.p. 156? Molecular weights
both in benzene and in camphor, togeéher with the analysis for

carbon and hydrogen support the structure below,

Similarity of this structure to the above mentioned halogen-
free lactone was supported by the fact that reduction with hy-
driodic scid gave the same product, namely diphenyllevulinic
acid, PFurther evidence can be found in the scission products
obtained by treatment with dilute sodium hydroxide, It will
be recalled that the only material produced from the halogen-
free diphényl lactone was asymmetrical diphenylecetone, Here,
however, in addition to this preduct two other compounds were
isolated, namely, oxslic acid and diphenylacetic acid, These
worse identified by mixed melting points using oxal-p-toluidide
and diphenylacetamide respectively, The mechanisms postulated

for the formation of these compounds are as follows:

X-G=CH
b
/Hog/ N7 Ncghs /1,3 shifty

| (a) (8) }




HOOO~200B

9399 23:
BOOD~ gﬁc-g-o\/
9\9390 H Sm9
ﬁoa
(Ih
| omd %
/Furiatrde pyos/ aooo-ﬁ-'a-h-q\ /[Butaarrds euojzey/
'H , H Sg99
aox A
0 ; /oz1u030%/
Sp99 B l ‘ 9399
\\.
"o~ o o~
H-9——0=0 H- ~OH
H
HO
/ozTuojen/ ’ £Rog/ r
Sg9% =HO HO Sg9 H
>.'w== =0 \Ho— g=o
SH9 Su9s~.
H-0~=90-0H H- -X
Va:():7 ’ /3z1ucqexy/ l

s e Cud

B X H B HO
a\o= =0 0\0:9 0

9390/ 9399/

H- 0 B-0—9~X



- 30 -

It will be noticed that identical groups are to be found in
compound (I) as in ascetoacetic ester, and hence the same type
of cleavage might be expected, The only product lacking ac-
cording to this scheme is pyruvic acid, Several sttempts to
isolate this compound failed.

The above series of reac¢tions also helps to shed some
light on the structure of Hill's dibromefuroiec acid. Since
sasymm-diphenylacetone was obtained from the bromoc-lactone pro-
duced by the action of phenylmagnesium bromide on ethyl di-
bromo-2-furoate, there is falrly good proof that the second
halogen atom must have been in the 4-position of the furan
ring, because no other plausible explanstion can be given for
the existence of the three hydrogen atoms of the methyl group
in the ketone, If the second bromine atom had been in ths 3-
position as suggested by Hill, no asymm-diphenylacetone could
have been obtained, Hence Hill's acid must have been 4,5-di-
bromo-2-furoic acid instead of 35,5-dibromo-2-furoic acid.

“CgHg 0655/

B;I.——.:T-nr
0=C_ O/:::c/c 65 M csns\ca-co-g-ar

B -H
o:t=£=c/c 6t M csas\ca-co-g-n

~07 CgHg CeHg~



In order to further prove the validity of this reaction,
3,4,5~-tribromo-2~furoic acid of Hill's (20) wes made and the
ester treated with the Grignard reagent in the ususl menner,
The decomrosition product in this case contained two atoms of

bromine as indicated,

Br-?~——ﬁ-8r Br- -—-?-Br
+ & CgHg-MgBr —» _Cglg
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o o OB CgHg
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CeH Br-Gz==C-Br
¢ 5)03-00-?—3:- o% Baol | _GeHs
H
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6% Y cels

When this dibromo lactone was tréated with dilute alkali as
in previocus experiments, no diphenylacetone could be detect-
ed, Only & wine-red color developed and no effort was made to
isolats any other compound.
Because only one dibromofurcic scid is known having one

of its halogens in the 5-position, the corresponding chloro

derivatives were prepared, namely, 3,b5~dichloro- and 4,5-di-
| chloro-2~furoic ecids, The esters of these compounds when

treated with the Grignard reagent gave two isomeric chloro-

{20) H1ll end Sanger, Proc, Am, Aced, Arts Sci., 21, 179
(1885-86),




lactonez which had practically the same melting point, When

mixed together, however, the melting point was lowered con-

sidersably.
xcl-—ﬁ-cl /2 GeBo-MgBr/  /-HC1/ Hcmp.clcsns
ST o ‘ /
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It was found that the chloro lactone (III) prepared from
the 4,5-dichloro ester {(ecalled 3,5 by Hill) gaée upon treate«
ment with dilute alkali the same compounds as the correspond-
ing bromo lsctone, namely, diphenylacetone, diphenylacetic
acid, and oxalic acid, as would have been predicted from its
structure, The isomeric chloro-lactone (II), however, gave no
diphenylacetone, the reaction being similar to the didbromo
lactone above, These results would again indicate that Hill's
two isomeric furoic acids were incorrectly named, thus revers-
ing the positions of the halogens in them,

Before proceeding further 1£ might be well to name these
lactones, In a note from Dr, E, J, Crane, editor of Ghemical

Abstracts, 1t was stated that there was no particular objec-



- 3% -

tion to the name suggested by the suthor, alpha-bromo-ganma-
diphenylmethylene~crotonolactone, but for purposes of index-
ing, preference was given to the lactone of alpha-bromo-gamma-
hydroxy-delta,delta~diphenyl-alphsa, gamma-pentadienole acid,

Further reference to these compounds will be made using the
shorter snd more convenient names as substituted crotonolac-
tones,

In order to eliminate the possibility of migration of the
bromine atom in the S5~position, end in order to prove that it
was thls atom which was lost rather than any other halogen,
the ester of 3,4-dichloro-5-bromo-2-furoic acid (21) was treat-
ed with phenylmagnesium bromide, The product isolated should
have been alpha,beta-dichloro~gamma-diphenylmethylene-crotono-

lactone, provided the acid lost was hydrogen bromide, This
compound was then synthesized from ethyl 3,4,5-trichloro-2-
furoate in thé usua1~wny. A mixed melting point showed no de-
pression, thus proving the identity of these two substances
and establishing the fact that no rearrangement of the halogen
atom in the 5-position had taken place,

(21) Hill and Jackson, Am, Chem, J., 12, 125 (1890).
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At this stage of the problem 1t was desired to add an-

. other bit of evidence for the proof of structure of Hill'ts
dihalogenofuroic acids, 4 long and detailed discussion of
Hill's work may be found in the doctoral thesis of R, J, Van-
derWal (22), where proof is mresented for the structure of 4,5~
dibromo~2«furoic acid and the corresponding dichloro acid
showing Hill to be wrong. Several phases of the problem were
left unfinished, first, the synthesis of Hill's so-called al-
pha-anilido-crotonolactone, second, the preparation of the
same compound by another method, and third, the proof of their
ldentities by mesns of s mixed melting point, A brief review
of Hill's work should be pertinent st this point, using the

structures as he proposed them,

(22) R, J. VanderWal, Thesis, "Furan Mercurials and Derived
Types", Iowa State College, 1936,



- 35 -

gﬂ.-ﬁ-sr [Bro7 H-I—-.c-ar [Brg]. H-G==(-Br

m
Br-

l
- - - B!'\ /Br
\ O/c COCH Br-C__L-Br Br,c\o/ &
0
K-‘Im -NHCgHS pﬁ 2%/

- Eﬁ_ﬁﬁmgz E-IGz:':ﬂ-Br Hj..—-—:—.c-nr
(1v) Ho-C ).zo WAYAS ™ =0

\0 Br- '\

Ho- \

Starting with 3,5-dibromo-2-furoic acid, Hill prepared by the
above series of reactions what he called an slpha-anilido-cro-
tonolactone (IV), m.p., 217°-218°, He assigned the alpha-po-
sition because he believed the second halogen in furoiec acid
was attached to the ring in the 3-position, If, however, the
bromine stom was located in the 4-position of the furan ring,
then Hill's derivative should in reality be beta-anilido-cro-
tonolactone, Since the only reference in the literature to a
compound of this typs was a beta-substituted lactone, it was
synthesized and compared to Hill'a product,

Wolff and Schimpff (23) found that tetronic acid (V) re-
acted very easily with anlline to give a beta-enilido-crotono-
lactons (VI), because the structure of tetronic acid demands
that the compound be a beta-substituted derivative, The melt-
ing point was reported at 220°-221°, which was so close to that

(23) Wolff and Schimpff, Ann., 315, 156 (1901).
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given by Hill as to be considered identical.
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(V)
There are only two methods in the literature for the prep-
aration of tetronic scid, the first of which having been given by

Wolff and Schwebe (24) sccording to the following scheme,

™
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Tetronic aclid Bromotetronic acid

The other method of preparation was given by Anschiltz
and Bertram (25) whose synthesis was rather long and involved,

(24) Wolff and Schwabe, Ann., 291, 231 (1896), Wolff, ibid.,
291, 234 (1896).

(25) Anschiitz and Bertram, Ber., 38, 466 (1903); ibid., 36,
469 (1903). I
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Tetronic acid

The tetronic acid prepared by toth of the above methods was
converted to the anilide derivative in each case, A mixed
melting point of these with Hill's so-called alpha-anilido-
oerotonolactone showed no depression., Thls proves again that
Hill had a beta-substituted bromoefotonolactone, and conse-
quently & 4,5- instead of a 3,5-dibromo-2-furoic acid as a
starting material,

In view of the :act that both S5-bromo and 5-chloro-2-
furocic acid esters gave the same crotonolactone when trested
with the Grignard reagent, it was desired to know if methyl
5-10do-2-furocate followed the same path of decomposition, When
the solvent was eveaporated from the (5-iodo-2-furyl)diphenyl-
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carbinol, a light tan s0lid remained which was stable for a few
minutes and then slowly turned purple, A small amount was pres-
sed on a porous plate, leaving s white solid that melted at
75°-76°, Any attempt to crystallize it falled, as decomposi-
tion began whenever moderate heat was used, The remaining dark-
colored solid was warmed on a stezm bath and a vacuum applied
for a few minutes, On standing over night the black oil solid-
ifled, and after extraction with petroleum sther yielded a very
small esmount of a compound, m,p, 85%-86°, This was not the
gamma~diphenylmethylene-crotonolactone, m.p.lllo. The new sub-
stance contained iodine as evidenced by a micro test, It is
not surprising, however, thet this carbinol did not follow the
usual path of decomposition, since the hydrogen fodide liberat-
ed has such different properties from hydrogen chloride or bro-
mide, Because of the extremely small emounts available, noth-
ing further was done toward the structure of this new compound,
Since (5~-bromo-2-furyl)divhenylcarbinol was never isolat-
ed for more than a few seconds, the proof that it was a true
carbinol was still lacking., Hence diphenylfurylearbinol was
prepared and then brominated in carbon tetrachloride, keeping
the mixture cool, The solution turned purple and evolved hy-
drogen bromlde, The black 01l obtalned partislly solidified
on standing, giving off more hydrogen bromide when heated, A

small amount of alpha,beta-dibromo-gamma-diphenylmethylene-
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crotonolactone together with considersble quantities of the
mono-bromolactone were isolated, This would tend to show again
that it was the carbinol which was first formed, and that the
Grignard reagent scted normelly as would have been predicted,
Incidentally, this experiment also lends support to the theory
(26) that the furan ring posesses superaromatic properties by
virtue of the fact that it not only brominated twice, but even

three times in preference to two bengene nuclei,
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It was mentioned in the early part of this thesis (27)
that diphenylfurylcarbincl on standing for several months or

more slowly reverted to a reddish-brown resinous substance,

(26) @ilman and Towne, Rec, trav. chim,., 51, 1054 (1932),
Gilmen and Callovays Chem, Soc.’ 55, 4197 (1933).
a"'"gg““zaz'rrqs

Gilman and Young,
(27) This Thesis, page 8.
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When this material was triturated with acetone, there separated
a very finely divided solid which upon being filtered and wash-
ed gave a practically white crystalline residue, This material
was salmost insoluble in all common solvents, but cculd be re-~
erystallized from benzene using a Soxhlet extractor, The melt-
ing point of this compound varied, but usually was found to be
215° {decomposition), This property is not uncommon to this
type of structure, as Gomberg (28) found that the melting point
of bis(triphenylmethyl) ether varied as much as ten degrees,
There wa? 8 remarksble resemblance between the properties of
this new materisal and those of Gomberg's ether, It was quite
susceptible to the hydrolyzing action of acids, but not of
bases, All physical data indicéted that the proeduct was bis-
{diphenylfurylmethyl) ether, Since a compound of this type
should give the corresponding carbinol upon hydrolysis, several
attempts were made to obtaln the tertiary alcochol, Because of
the inatability of such furyl carbinols toward acids, complete
decomposition resulted, Since 1t was assumed, however, that
before decomposition had begun, diphenylfurylcerbinol had

first been formed, then it should have been possible to con-
trol this secondsry action by splitting the furan ring to a
known product according to the resction of Chichibabin (14).

