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SOME ANOMALOUS FRIEDEL-CRAPTS REACTIORS

IRTRODUCTIOR

Alkylation of aromatic nuclei by the Priedel-Crafts re-
action holds an exceptionally prominent place in organic
synthesis but its irregularity has graduslly resulted in brand-
ing the reaction as unreliasble, Since the {irst experiments
conducted by Priedel and Crafts (1) the scope of this phase of
the reaction bearing their names has spread till it includes a
large variety of alkylating agents, catalysts, solvents and
types of compounds to be alkylated, Xrinzlein's book, Alumirkim-
chlorid in der organischen Chemie (2), and an article in Chemi-

cal Reviews by Calloway (3) give a good idea of the versatility

of the Friedel-Crafts reaciion, The second main division of
this general reaction, acylation, is considerably more predict-
able, Also the mechanism of the latter is bDetter understood,
While more work has been done on acylation, a great deal of it
has been just routine chemistry, That is, the comparative
smoothness and dependability of acylaetion reactions have been

conducive to their auxliliary use in the study of new compounds,

{1) Priedel and Crafts, Compt, rend., B4, 1392, 1450 (1877).

{2) Krdnzlein, "Alumimumchlorid in der organischen Chemle", 24 ed,,
Verlag Chemie, G, M, B, H,, Berlin, 1932,

(3) Calloway, Chem, Rev,, 17, 327 (1935).
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6.g., preparation of derivetives, etc, On the other hand most
of the work reported on alkylation 13 concerned basically with
the resasction 1tsal£. This is to be expected when many unusual
results are obtained, in addition to the variety of normal
preducts, In alkylation, polysubstitution frequently occurs
sither by direct introducticn of alkyl groups or secondarily
through disproportionation, On the other hand polyacylation
i3 & very rare csse, and then 1%t is spparently limited to acti-
vated aromatic muclel and stops at disubstitution, Dispropor-
tionation is a process confined entirely to the slkylation
subdivision of the Prisdel-Crafts reaction, Rearrangement of
the entering alkyl group is the rule in alkylation, but an
analogous phenomenon is unknown in acylation, A third contrast
which is not nesrly as common as the two juat mentioned, but
certainly a distinet one, 1s the cleavage of carbon chains oc-
cagsionnlly observed in alkylation, but unknown in acylation,
The difference in the amcunt of catalyst usually required in
these two reactlons is common knowledge snd it 1s only mention-
ed here as sn additionsl point of distinction, The letter dif-
ference 18 linked with the difference that exists in the
mechanisms, In apite of considerable siudy of the mechanisms
the pleture is not a clear one and an air of vagueness pre-
valls, especially in the case of alkylation, However, there

is 2 clearly recognizable difference in the mechanisms of



alkylation and ascylation,

Mochanisms

Briefly the difference in mechanisms of alkylation and
acylation 1s in the nature of the intermediste sddition com-
plexes formed in the two reactions, Egloff, et al, (3a) give
considerable detsall oﬁ mechanisms of slkylation and resctions
incidental to slkylation, The occtet theory of valence is
used to give a closer and perhaps more exact viewpoint of
these mechanisms, The works of Schroeter (4), Wohl and
Wertyporoch (5}, Ipatieff, Komarewsky and Grosse (6), Dougherty
{7), and Kharssch (8) are cutstaniing on this subject, The
mechanism for a truly catalytic Friedel-Crafts reacticn is 11-
lustrated as follows by Dougherty (7):

CgHg + A1Clz === CgHgAlCly === {CgH-A1Cls) —H®
RX + AlCly === RX AlClze=> R* —(XA1Clz)~

(CgHgAlC1ly)” ~—H' + R* —(XA101lz) = (CgHpAlClg) —R" +
H' —(xA101,)"

{3a) Egloff, Wilson, Hullas and Van Arsdell, Chem, Rev,, 20,
345 (1937). -

(4)) Schroeter, Ber., 57, 1990 (1924),

{5) wWohl and Wertyporoch, ibid., 64, 1357 (1931),

(6) Ipatieff, Komerewsky and Grosse, J, Am, Chewn, Soc,, 57,
1722 (1935},

(7) Dougherty, ibid., Bl, 576 (1929),

(8) Xharasch, J, Chem, Education, §, 404 (1928); 8, 1703 (1931),
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H'—(XA1C14)” = HX-AlCly == HX + AlClg

Olivier (9) would seem to refute tﬁis mechanism since he claims
that benzene forms no addition product with aluminum chloride,
Further evidence is offered, in the field of alkylation, in
favor of BBeseken's (10) theory, The latter postulates that
in the Priedel-~Crafts reaction the formation of definite ad-
dition products has nothing to do with the catalytic action of
the aluminum chloride, According to BBeseken this formation
of sddition compounds must be considered & poisoning of the
catalyst rather than an explanation of thé acceleration of the
reaction as some would infer (7).

In acylation there 1s no guestion about the formation of
complexes and the reaction 18 universslly conceded to proceed

as follows:
RCOCL + Alﬁls —— Rﬂﬂﬁl*&lsls

RQGGI-AlGla + GgHg —> BRCOCgH5-A1C14 + HCI
E@rs the aluminum chloride 1s tled up permanently instead of

{9) Olivier, Rec, trav, chim,, 45, 817 (1925}.
{10) BBeseken, 1bid., 29, 625 (1920).
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being releassed agasin ss proposed in the alkylation mechanism,
Bleseken's {10) theory is borne out by the fact that even a
slight excess of aluminum chloride over the necessary one
equiva}ent.aaaaas a2 tremendous acceleration of the resction {11),
¥ieland and Bettag (12) have shown that the addition of alkyl
or acyl halides to aromatic nuclel in the Priedel-Crafts re-
action is similar to their addition to olefin double bonds in
the presence of sluminum chloride, followed by elimination of
hydrogen chloride, The difference between olefins and benzene
derivatives is only one of degree in this reaction, An ali-
phatic double bond adds more readily and the products are more
stable, while the more sluggish aromatic double bond adds only
under certsin conditions and tends to eliminste hydrogen

ehloride,

Pelysubstitution

While monoslkylation is generally the desired reaction
and little difficulty, if any, is usually encountered in con-
trolling 1t to thie stage, the direct introduction of more than
one groupr in the same ring is not uncommon., As & rile & mix-
ture is obtained, the relative amounts of the verlous slkylat-

ed products depending on the concentration of the source of

511 3 0livier, Rec, trav. chim,, 91 (1914); 35, 109 (1915).
12} Wieland and Bettag Be Ber., 55, 2246 (1922},
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alkyl groups and of the aluminum chloride, An inerease 1in the
smount of alkyl halide or ¢lefin naturally incresses the degree
of polyalkylation, whereas the reverse effect 1s produced by
inereaslng the amount of aluminum chloride after a certaln
pointfggFor instance, in a study of the mechanism of the Friledel-
Crafts reaction, Wertyporoch and Firle {13) ran s series of ex-
periments in which they varied the ratios of the various re-
agents {e,g., benzene, ethyl chloride and sluminum chloride).
Keeping the amount of benzene and aluminum chloride constant,
it was found that & high coneentration of ethyl chloride was
necesséry to form hexsethylbenzene, With 10 cc, of ethyl
chloride and 2 ecc, of benzene, experiments were run uszing &)
1,33 go, D) 2,66 g,, ¢) 3,99 g., 2nd 4) 5,32 g, of aluminum
chioride, The following yields of hexaethylbenzene were ob-
tained: a) 3,14 g,, b) 4.56 g., ¢) 5.22 g,, and d) 0,95 g,
Triethylbenzene (1,65 g,) and tetrasthylbenzene (2,44 g.,) were
alga obtained in 4},

Introduction of another alkyl group {same or different)
into a nucleus already containing one or more slkyl groups can
also be considered s polyalkylation, The presence of these
groups appears to have no interfering action on the new alkyl-

astion, Steric influences undoubtedly come into play with

{(13) Wertyporoch snd Firla, Ann,, 500, 287 {(1933).
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large groups but the formetion of hexsmethyl- and hexsethyl-
benzenes is effected with ease, In fact the presence of the
amsllér alkyl groups enhances the tendency for further sub-
stitution,

Substitution by an seyl group has the opposite effect, for
its presence in an aromatic nucleus, unless the ring is an
sctivated one, will not permit fuarther introduction of acyl
groups, bnly & very few instances involving "auperaromatic"
{with respect to benzene) compounds have been reportad'and
these are either polymethylated benzenes, phenol derivetives
or polynuclear aompqunds, Even with these, only two acyl
groups were introduced, Forced conditions were necessary to
dlacylate m-xylene with benzoyl chloride (14) forming the 1iso-
meric 1,3-dimethyl-4,6-dibenzoyl- and 1,3-dimethyl-2,4-diben-
zoylbenzenes, Likewlse msgitylane required a large excess of
acetyl chloride (4 equivélenté'tn 1) with refluxing (carbon
disulfide aalvent)‘tc form 1,5,5Qtr1msthy1~2,4-diaeety1banzene.
Benzene snd toluene did not give a similar reaction (15).

Baum and Meyer (16} in &n earlier investigation were not able
to effect the sbove diamcetylation of mesitylene possibly be-
cause of the shorter time of reaction used, However, the lat-

ter authors concluded from successful dilacylstion experiments

{14) Clar and John, Ber., 2, 3021 (1929),
{15) Mever, ibid,, 29 1413 (1896}.
(16) Baum and Weyer, ibid., 28, 3212 (1895).
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with 1,2,4,5- and 1,3,4,5-tetramethylbenzenes that long heating
should be avoided in diacylation, for this ceuses one of the
acyl groups to aplit.oat, forming the mono-derivative, Popov
(17) obtaired l-hydroxy-2,4-diacetylnaphthalene exclusively in
an acyl&tiﬁﬁ of the methyl ether of X-naphthol with acetyl
¢hloride,

OCH

(1)

The ethyl ether and benzoyl chloride, however, gave s mixture

. OH
_ AlClz Ho0 H' COCHg
+ 2050001 —3 £ -»[:]::]

¢ocny

of the mono~ and diacyl derlvatives:

CH,CH ol oH
2% COCgHS 0CgH
+ Cgl5C0C1 —> .

COCgH;

The ether splitting involved here is postulated to have been
caused by the excess alumlinum chloride used, A mixed diacyl-
naphthel was prepared by treating l-hydroxy-2-acetylnaphtha-
lene with benzoyl chloride:

QOH H
COCHy OCHg
+ CgHgCOCl —>
COC

sls

(17) popov, J. Gen., Chem, (U.S.S.R.), 5, 986 (1935)/8,A,, 30,
1049 (1936)/7.
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Fhloroglucinol discylates with o-methoxycinnamoyl chloride to
give a dichalchone (18):

OB

H QCH3
H=CHCOC1 '008m3366340633
+ 2 ——
HO H HO H

OCH=CHCgH,OCHy

The dibenzoste of hydroquinons when trested with benzoyl chlor-
ide snd sluminum chloride forms the 2,5-dibenzoyl derivative
(19):

0COCgHg Wﬁcsf;gs
+ 2CgH5C001 ——o
CgHs00C
. COGgHSs 0COCgHg

Anthranﬁna sppears to be the only unsubstituted aromstic com-
pound which has been diacylated, An excess of benzoic anhy-
dride was used in this case to4form 9,10-dibanzoy1§nthrncene
(=0).

Baum and Meyer (16) announced an extension of their study
of diacylation to thiophene but apparently had no sueccess, In
all the great amount of work done on thiophene, mach of it in-

cluding acylation studies, only one case of polyacylation has

(18) Shinoda and Sato, J, Pharm, Soec, Japan, 51, 576 (1931)
[C.A., 26, 1916 (1832)/,

{19) Doebner and Wolff, Ber., 182, 661 (1879),

{20) Cook, J, Chem, Soc., 1282 (1926).




been reported, Goldfarb (21) acetylated & dibenzohydrylthio-
phene that he prepared from dibenzohydryl ether and thiophene
and obtained a diacetyl derivetive, Since the exact structures
of these compounds were not determined it 1s quite possible that
the acetyl groups mey have entered two of the four benszene

rings present, and this would not be a case of dlaeylastion as

it is considered here, Indeed, polysubstitution by seyl groups

in different rings of polymuclesr compounds 1s quite common,

Many instances of dispgapartionation among alkylated aro-
matic compounds have been reported, {(This term is used here
to signify dealkylation with subsequent recombination of the
dissociated alkyl radicals with new radicals or compounds, )
Conslderation of the possibiiitles of such a process, involv-
ing polysubstituted compounds with two to six groups (with ben~
zene) either all the same or mixed, and different aromatic
compounds, will give an idea of its complexity and nmumber of
products possible, Usually disproportionation occurs between
a polyalkylated compound and an unsubstituted one, For in-

stance, m-xylene in the presence of bengene end aluminum

chlorlide will glve toluene. p-Isopropyltoluene and benzene

{21) Goldfard, JE Russ, ?hga,—ﬂhem, Soc,, 62, 1073 {(19830)
L C.A., 85, 311/
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give toluene end isopropylbenzene (22). Di-t-butyl- and di-t-
amylbenzenes in the presence of benzene and ferric chloride
glve the corresponding mono derivatives, but di-sec- and di-
prim-aslkybenzenes are not dealkylated under these conditions
{(23), The same investigators found that benzene reacts with
di-, tri- and tetrscyclchexylbenzenes in the presence of alum-
irum chloride to give lower derivatives (24), Alkylbenzenes
by themselves when heated with alumimum chloride give a

variety of products as will be seen by the following reactions:

GHg CH

o]
+ Gcﬂ {25)
3
Hy ~H3
- + {25)
Gl

Ho C Ha Hz ‘
Hz

CH(CHz )o

{22) Boedtker and Halse, Bull, soc, chim,, 19, 444 (1916),
(23) Ipatieff and Corsen, J, Am. Cbem, Soc,, 59, 1417 (1937).
(24) Corson and Ipatieff, w3 , 19373},

(25) Moore and Egloff, Met, Ghem, Eng,, 17, 61 (1917).
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CHg CH
Hz
— (26)
Hz Hz

CH GH
HxCHoC Bﬁa

—> CgHg(CoHg)o + CgHa(Calg)y (13)
HyCH HoCHg bl et R R~ TS B
HoCHg
Hy CHx H
%(033)3
—> (OHz)2CHCHg + . .
(CH3 )3 (CHz )3
gH
(CHz )20 (CHz )z

(27)
6(535)5

Migration of alkyls from ons type of compound to another does
not seem to be very common but in the case of p-t-butyl- and
p-t-amylphenols with benzene, the reaction goes very smoothly
to give good ylelds of the correspending slkylbenzenes (28):

{26) Smith and Cass, J, Am, Chem. 3@3., 54, 1603 {1932).

{27) Lacourt, Bull, soe. dhim. » 1 {1929),
{28) 3mith, J. Am, Chem, 90C,, Eﬁ 99 1937).
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OH
@ '+ @ - G *
(CHz )z
OH
Q U U +
(CHg ) ,CHyClHg

¥With a p-octylphenocl the migration is not smooth, in that

C(CHy )3

(CHg ) oCHoCHx

cleavage of the alkyl group ocecurs, This will be discussed
later,

Disproportionation in general may well be classified as a
cieavage reaction, At least it involves cleavage.

That disproportionstion is unknown with acylated compounds
might be expected from the infrequency of discylsted nuclei.
The carbon-garbon band‘joining the acﬁl grour to the ring seems
to be an unusually strong one, However, it is possible that
& migration does ocour during diacylation, for, as has already
been stated, acyl groups split out from the dlacyl compounds
on long heating, forming more of the mono derivative (16),
Since some monoacyl compound is practically always isclated,

too, this process may occur to some extent in all dlacylations,
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‘Resrrangement as discussed 1in this section will refer only
te the atoms within the addenda, 1,e,, alkyl and acyl groups,
The tendency for readjustment of carbon atoms, and necessarily
the hydrogens, in an alkyl greup‘&uring alkylation is so strong
that 1t 18 practically impessible to keep 1t from occurring at
least to some extent in every reaction, PFreguently normsl-
alkyl redicals 4o not retain their original structure at all in
the products, With very high alkyl halides there seems to be
exception to this rule, This will be taken up later, Aluminum
c¢hloride produces rearrangements at low temperstures {(about 20-
100°) similar to those obtained,ét high temperstures (180-300°),
In the grest majority of reported rearrangements of this type
the direction of reaction 1s toward the most highly branched
chain, Even where a definite equilibrium hss been demonstrated
the more highly branched lsomer predominates, The following
examples are for equilibria reached by heating,'buﬁ as stated
above, they may be considered analogous to treatﬁant with alum-
inum chloride at lower temperatures, Isobutyl bromide at 280°
forms t-butyl bromide in about 90¢ ylelds, the other 10% re-
maining unchanged (29). Treatment of elther n-propyl or iso-

propyl bromides at 250° resulted in an squilidbrium mixture of

{28) Brunel, Ber., 44, 1000 (1911),
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70% of the isopropyl bromide and 30% of the normal-isomer {30).
The reversible isomerization of the two propyl bromides 1is
represented by the following scheme:

30% I 11 70%
CH3CHoCHgBr == CH3zCH=CHp + HBr ®=> CHxCHBrCHx

Reaction II is faster than reaction I, This isomerization of
a branched akyl halide to & straight one 13 very umusuasl snd
apparently unknown in Priedel-Crafts reaction, except in the
acylation of n-paraffin hydrocarbons to give branched chain

ketonss (31)., PFor instance, the following reversible isomeri-

zation of n-pentane 1s pﬂstulatad in the mechanism for adyla-

tion with acetyl chloride and eluminum chloride,
, ~-H
Cllz(CHg )3CHy == (CHg)pCHCHpCHy—8 (CHg)pC=CHCHz