This hydrolysis and cleavage was accomplished by the use of

(28) Gomberg, J, Am, Chem, Soc., 35, 208 (1913).




alcohol to which a trace of dry hydrogen chloride had been ad-
ded, There resulted the ethyl eater of diphenyllevulinic mecid
which in turn gave the free acid in ylelds of 65% based on an
ether structure for the initial material, Since more than a
50% yield was obtained, the identity of both residues in the

ether wae explained,
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Several attempts were made to synthesize this ether by
the same methods used in making Gomberg's triphenylmethyl ox-
ide, but all reagents were tocdrastic for diphenylfurylcarbi-
nol, Earlier in this thesis (29) it was postulated that an un-

stable ether was first formed when (S5-chloro-2-furyl)phenyl-

(29) This Thesis, page 17,
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carbinol started its series of decompositions in the presence
of dilute acetic acid, Hence it was desired to know if this
acld would have a similar effect on diphenylfurylecarbinol when
heated on a water bath, To be sure, the decomposition was ac-
complished in seventeen huvurs, the product being 1deﬁtical with
that extracted from the resinous material which formed when the
earbinoi was left standing for several months,

Further evidence for this type of structure given to
Hewlett's unstable halogen-substituted ether which he called
(5-bromo-2-furyl)phenylcarbinol may be added to that already
presented, from the fact that the diphenylfurylmethyl oxide
obtained sbove could be brominsted, A bromo-ether, however,
was not isolated because such a compound would probably be
highly unsteble, 1Instead, a decomposition product was found
which was identical with that formed by the action of phenyl-

magnesium bromide on ethyl 4,5-dibromo-2-furoate,

H-C—C-H H~C——C-H
H~C A S5 §sﬁs B é g H
o 5535' ¢Hs N
_ [t Bry/
s
Br-G——C-H ‘ K-E-—-T-Br
| | ¢eEs fets |
Br-C ¢—0 B-Q_ G-Br| =
i 5535. Cels 0 |

|
B H



- 43 -

Br-ﬁ-—-ﬁ-ﬂ

6Hs
Br-C_ C——(—-O0H

AN O/ gHs

<

Br-C=—=C-H

H
e
Cglig

0
Although there are a rumber of mechanisms which might be
formulated to interpret the results of the work presented in
this thesis, 1t seems that the most convincing evidence at the
present points toward 1,4-addition to the furen ring. It ap-
pears altogether reassonable that on this basis the following

series of reactions i1s most plausible (30).

(30) Note: This system may be used for either secondary or
tertiary carbinols except in the step (A) to (B) which
is, of course, valid for only the former type.
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ﬁ"""ﬁﬁa [z, scetic acid () HT—--'{ g 35 ¢» Kﬂiﬁ'-—-ﬁﬂ
cHs
xc -G-CgHr/COB50H, B804 602 o °
0/c &5 \o/ B \o/
or

HCa CH / - HC===CH
“5-—2” - 5,4 add, n(on’z (D) |

: R
S e
fary

B /,2-elimination/ jmﬁﬂ
0=Zi:ji~¢-csﬂs [-80H7 ) o/é ~CgHp

(c)

The formation of the ether (B) may be considered as being re-
versible depending wholly upon the conditions to which the com-
pound 1is subjected, Although this halogeno-ether was reported
by Hewlett and Wright as being very unstable, if it is stored
in a dry atmosphere and not in a small confined space, it may
be kept without epprecisble decompesition, A small sample has
been stored in an open-mouthed bottle contained in a desiccator
over concentrated sulfuric acid for more than two years, There

was of course some discoloration, and the melting point was
low, 97°, but after one crystallization it melted sherply at

114°, Another smell sample which was sealed in a test tube
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with an atmosphere of dry nitrogen decomposed to & black solid
within twenty-four hours, This would tend to show that the
ether is quite susceptible to hydrolysis, As stated before, an
experimenter 1s quite likely to miss the ether wholly, because
he did not use preclisely the correct conditiona for its forma-
tion, The synthesis of the ether (B) from the carbinol (A) is
supported experimentally by the sppearance of moiasture when

the true carbinol is warmed on a water-bath,

Since the furan nucleus contains a conjugsted system, 1t
is quite logical to poastulate certain mechanisms as taking
place through the well known 1,4-addltion, A few of the out-
standing examples in the furan series will be reviewed,

Diels and Alder (31) having found that maleic anhydride
added to a conjugated system as in isoprene showed that furan

aleo followed the same reaction by sdding in the 1,4-position,

H _LCB H
-—~°\ é-—~g:b [,4-a0,7 Hﬁ | \\?-8\b

===§/ nc\\ia//g-»g/

In the reaction between furfuryl chloride snd potassium
cysnide, Reichstein (32) obtained a mixture of products, the

(31) Diels and Alder, Ber., 62B, 554 (1929).
(32) Reichatein, ibid,, 83, 749 (1930).
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ma Jor portion of vhich was found to be 5-methyl-2-furoic acid
caused by some type of rearrangement, It was partiaslly ex-
plained on the basis of an intermediate compound (@) whose con-

Jugation behaved like an allyl double bond as is characteristic
of allyl phenolic ethers,

2 3
—_— { —
Hf G Hij:jiﬁ G) Z B CE
SQ\O/Q—CHQGI G,E 4:?82 | RGG\G/G-Gﬁa

¢QCsHg gn 55
H “,i~gszgﬁcﬁa ,c,r,. Ne-cH ~CHy
HC, CH (33) Hé\c

:

Scott and Johnson (54),'however, explain the presence of
such & compound as (G) on the basis of 1,4-addition followed
by 1,2-elimination,

33) Claisen, Ann,, 449, 81 (1926); Ber., 59, 2344 (1926),
34

(
{34) Scott and"?"hnson, J. Am, Chem, Soc., 54, 2551 (1932).
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Hﬁ—"""" £,4-04d,7 -—- fp-e1tng  Ho==
B /L-cnzcl [Ecy/ H-CHpCl /-HCl/  xcCH  C=CHp

Support for this mechanism may be found in the fact that 5-
methyl-2-furfuryl chloride gives the normal product, S-methyl-
2-furonitrile and no rearranged material,

Freure and Johnson (35) hnvé observed thst in the nitra-
tion of furan, which was effected in the presence of acetic an- |
hydride, there was formed an intermediate nitroacetate, It
seemed reasonable to assign to this compound a ring structure
(E), which weuldrbe produced by 1,4-eddition of nitric scid and

subsequent acetylation,

B ‘“‘ﬁn ,4=-add Z;batylatiogZL H B (E)
ac\O CH 0 cnscoo.-*-J H-¥0g
ZT, 4-0 11!51!1._7 Eearr‘,]
/CRzCO0E/ g ‘

Eﬁ““ﬁﬂ s2-61limin, H “‘ﬁg (0
BG, G-Nop 203500037 CH5C00— o/c-noz
The transformation of the intermediate (H) into 2-nitrofuran

(35) Preure snd Johnson, J, Am, Chem, Soc,, 53, 1142 (1931).
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by the actlion of pyridine was explained by 1,4-elimination of
acetic acid or by the preliminary rearrangement into an iso-
meric nitroacetate (I) followed by 1,2-elimination of acetic
acid, This type of rearrangement msy be expected to occur
readlly since this shift of the double bond brings it into con-
Jugation with the double bond of the nitro group. This reac-
tion 1s snalogous to the migration of the double bond from the

beta,gamma~- to the alpha,beta-positions in unsaturated carbox-

ylic scids.

In the bromination of ethyl furylacrylate to get ethyl
S5-bromofurylacrylate, Gilman and Wright (36) have favored
l,4-addition partly becsuse the second molecule of bromine
apparently added laterally; because no ethyl 3~ or S-bromofuryl-
acrylate was isolated, and finslly because polynuclear substi-
tution took place with great difficulty when the hydrogens at-
tached to cerbon atoms 2 snd 5 were replaced,

Gilman and Breuer (37) also have explained the formation
of S-methyl-2-furocic acid from S-methylfursn and RNa compounds
followed by carbonation, as being due to an allylic resarrange-

ment so characteristic of furfuryl systems,

(36) Gilman and Wright, J. Am, Chem, Soc., 52, 3351 (1930).

LA -1

(37) Gilmen and Breuer, ibid., 56, 1124 (1934).
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In view of the fact that most of our evidence points to-
ward 1,4-addition in the furen ring, the mechsnism presented
above for the loss of a halogen acid from secondsry or terti-
ary arylfurylcarbinols appears to be most convincing. It will
be noted that one molecule of water could accomplish the com-~
plete decomposition of an infinite number of c¢arbinol mole-
cules,

In the last step of the mechanism proposed, the 1,2-elim-~
ination of water forms a compound having a serles of conjugat-
ed systems both of the running and crossed types., The latter
arises by virtue of the presence of two benzene nucleil when
the scheme is applied to tertiary carbinols, This might find
support as pointed out above by the tendency of the doublse
bond to migrate from the beta,gamma~ to the alpha,beta-position

in unsaturated carboxylic acids, thus forming a conjugated

gystem,
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An electronic interpretation for the decomposition may be
given on the basis of the explanation suggested by Whitmore

(38) for molecular rearrangements,

H:C,:.0:H B:C,:.C:H
4 5 4-5 .
.. . (I) E:U:H 'Y e (II)
A hid oe »e R
X:C ,,%:gz'n x:6° Zc:¥:R
.0‘0'. :.6: .9‘..
¥ L /shift/
HC4::2CH
/ -
x:¢®  2¢:.%iR - e (1)
8" R

-

X:Os. ?C::ﬁ:’B

add, .6.
:8:8

E:C4::56=B 3:04::30:3
x’tos 20. _B/ (V) é-E 2 - o [ R (qﬁ
a.é,.c C::8:R ,5,’05 20::BiR
S | 13 Oy

In the origiml carbinol (I), each atom has a completed octet

(38) Wnitmore, J, Am, Chem, Soc., 54, 3274 (1932),.
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and the linking is due to the shared electrens, 3Such a system
rexains quite stable until something disturbs the equilibrium,
If a hydroxyl group is lost, together with its complete octet,
then carbon atom 1 in structure (II) finds itself deficient in
electrons, It 1s believed that the electronegative hydroxyl
group 1s removed first, because of the nature of the environment
which surrounds it, Experimentsl evidence has shown that a
tertiary alcohol possesses an extremely labile hydroxyl group.
On this basis it might be predicted that a tertiary carbinol
having two negative phenyl residues would impart = greater
tendency for the elimination of the hydroxyl group, then a sim-
ilar secondary carbinol, having only one phenyl radical, This
fact 1s born out by the experimenteal evidence that the tertiary
halogeno-arylfurylcarbinols are much more vioclent in their
process of decomposition than the corresponding secondary alco-
hols, The deficiency of electrons in the open sextet on carbon
1l is mede up by a shift which leaves carbon 2 momentarily un-
stable, This deficlency is in turn satisfied by a second shift
of electrons, leaving carbon 5 in atructure {IV) with an open
sextet, In this reasctive condition, carbon 5 completes its
octet by the addition of the hydroxyl ion which was lost earlier
in the reaction., Since such a compound as (V) is unstable due
to the presence of a halogen and a hydroxyl group attached to

the same carbon atom, a further loss of HX may be considered as
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tsking pleace in two steps: first, the loss ofa proton, and
second, the loss of the highly negative halogen with its com~
plete octet, This elimination'gives rise to a perfectly stable
lactone (VII). |