(CHg)oC=CHOHy —n3oocs (CHg)oCC1CH(COCHS )CHy o8

(CHg )oCHCH(CH,; JCOCHg + HC1

(30) Brouwer end Wibaut, Rec, trav, chim,, , 1001 (1934),
{31) Nenitzescu and Chicos, Ber,, ég, 1584 (1935)., {This
article contains leading references,)
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Hellly and Hickinbottom (32) from their examination of the iit-
| erature on the subject concluded that resrrangement of alkyl
groups often occurs when they are introduced into a benzene
ring, and that the rearrangement of n-butyl chloride snd iso-
butyl chloride in forming butylbenzenes by the Friedel-Crafts
resction is well established, Other workers (33) experimenting
with n-hexane sand grociane found that the isomerizatlon with
the aid of aluminum chloride 1s greatly activated by hydrogen
chloride or substances capable of splitting off hydrogen
chloride, e,g., alkyl chlorides, etc. KHeactions under these
conditions proceed &t an apprecisble rate at room temperature,
but without these activaters (hydrogen chloride, etc,) the
isomerization proceeds at a marked rate only at higher tem-
peratures,

& careful search in the literature falled to disclose any
such reasrrsngement of acyl groups as has been described above
for alkyl groups and aliphatic hydrocarbons, Qonsideration
must be taken of the fact that such rearranéementa would be
limited to the aliphatle acyls since they are unknown in aro-
matic nueclei, and thet the mcetyl group 1s used more commonly

than all the other longer chalned scyls combined, It is ob-

(32) Reilly and Hickinbottom, J, Chem, Soc,, 103 (1920),
{33) Molderskii, Kobuil'sksys and Livshitz, J, Gen, Chem,
(U.8.8.K.), 8, 1791 (1935) /C.A., 30, 3402 (1936)/.
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viously impossible for isomerization of the hydrocarbon part
to oecur in either an acetyl of propionyl group, A molecular
transformation that might come under this type of resrrange-
ment is the following resection (34):

0O
GeﬂgGOGH{ Gﬁs }2 é%%zﬁ?‘) Qﬁﬁﬁﬁ( Cglg )COGHS + CgHgCOCHx

Gloavage

In a study of the reported cases of cleavage in the
Friedel-Crafts reactions numerous instances were found, but
little variation exists among the types., That is, catalytie
scissions of carbonecarbon bonds in paraffin hydrocarbons,
olefins and alkylated aromatic compounds constituted prscti-
cally al1 the types that can be included under the Friedel-
Crafts reaction, The most common ealkylating agents ere alkyl
halides, but no citation of a clesvage involving this type of
resgent has been made with the exception of one by (Gilman and
Burtner (35) which will be discussed later in this section,
The breaking down of an octyl aleohol (36) during alkylation

involves a comoound simllar to an alkyl halide but 1t 1s al-

(34) Favorsky and Tehilingaren, Compt, rend,., 182, 221 (1926),
(35) Gilman and Burtner, J, Am. Chem, Soc., 57, 909 (1935),
{36) McGreal and Niederl, ibLid., 57, 2625 (1933).
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together possible that these compounds eliminate water and hy-~
drogen helide, respectively, to form olefins; or the hydro-
cerbons might very readily form alkyl chlorides, and basically
no variation in types of compounds cleaved should be expected
in any alkylation,

Egloff, et al. (3a), recently published a very comprehen-
sive review of the action of alumimum chloride on pure hydro-
carbons, A point that is emphasized from the very beginning
and throughout the article is the key position of butanes,
especially isobutane; in the products arising from the various
reactions caused by the cstalyst, As will be seen,this four
carbon unit appears again and agein through cleavage, as a t-
butyl group.

That cleavage must occur during disproportionation has
already received comment, The reason it 1s not included in
this section 1s the inherent process of, essentlally, immedlate
recombination of the aliphatic fragment with a new aromstic
nucleus, Sometimes, however, these fragments combine with
hydrogen to form the corresponding parsffin hydrocarbon, In
fact it is likely that this occurs to some extent in all dis-
proportionations of the discussed type, but the veolatile hydro-
carbon products are frequently overlooked, One csse has al-
ready been cited where the investigator 1solated such a frag-
ment (27). Isobutane was obtained on treating p-t-butyltoluene
with aluminum chloride at room temperaturs, in sddition to



toluene and di- and tributyltoluenes, Similarly, propylben-
zenes gave divropylbenzenes, propane and banzene_(&?). At
lower temperstures less propsne was formed while the yileld of
diisopropylbenzene waa increased, A decrease in the concentra-
tion of sluminum chloride tends also to lower the amount of
hydrocarboen formed, Obviously some source of hydrogen is
naeceasary for the production of hydrocarbons after dealkyla-~
tion, Frequently this source 1s not shown, but the coupling
of aryl radicals produces hydrogen, snd this reaction frequent-
ly tekes place, especlally at high tempsratures which is con~
ducive to the formation of paraffins, In some experiments (38)
#aturated cycliec hydrocarbons were added expressly to furnish
hyarogen.' Thus, varicus slkylbenzenes, from isopropylbenzene
up to s-amylbenzene, when heated to about 70-80° in the
presence of cyeclohexane or decahydronaphthalene and approxi-
mately one-~third egquivalent aluminum chloride gave good ylields

of the cerraspan&ing peraffins,
H. ,
H 2 Hp éﬁ-.:
Cliz }o CH, (CoHg XHCHs,
+ or —> R + (CHs )xC and
Hp Hg Hy 2 373 an
‘ Ho Hp Hp {CxHwy )CHCHa/

At temperatures between 120-180° alkyleyclohexanes were

(37) Heise and T8nl, Amn,, 270, 155 (1892),
(38) Ipatieff end Pines, J, Am, Chem, Socec,, 58, 56 (1937).
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cleaved forming paraffin hydrocarbons, With n-smyl- and iso-
amyleyclohexanes cleavage occurred to the extent of 70% and
42%, respectively, of the starting materials, Here an umusual
thing happened in that butane was obtained in both cases re-
sulting from a breakage of the side carbon between the firat
and second carbon, The other product was wmethyleyclohexane

(39).

n-CgHy
Tiso-CgHyy) — C4f10 +

Ho l

This result brings out an interesting contrast between alkyl-
benzenes and alkyleyclohexanes, In the former compounds the
weakest carbon-carbon bonds are the ones jolning the alkyl
radicals to the benzene rings, This asccounts for the faect
that cleavage of an alkylbenzene always takes place at this
bond, With a saturated ring this characteristic is much less
pronounced, snd bonds within the side chaln not only break but
the ring opens in cyclohexane 1ltself in an isomerization to

methyleyelopentane,

{39) Orignerd and Stratford, Compt., rend,, 178, 2149 (1924),




o H
o H CHg
H H H
. 2 2 2
Ho Ho

This latter reaction is one which has received much attention,
thp leading investigator being Nenitzescu who has published a
series of articles on the subject (31).

A disproportionation reaction already mentioned, which
would appear at firat glance to be similar to the above cleav-
age of amylcyclohexeane, is that between 4-(1,1,3,3)-tetra-
methebutyiphenol and benzene to give butyl groups which alky-
late the benzene (28), Phenol with this same octylphenol
forms p-t-butylphenol in good yields (40},

(Gl )g0HpC(CH3 ) - ~e(eHy)s H
| + — .
BO

(CH3 )oCHC (CEyx )3 H OR

—
HO (CHz )sC

While no mechanlisms were offered, 1t is very probable that or-

{40) Smith and Rodden, J, Am, Chem, See¢,, 59, 2353 (1937).




dinary dealkylation of the octyl group occurred as usual at
the aryl-alkyl linkege to form dilisobutylene and phenol, As
will be seen below this olefinic dimer is dlssoclated reasdily
elther by depclymerization to isobutylene, or simply by cleav-
age to t-butyl resdicals and isobutenyl radieals which combine
at once with aryl nuclei or themselves, Depolymerization is
more plausible.

Orosse and Ipatieff (41) have reported & remarkable series
of reactlions with peraffin hydrocarbons and bengene, Approxi-
mately molecular éaantitiea of a satursted hydrccarbon (e.g.,
2,2,4-trimethyiventane) and of benzene were mixed with about
ten mole per cent of catalyst, e.g., sluminum chloride or
zireconium chloride, for four hours at 25-50° and atmospheric
pressure, With zlrconium chloride a temperature range of 50-
75° was used, The preducts with each chloride were good
yields of isobutane, t-butylbenzene and di-p-t-butylbenzens,
The presence of hydrogen chloride is essentlal, Two mechan-
isms are proposed, Either (I) the chain breaks down inte t-
butyl redicals, one of which unites with a‘phenyl group and
the other with hydrogen to form isobutane; or (II) the cleav-
age may result in direct formation of isobutane together with

iaocbutylene which alkylates benzens:

(41) Grosse and Ipstiefr, J., Am, Chem, Soc,, 57, 2415 (1935).
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(I) (CHg)sCCHRCH(CHz)p —> (CHgz)3C- + -CHoOH(CHgz)g

+ *
CgHg ~~> CgHg~ + -H
) d

CeHyCG(CHz )y OCHZCH(CH3)p

{I1) (Cﬁa}aﬁﬁﬂgﬁﬁ(@ﬁa}g ) (635)535 + CHg=C({CHz )2

Celig + CHp=C(CHzlz ——> CgHgC(CHy)g

The most notable feature of the above reactions 1s the mildness
of the conditions, While substitutlon cof vhosphoric acid for
metallic halides in this reaction excludes it from the clas-
sification as a Priedel-Crafts synthesis, mention should be
made that this catalyst gives comparable results at 450° (42),
In the sbove reactions using aluminum chloride snd hydrogen
chloride it 1s entirely pessible that alkyl chlorides were
formed and that these were the alkylating agents rather than,
or in sddition to, olefins, With phosphoric acid in an inert
atmosphere of nitrogen there 1s obviously no chance for alkyl
halides to form, However, 1t is probable that esters of
phosphoric acid are formed and that these function as an alky-
leting agent, In this connection the use of alcohols as alky-~
‘lating agents should be mentioned, Tertiary and secondary

aleohols condense with aromstic nydrocarbong in the presence

(42) Ipatieff, Komarewsky and Pines, J, Am, Chem., Soec., 58,
918 (1936),




of aluminum chloride to give good yields of alkylated products,
In contrast is the failure of primary alcohols to alkylate at
all, Olefine and alkyl halides are formed with the tertiary
and secondasry slcohols, On the basis that the latter are the
true alkylating agents it is easy to understand the reluctance
of primary alcohols to react, fgr the ease with which all-
phatic alcchols split out water is: tertiary ) secondary )
primary, The reactivity of these alcohols as aikylating
agents is in the same order., Simller ressoning holds for the
assumption that the hydroxyl group combines with & loosened
hydrogen of the aromatic ring to form weter, with coincident
or subsequent alkylation,

Paraffins alone with aluminum chleride required substan-
tially higher temperatures {159-2&00) before spprecliable re-
action occurred (43), Splitting, isomerization and polymeri-
zation took place with butene, hexane, heptane and 2,2,4-tri-
methylpentane, Isomerlization is accounted for by recombina-
tion {alkylation) at different carbons of the lower paraffin
hydrocarbon and clefin, formed by primary splitting. Hydrogen
chloride 1s also necessary here, Another study (39) was made
similar to this using higher paraeffins (octane, 2,5-dimethyl-

hexane, decane, 2,7-dimethyloctane and heptadecane), Butane

{(43) Ipatieff and Grosse, Ind, Eng, Chem,, 28, 461 (1936).
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was produced in each case, Beginning with the decanes, butane
was simualteneocusly split off from both ends, leaving an un-
saturated residue which polymerized, Temperatures between 120-
150° were used, with 20-30% aluminum chloride, Apparently no
hydrogen chloride wag added, It is probable, however, that
enough moisture was present to generate hydrogen chloride for
the reaction, for dry pentane and freshly sublimed aluminum
chloride underwent essentially no resction even at 133° (44).
Addition of an activator, e,g,, hydrogen chloride, hydrogen
bromide, hydrsted sluminum chloride or alkyl chlorides, caused
isomerization and decomposition at once to isopentane, butane
and lsobutane, The latter was the chlefl product, Aluminum
bromide, however, did not require any activator, Two of the
highest paraffin hydrocarbons that spparently have been treat-
ed in the pure state with aluminum chloride are octadecane,
CypHzg, and hexatriacontans, CgzgHp, {45}, Temperatures of
about 110° and 150° were used, respectively. No unsaturated
products were obtained but a greast meny saturated hydrecar-'
bons were formed, for no clean cut fractions could be cut dur-
ing distillation of the liguid portion, aslthough the total range
was 20-175°. None of the fractions, geseous, liquid or solid,
was identified,

{44) Glasebrook, Phillips and Lovell, J. Am, Chem, Soc,, 5B,
1944 (1936},
(45) Bauer and Toma, Ber,, §7, 1135 (1934).
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Cleavage with a more orthodox elkylating agent in the
Friedel-Crafts reaction was found in an alkylation of benzene
with diisobutylene (46), Mono-, di- and probably tri-i-butyl-

benzenses were obteined, apparently as the sole products,

CeHg + (CHz)3CCH=C(CB3)z —> CgH5C(CHz)z + p-CeHg/C(CHs)a/,

+ CgH3/C(CH3 )3/,

The suthors claim that the reaction proceeds through a process
of depolymerization te isobutylene and subsequent elkylation,
and propose the term "depolyaslkylation”" for this type of re-
action, Similar reactions took place with sulfuric or phos-
phoric scid as 8 catalyst,

A very similar reasction was observed in experiments con-
nected with the cleavage involved in the dealkyletion of p-t-
octylphenol (40C), Diisobutylene reacted with phenol in the
presence of aluminum chloride to form p-t-butylphenol in 67%
yield while only 14% of the normal product, gyg-octylphenol,

was obtalned,

OH OH OH

+ (CHz )xCCH=C{CHz)p —> *
5's 2 (CHz)aC (CHig }xCCHp (CHg )€

{46) Ipetieff and Pines, J, Am, Chem, Soc,, $8, 1056 (1936},




Peculiarly, no reference was made to the foregoing work (46) nor
was any mechanism proposed., "Depolyslkylation" probably occurs

here, tovoc, Such a simple mechanlam cannot be used, however, to

explain the formation of amyl- and hexylbenzenes in esddition to

butylbenzene obtained from diamylene, benzene snd aluminmum

chloride (47). Butylbenzene was the mein product,
CgHg + dlamylene —> CgHgeCgHHg + CgHg *CgHyy + CgHp*CgHia

During s routine synthesis of various alkylphenols, an
anomalous result was obtained in an attempt to prepare p-t-
octylphenol by condensing 2,2,4-trimethylpentanol~-4 with phenol
at 1sc~1ae° using zinc chloride ss catalyst (36), The expect-
ed product was not obtained but instead, p-t-butylphenol was
the main reaction product,

OH : H

* (GHg)aCCRRCICH)E0 = he)as

Iikewise with 4-t-oetyleyclohexanol-l and phenol,p-t-butyl
phenol was formed instead of the normal p-{4-t-octyl)-cyclo-

hexylphenol,

{47) Tilicheev and Kuruindin, Neftysnoce Ehoz., 19, 586 (1930)
[C.h., 25, 3469 (1931)/.




OH ¢ H | OH
+ —
(CHz )sCCHp(CHz ) o Hy (CB3 )3

Hp

The condensation of alcohols with phenols in the presences of
zinc chloride to form the correspending subatituted phenols

is termed the "Liebmann method" (3%6) but the reaction may also
be classified as one of the many variations of the Friedel-
Crafts reactions,

From the foregoling discussion of various cleavage phenom-
ens by the action of metsllic halides it is sppsrent that
sclission of c¢arbon-carbon bonds by this type of reagent is
common at elevated temperatures (100° and above) and occasionsal
at lower ones, However, the tfpe of compounds and conditions
in all these cases bear many points in common with each other,
The cleavage slkylation obtained by Gilman and Burtner (35)
with ethyl 5-bromo-Z-furcate and n-amyl chloride and n-hexyl
bromide, successively, while similar to those above in some
ways, is unigue in wost respects, They obtalned ethyl 4-t-
butyl-5-bromo-2-furocate with each of these higher alkyl hsalides,

(CHz ) z€

+ 633(0ﬁ2)431 —
By ' Qzﬁ&gﬁﬁa OoCHoCHy
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CHx{(CHo }=B (CB3 )30
+ Lnx o
Br@ﬁﬂgﬂﬂgcﬁg, 3t0heletr — w@wzcﬁgcna

Here egain the cleavage to & four carbon unit, a t-butyl group,
is the most outstanding festure and 1is the msin point of
similarity to the cleaveges just described, In fact the anal-
ogy tends to close with this fact, The uniqueness arises first
from the use of carbon disulfide as s solvent, which appears

to be the only one capable of producing this resction besides
s-tetrachloroethane, as will be developed later, Second, a

low temperature {about 25°) was used, Third, the butyl deri-
vative seems to be the only slkylated preduct, Fourth, a
heterocycle is involved instead of a cyclic hydrocarbon, Fifth,
the aromstic nucleus 1s substituted with two different negative
groups, The fact thaet slkyl halides are primarily involved is
not of much #ignitieance, for they are resdily converted to
olefins,

From the nmumerous cleavege phenomena 4in variations of alky-
lation by the Prliedel-Crafts resction, it would seem that
cleavage is s charscteristic rather then sn snomaly, Scission
of an alkylaryl linkage 1s characteristic but breaking up of alkyl
groups &t moderate temperatures must be considered anomalous,

Examination of the literature has failed to reveal any

ecleavage reactions during acylation, or of C-acylated products,

However, certain acld chlorides have been found to dissociate



S

on treatment with aluminum chloride (48), Por instence, tri-
methylacetyl chloride decomposes very energeticelly in the
presence of aluminum chloride even at 0° to form hydrogen

chloride, carbon monoxide snd isocbutylene,

(CHz )50C0C1 —> HCL + CO + (CHg)oC=CHp

Similarly, dichloroscetyl chleride with an excess of aluminum

chloride yilelds carbon moncxide and chloroform,

C15CHCOC1 —}’I‘gﬁ% CO + CHC14

Introduction of acyl and salkyl groups into «-positions in
furan compounds goes smoothly and the resctions are quite re-
lisble, With mono-o{-substituted furans the entering group
displaces the remaining o-hydrogen, with one very notable ex-
ception, 2-Furfursl and isopropyl chloride form 4-isopropyl-2-
furfursel instead of the expected 5-~isopropyl-2-furfural (49),
Gilmen and Calloway (50) discuss the Priedel-Crafts reaction

with 2-furyl phenyl ketone, 2-furfural, furan, methyl 2-furcate,

(48) BBeseken, Ree, trav, chim,, 29, 85 (1910).