This mechanism may or may not have any merit for one
reason, namely, that the same type of electronic interpreta-
tion can be used to explain practically any rearrangement, hence
it may be too general in 1ts application to be of any specific

value,
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EXPERINERTAL

Reaction betwesn 5-Chloro-2-furfural and Phenylmagnesium Bromide,

The directions of Hewlett and Wright (39) in the prepara-
tion of what they called (5-chloro-2-furyl)prhenylcarbinol were
carefully followed, and identicel results were obtained, The
following experiment illustrates the genersl technique used
throughout the course of this problem, A stock solution of the
Grignard reagent was titrated in the customary manner (40) and
aliquot samples were used for all reactions, Experiments were
conducted in a three-necked, round-bottomed flask equipped with
a mechanically drilven mercury-sealed stirrer, dropping funnel,
and a reflux condenser, The apparatus was filled with dry ni-
trogen,

To 0,09 mole of phenylmagnesium bromide in 100 cc, of dry
ether, there was added, dropwise, and with stirring, 10 g.
(0,076 mole) of S5-chloro-2-furfural (41) in 40 ce, of dry ether,
When approximately half of the aldehyde had been added, a char-
acterlstic precipitate formed, which, in this case, was a white
sclid, 1In all other runs the Grignard-complex was a gummy,
sticky, mass, the physical state of which made 1t impossible to

(39) This Thesis, page 9.
(40) Gilman and Meyers, Rec, trav, chim,, 45, 314 (1926).
(41) Gilman and Wright, 1bid,, B0, 833 (1931).
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transfer prior to hydrolysis, Por this reason, the mixture was
hydrolyzed by the addition of a saturated solution of ammonium
c¢hloride, through the dropping funnel, cooling when necessary,
Prior to hydrolysis, the mixture was stirred for one hour and
then a color test made (42), The result was often positive be-
cause an excess of Grignard reagent was generally used, Stirring
greatly shortened the time of hydrolysis and consequently lessen-
ed the possibility of further side reactions, The ether layer
was separated, dried over anhydrous potassium carbonate, and
used in the following experiments,

In this particular run, the ether solution was placed in s
distilling flask and steam passed intc it to remove the solvent,
The residue, a light yellow o0il, remained unchanged throughout
an additional fifteen-minute heating period, At the end of this
time one drop of dilute scetic acid was introduced and an im-
medlate darkenlng occurred, After cooling the mixture, the olly
material was extracted wlth ether, When this solution wes dried
and evaporated, it left a dsrk purple solid, which was washed
with alcohol and recrystallized from petroleum ether (69 - 70°),
The white needles thereby obtained melted at 114°, The vield
ef bis(S5-chloro-2-furylphenylmethyl) ether was 28,2% of the

theoretical amount, If the solvent from a small portion of the

{42) Gilmen and Schulze, J, Am, Chem. Soec,, 47, 2002 (1925).




carefully dried ether solution of (5-chloro-2-furyl)phenyl-
¢arbinol was removed by a stream of dry air, there remained a
clear light yellow oii which was stable for several hours,

When heated on & water bath for a few minutes, darkening occur-
red, and the appesrance of moisture in considerable quantities
on the sides of the flask was noted. No test was made to prove
that this moisture was water, After standing a short time,

the dark oil solidified, and upon recrystallizstion, gave the
same chloro-sther as above, m,p, 1140.

Another sample of the ether solutlion was subjected to pro-
longed steam distillation without decbmpogition, A few drops
of yellow oil in the distillate solidifled in an ice bath, but
melted sgain at room temperature, They were dissolved in
ether, and the solutlon carefully dried with anhydrous sodium
sulfate, TUpon removal of the solvent, the oii which remained
was quite stable for several days. When heated on a water
bath, as above, the same result was obtained, nemely, the for-
mation of bis(S-chloro-2-furylphenylmethyl) ether, This would
indicate that the cardbinol, formed as the initial product of
the Grigrnard reaction, lost water upon heating, thus producing

the chloro-ether,

Properties of Bis(5-chloro-2-furylphenylmethyl) Ether.

When pure, this compound 1s a white solid in the form of
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needles, melting at 1140. After being stored in s desiccator
containing concentrated sulfuric acid for twe yesrs, it did not
decompose but merely dlscolored, After one recrystallization
it was again pure, A small smount which was sesled in a test
tube under dry nitrogen, decomposed the following dey, This
epparent difference in behavicr was due to the fact that in the
latter case, if any hydrogen chloride was evolved, it would
have no chance to escape as In the case of the desiccator, but
would bring about complete decompoaition,

Anal, Csled, for CpoHy40.C1,: C, 66.2; H, 4.04; C1, 17.77;
mol, wt,, 399, Found: €, 66,25; H, 4.42; C1, 17,.87; mol, wt,
by micro Rast (43) method, 391.5; by eryoscopic method in ben-

zene, 364, 365, Zerewitinoff analysis: Ko active hydrogen.

Reaction between 5-Bromo-2-furfural (44) and Phenylmagnesium

Bromide;

This resction was carried out in the same manner as 5-
chloro-2-furfural sand phenylmagnesium bromide, The (5-bromo-
2-furyl)rhenylcerbinol was stable when subjected to steam dis-
tillation, but darkened immediately upon the addition of a drop
of dilute acetic acid, The bis(5-bromo-2-furylphenylmethyl)

(45)Houben, "Die Methoden der Organischen Chemie", Leipzig,
1925, Vol, I, p.933.
(44) Gilmen and Wright, J, Am, Chen, Soc., 52, 1170 (1930).
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ether was more sensitive to decomposition than the correspond-
ing chlero-ether, and hence regquired more care in preparation,

The yield was 23,5% of the theoretical amount,

Properties of Bis(5-bromo-2-furylphenylmethyl) Ether,

When pure, this compound 1s a white s0lid, melting at 127 -
128°, It is less soluble in alcohol than the corresponding
chloro-compound,

Anal, Caled, for 622H16°$Br2‘ C, 54,15; H, 3,31; mol, wt,
448, Found: C,53,56, 53.6; H, 3,46, 3,56; mol, wt, by cryc-

scoplc method in benzene, 458, 472,

Zerewitinoff Analyses of Furyl Carbinols,

Furfuryl aleohol, water soluble, 0,91 active hydrogen, (45).
Furfuryl alecohol, water inscluble,0,85 active hydrogen, {45).
Furylphenylcarbinol, 0,93 active hydrogen,
Diphenylfurylearbinol, 0,91 active hydrogen,
Tetraphenyl-2,5-furyldicarbinol, 1,89 sctive hydrogen,
Tetramethyl-2,5-furyldicarbinol, 1,84 active hydrogen,

Tetramethyl-2,5-furyldicarbinol was prepared in the usual
menner from methylmagnesium iodide and ethyl dehydromucate,

{(45) Note: 7This sample was furnished by Dr, Willard E, Catlin,



- 58 =

with a yleld of 26,5% of the theoretical smount, After re-
crystallization from petroleum ether (69 - 70°), the melting
point of the white solld was 66 - 670. The compound became
greenish-yellow in color when left standing for a short time.

This reaction has not been reported in the literature,

Preparation of Furylphenylcarbinol in p-Butyl Ether and Sub-
sequent serewitinoff Analyeis,

The purpose of this experiment was to eatablish a method
for the identification of an actlive hydrogen in a carbinol,
without preliminary 1solatlion and purification, 8uch a run was
necessary since (5-chloro-2-furyl)phenylearbinol could not be
purified without decomposition,

Phenylmagnesium bromide was prepared in the usual manner
from 12,5 g. (0,08 mole) bromobenzene, except that the n-butyl
ether was used in place of the dlethyl ether, All excess mag-
nesium wes removed by filtration, To this solution was slowly
added 5,76 g, (0.06 mole) of furfural, dissolved in 25 cc, of
n-butyl ether, A negative color test showed that all the
Grignard reagent had reacted, The hydrolysis with ammonium
chloride required two hours, The ether layer was separated and
the water layer extracted with 5 cc, of n-butyl ether, The com-
bined ether sclutions were dried in a 100 cc, volumetric flask
with 4 g, of anhydrous sodium sulfate and 1 g, of sedium car-

bonate, After standing in an ice box for two days, enough
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sodium-dried n-butyl ether was added to bring the volume to
100 ec, at 25°, A 5 ce. portion was used for a Zerewitinoff
enalysis, correction being made for the volume occupied by the
drying agents,

Theoretical volume of methsne, 67.5 cc,

Volume of methane found, 58,5 ec,

Volume of methane from blank, 10,4 ce,

Volume of methane found due to furylphenyleasrbinol, 49.1 co

These results show that the methed used is suitsble for
the enalysis of unstable carbinols of this tyre and that 729
active hydrogen was present after the volume of the ges from

a blank was deducted,

Preparation of (5-Chloro-2-furyl)phenylecarbinol in p-Butyl
Ether and Subsequent Zerewitinoff Analysis,

To an excess of phenylmagnesium bromide there was added
8 g. (0.06 mole) of 5-chloro-2-furfural in 20 ce, of n-butyl
ether, The experimental details were ss nearly identical with
those in the sbove preparation as possible, Thus the amount
of methane produced should have spproximated the volume obtain-
ed from an equal sample of furylphenylcarbinol, This quantity
was. 49.4 cc, for (S-chloro-2-furyl)phenylearbinol as compared
with 48,1 c¢c, from furylphenylearbincl, This shows that an

active hydrogen exists, and that the resction between 5~chloro-
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2-furfural and the Grignard reagent is perfeectly normal,

Preparation of Benzophenone from Benzonitrile and Phenylmag-
nesium Bromide,

Six and two-tenths grams (0,06 mole) of benzonitrile were
added to an excess of phenylmagnesium bromide in the same man-
ner as above, except that the hydrolysis was accomplished by
heating with 5% hydrochloric acid, The remaining manipulation
was 1denticel, Since no active hydrogen exiats in benzophenone,
only a small srount of methane was obtained, namely, 13,4 cc,
This was comparable to that produced by the blank, and further
substantiates the velldity of the method used.

Oxidation and Nitration of Furylphenylcarbinol.

To 46,5 g, (0,454 mole) of sacetic anhydride contained in
& 200 cc, three-necked flask provided with a thermometer, a
mercury-sealed stirrer, and a dropping funnel, and cooled to
-5%, there was added slowly 20,3 g. (0.316 mole) of fuming
nitric acid (sp,gr., 1.5), so that the temperature did not
exceed 0°., The temperature was then reduced ie -150, and 11 g,
(0.0632 mole) of furylphenylcarbinol dissolved in 20 g. of
sacetic anhydride was slowly added, keeping the temperature be-
low -12%, Care must be exercised by using another clean, dry,
dropping funnel for the cartinol, No acid fumes should be al-
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lowed to come in contact with the alcohol, Stirring was con-
timued st -15° for two hours, The mixture was poured on crack-
ed ice and partially neutralized with 10%¥ sodium hydroxide,
followed by an excess of sodium carbonste, The brown oll

which separated was extracted with ether, To this solution
there was added 11 g, of pyridine, After standing fifteen
minutes, the ether was removed under reduced pressure, end the
residue poured on cracked ice, The mixture was extracted with
ether and the solution dried with anhydrous sodium sulfate, Up-
on evaporation of the solvent, the brown semi-solid residue was
treated with 25 cc, of methyl slecohol, allowed to stand in the
cold, and filtered, The s0l1id was recrystallized from methyl
alcohol, using norite., The cream-colored S-nitro-2-furyl phenyl
ketone melted at 112°, A mixed melting point with an authentic
sample was not lowered, The yield was 1,57 g,, or 11,45% of

the theoretical amount,

Decompoaition of Bis(S-chloro-2-furylphenylmethyl) Ether to
Eamma4Benzaleratonoiactone.

This procedure has already been given by Wright (46), The
hydrolysis was accomplished in good yields by merely refluxing

either the chloro- or bromo-ether in an alcocholic solution for

{46) G, P, Wright, Doctoral Thesis, "Purfural and Some of its
Derivatives”, Iowa State College, 1932, page 63.
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one hour, and then cooling to obtain erystals of the lactone,
m.p.85°.

In order to show that 1t was not the heat alene which
brought about the reaction, a small amount of the bromo-ether
wag refluxed for six hours in s benzene scolution, The compound

was recoversd unchanged, mp.127°.