{49) ai%man,}callaway and Burtner, J, Am, Chem, Soc,, 57, 906
163561,

(50) @ilman,end Cellowsy, ibid., 55, 4197 (1933),
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2-furoic acid, ethyl Z-furcate and z,5-dimethylfuran,

Acylation of methyl 2-furcate could not be effected using
~aluminum chloride with either an acid chloride or an acid an-
hydride, In the presence of ferric chnloride or stannic chlor-
ide, however, the acylation proceeded with ease, While the
latter catalysts are frequently observed to be superior to
aluminum chloride in scylations (51), the differcnce is ususlly
in degree rather than complete unreactivity of aluminum chlor-
ide as described above,

On the other hand substitutlons in the LG-rositions of the
furan ring are erratic, Very little work has been done with
di-ol-subatituted furans in the Friedel-Crafts reaction and not
8 great deal is known about the reaction with these compounds,
Only 8 few,g-acylsations hgvs teen reporied., 2,5-Dimethylfuran
with acetic anhydride and aluminum chloride gave 3-acetyl-2,
Sadimethylfuran (52). A yileld of 42% was obtained using ferric
chloride (50), Benzoylation of 2,5-dimethylfuran was effected
in 7% yield with benzoyl chloride end sluminum chloride in
carbon disulfide, Benzoic anhydrlde and ferric chloride in
carbon disulfide gave no better results, but benzoic anhydride

and stannic chloride in benzene gave a 29% yield., The product

(51) Calloway, Iowa State Coll, J, Seci,, 2, 141 (1934),
{(52) Gilman and Burtner, Rec, trav, chim,, B), 667 {1932),
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in each case was 2,65-dimethyl-3-furyl phenyl ketone,

ROC
[::L + RCOC1 or (RCO)g0 —

With methyl S5-methyl-2-furcate, acetlic anhydride and stannie
chloride the aeetjl group entered theg ~position adjacent to
the methyl group toc form methyl 4-acetyl-5-methyl-2-furcate
{(53), Ethyl 5-bromo-2-furoate did not acylate {(3) to form a
A-acyl derivative, but isopropyl chloride alkylated this same
ester to form ethyl 4-isopropyl-5-bromo-2-furoate in 34% yield,
In contrast, t-butyl chloride gave only a 3% yield of ethyl
4-t-butyl-S-bromo-2-furoate {35)., With the next two higher
homologoug halides the amyl and hexyl groups were cleaved (35),
as described in the previous section and ethyl 4-t-butyl-5-
bromo-2-furcate was again the sole product isolated in each
case,

Another anomslous Priedel-Crafts reaction was cbserved
with 2-furoic acid and benzene {54), Here s condensation
similar to the Diels-Alder reaction cccurred, forming

o~-naphthoic acid in good yields,

{53) ﬁiiman,)ﬁallaway snd Smith, J, Am, Chern, Soc,, 56, 220
1834).

(54) Gi%man, MeCorkle and Cslloway, J, Am, Chem, Scc,, 56, 745
1934 ).
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LU= 00

This type of reaction in the Priedel-Crafts synthesis appears
to have no precedent, |
An umusual and interesting replacement reaction was ob-
served with two derivatives of the sulfur analog of furan,
thiophene (55), 2,5-Dibromo- and 2,5-diiaﬁethiopﬁenea were
treated with scetyl chloride and aluminum chloride. One of
the halogens was replaced in each case by an acetyl group to

form 2-bromo-H~-acetyl- and Z2-lodo-5-acetylthiophenes, respec-

+ CHgCOCl ——>
B 3 of GH 50 r
+ CHzCOCL ———>
I CHz0 '

With 2-nitrofuran, propionyl chleride anéd titenium tetra-

tively.

chloride snother replacement occurred (56), Here the scyl

(55) Gattermann end Rémer, Ber., 19, 688 (1886),
{66) Gilmen, Burtner, Calloway and Turck, J, Am, Chem., Soec.,
57, 007 (1935).




group was assumed to enter the unsubstituted «-position and the
nitro group to be replaced by chlorine, forming 2-chloro-5-
furylethylketone,

+ CHzCHo0001 —>
0g CHzCH0C\_C1
0

The purpose of this thesis was to study some of the dif-
ferences between alkylation and ascylation a2 outlined in pre-
vious sections, with emphasis on the umususl features of these
resctions, particularly smong furans, The grestest part of
the work described in the following pages was devoted to an
investigation of the cleavage phenomenon observed with ethyl
S5-bromo-2-furocate (567}, An attempt was made to establish the

Iimits of this resction and its mechanism,

{57) This Thesis, p.33,



THEORETICAL PART AKD DISCUSSION OF RESULTS

As & preliminary investigetion in & study of the mechan-
ism of the cleavage reaction with ethyl 5~b§omo-2—ruroate and
n-amyl chloride or n-hexyl bromide (35), 1t seemed desirable to
determine the limits of this resction, To be systematic it was
necessary to start with a single reaction using a definilte
procedure snd then vary only one reagent or condition at a
time, The following resction wes chosen and the condltions
were essentislly the same as those outlined by Gilmaﬁ and
Burtner (35).

(CHz ) zC
‘ AlC1
+ CHaz(CHg)4C1 “'E§'§'>
BrUOGQGKQBﬂs srrretd e Br\ COpCHpCHy
0

Briefly these condlticns are as follows: a solution of ethyl
S5«bromo-2-furcate and the alkyl halide was added dropwise to a
stirred suspension of the aluminum c¢hloride in carbon disulfide
at room temperature, Stirring was continued for twenty-four
hours and the mixture worked up in the ususl manner, Since

the alkyl helide was the only thing that was different between
this reaction and the one in which t-butyl chloride was used

to give the same product, 1t was loglcal to vary this reagent

first,



Alkyl Halldes.

Variastion i1s possible in two ways with each homolog:
isomerization in #ha chain and difference in the halogen,
Every combinstion, of course, was not attempted for reasons
that the number of experiments necessary would be prohibitive
and many alkyl halides are not avallable, Of the amyl chlor-
ides, the n- and t-lsomers were tried., Both of these were
¢leaved to form ethyl 4-t-butyl-5~-bromo-2-furocate, The orig-
inal yleld reported for n-amyl chloride was 13 per cent, based
on the theoretical amount of product (35), and in spite of
many variations in experimental conditions an incresse to 20
per cent waz the maximum in sny rﬁn. With t-amyl chloride the
yield was auhstantialiy lower, 6 per ceﬁt.

(CHx )2C

BJ:::LOQGHQGKS
0

The fact that there was any cleavage in the t-amyl group 1is

+ CHyCHpOC1{CHz)p —>
Br COpCHoCHg
N |

especially significant, for there is no reported instance
where such a gclssion occurred under any conditions, ZEven as-~
suming that hydrogen chloride split out to form an isoamylene,
which was subsequently clesved, there is still no precedent
for the process,

Going to the next halogen, bromine, with a five carbon

chain, n-amyl bromide gave a& still more anomalous result, The
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ssme clesvage and rearrangement of the n-amyl radical to & t-
butyl group occurred, but instead of forming ethyl 4-t-butyl-
S-bromo-2-furcate the A-bromine was replaced by the t-butyl
group to give ethyl B-t-butyl-2-furoste, The product was iso-
lated in the form of the corresponding furoie acid in 31-40

| per cent ylelds,

r[::L + CHz{(CHg )4Br —
Brl_GOoCHoCHs (CHz)5C\_C0gCHCHs
0

This reaction was entirely unexpected and 1s a novel one in
the field of alkylation by the Friedel-Crafts synthesis, Xo
ethyl 4-t-butyl-S-bromo~2-furoate was lsclated in the first
runs of this reaction in which the comparatively high (31-40
per cent) ylelds of 5-t-butyl-2-furoic acid were obtained,
Later experiments, in which further varliations were made, gave

8 mixture of these twe compounds,

(CHz)x
+ CHz{CHg)4Br E—;—rﬂ?{%——%
B 0gCHoCHg on Br\_ COpCHoCHy
&
(cH3 )3 0oCHpCHy

Still other variations gave only the "normal” ethyl 4-t-butyl-

S-bromo-2-furoste, This reaction and the effect of divers var-



- 43 =

fations will be Aiscussed more in detailrin a later section of
this thesis,
Another surprising result was obtained with isoamyl bro-
mide, for only ethyl 4-t-butyl-S-bromo-2-furoste was obtained,
(CHz )3z

+ ( Gﬂ5 ) geﬁﬁﬁg 315231‘ —-—)
COpCHoCHS B 05CHoCHA
0

Here a mixture of the latter compound and 4-t-butyl-2-furoic
acid was expected, or even the bromine replacement product
alone, The yield (20 per cent) was comparable to that obtain-
ed with n-amyl chloride,

The only amyl ilodide tried was the normal-isomer, Agsin
the reactlion was somewhat anomalous in that there was none of
the product which was formed by p-amyl bromide {ethyl 5-t-butyl-
2-furcate, or the corresponding acid), The yield of ethyl
4-t-butyl-5-bromo-Z-furoate was 25 per cent, slightly better
than with p-smyl chloride,

(CHg )z

+ CHg(CHo JgI —
Br CoCHoCH3 Br 0oCHoCHy
O

Going to the next higher alkyl group the six carbon
¢hain was also found to undergo cleavage to a t-butyl group
{35)., The only other hexyl halides tried besides the n-hexyl

bromide were n-hexyl chloride and cyclohexyl chloride,
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n-Hexyl chloride geve no replacement of the «-bromine in ethyl
5-bromo-2-furcate, but the yleld of ethyl 4-t-butyl-5-bromo-
2-furoate {20 per cent) was decidedly inecreased over the 6 per
cent with n-hexyl bromide,

(CHz )5C

+ CHz(CHp )€1 —
B 0nCHoCHz B 0oCHoCHg

The use of cyclohexyl chloride in this reaction was a more
stringent test than experiments with any other alkyl hsalide,
for thers is no instance reported of a cleavage of this all-
cyclic group to smaller groups under moderate Friedel-Crafts
conditions, While there appesred to be considerable reaction
on mixing the ingredients, no alkylated furan derivative could
be isolated, There was more than the usual amount of tarry
residue on distillation of the neutral products end no cyclo-
hexyl chloride was recovered, Apparentl& the ring was c¢leaved
but the fregmenta did not elkylate the ethyl S-bromo-2-furocate
as seems to be the case with cpen chaln alkyl halides, Ko
ethyl 4-t-butyl-5-bromo-2-furcste was obtained in spite of an
exhaustive search for this compound,

Since the cieavaga of open chein alkyl groups containing
five snd six carbon stons a@pearﬁd‘to be a8 consistent process
in this reactlion, it seemed that running a complete series of

homologous hal ides was unnecessary, That is, 1t was assumed
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that if long chain alkyl halides were shown to Tte cleaved to
t-butyl gfoups, the alkyl helides intermediate to hexyl- and
the long-chain helldes would undoubtedly be cleaved salsc, Witn
this reasoning, experiments with heptyl, octyl, nonyl, ete,,
halides were passed by and a twelve carbon alkyl hallde tried
next, Lauryl (p-dedecyl) bromide behaved in a very similar
manner to n-amyl chloride, The only alkylated product iso-
lated was ethyl 4-t-butyl-5-~-bromo-2-furocate in a 13 per cent
yield, Other dodecyl halides were not used because of the in-
accessibllity of branched lsomers and the assumption that
further investigation here was urnecessary,

In passing to the next alkyl halide in this investigation
a jump of four carbons wsas made‘to cetyl (hexadecyl) bromide,
Scission of the alkyl group occurred agaln giving the usual
ethyl 4-t-butyl-5-bromo~2-furoate,

{CHx )aC
+ CHz(CH2)11Br —>
B 05CHgoCHg B 0CHoCHy
{CHz ) x
+ CHz(CHg)15Br —>
B\ COoCHoCHyg Br\_COoCHpCHy
' 0

The yield was 20 per cent of the theoretical celculated from

the amount of ethyl S~-bromo-Z2-furoate used,
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n-Octadecyl bromide was the highest molecular weight alky-
lating sgent used and surprisingly gsve the highest yileld, by
a generous margln, of any of the reagents trled, The yleld of
ethyl 4-t-butyl-5-bromo-2-furocate here was 46 per cent in com-
paerison with the next highest, 25 per cent, obtalned with
n-amyl iodide,

{ 635 } 3
+ CHz{CHg )17Br —>
0gCHgCHg Brl__JCOpCHoCH3

X-Phenylﬁg-prepyl bromide should behave 1like any other n-
elkyl bromide as far as the carbon-bromine bond 1s concerned,
but this compound did not give any alkylated furan derivative,
with cleavage or otherwise, The expected product was ethyl
4~isopropyl-S5~bromc-2-furocate, The only product isolated wsas
an ester which on saponification gave an acid with no melting
point, partially decomposing at 289°, This latter compound
was not identifled, but it 1s not at all likely that it is a
phenylpropyl derivative of Z-furoie or of 5-bromo-2-furoic
acid, because of the fact that 1t fails to melt, ¥-Phenyl-
n-propyl bromlde contains a total of nine carbon atoms, but
the difference in the linkage between the alx carbons in the
phenyl group warrents special classifieation of the compound,
That is, under no condition can it be considered a nonyl bro-

mide,
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Alcohols,

Other types of slkylating agents were tried in this re-
action but not in such an extensive series as with the salkyl
halides, An assumption was made on the basis of the consiast-
ent results obtained with the alkyl halldes, theat, if the par-
ticular compound sctually used did or did not alkylate ethyl
S5-bromo-2-furcate, then higher or lower homologs of this com-
pound would bshave similerly, For instance, t-amyl alcochol
glkylated thlis furan derivative, with cleavage, to give ethyl
4-t-butyl-S5-bromo-2-furocate in 10 per cent yield, From this
result it was taken for granted that t-hexyl, t-heptyl, etc,
and perhaps sec-amyl, #ec-hexyl, sec-heptyl, etc, alcohola
would also yleld this same t~butylfuran derivative, and no
other aleohol was tried. The foundation for this assumption
is certainly not as strong as it might be, but neither is it
based on the findings here with the alkyl hselides alone, One
of the primary principles of organic chemistry is the aimilar-
ity in chemical properties ln an homologous serlies, PFurther
and cleoser to the point ie the fact that other types of alky-
lating agents then alkyl halides do consistently aplit into
four-carbon (butyl) groups on passing from one homolog to
snother, Thus, pentane {44), hexane (42), cctanes, decsanes
and heptadecane (39) all give butanes in the presence of slu-
minum chloride, Similerly both diiscbutylene (46) and 4i-
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amylene (47) with benzene form butyl benzenes,

glefins,

Olefin hydrocarbons serve as good alkylating agents in
the Friedel-Crafts reaction snd they have been found to under-
go clenvage to give butyl derivaetlves under some condlitions
(46, 47). The only furan derivative that has been alkylated
by an olefin, butylene, is methyl 2-furoste (58) but the yieid
{8 per cent) of methyl 5-t-butyl-2-furcate was poor 1in com-
parison to the yislds obtsined with butyl halides (about 50
per cent), It was expected that G-n-amylene would behave in
& manner similar to amyl halides in the alkylation of sthyl
S5-bromo-2-furcate. Surprisingly there was no alkylation at
all and most of the ethyl 5-bromo-2-furcate was recovered un-
changed except for hydrolysis of some of some of the ester to
5-bromo-2-furoic acid in check runs, There was considerable
tarry residue in addition to high boliling resins, collected
over a wide range and which would not saponify.

Cyclohexene also falled to give any alkylated product even
at refluxing temperature (46°). The only compounds isolated
from the reaction mixture were recovered ethyl 5-bromo-2-

furcate and S5-bromo-Z-furociec acid, There wasa large tarry resi-

{58) ﬁa%leway, Doctoral Thesis, Iowa State College Library
1933).,
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due .which would not diastill, This negative result was not as
surprising es that obtained with & -n-amylene, for in cyclo-
hexene, as in cyclohexyl chloride, there are more stable con-
nections between the carbon atoms, and cleavage was not expect-
ed,

The failure of G-n-amylene to glve a cleavage alkylation,
together Qith the fact that s lower yield was obtained with
butylene compared with butyl halides in the alkylation of
methyl 2-furcate, suggested the ldes that olefins are not act-
ive enough alkylating agents to alkylate the less resdily sub-
stituted ethyl S5-bromo-2-furcate, Accordingly butylene was
used in an attempted slkylation of the latter furan deriva-
tive, In splte of repeated efforts using large exceases of
butylene the combined recovery of ethyl 5-bromo-2-furoate as
the original ester and the corresponding acld was almost
quantitetive in esch run, Considerable quantities of resin-
ous material were obtained which distilled over s wide range
but would not saponify., These thick fluids were probably
polymerization products from the butylene.

Diisobutylene has been observed to alkylste phenol to
give p-t-butylphencl (40) and it was expected that a similar
cleavage alkylation would talkte place with ethyl S-bromo-2-
furcate, Actually no alkylated product could be isoclasted and
964 of the sthyl 5-bromo-2-furcate was recoversd in the forms

of the original ester and the corresponding acid,



Hitriles.