Preparation of gamma-Diphenylmethylene-crotonolactone from
Ethyl E-Gﬁioro-g-?ﬁ;ane and Phenylmagnesium Bromide,

To 0,52 mole of phenylmsgnesium bromide there was added in

the usual manner 43,6 g, (0,25 mole) of ethyl S-chloro-2-furcate
in 200 ce. of ether, When the ether from the solution of the
carbinol was evaporated, a pale yellow oil remesined for approx-
imately one minute, At the end of this time, decomposition be-
gan and hydrogen chloride was evolved, The reaction became so
vigorous that a small amount of the product was lost in the

mild explosion which accompanied the formation of the gas. An
improved method for controlling this reaction was sccomplished
by first allowing a small sample of the oil to decompose, and
then sdding te it the ether solution, Upon removal of the ether
by a stream of dry sir the liberation of hydrogen chloride was
apparently smooth and controlled, The dark purple residue was
recrystallized from alcochol, using norite to remove the color,

The yellow c¢rystalline lsctone melted at 1110, and was obtained



in a yield of 48,4% of the theoretical amount,
Anal, Caled, for CynyHy505: C, 82,25; H, 4,84, Found:
c, 81.8; H, 5,28,

Preparation of Ethyl 5-Chloro-2-furoste.

5-Chloro~2-furcic acid was prepared according tc Hill and
Jackson (47) by the chlorination of ethyl furoate followed by
fractional distilletion in vacuum, Although certain fractions
boiled over small ranges of temperature, they were still too
impure to use with the Grignard reagent, The fraction boiling
at 98-110°/19 mm, was hydrolyzed with aleoholic sodium hydrox-~
ide, The sodium sslt was dissolved in & small amount of hot
water and the free acld precipitated by pouring upon iced hy-
drochloriec aclid, Upon recrystallization from hot water, the
acid melted at 176-177°,

The pure ester was prepared by refluxing gently for 12
hours a mixture of 7,2 g, of 6-chloro-2-furocic acid, 12 g, of
absolute ethyl alcohol, and 7 g, of concentrated sulfuric acid,
The solution was then poured into ice water, and the oil ex-
tracted with ether, The mixture was washed with s sodium bi-
carbonate solution and drled with anhydrous sodium sulfate,

After removal of the sclvent, the ester was distilled in vacuum;

{(47) This Thesis, page 18,
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b.p, 95-96%/17 mm.; na 1,4982; 420 1,2387,

Preparation ¢f gemma-Diphenylmethylene-crotonolactone frem
Ethyl 5-Bromo-2-furoate end Phenylmagnesium Bromide.

(5-Bromo~2-furyl)diphenylcarbinel was prepared in the same
way as the corresponding chloro-derivative from 21,9 g. (0,1
mole) of pure ethyl S5-bromo-2-furoate and 0,224 mole of phenyl-
magheaium,brbmide. The carblinol obtained began to decompose as
soon a8 the ether waa removed, Sécoming & reddish-purple in
color, Eydrégen bromide was evolved and the reaction became
vielent; Within ten minutes a dark sclid remained, Upon re-
erystallization from alcochol, the yellow crystalline product
melted at 1110. A mixed melting point with the sbove crotono-
lactone from ethyl S-~chloro-2-furoste was not lowered, The
yield was 56,5% of the theoretical smount, It might be pointed
out here, that the addition of one drop of pyridine to the
ether solution of (5-bromo-2-furyl)diphenylearbinol stabilized
the compound after the removal of the solvent, even upon heat-
ing at 100° for thirty minutes, When the pyridine was removed
by washing with water, the remaining yellow oll decomposed
quickly. This experiment was not repeated,

Preparation of Ethyl S5-Bromo-2-furocate,

The most convenlent method for the prepesration of S5-bromo-
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2-furoic acid is given by Whittaker (48), who brominated furoic
acid in a carbon tetrachloride solution, The scid, m.p, 183-
184°, was purified by recrystallization from hot water, Of the
various methods for esterification, the Pischer-Speier method,
using dry hydrogen chloride, gave the beat yileld, Seventy-six
grams (0,39 mole) of pure 5-bromo-2-furoic acid was dissolved
in 150 c¢c, of absolute ethyl slcohol, After saturation with
hydrogen chloride, the solution was allowed to stand over night
and then poured on cracked ice, The 01l wes extracted with
ether and the solution washed, first with water, then with di-
Jute sodium carbonate, After drying with anhydrous sodlium sul-
fate, and removing the solvent, the residue was distilled in
vacuum, b.p, 117-118°/20 mm, The yield was 86,6% of the theo-

retical amount,

Preparation of (E—Ghloro—z-fugyl)dimethxlcarbinml and its
Properties,

The compound was prepared in the ususl manner from 13,5 g,
(0.,0775 mole) of ethyl 5-chloro-2-furcate and a ten per cent
excess of methylmagnesium bromide, After hydrolysis, the sol-
vent was removed from the ether by gentle heat, The residual
01l was steam distilled, About 6 cc, of 01l was found in the

distillate, and extracted with ether, The solution was dried

(48) whitteker, Rec, trav, chim], §2, 352 (1933),
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with anhydrous sodium sulfate and the ether evaporated, The
clear yellow oil which remained, solidified on standing, The
needles which formed were sometimes two inches in length, The
compound was extremely soluble in all common organic solvents
and would not crystallize from any of them, A small sample was
dried on s porous plate for five minutes and the white solid
residue was found to melt at 42-43°, A Zerewitinoff anslysis
of this materlal showed C,84 of an active hydrogen, Within
thirty minutes the compound started to decompose, It slowly
lost hydrogen chloride, leaving e dark oil from which ne further

product was isolated,

Preparation of Methyl 5-~Iodo-2-furcate,

2,5-Dichloromercurifuran was prepared by the mercuration
of furan deseribed by Gilman and ¥Wright (49), Iodination of
this materlal gave mostly, 2,5-dilodofuran, which was purified
firat by steam distillation, and second by distillstion under
vacuum, b.p. 115-116°/12 mm.; m.p. 47°. This compound was im-
mediately used for the nreparstion of the Grignerd reagent, It
has been reported (50) that an activated magnesium slloy 1is

necessary for the preperation of S5-iodo-2-furylmagnesium iodide

{49) Gilmen snd Wright, J, Am, Chem, Soc,, 55, 3306 (1933),
(50) Gilman and Wright, Yowa State Coll, J. Se¢i,, 5, 85 (1931),
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It was found, however, that the reaction between the iodlde and
magnesium turnings began after being refluxed in dry ether for
ten to fifteen minutes, if & crystal of lodine and a few drops
of ethylmagnesium bromide were added, 1In fact, a very positive
color test was obtained when the ethylmagnesium bromide was
omitted, It was found advantageous to start the reaction with
a small amount of magnesium turnings, and then teo add the re-
malining required asmount in the form of large pieces, in order
that they might be removed prior to hydrolysis, If consider-
able quantities of magnesium were present during hydrolysis of
the carbonated 5-lodo-2«furylmagnesium iodide, reduction occur-
red and furoclc acid was obtained,

To 3.5 g. of magnesium turnings amd 2 g, of lump magnesium,
there weas added a c¢rystal of 1odine and a few drops of ethyl-
magnesium iodide in 10 ce, of dry ether, Fifty-five and eight-
tenths grams (0,17 mole) of freshly distilled 2,5-diicdefuran
dissolved in 100 ce., of dry ether was placed in a dropping fun-
nel, After adding approximately 10 ¢c, of this halide, the
mixture was refluxed, In ten to fifteen minutes the reaction
started and continued to reflux vhen the remainder of the di-
iodofuran was dropped into the flask, After all the halide had
been added, the mixture was refluxed for fifteen minutes more,

A very deep green color test was obtained, When the mixture
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was carbonated (51) in the usual manner, a dark brown precipi-
tate formed, The product was hydrolyzed quickly with dilute
scetic scid, so that the excess of msgnesium could be filtered
to prevent reduction, Hydrolysis with ammonium chloride was
not used because it was too slow in its action, The ether solun-
tion was extracted three times with 5% sodium hydroxide, The
combined basic extractions were acidified with hydrochloric
acld snd the bleck preciplitate was recrystallized from hot
water, The light tan S5-iodo-2-furoic acid melted at 195°, A
mixed melting point was taken with an asuthentic ssmple, The
yield was 3.3 g.,, or 7,96% of the theoretical amount.

Four grams (0,017 mole) of 5-iodo-2-furocic acid was dis-
solved in 10 cc, of absolute methyl alcohel, and saturated
with hydrogen chloride, The mixture was poured slowly into 8
cold sodium carbonate solution and the solid ester was filtered,
It wes recrystallized to a constsnt melting point of 85°,
¥Hethyl-5-iodo-2~-furcate crystallized from the solution in shin-
ing plates, and was obtained in a yield of 40,5% of the theo-
retical amount, One and two-tenths grams of acid, however, was

recoversed from the basic sclution,

Reaction of Methyl S5-Iodo-Z2-furcate and Phenylmagnesium Bromide,

To an excess of phenylmagnesium bromide in 10 ec, of ether,

(51) Gilman and Parker, J, Am, Chem, Soc,, 46, 2816 (1924),
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there was added 0,5 g, (0,0004 mole) of methyl 5-iodo-2-furcate
in 10 c¢c, of sther, A cheracterlistic gummy precipitate formed.
After refluxing for fifteen minmutes, the mixture was hydrolyzed
by the addition of an smmonium chloride solution, A fleeting
but delicate lavender c¢olor developed for a few seconds, and
then disappsared when more of the hydrolyzing solution was add-
ed, The ether layer was dried, and upon evaporation of the
solvent, there remained a light-colored solid, This was astable
for a few minutes, but gradually turned purple, A smsll amount
was guickly pressed on a porous plate, leaving a white solid,
M. P 75-76%, A1l attempts to recrystallize the compound failled,
since decomposition took place as soon as any heat was applied
to aid solutlon, Within one~half hour the color of the material
had changed to dark purple, Further decomposition was accomp-
lished by heating on a steam bath in & vacuum, The remaining
black o0il solidified after standing over night, This was re-
crystallized from hot petroleum ether (77-115%), The 1ight tan
precipitate melted at 85-86° and gave a positive micro test for
icdine, The yleld wss spproximately 0,01 g, A mixed melting
point with gasmma-diphenylmethylene-crotonolectone wes 60°,
showing that this reaction was entirely different from the cor-

responding chloro- and bromo-esters,
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An Attempt to Synthesize gamma-Diphenylmethylene-crotonolactone,

Using a synthesis somewhat simllar to that given by Thiele
(52), a mixture of 9.8 g, (0,1 mole) of meleic anhydride and
16,8 g. (0.1 mole) of diphenylmethane was heated to 150°, and
16 cc, of scetic anhydride was added, dropwise, with stirring,
over a half-hour period, It was hoped that the two hydrogen
atoms in diphenylmethane would be sufficiently sctive to remove
one of the oxygen atoms of the carbonyl group in melelc anhy-
dride, thus forming s double bond,

HC=—=CH - ' H m{l}H
CeHs  /THOH Cels
e=£\ &:0 + ] £H0E] 0=C c==c< ®
o’ B “Cglg N7 gy

Upon removal of the diphenylmethane by steam distillation, only
approximestely 0,1 g, of gummy resldue remained, This did not
yield any =0lid material upon extraction with petroleum ether,
(69-70°).,

Reduction of gsmma-Diphenylmethylene-crotonolactone to Di-
phenyllevulinic Aeld,

One grem of the lactone was refluxed fer five hours with

5 ec., 47% hydricdic acid, Sinece the reaction started immediate-

(62) Thlele, Ann,, 306, 242 (1899),
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ly, this time could have been shortened, The mixture was then
made basic with sodium hydroxide and extracted with ether teo
remove sany foreign material, The slkaline layer was then acid-
ifled with hydrochlorie acid and extracted three times with
small portions of ether to remove the diphenyllevulinic acld,
Upon dryling, and evaporating the ether sclution, an oil was ob-
teined which was recrystallized from petroleum ether (69-700).
Five-tenths grams of white crystalline acid was isolated, m,p.
107°, A wmixed melting point with known diphenyllevulinic acid

prepared from diphenylfurylcartbinol was not lowered,

Hydrolysis of_ﬁgﬁ%ggnipgenylmethylene-crosonalactone followed
by Reduction to Diphenyllevuliniec Acid.