Aliphatic nitriles have been used successfully as alky-
lating agents in the Priedel~Crafts reaction, and after the
signal result obtained with p-octadecyl bromide it seemed log-
ical that stearonitrile (n-heptadecyl cyanide) should also
give & cleavage slkylation, Kepested experiments proved
otherwise, however, for quantitastive recovery of both the
ethyl S5-bromo-Z-furcate and stearonitrile was the only result,
This is not very surprising on taking into consideration the
Insctivity of the furan nucleus in the negstively substituted
derivative at hand, In other words aliphstic nitriles arelnot
nearly as good slkylating agents as alkyl halides, in genersl,

and no good in thias case,

Alkylated Aromatic Compounds,

1t has been shown (59) that polyalkybenzenes bscome alky-
lating agents for benzene in the presence of sluminum chlor-
ide., Similarly, monoslkylated eromatic compounds under cer-
tain conditiors aet‘esaantially as alkylating agents, Further,
long chsein alkyl groups have been observed to undergo cleav-
age in this type of alkylation (28, 40), p-t-Amylphenol alky-

lated benzene to give a 25 per cent yleld of t-amylbenzene

{59) This thesis, p.15,
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(28) but this alkylating agent failed to reasct with ethyl 5-
bromo-2~furocate, .

t-Amylbenzene apparently has not been used as an alkylat-
ing agent but it is very probable that it will alkylste enother
aromatic compound, e.g., phenocl, in the presence of sluminum
chloride, It was used in this work with ethyl 5-bromo-2-
furcate in an attempt to effect a cleavage alkylation like
that obtained with amyl helides, The effort was unsuccessful,
for the only product was 8 high bolling ester which guve an
acid void of bromine, melting at 187-187,5°, This is practi-
cally the melting point of S-bromo-Z2-furoic acid (186-1879)
but 2 1:1 mixture of the two acids melted about thirty to
forty degrees lower, This unusually great depression of the
melting point of S5-bromec-2-furoic scid is slgnificant in that
impurities in general usually lowser the melting peint only s
few degrees and mixed melting points with structurally similar
compounds with melting peints approximating 185° give depres-
sions of only ten to twenty degrees, From this behavior it
seems probable that the unimown acid is not a 2-furoic acid
derivetive, #ore direct evidence against the presence of a
furan ring in conbination wilth a carboxyl group is the low
oxygen content calculated from cerbon and hydrogen analyses,
The neutral equivalent of the unknown sc¢id was 185 snd the
average per cent of oxygen was about 18, A furolc acid would

econtain at lesnst three oxygen stows and with a molecular weight
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of 188 the per cent oxygen would be 26, Two oxygens on the
other hand constitute 17.3 per cent of & compound having this
molecular weight, The empliricsl formula is spproximately
C11E1602. It 1s possible that s condensation between the ben-
zene and furan ring occurred to form a naphthoic acid in 8 men-
ner similar to the reaction betwecen benzene and 2-furoic acid
(84), but the high per cent of hydrogen belies this theory.

The analysis corresponds more closely to a& butyl- or amylten-
zole acid, but it is difficult to conceive a mechsnism for the
formation of such & compound., The small amount of the material
st hand prevented further investigation of ites chemiecsl proper-
ties,

Furan Derivatives,

The other resasctsnt besides the alkylating agent in the
cleavage alkylation in gquestion is ethyl 5-bromo-2-furocate,
Variation of this factor should give more information on the
limits and mechanism of the cleavage, for the alkylating agents
which are cleaved with this particular furan derivative are
not cleaved in the alkylation of benzene and some other furan
derivatives such as methyl 2-furocate, That is, the cause of
the cleavage seems to center in the nature of the compound to
be alkylated,

In this study n-amyl chloride was used consistently un-



der the ssme conditions deseribed for the slkylstion of ethyl
S~bromo-2-furocate,

Methyl S5-bromo-2-furcste would be expected to give the
ssme resctions that the corresvonding ethyl ester doesn, and
this was shown to be so in an alkylation with n-amyl chloride,
A yield of 22% of the theoretical amount of methyl 4-t-butyl-
5-bromo-2-furcate was obtained,

#hile ethyl 4-bromo-2-furcate i3 an isomer of ethyl 5-
bromo-2-furcate and for this resson might be expected to be-
have as the latter does in alkylation, the distinct difference
between an &~ and a @~ position in furan must be borne in
mind. Methyl 2-furoste in which the 5-position 1s open, as it
i3 in ethyl 4-bromo-2-furoate, does not give a cleavage alky-
lation with either p-amyl chloride or n-hexyl bromide, There-
fore, whether or not there is cleavage during alkylation with
ethyl 4-bromo~2«furoate would sppear to hinge on the presence
of the bromine atom, Xo ethyl 4~br0me~5-§-5uty1-2-furcate was
isolated from the reaction prodﬁct obtained from ethyl 4-bromo-
2-furcate, but a substantisl yield (30%) of ethyl S5-t-butyl-2-
furcate was isolated, The bromine atom must have split out
after alkylation rather than before since ethyl 2-furocate
alkylates without cleavage,

Ethyl 5-chloro-2-furcate resembles ethyl S-bromo-Z-furoate
closely, and as far as ease of substitution is concerned 1t

should give the same resctions that the bromo compound mani-
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fests, The appreciable difference in the size of the two halo-
gens may be a determining factor in regard to the size of the
group which may enter the adjacent 4-position, In other words
the smaller chlorine atom may permit an alkyl group larger
than butyl to enter the ring, However, n-amyl chloride was
again cleaved and ethyl 4-t-butyl-5-chloro-2-furocate was the
only product 1lsolated,

Ethyl 4,5-dibromo-2~-furocate hae the 4-position blocked as
well as the S-position and the remaining 3-position is very
resistant to substitution as evidenced by its guantitative re-
covery in an attempted nitration (60), If any slkylation of
thls compound occurred at all, cleavage of higher alkyl halides
would be expected, Unfortunately there was no alkylation, with
cleavage or otherwise, using n-emyl chloride,

Since n-amyl bromide wass observed to displace the 5-bro-
mine atom in ethyl 5-bromo-2-furcate in some manner and intro-
duce a t-butyl group in its pleace, it seemed possible that the
ssme result might be obtained with ethyl 4,65-dibromo-Z~furocate,
However, there was no reaction, and the original furan deriva-
tive was recovered quantitatively, The same result was ob-
tained in attempted elkylations with both t-butyl bromide and
isopropyl chloride,

An attempt to acylate ethyl 4,5-dibromo-2-furocate with

{60) Wright, Doctoral Thesis, Iowa State College Library (1932).
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acetic anhydride and stermnlc chloride was also without success,
Two attempts to alkylate S-bromo-2-furfural with n-amyl
chloride were unsuccessful, In the first run the reaction mix-
ture waes allowed to stir thirty-nine hours but no preduct could
be isclated., Wwhen the reaction ran only five hours the re-
covery of 5-bromo-2-furfural was incressed from 64% to 88%,

but an intracteble tar was again the sole product,

Catalysts,

Aluminum chloride was used as the catalyst in sll the ex-
periments deseribed in this work, with one exception, in which
anhydrous ferric chloride was substituted, However, there was
considerable variation in the purity, particle size and amount
of the aluminum chloride used in the cleavage alkylations dis-

cussed above,

a, Composition, Many different brands of snhydrous alum-

inum chloride are on the market and almost ss many grades, Of
five different brands used in this work the snalyses were dif-
ferent for four of them and not known for the fifth, Except
for resublimed material which was practically pure white, the
color ranged from ysllow to dark grey. Iron is a consistent
jmpurity but varles con@idsrably from 0,1 per cent to 0,002

per cent a8 maximum limits in these samples, The iron un-

doubtedly exists as ferric chloride,



Ferric chloride has sn unpredietable influence on the
activity of sluminum chloride in Friedel-Crafts resctions,
Alene, ferric chloride is generally considered s poorer con-
densing sgent in alkylation than aluminum chloride (51, 61, 62,
63), but in some cases it increases the activity of the latter,
reaching & maximum at about 50 mole per cent (61)., Other in-
vestigators {64) have found & similer phenomenon to exist in
acylation, but in alkylatlon they observed that s maximum
activity 1s reached in some resctions at a very much lower per
coent of ferric chloride than fifty per cent, Percentages as
low as 0,012 were found to greatly increase the velocity con-
stant but more substantial amounts (sbout 3 per cent) decreas-
ed £t again, In contrast to this is the observation that in
some resctions there is an initial decrease in the yislds as
ferric chloride is added to sluminum chloride followed by an
increase when large smounts are present (65), The latter ef-
fect wes observed in benzene solution and a second type of re-
action in this solvent was also found in experiments with mix-
tures of ferric chloride with aluminum chloride, The second
type consisted of reactions in which the ylelds decreased con-

sistently in proportion to the amount of ferric chloride added

(61) Boswell and McLeughlin, Can., J. Res,, ), 400 (1929),
(62) Gallay and ¥Whitby, ibid., % 31 ZIﬁ%O)

(63) Wertyporooh, Xowalskl and Roeske, Ber,, 86, 1232 (1933).
(64) Martin, Pizzolate and Mc¢Waters, J, Am, Chem, Soc,, 57,

25684 (1935).
(65) Riddell and Noller, 1bid., B4, 290 (1932).