A mixture of 0,5 g. of this lactone, 7 e¢c, of alecohol, and
10 ec, of saturated sodium carbonate (535) was hested on ¢ ateam
bath for one hour, allowing most of the alcohol to evaporats,
A 10 cc, portion of water was sdded, thus obteining a clear
solution., The odor of asymm-diphenylacetone was quite notice-
able, The basic solution was extracted with ether and the
ether solution discarded, After acidification with hydrochloric
acid, the agqueous layer was again extracted to remove the

acidie compounds, This ether solution was evaporated and the

(53) Thiele, Ann,, 306, 149 (1899).



- 70 .

oily residué dissolved in 10 cc, of 10% sodium hydroxide, To
this there wes sdded 3 g, of zine dust, and the mixture wes
heated for fifteen minutes at the beiling point, After filter-
ing, the sclution was extracted twice as indicated ebove, The
ether solution containing the acldic compounds was evaporsted to
dryness, lesving a yellow oil, This was extracted with boiling
water and the solution hurriedly filtered, Upon stending for
several hours, a white solid precipitated, After recrystslliza-
tion from petroleum ether (69-70°), the white solid, diphenyl-
levulinic acid, melted at 107-108°, A mixed melting point with
diphenyllevulinie acid prepared from diphenylfurylecarbinocl was
not lowered, The low yield of approximstely 0,05 g, was probably
due to cleavage of the lactone as well as hydrolysis, since

gsymm-diphenylacetone was recognized by its odor,

Action of Aqueous Sodlum Hydroxide on.gamma-Diphenylmethylene-
erotonclactone,

A mixture of 1 g, of the lactone and 100 cec, of 5% sodium
hydroxide was subjected to steam distillation, The volume of
liguid was kept constant by the application of more heat when
necessary, An o1l slowly cecllected in the distillate, Vhen
aprroximately 800 cc, of distillate hed been collected, it was
extracted with ether, After drying with anhydrous sodium sul-

fate the solution was evaporated, leaving an 0il with a char-
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acteristic aweet odor, After cooling and seratching with a
glass rod, it solidified, Recrystallization from petroleum
ether (69-70°) gave a white solid, m.p. 46°. This was the lower
melting form of asymm-diphenylacetone, which slowly reverted to
the higher melting variety, m,p. 61°. Both forms, however,
gave the same oxime, m,p. 163°, A mixed melting point with the
oxime of known asymm-diphenylacetone showed no lowering. The
yield was 77.2% of the theoretical amount,

Further investigation of the aqueous solution remaining
in the distilling flask, revealed no oxalic scid in contrast
to that obtsined from alpha-bromo-gamma-diphenylmethylene-

crotoncolactone (54).

Agtion of Alcoholic Potmasium Hydroxide on -Diphenyl-
methylene-crotonolactone,

One gram of this lactone was refluxed for six hours with
methyl alecoholic potassium hydroxide prepared by dissolving
10 g, of alkali in 25 e¢c, of absolute methyl alcochol, A solid
potessium salt was filtered, washed with a small amount of
alcohol, and dissolved in 10 cc, of water, After being acidi-
fied with hydrochloric acid and cooled,019 g, of white solid
precipitated, This was identified as fumsric acid by esteri-
fication, using methyl alcohol and dry hydrogen chloride, The

{54) This Thesis, page 83,
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methyl fumarate was recrystallized from "Skelly D" (77-—1159)
and melted at 102-103°. A mixed melting point with sn suthen-
tic sample was not lowered, The yileld of fumaric acid was
40.6% of the theoretical smount, The elcoholic filtrate from
the potassium fumarate was poured into 50 c¢c. of water and the
01l extracted with ether, After drying with calcium chloride
and efaporating the solvent, the residue was nitrated with 3 ce,
of fuming nitric scid in an ice bath, The product was diluted
with cold water, filtered, and washed with hot slcohol, This
dinitrodiphenylmethene, melting at 1850, was obtained in a
yield of 67,3% of the theoretical amount, A mixed melting

poeint with an authentic sample was not lowered,

An Attempt tof§1ntheaize Diphenyllevulinic Acid from the Mono-
ethyl Ester of Succinyl Chioride and Benzohydrylmagnesium
¢hioride,

It was hoped that the acid chloride group, being more
active sccording to Enteman and Johnson (55) than the carbo-
ethoxy group, would react in the msjor portion of this synthe-
sls, This would have produced ethyl diphenyllevulinate,

To 3,84 g, (0,023 mole) of the monocethyl ester of succinyl
e¢hloride (56) dissolved in 100 cc, of ether, was edded with the

{85) Enteman and Johnsocn, J, Am, Cher, Soc,, 55

2900 (1933).
(56) Michaels and Hermens, Ber,, 25, 2747 (18923.
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usual precautions, 0,022 mole of benzochydrylmagnesium chloride
(57), When each drop of Grignard reagent hit the solution,
there developed a fleeting orange color which disappeared in a
fraction of a second, After the addition of the Grignard re-
agent, a positive color test was obtained, which may or mey not
have had any significeance (58) since acid chlorides give posi-
tive tests also, The mixture was hydrolyzed with an ammonium
chloride solution and the ether layer was dried with anhydrous
scdium sulphate, Upon evaporstion of the solvent, an oil was
obtained slong with a small amount of solid tetraphenylethane,
m.p. 214-216°, Ko mixed melting point was taken, The oll was
extracted with alcohol, and the solution was then evaporated,
One-half the residue was distilled in vacuum, but the boiling
point was considerably lower than that of ethyl diphenyllevu-
linate, The other half was refluxed for six hours with 5%
hydrochloric acid, After this treatment the insocluble 01l was
¢ollected with ether, The ether solution was extracted with 5%
sodium hydroxide to remove any diphenyllevulinic acid, but
nothing precipitated when the basic solution was acidified,

Preparation of Diphenyllevulinic Acid from Diphenylfurylear-
binol,

The reaction used by Chichibabin (14) was slightly modi-

(57) 6ilmsn and Zoellner, J, Am, Chem, Soc., 52, 3984 (1930),
(58) Gilmen end Heck, ibid,, 52, 4949 (1930).
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fied to suit the conditions, Tienty-two and eight-tenths grams
{0.0912 mole) of freshly prepared diphenylfurylcarbinol was
dissolved in 45 g, of absolute ethyl aleohol, Dry hydrogen
chloride was passed into the solution until a slight warming
was noted, The mixture was then refluxed for four hours and
poured into 260 cc, of 58 sodium carbonate, The o0il which pre-
cipitated was extracted with ether and dried with anhydrous
sodium sulfate, After removal of the solvent, the residue was
distilled in vacuum, b,p. 226-227°/7 mm.; np> 1,552; d2° 1,169,
The yield of ethyl diphenyllevulinate was 12,9 g, or 47,7% of
the theoretical amount,

Hydrolysis of this ester was firat attempted with alkaline
reagents, but only & very poor yield of diphenyllevulinic acid
was obtained, It was found, however, that prolonged refluxing
with ten parts of 5% hydrochloric acid gave & 72,2% yileld of
the theoretical amount, The product was extracted from ﬁhe’re—
action mixture with ether, which in turn was~extracted with 5%
sodium hydroxide, This basic solution was scidified and again
extracted with ether, After being dried with anhydrous sodium
sulfate, the solvent was evaporated, The residue occasionally
was an o1l which required several weeks to solidify, This oil
crystallized from an ether-ligroin (89-70°) mixture in the form
of & white needle-like solid, m.p. 107-108°,

Ansl, Calecd, for 31731603‘ c, 76,2; H, 5.97; mol.wt,,
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268; active hydrogen, 1,0, Pound: €, 76,0; H, 6,59; mol,wt,
by Rast method, 270; active hydrogen, 1,1.

Oxidetion of Diphenyllevulinic &cid,

To 1 g. of this acid dissolved in 50 cc, of 5% sodium hy-
droxide there was slowly added 1 g, of potassium permanganate
in 65 cc. of water, After thirty minutes the mixture was
filtered, and the clear solution extracted with ether. The
ether solution, having been dried and evaporated, left an oil
which, when treated with hydroxylamine, gave 0,26 g, of benzo-
phenone oxime, This was identified by a mixed melting point
with an authentic sample, The yield was 74% of the theoretical
amount,

The alkaline filtrate was acidified and carefully evapo-
reted to dryness on s sand bath, The residue was pulverized amd
extracted three times with small portions of hot alecohol, These
extracts were evaporated, leaving 2 white residue which was
slightly sticky. After refluxing for one hour with 25 cc, of
ether, and filtering while hot, the soluﬁion was evaporsasted to
5 ¢¢, The supernatant 1liquid was decanted and the crystals re-
maining were dissolved in 0,5 ec¢c, of alechol, Upon evaporation
to two drops, crystals formed. These melted at 183-184°, A
mixed melting polnt with known succinic acid was 185-6°, The

yield was approximately 0,02 g.
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Clesvage of Diphenyllevulinic Acid with Alcoholic Potassium
Hydroxide,

FPive-tenths grams of this acid was refluxed for six hours
with 10 ec, of concentrated methyl alcohelie potassium hydroxide,
The potassium salt which separated, was filtered and washed
with & small guantity of methyl alcohol, The filtrate was di-
luted with several times its volume of water, and then extracted
with ether, The ether soclutlion wasg dried with calcium chloride
and evaporated, The residue was nitrated in an ice bath with
2 sc, of fuming nitric acid and poured intc coid water, The
solid, m,p., 182-183°, was filtered and recrystallized from ben-
zene, A nlixed melting point with known dinitrodiphenylmethane
was not lowered, The yleld was 70.8% of the theoretical amount,

The solid potassium sslt was dissolved in & & cc, of water,
filtered, acidified with hydrochloric acid, and evaporated to
dryness on & sand bath, The residue was pulverized and extract-
ed three times with 5 cc, portions of hot alechol, These wers |
evaporated to0 dryness and washed with smsall amounts of ether,
The succinic acid obtained weighed 0.2 g. and represented a 91%
yield, 1Its p-toluidide was prepared and a mixed melting point
with an suthentic sample of succin-p-toluidide, m,p., 263°, was

not lowered,
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Preparation of gamma-Di henylmethylene-crotonolactone from
5-Bromo-Z2-furyl ?ﬁen;;ﬁﬁetone and Phenyimsgnesium Bromide,

To an excess of phenylmagnesium bromide there was added
6 g. (0.,0239 mole) of 5-bromo-2-furyl phenyl ketone, obtained
from J. ¥, Straley (59), who prepared it by the bromination of
furyl phenyl ketone, A white crystelline precipitate formed
and the mixture was refluxed for fifteen minmutee, A positive
color test indicated an excess of Grignard reagent, After hy-
drolysis with a cold ammonium chloride solution, the ether
layer was drled with anhydrous sodium sulfate, It was noticed
that the (5-bromo-2-furyl)diphenylearbinel, thus prepared, was
extremely unstable as evidenced by the deccmposition which took
place arcund the edges of the flesk containing the ether solu-
tion, The solvent was removed by a atreaﬁ of dry alr, and the
dark purple resldue continued te evolve hydrogen bromide, The
decomposition was then hastened by heating on a water bath and
by applying a vacuum, The black o1l s0lidified on standing s
few hours, This was recrystallized from alcohol, giving tan
erystals which melted at 110-111°., The yield was 55.7% of the
theoretical amount, A mixed melting point with gamma-diphenyl-
methylene~crotonolactone, prepared from ethyl 5-bromo-2-furoste

and the Orlignard reagent, showed no lowering.

(59) J. ¥. Straley, Doctoral Thesis, page 31, Iowa State Collegs,
19386,
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Preparation of Ethyl 4,5-Pidbromo-2-furoate,

Furoyl chloride wes first prepared according to the method
given by Baum (60) using furoic acid mnd thionyl chloride, The
yield by this procedure wes very good, To 180 g, (1.276 mole)
of furoyl chlorlde there was slowly added, at room tempersture,
600 g. (7.5 mole) of bromine, through & reflux condenser, Af-
ter the sddltlon was completed, the wixture was refluxed in an
01l bath for four hours, At the end of thils time the pressure
wss reduced and a vacuum applled for ten hours, until the ex-
cess bromine was removed along with hydrogen bromide, To this
mixture was added 460 g, (10 mole) of ethyl alcohol, taking care
that the reaction did net become too violent, After refluxing
again for four héurs, the ester was poured into ice water, with
stirring, and the o0l1l collected with ether, dried, and éistilled
in vacuum, A modifled Clalsen flask was very helpful in sep-
srating the monobromo-ester from the dibromo-ester, The frac-
tion bolling at 131°/16 mm., contained only a small amocunt (25 g.)
‘of dlbromo-ester, which was recovered by another distillation.
The fraction boiling at 131-145%/16 mm, contained practically
pure dibromo-compound and solidified upon cooling, It was re-
erystellized from methyl alcchoi, giving 2 oure rroduct, m,p.

(60) Baum, Ber,, 37, 2951 (1904).



57-58° (61), The yield based upon the furoyl chloride was
44,2% of the theoretical amount,

Preparation of a;g%a*Bromo-gaﬁﬁa-dipheqylmgyhylgne—crotonolac-
one from kthyl 4,5-Dibromo-2-furocate and Phenylmagnesium Bro-

wide .

To 0,066 mole 6f phenylmagnesium bromide in 74 cc, of
ether there was slowly added 7,94 g. (0,0278 mole) of the ester
dissolved in 35 c¢c, of dry ether, A dark viscous o0ll separat-
eéd, An adbnormsl length of time was required to hydrolyze the
Grignard-complex with an ammonium chloride solution, The ether
layer was drled and the solvent evaporated with alr, Decompo-
aition began before all the ether was removed. The dark purple
residue was washed with a 1little ether and then with ligroin
(69-70°), There remained s tan colored solid which, after be-
ing recrystallized from cerbon tetrachloride and decolorized
with norite, gave sparkling yellow crystals, m,p. 158°, The
yield was 52.8% of the theoretical amount,

Anal, Celcd, for CypHj10gBr: C, 62,35; H, 3.36; mol.wt.,
327, Pound: €, 62,3; H, 3,74; mol.,wt, by cryoscopic method,
312, by Rast method, 332.

(61) H11l a?d Sanger, Proc. Am, Acad, Arts Sci,, 21, 164 (1885~
1886),
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Reduction of alpha-Bromo-gamma-diphenylmethylene-crotonolactone
to Piphenyllevuliniec Acid,

One gram of the lactone was refluxed with 5 ce, of 47%

hydriodic acid for five hours, The same technigue was used in
lsolating diphenyllevulinic acid as was followed in the exper-
iment concerning the reduction of the correspondirg halogen-
free lactone (62), The ecid which was obteined required ten
days t¢ solidify, snd was then crystallized from petroleum ether
(77-115°), m.p. 105-106°, A mixed melting point with diphenyl-
levulinic secid prepared from divhenylfurylcerbinol was 107-108°,
The yield was 54.8% of the theoretical amount,

Actlion of Aqueous Sodium Hydroxide on alnhs
methylene-crotonclactone,

Twe grams of the lactone was placed in s 100 cec, distilling
flask equipped with a condenser, and 28 ce, of 5% sodium hydrox-
ide was added, 3Steam was passed through the mixture, the level
of the liguid heing kept avproximetely constant by the avnlica-
tion of more heat, When no more oil was visible in the distil-
late, the reaction was stopped, The volatile oll was collected
with ether, and the solvent evaporated, The remaining product

was treated with hydroxylamine, giving 41 g, of the oxime of

asymm-diphsenylacetons, or s yield of 33,6%.

(62) This Thesis, page 70,
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When the above basic solution was acldifled, a precipitate
formed, After being filtered and dried, the compound welghed
0.81 g., which represented e yield of 62.4%, It melted at 143-
144° and a mixed melting point with diphenylacetic acld was not
lowered, In order to be absolutely positive, diphenylacetamide
was prepsred according to Japp and Knox (63) by way of the acid
chloride, It melted at 167° and a mixed melting point with an
authentic sample was not lowered,

The acidic filtrate from diphenylacetic acid was made basic
with sodium hydroxlde and extracted with ether to remove unde-
sirsable material, The agueous layer was acidified and care-
fully evaporated to dryness, The residue, after being pulver-
ized, was extracted twice with small amounts of hot alcohol teo
remove any oxallic acid, These alccholic extracts were combined
and evaporated, The remaining acid was used to prepare s deriv-
ative with p-toluidine, The oxal-p-toluidide melted at 268°
and a mixed melting point with an authentlc sample was 269°,

The yield was 8% of the theoretical amount,

Preparation of alpha, heta-Dibromo-gamma-diphenylmethylene-
erotonolactone from %thyi 3,4,5-§;1gromo-§-furoute and Phenyl-

nngnesium bromide,

To 0,07 mole of phenylmagnesium bromide in 50 ¢c., of ether

(63) Japp and Knox, J, Chem, Soc., 87, 685 (1905).
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there was slowly added 11,3 g. (0.03 mole) of the sbove ester
dissolved 1in 200 cc, of ether, After hydrolysis, the ether
layer was dried and evaporated in a streem of air, The light
brown oil remalining seemed to be quite stable for a short time,
even when heated for five minutes on & water bath, To start
decomposition, a trace of hydrogen chloride was introduced, and
the carbinol soon began to darken, When heated on a steam
bath, the reaction proceeded rapidly, leaving a black solid
residue, Alcohol would not dissolve this lsctone even on boil-
ing, OCarbon tetrachloride, however, proved to be a good solvent
for its recrystallization, A yellowish-brewn, crystalline, com-
pound precipitated on cooling, When purified several times in
this manner the lactone melted at 211°, The yleld was 27.1% of
the theoretical amount,

Anal, Calcd, for CygH,g00Br: Br, 39,38, Found: Br,
39,57, 39.75.

Preparation of Ethyl 3,4,5-Tribromo-2-furoate,

3,4,5-Tribromo~-2-furoic acid was prepared according to
Eill and Sanger (64), Thirty grams (0,157 mole) of 5-bromo-2-
furocic acid was exposed to the vapore of bromine in a desiec-

cator, until the welght had inereased to that demanded by the

(64) H111 a?d Sanger, Proc, Am, Agad, Arts 3ci., 2], 175 (1885-
1886).
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formulas for monobromopyromucic tetrabromide, In this case, the
welght increased to 80 g. in six days, This reddish, gummy
mess was dissolved in 100 ce¢, of absolute ethyl alcohol and
cooled in an ice-salt bath, While the mixture was belng
mechanically stirred, there was added slowly a saturated solu-
tion of sodium hydroxide in absolute ethyl aleochol, until no
further precipitate formed, After filtering, the scdium salt
was dissolved in a minimum gquantity of water, and poured into
an excess of jced sulfuric acid solution, The crude tribromo-
furoic acid was quite insoluble in cold water, but was recrystal-
lized from boiling water, m,p, 218-219°, The yield was 9.4 g.,
or 17.1% of the theoretical smount, Hill did not give any
yield,

The acid was esterified according to the directions of
Hi1l1l and Sanger, using concentrated sulfuric acid and absolute
ethyl alcohol, The yield of the ester was 94,3% of the theo-
retical amount, Some free tribromofuroic acld was recovered,
The ester was purlfied by recrystallization from alcochol, and
melted et 104°,

Action of Aquecus Sodium Hydroxide on alpha,beta-Dibromo-
gamma-diphenylmethylens-crotonolactone.

This lactone was treated with 5{ sodium hydroxide and heat-

ed with steam in the menner described above for the monobromo-~
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lactone, The purpose was merely to show that no 0il steam-
distilled, and hence no diphenylacetone was obtained, The
‘solution in the distilling flask became wine-red in color, Ko

further products were sought,

Preparation of alphe-Chloro-gammas~-diphenylmethylene-crotono-
Yactone from Ethl§ 4_5-Dichloro-o-furoate and Phenylmagnesium
Bromide.

An ether solution containing 8,9 g, (0.042 mole) of ethyl
4,5-dichloro-2-furoate, prepared according to Hill and Jackson
{19) and called 3,5- by them; was added to 0,09 mole of phenyl-
magnesium bromide in 50 cc, of ether, After hydrolysis, the
ether layer was dried with anhydrous sodium sulfate, A small
amount of this solution was evaporated, leaving a viscous yel-
low 01l which lcoked as though 1t might erystellize, Hence it
was cooled and scratched with a glsas rod, Instead of soliad-
ifying, it decomposed at the point'of contact, hydrogen chlor-
ide being evolved. The residue wes dark purple in color, The
remalinder of the carbinol solution was then added to the part
already decomposed, and the ether was removed by & streeam of
dry alr, Instead of a dark colored residue, as in all other
similar cases of decomposition, a light brown solid was ob-
tained, after the loss of hydrogen chloride, When recrystal-
lized several times from alcohol, using norite, 9,7 g, of yel-

low lactone formed, showing a constant melting point of 127°,



This yield of 80,1% represents the highest ever attained with
this type of decomposition,

Anal, Caled. for CyH;;0,C1: €1, 12,85, Found: Ci,
12,56, 12,48,

Action of Aqueous Sodium Hydroxide on a;gggochloro-gammu-
diphenyimethylene-crotonolactone.

One-half gram of this lactone was placed in a 100 e¢c¢, dis-
tilling flask equipped with & condenser, and 25 cec, of 5% of
gsodium hydroxide was added., Steem was passed through the mix-
ture, the level of the ligquid being kept approximately constant
by the spplication of more hest, When no more volatile oil
was visible in the distillate, the reaction was stopped and the
oll collected with ether, After evaporation of the solvent,
the residue was trested with hydroxylamine, giving 0,09 g, of
agymm~-dlphenylacetone oxime, m.p. 163°, This was identified
by mesns of s mixed melting point with an authentic sample,.

The yield was 19,8% of the theoreticel amount,

When the above basic solution was acidified, the precipi-
tate which formed was filtered and dried, m.p. 143-144°, 1t
proved to be diphenylscetic acid and was identified by mesns
of a mixed melting point with a known sample, The correspond-
ing acid amide was made and further identifisd by its melting
point, 167°, The yield was 53,4% of the theoreticel smount,
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The acidic filtrate from the diphenylacetlic acid was made
basic with sodium hydroxide and extracted with ether to remove
any undesireble materisal, The aqueocus layer was acidified and
carefully evaporated to dryness on a sand bath, The residue,
after being pulverized, was extracted twice with small portions
of hot alcohol, to remove eny oxalic acid, The remsining scid
was treated with p-toluidine to get oxal-p-toluidide, m.p. 268-
269°, A mixed melting point with an authentic sample was not

lowered, The yield was 0,02 g, or 5% of the theoretical amount,

Preparatlon of beta-Chlorc-gamma-diphenylmethylene-crotono-
lactone from kthyl 3,5-Dichloro-2-furoste and Phenylmagnesium
Bromide,

An ether solution containing 5.7 g. (0.0272 mole) of ethyl
3,5-dichloro-2-furcate, prepared according to Hill and Jackson
(18) and called x-dichloro- by them, was added to 0,06 mole of
phenylmagnesium bromide, After hydrolysis, the ether layer was
dried and evaporated, The yellow o1l remaining was warmed on s
water bath for a few minmutes and then it suddenly decomposed,
The reaction was quite viclent and almeat foamed out of the
flask, The reddish-brown oil which was left after the hydrogen
chloride was lost, soon solidifiled, After several recrystalli-
zations from alcohol, using norite, the yellow erystals melted
at 128,5° A mixed melting point with the corresponding alpha-
chlorolactone was 98°, showing the dlssimilarity of the two
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isomers,
Anal. Caled, for CynHy,0501: €1, 12,565, Found: €1,
12,69, 12,60,

Action of Aqueous Sodium Bydroxide on beta-Chloro-gamma-
diphenylmethylene-crotonoclactone,

One-half grsm of this lactone was treated with 25 ¢c, of
5% sodium hydroxide in the same manner as the aslphs-chlorolac-
tone (65). No volatile diphenylacetone steam distilled, The
only change was the development of a wine-red color in the dis-
tillation flask, The result of this experliment was identical
with that obtained from the alpha, beta-dibromolactone (66),

Preparation of alpha, beta-Dlichloro-gamma-diphenylmethylene-

crotonciactone ¢ Ethyl 3.4, 6-Trichloro-2-furoate and Phenyl-

To 0.12 mole of phenylmagnesium bromide in 90 cc, of sther,
there was added 10,67 g, (0,05 mole) of ethyl 3,4,5-trichloro-
2-furoate dissolved in 100 cc, of ether, A dark purple color
soon developed, but disappeared upon hydrolysis, The light
brown ether layer was dried, and a small amount was evaporated,

leaving a viscous yellow 01l with the characteristic odor of

(65 ) This Thesis, page 87,
(66 ) This Thesis, page 85,
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furyl carbinols, This odor resembles that of furfural but is
mich more fragrant, and not quite so intense, The cardinol
seemed tevbe quite stable when heated for s few minutes on a
water bath, To hasten decomposition, a trace of hydrogen chlor-
ide was added and the carbinol heated again, The product lost
hydrogen chloride and changed to a brown solid in approximately
thirty minutes, The main ether solution was added to this
material and the solvent evaporated, The residue was heated on
a steam bath for five or ten minutes, until it suddenly decom-
posed and solidified in about thirty seconds, There remained a
dark red material which was first washed with aleohol, and then
dissolved in 50 c¢c, of hot chloroform, After adding an equel
volume of alcohol, and cooling, light colored orange-brown
crystals were obtained, Upon crystallization from an ether-
alcohol mixture, the orange lactone melted at 178°, The yield
was 54,9% of the theoretical smount,

Anal, Taled, for CyngHy009Clp: C1, 22,37, Found: C1,
22.60, 22,82,

Preparation of Ethyl 3,4,5-Trichloro-2-furoate,

PTrichlorofurcic sacid was prepared according to Hill and
Jackson (67) by the chlorination of ethyl furoate in two suc-

(67) Hill and Jackson, Am, Cherm, J., 12, 119 (1890),
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cessive stages, first, by substitutlion, ard second, by addi-
tion, When the tetrachloride of the ethyl chlerpyromucate was
decomposed by alcoholic sodium hydroxide, the sodium trichloro-
furoate precipitated in an impure state, The free acid was
purified by recrystallization of the ammonium salt, The acid
melted at 172°,

The ester wes prepared by saturating s mixture of 29,5 g.
(0,1695 mole) of trichlorofuroic scid and 200 cc, of absolute
ethyl alcohol with dry hydregen chloride gas., The liquid was
poured into a c¢old sodium carbonste solution and the solid
ester was filtered, m,p., 62°, The yleld was 63,9% of the
theoretical amount, There was also 4,7 g, of trichlorofuroic

acid recovered, Hill did not give any ylelds,

Action of Aqueous Sodium roxide on alpha, bete-Dichloro-
gamma-diphenyImethylene-crotonolactone,

One-half gram of this lsctone was treated with 25 ce, of
5% sodium hydroxide in the same manner as the alpha-chloro-
lactone (68), Xo volatile diphenylacetone steam distilled, The
only change was the development of a wine-red color in the dis-
tillation flask, The result of this experiment was identical
with thaet obtained from the alpha, beta-dibromolactone {(69),

(68) This Thesis, page 87,
(69) This Thesals, page 85,
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Preparation of slpha, beta-Dichloro-gamma~diphenylmethylene-
erotonolactons from Bthyl S5-BPromo-5,4-dichloro-2-furoate and
phenyimagnesium Bromide.

To 0,072 g. (0,00025 mole) of ethyl 5~bromo-3,4-dichloro-
2-furoate dissolved in 5 ce, of ether, there was added 1 cc.
of ether containing 0,0016 mole of Phenylmagnesium bromide,
The 1light purvle color which developed disapreared upon hydrol-
yala with 5 ¢c, of saturated ammonium chloride solution, The
clear yellow ether solution was evaporated and the remaining
oil, upon heating with steam, began to darken in e few minutes,
evolving hydrogen bromide. Upon the application of further
heat, the 01l gradually solidified. The residue was recrystal-
1ized from an alcohol-chloroform mixture and melted at 178°,

The yleld was 0,033 g,, or 41,74 of the theoretical amount,

Preparation of Ethyl 5-Bromo-3,4-dichlorc-2-furcate.

a, 3,4-Dichloro-2-furocic acid (70) was first prepared by
passing chlorine into 70 g, (0.5 mole) of ethyl furoate at 0°,
until the weight had increased to 141 g, The mixture was then
poured into sn ice celd, ssturated, alecholle, sodium hydroxide
solution, The sodium salts thus precipitated, were filtered,
dried, and suspended in 300 c¢c, of water, This mixture was

(70} Hill and Jacksen, Am, Chem, J., ]2, 38 (1890),
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acidified with hydrochleric acid, and the free dichlorofuroic
acid filtered, The cruds material was crystallized from ben-
zene, and the color renoved with norite, The pure acid melted

at 168-169° and was obtained in a yield of 30.5%.

b, Eighteen and one-tenth grams (0,1 mole) of 3,4-dichloro-
2-furoic acid was pleced in a desiccator containing 18 g. (0.1
mole) of bromine, When the gain in weight of the acid shoved
that approximately one stom of hydrogen had been substituted,
the mixture was treated with 100 c¢c, of boiling water and
filtered while hot, The precipitete obtained upon cooling and
filtering the solution, was recrystallized from 50% alcohol,
The 5-bromo-3,4-dichloro-2-furoic acid (71) melted at 185-186°,
The yield was 17,9 g, or 68,8% of the theoretical amount, Hill

did not give any yleld.

¢. A mixture of 13.4 g, (0,051 mole) of 5-bromo-3,4-dichloro-
2-furecic acld and 75 cc. of absolute ethyl alcohol was saturat-
ed with dry hydrogen chloride and then poured into e cold sat-
urated solution of sodium carbonate, The ester which precipi-
tated was filtered and recrystallized from 90% alcohol until s
constant melting‘point of 99-100° was obtained, The yileld of
ethyl 5-bromo-~3,4-dichloro-2-furcate was 5 g, or 34% of the

theoretical amount, 8ix grams of the originsl acid wes recover-

(71) Hill snd Jackson, Am, Chem, J., 12, 125 (1890),



- 94 -

ed,
Anal, Caled, for CnHg03zClpBr: AgCl and AgBr from
0,2000g., 0.3298 g. Found: 0,3298 g., 0,3504 g,

Preparation of Kill'szg%gggyAnilido-crotonolactone from
Lo-Dibromo~2-furoic Acld,

This lactone was prspared according to the rather indef-

inite directions given by Hill and Cornelison (72),

&, Preparstion of 4,5-Dibromo-2-furcic Acid,

This compound, melting at 167-168°, was made by the
sapenifieation of ethyl 4,5-dibromo-2~furcate (73} when an al-
coholic solution of the ester wss slowly added to an excess of
alcoholic potassium hydroxide., The potassium salt of the acid
precipitated immedistely and wess filtered, After being dried,
it was dissolved in a minimum quantity of hot water and poured,
with stirring, into an excess of 15% hydrochloric acid, The
¥isld of dibromofuroic acid, based on the ester, was 88, 5%,

b, Preparation of Brommaleyl Bromide,
Ten grams {0,037 mole) of 4,5-dibromo-2-furcic seid

was suspended in 300 o¢, of water conteined in a 500 ¢c., round-

(72) Hill and Cornelison, Am, Chem, J,, 16, 278 (1894).
(73) This Thesis, page 80,
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bottomed flask equipped with a mechanical stirrer, To this
mixture was slowly added 11.8 g, (0,074 mole) of bromine with
cooling, The disappesrance of the bromine color was accompan-~
ied by formation of & yellow o1l which solidified when allowed
to stand over night, The white brommaleyl bromide melted at
£3-54° snd was sufficlently pure for the next step. The yield
wes 6,95 g., or 58% of the theoretical yleld,

¢, Preparation of alphs-Bromocrotonclactone.

To 6,95 g. (0.,0216 mole) of brommaleyl bromide dissolv-
ed in 11 ecc, of BOY acetic acid there was slowly added, in small
anounts, 4,6 g. of zine dust, The mixture was cocled with cold
water and stirred mechanically for thirty minutes, 1t was then
allowed to stand for one hour longer, At the end of this time
it was filtered, poured into 100 ecc, of water, and extracted
with three small portions of ether, The ether solutions were
dried with calcium chloride and eveporated, The white needle-
like crystals, melting at 75-?6? were called alphe- bromocrotomno-
lactone by Hi1ll., Upon recrystallization from ligroin (77-1150),
the pure substance melted at 77°. The yield was 62.3% of the

theoretical amount,

4, Preparation of algha-ﬁnilidc- ecrotonclactone,

A mixture of 5 g, (0.0033 mole) of the sbove bromo-
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lactone, 20 drops of aniline, and 10 cc, of 50% alcohol was left
standing over night, The brown crystsls were filtered and re-
crystallized, first from glaclial acetic acid, and then from al-
cohol, The coloer was removed with norite, The c¢rystals were
deposited in the form of short thick needles with a pinkish
tint, m,p. 220°, The yleld was 17.3% of the theoretical amount,

Preparation of Wolff's beta-Anilido-crotonolactone using bets-
Bromotetronic acid,

&, Preparation of beta-Bromotetroniec Acid,

beta-Bromotetronic acid was prepared according to

Wolff end Schwabe (24) by bromination of acetoacetic ester fol-
lowed by the elimination of ethyl bromide upon hesting, Some
trouble was experienced with the reduction, hence the follow-
ing directions are given, One-half gram of beta-brometetronic
acld was dissolved in 3 cc, of saturasted sodium carbonate solu-
tion to which there was added, in four portions, 10 g. of sod-
fum amalgam, The temperature was kept at 50° by external cool-
ing. After beilng stirred for § - 10 minutes, the mixture was
cocled and cerefully acidified with 1:1ﬂ sulfuric acid, A 1lit-
tle ether was added to prevent loss through foaming, The clear
agqueous layer was extracted with five small portions of ether,
The combined ether layers were drled and evaporated, leaving
tetronic acid, The melting point was 135-138°, The yield was
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b, Preparation of beta-Anilido-Crotonolactons,

Without further purification the tetronic acid was
warmed on a water bath with a few drops of aniline (23)., The
reaction took place very quickly and was completed in thirty
seconds, The residue was recrystallized twice from hot alco-
hol, giving & snow-white solild, m,p, 221°%, The vield was ap-
proximstely 0,05 g.

Preparation of beta-Anilido-crotonolectone using the Synthesis
of Anschlitz and Bertram (25).

a, Preparation of Acetylglycollic Acid,

To 100 g, (1.31 mole) of glyecollic ecid, contained in
a 500 ¢c, distilling flask provided with a reflux condenser,
there was carefully added 200 g, (2.55 mole) of acetyl chloride,
The mixture was heated to insure complete reaction., When the
evolution of hydrogen chloride ceased, the excess acetyl
chloride was distilled, The residue, when cooled, solidified.
After recrystallization from benzene, the acetylglycollic acid
melted at 66-68°, The yield was 129 g, or 83,74 of the theo-

retical smount,

b. Preparation of Acetylglycollyl Chloride,
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To 100 g, (0.848 mole) of melted acetylglycollic acid
contained in & 500 ce, round-bottomed flask provided with a re-
flux condenser, there was added, dropwise, 130 g, (0,946 mole)
of phosphorus trichloride, After the evolution of hydrogen
chloride had ceased, the ligquid was decanted from the viscous
phosphorous acid into a 250 ¢c¢, Claisen flask and distilled in
vacuum, b,p., 54°/14 mm, The quantity of acetylglycollyl chlor-
ide obtained was 54 g., which represented & yleld of 47.3% of
the theoretical smount, This acid chloride was very irritating
to the eyes,

¢. Preparation of alphs-Carbomethoxy-tetronic Acid.

A solution of 52 g, (0,41 mole) of dimethylmalonate
dissolved in 400 cc, of dry benzene was added to 9.2 g, (0.4
mole) of powdered sodium, The mixture was refluxed until all
the sodium hed reacted, A white gelatinous precipitate formed,
To this there was added 17.4 g. (0,127 mole) of acetylglycollyl
chloride dissolved in 25 e¢c, of benzene, The mixture was stir-
red mechanically for thirty hours, but no "off-brown" color de-
veloped ss Anschiitz and Bertram reported., For this reason the
yellow precipitate was filtered and refluxed fifteen hours
with 50 ce., of methyl alcohol, The cream colored sclid was
filtered and dried. It weighed 290 g, To this sodium salt,
suapended in 500 ce, of ice cold water, was added 15 cc, of
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concentrated hydrochloric acid, with stirring, The white pre-
cipitate which formed was filtered and recrystallized from
methyl alcohol, The yield was 14 g., or 708 of the theoret-
ical smount. The melting point obtained wes 191-193° (decom-
position) as compared to 171-173° (decomposition) given by
Anschiitz and Bertram, The rate of hesting was approximately

2° per mimte,

d, Preparation of Tetronie Acid,

Four grams (0,25 mole) of this materiel was refluxed
with 4,5 g. of sodium methoxide prepared by dissolving 1.9 g.
of soedium in 23 c¢¢, of methyl slcohol, There was slso added
20 co. of water, A flocculent white precipitate formed, which
contained the sodium salt of tetronic acld along with a small
amount of sodium carbonate, After filtration, it was dissclved
in 18 cc, of warm water, cooled, and carefully ecidified with
1:1 sulfuric acid, On cooling, a precipitate formed, although
Anschiltz and Bertrem reported no such result., It proved tec be
an unstable acid which lost carbon dioxide when heated on a
water bath, The acid solution, however, was extracted with
five small portions of ether, After the ether solution was
dried and evaporated, 0,08 g, of tetronic acid was obtained,
m,p. 136°, Wolff reported the melting point as 141°, with
previous sintering at 135°,
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e, Preparation of bets-Anlilido-crotonolactone,

The tetronic aclild was treated with 5 or 6 drops of
aniline and the mixture warmed on s water bath, The reaction
was complete in a few seconds, After recrystallizing from 4 cc,

of alcohol, the beta-anilido-crotonclactone melted at 221-222°,

Proof of the Identity of All Three Anilido-crotenclacténes.

In crder to show that Hill's so-called alphs-anilido-
crotonolactone was reslly beta-anilido-crotonolactone, a mixed
melting point was taken with both Wolff's lactone and that of
Anschiitz and Bertram, Both mixtures were observed to melt at
221-222°, showing that all three were the same compound, A
mixed melting point of a mixture composed of Wolff's eombaund

and that of Anschiltz and Bertram was 221-222°,

Bromination of Diphenylfurylcarbinol.

To § g; (0.02 mole) of freshly prepared diphenylfuryl-
carblnol dissolved in 35 cc., of carbon tetrachloride and cooled
to -3°, there was slowly added 6,4 g. (0.04 mole) of bromine in
25 cc, of carbon tetrachloride, with constant stirring, The
solution became purple in color and gave off hydrogen bromide.
The mixture was stirred for one and one-half hours after all

the bromine had been added, The sclvent was then removed by a
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stream of air, The resldue, a dark purple o0l1l, lost hydrogen
bromide freely when warmed on a water bath, It was allowed to
stand over night, At the end of this time there remained a
black solid, along with a small smount of o1l, After this
residue was extracted with hot alcohol, there remained 0,01 g,
of 2 brown solid whiech, upon récry#tallization from alcohol,
gave light brown needles, Mm.P. 206-207°, A mixed melting point

with known alphsa,beta-dibromo-gamma-diphenylmethylene-crotono-

lactone was not lowered,

The mother liquors from this solid yielded, on evaporation,
a black solid which, when crystallized from slcohol and decolor-
ized with norite, gave lemon-~yellow crystals melting at 156°,
A mixed melting point with alpha-bromo-gamms-diphenylmethylene-
crotonolactone was not lowered, The yleld was 0,85 g,, or 13%

of the theoretical amount.

%sclution of Bis(divhenylfurylmethyl) Ether from a Decomposition
esain, .

A bottle of diphenylfurylcarbinocl which had been loosely
corked for several years had chenged to a reddish-brown resin-
ous so0lid, This material was ground in a mortar and tritureted
with acetone until the soluble coloring substances were removed,
A s8lightly pinkish compound remained snd was filtered. This

was quite insoluble in all common organic solvents, benzene
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proving to be the most promising for recrystallization, In or-
der to remove the color, aslcohol was employed in a Soxhlet ex-
tractor, This solvent was then replaced by benzene, The white
crystalline ether preciplitated and melted at 213°, A mixed
melting point with the ether prepared in the following e;peri-
ment was not lowered, The yield cannot be given here, as the
compound was discovered more or less by chance, and the welght
of the original materlal was not recorded, It would be, however,

approximately 50%,

Preparation of Bis(diphenx}furx}methyl) Ether from Diphenyl-
furylcarbinol,

A mixture of 87 g, (0,347 mole} of diphenylfurylcarbinol
and 150 ce, of 10% acetic acid was heated on a steam bath for
seventeen hours, At the end of this time there remasined a dark
red soclid cake, After the liquid was decanted and washed with
water, the material was broken into small pleces by means of a
spatula, To the mixture was sdded 100 cc, of scetone, It was
then triturated until all lumps hsad disappeared, and a finely
divided sclid remsined, After being filtered and washed with
small amounts of acetone, & pinkish residue remained, m,p., 215°
(decomposition), The yleld of crude product was 61 g,, or
72.6% of the theoretical amount, The compound was placed in s
Soxhlet and extracted with alcchol for three hours in order to
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remove the color, This treatment was followed by extraction
with henzene untll practically all of the s¢lid had dlssolved
from the thimble, There was 50 g. of the crystalline meterilal,
m.p. 214° (decomposition) deposited from the benzene solution,
Small amounts were recrystallized from other solvents such as
ligroin (69-70°) and a mixture of ethyl acetate and benzens,
but the melting peint remained 215-2160. In a duplicate exper-
iment using small guantities of carbinol, a product was ob-
tained melting at 225° (decomposition), Hence the melting
point seemed to vary at times, The rate of heating may have
been slightly greater with this sample,

Anal, Caled, for Cz4Hpg0z: C, 84,8; H, 5,38; mol,wt,
482, PFound: C, 85,2; H, 5,38; mol,wt, by cryoscopic method

in benzene 485,

Cleavage of Bia({diphenylfurylmethyl) Ether to Diphenyllewvulinie
Acid,

Into a suspension of 1 g, (0,00207 mole) of bis{diphenyl-
furylmethyl) ether in 50 ec, of sbsolute ethyl alcohol, dry
hydrogen chloride was passed for 15 - 30 seconds, until a
slight warming was noticed, This mixture was refluxed gently
for seventeen hours, The solid dissolved in fifteen minutes
and the solution tecame a2 wine-red in color, After the required

time had passed, the contents of the flask were poured into
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200 ce, of 5% sodium carbonate, The o1l which precipitated
was extracted with ether, Without drying, the soclvent wss re-
moved and the remsining oil was refluxed with 5% hydrochloric
acid for thirteen hours, After cooling, the oil was extracted
with ether, The ether solution was then extracted with two 25 cc,
portions of 5% sodium hydroxide to remove the diphenyllevulinie
acid, After the basic solution was heated to 50° with 1l g. of
norite for a few minutes, it was filtered, cooled, and acidi-
fied, The cream colored acid melted at 107-108° and a mixed
melting point with known diphenyllevulinic acid was not lower-
ed, The yleld was 0,73 g, or 65,7% of the theoretical amount,

Attegpted-ﬂleava§e of Bia(dipheqylfurylmetngl) Ether with Sod-
Jum-Potassium Alloy (74).

To a suspension of 4,82 g, (0,01 mole} of bis{(diphenyl-
furylmethyl) ether in 150 cc. of dry ether, there was added
2 ec, of sodium-potassium alloy containing 80% potassium, The
whole experiment wes conducted in sn atmosphere of dry nitrogen.
After stirring for three days with no apparent change, the mix-
ture was refluxed for two days more, Little or no reaction
could be noticed, The exceés‘alloy was destroyed by slowly ad-
ding 50 cec, of wet ether conta;ning 2 ¢c, of alcohol, After be-
ing filtered, the unchanged compound weighed 3,5 g. The ether

(74) Ziegler and Thielmann, Ber., 56, 1740 (1923),
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layer was separated, cooled with water, dried, and evaporated,
¥o diphenylfurylcarbinol could be detected in the olily residue
when it was extracted with ligroin, (77-115°), The basic
squeous laysrs were acidified and extracted with ether, This
osther solution slsc ylelded no carbinol when trested in a simi-

lar manner.

Attempted Synthesis of Bis(diphenylfurylmethyl) Ether using
Gombergis Method, ‘

Gomberg (28) prepared bis(triphenylmethyl) ether by trest-
ing trivhenylmethyl chloride in dry benzene solution with
mercuric oxide, A siﬁilar method for the preparation of bis-
(divhenylfurylmethyl) ether required the synthesis of diphenyl-
furylmethyl chloride, The attempted preparation of this halide
was similar to that used by Kirmer (75), in his synthesis of
furfuryl chloride,

To o mixture of 10 g, (0,04 mole) of diphenylfurylcarbinol,
3.8 g. {0,048 mole) of pyridine, and 20 cc, of dry ether,
cooled to ~-5°, there was slowly added, with stirring, 5.2 g.
{0.044 mole) of thionyl chleride in 5 ce, of ether, A very
sticky precinitste settled on the bottom of the flask, After

decanting the ether solution, the residue was extracted four

{75) Kirner, J, Am, Chem, Soc., 50, 1959 (1928),
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timses with small portions of ether, The combined ether solu-
tions were dried with anhydrous sodium carbonate and treated
with 17,3 g. (0,08 mole) of dry mercuric oxide, A deep purple
color developed and an insoluble vrecipitate formed, The mix-
ture was tightly stoppered and shaken over night, The mercuric
oxide was removed by means of 100 ce, of cold 5% hydrochloric
acid, There remained & dark colored solid which did not melt
when heated on a platinum foil,

The fsilure to obtain the desired ether was probably due
to the fact that no dirhenylfurylmethyl chloride was formed,
This appears to be true because triphenylcerbinol was treated
in the same manner as divhenylfurylcarbinol, with the result
that no triphenylmethyl chloride was found, The unchanged car-

binol was recovered,

Bromination of Bis(diphenylfurylmethyl) Ether,

To 4,82 g, (0.01 mole) of this ether, m,p. 214°, suspended
in 50 c¢c¢, of carbon tetrachloride, there was added, dropwise,
with constant stirring, 6.4 g. (0,04 mole) of bromine dissolved
in 25 cc., of carbon tetrachloride, Hydrogen bromide was evolved
and the mixture beceame slightly warm, The color deepened to a
dark red, After stirring for ten minutes, the clear solution
was decanted and evaporated, The residue was a clear yellow

01l which began to decompose in a few minutes, It slowly evolv-
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ed nydrogen bromide. The 01l was warmed on & atesm bath for
twelve hours, or until the evolutior of gas had ceased, The
black semi-solld mass was heated with 15 - 20 ce, of alcohol
and allowed to settle, The clear supernatant liquid was de-
canted, On standiﬁg a short time, & yellow precipitate formed,
After seversl recrystallizations from alcohol, it melted at
155°, A mixed melting point with known alpha-bromo-gamms-di-
phenylmethylens-crotonolactone was not lowered. The yield of

+

this lactone was 0,22 g,.,, or 6,72% of the theoretical amount,
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SUMMARY

1. The reacticn of 5-halogeno-2-furoic esters and 5-halo-
geno-2-furfural with phenylmsgnesium bromide has been found to

be 2 normal one,

2, The intermediate compound formed by the reaction of
b-halogeno~-2-furfural with phenylmagnesium bromide has been
found to be a bis(5-halogeno-2-furylphenylmethyl) ether,

3. These halogenofurylcarbinols are extremely unstable
and lose halogen ecids with ease, giving substituted crotono-

lactones,

4, These lactones have been identified by degradntion

methods,

5. Purther proof has been given for the structure of
Hill's dlhalogenofuroic aclds,

6, Several mechanisms have been offered fer the decompo-

sition of 5-halogenc-2-furylarylcartinols,
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