- B7 -

to the alumipum chloride, In carbon disulfide it sppeared that
all the reactiocns were of this second type (65). Most of this
work was done with acid chlorides and acid anhydrides but some
alkylation raaationé were also used, A reaction reported
earlier by the 1at£er investigators falls into the above sec-
ond type, since the yield is decreased in proportion to the
amount of ferrie chloride present (66), It is postulated that
the detrimental action of ferric chloride is due to the accel-
eration or insuguration of an unknown side reaction,

Prom these sccounts it is seen that the presence of fer-
ric chloride has pronounced effects on the reasction but the
cause for such effects is obscure, While the differences sre
gqusntitative it 1s conceivable from the above postulation re-
gerding the acceleration or inauguration of side reactions
that different grades of sluminum chloride might produce var-
iations in the cleavage alkylation of ethyl S5-bromo-2-furosate,
n-Amyl chloride geve the same alkylation regsrdless of the
amounﬁ {0.002 to 0,1 per cent) of iron in the alumimum chlor-
ide, although there were slight differences in the ylelds, be-
ing greater with aluminum chloride relatively free of iron,

In check runs on the doubly anomalous alkylation of ethyl
S-bromo-2-furocste with n-amyl bromide in which there is a com-

bination of cleavage and bromine replscement, it was found that

{(66) Riddell and Noller, J, Am, Chem, Soc,, 52, 4365 (1930).
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Eastman's resublimed aluminum chloride would not givevthe bro-
mine replacement product obtained with the material marketed by
Baker and Adamson, The maximum limits of iron in the samples
were 0,02 per cent and 0,08 per cent, reapsctively, Since the
amount of iron present seemed to be the maln difference between
the two reactions 1t seemed plausible that the larger amount

of iron was responsible for the side reaction {(replacement of
bromine), 1In an sttempt to prove this theory sn amount of fer-
ric chloride calculated to give s mixture 0,12 per cent iron
was sdded to a sample of EBastman sluminum chloride and the re-
ection repested, There was bromine replacement with this com-
bination but only to a slight extent in comparison with the
yvields obtained with the Baker and Adamson product,

4‘ Perhaps & better test of the influence of impuritiesz in
the aluminum chloride was aﬁ experiment in which the asluminum
chloride used was a sample of Basker and Adamson product which
had been sublimed and resublimed just before uss, This puri-
fication gave white granules wlth only & tinge of yellow in

the larger perticles, With this cetalyst there was no re-
placement of the bromine by & t-butyl group.

If trsces of ferric chloride will promote the side re-
action, (replacement of bromlne by a t-butyl group), it seemed
possible that ferrie chloride slone would gulde the reaction
in this directlion to a greater degree or perhaps sven give 5-

t-butyl-2-furoic acid entirely. Unfortunately this catalyst
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was not active enough to ceuse any reaction at all, -

A factor commonly belleved to be the explanation for the
variation in the yleld of product sometlimes obtained by using
different lots of commercial grades of sluminum chloride, is
the presence of molsture, It is possible thet the leas pure
Baker and Adamson aluminum chloride contained more molsture
then resublimed mstsrial but addition of a drop of water to e
run with the latter catalyst did not sppreciably change the

reaction.

b Particle sizs, Since one brand of aluminum chloride was

aveilable in three different particle sizes {coarse, medium
end fine), it was thought desirable to investigste the effect
of this difference, if any, The reaction between ethyl 5-
bromo-2-furcate and n-amyl bromlde was chosen since 1t seemed
to be influenced profoundly by other minor differences in the

gatalyst, A seriles of three experiments under ldentical con-

ditiones using aluminum chloride marketed by the Hooker Electro-~

chemical Company, in various degrees of fineness, gave essen-
tially identicsl results, Both ethyl 4-t-butyl-5-bromo-2-
furcate and S5-t-butyl-2-furoie acld were obtained in amounts

that were practically the ssme for all thres runs, This iz not

at all surprising since there sare only two liquid phases
shortly after the reactlons are begun,
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¢. Amount, The amount (two equivalents) of asluminum chlor-
ide used in the sexperiments discussed to this point 1s note-
worthy, for 1t constitutes an excess of one hundred mole per
gent, Likewise in mlkylstions of other furen derivatives such
es methyl 2-furoate, this same aguaaally large excess of cata-
Iyst‘waa usged,

Ags mentioned in the introduction of this thesis, one of
the significant differences between alkylstion and acylation
reactions 1s that the former usually requires a small smount
of metal halide 2nd is truly catalytic, a good exsmple of
which 1s the alkylatlon of benzene with n-occtedecyl bromide
(67). On the other hand the latter type of reaction reguires
at least one equivalent of condenaing agent to give the maxi-
mum ylelds, MNost often 8 slight excess (1,1 eguivalent) is
used for acylations and 1n some reactions the use of a large
excess tends to decrease the yileld agein (65), However, this
is not common, since two equivalents of aluminum chloride are
frequently used in acylations with acid chlorides,

It would seem at first consideration that the excess of
catelyst used in the present work is superfluous, A series of
experiments were made to determine whether thils large excess
or any excess is necesssry, and if it is, what the caussl fac-

tor ia, ‘The "vanishing point" of this cleavage alkylstion

(67) Seidel and Engelfried, Ber,, 69, 2567 (1938},



with respect to the amount o¢f aluminum chloride was found to be
one equivelent, That 1=z, a trifle less than one equivalent
{0,956} failed to produce any reaction while slightly more than
one equivalent (1,1) was sufficient to induce cleavage alkyla-
tion, although fto & lesser extent than with two equivalents,
Similer phenomena were observed in salkylations of ethyl 5~
bromo-~2-furcate in which there was no cleavage, and alsgo in an
alkylation of methyl anisate, sc the cleavage reaction is not
the factor requiring the excess, It is quite obvious then

that the ester group adds the first equivalent of aluminum

c¢hloride which 1s in sccord with general observation,

Bolvents.

Carbon disulfide is the best all-around solvent for most
Friedel-Crafts reactions in so far as promotion of resction
and maximum yields are concerned, Also 1ts low bolling point
serves % act as a temperature control, On the other hand it
is dangerous materisl to work wlth both from the standpoint of
fire hazard and thse poisonous nature of its fumes, More im-
portant 18 the handicap it produces by forming thio compounds
which cannot be removed by distillation, Also, in some of this
work, its high veolatility was an obstacle in collecting gas-
eous productas from eleavage alkylations, In fact these lasat

two disadvantages of carbon disulfide were principal ressons



for the experiments with other solvents,

#While the furan ring has been shown to have super-aromatic
properties with regard to ease of alkylation by the Friedel-
Crafts resction (50) the és#etzvating effect of & carboalkoxy
group and a bromine atom on the micleus 1s strong enough to
reducs the aromstlclity of the furan ring in ethyl 5-bromo-2-
furoste to below that of unsubstituted benzene, Obviously the
latter cannot be used as a solvent for slkylations of ethyl
S~bromo~-2~-furcate,

Kitrabensené haes & high bolling point and gives no bother-
some side rsaatian# in Priedel-Crafts reactions, but this com-
pound has what might be called a damping effect on the cata-
lytic activity of aluminum chloride, Since the yields in the
elkylation of ethyl S5-bromo-2-furoate are poor even in carbon
disulfide which is considered to be a superior solvent in its
ability teo promote reactions, it seemed questionable that ni-
trobenzene would be satisfactory, Repeated attempts to alky-
late ethyl S~bromo-2.furcate with n-amyl chloride in this
solvent were unsuccessful, sgo this surmlise wss apparently cor-
rect, There was, however, a qmall amount of neutral msterisl
iaolated from the reaction mixture which contsined nitrogen
but no halogen, Recrystallization gave yellow needles melt-
ing at 86-87.5°, This was shown to be m-dinitrobenzene, an
impurity commonly present in commercial nitrobenzene,

Chlorobenzene was found to be unsatisfactory as a solvent



- 83 -

gince ethyl 5-bromo-2-furoate wds recovered quantitatively
when treated with eluminum chloride and n-amyl chloride in
chlorobenzene, while & mixturs of alk&iateé chlorobenzense
derivatives was obtsined,

Hixtures of paraffin hydrocarbons {(petroleum ethers) are
sometimes used as solvents 1n Friedel-Crafts reactions, 3ince
even the regular higher bollling petroleum ethers containv
traces of volatile hydrocarbons which would be objectionable
when ehllecting gaseous reaction products a very high bolling
sample was used, KXerosene has a high enough boiling pdint
but contains unsaturated materisl, By redistillation and re-
peated shaking with concentrated sulfuric acid most of the im-
purities were removed and the sample was practically odorless,
An attempted alkylation of ethyl 5-bromo-2-furocate with n-amyl
ehloride was without success in this solvent,

¥While the use of s-tetrachloroethane was contemplated early
in this work unfortunately 1t was not untlil the last of this
work that this solvent was actually tried, The results were
very gratifying with this solvent, for ethyl 5-bromo-2-furocate
is alkylated amoothly by n-amyl chloride giving water clear
products on the first distillation., The yleld of ethyl 5-t-
butyl-2-furcate was 21 per cent,

In many Friedel-Crafts resctions with benzene, an excess
of the hydrocarbon is used as the solvent, While ethyl 5-

bromo-2-furoate 1is certainly not to be likened to unsubstituted
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benzene too closely, 1t 13 conceivable that an excess of this
furan derivative might serve as a sultable solvent in an alky~
lation of itself, Further, some Friedel-Crafts reasctions can
be run without sny solvent, n-Amyl chloride with a hundred
per c¢ent excess of ethyl B~bromo-2-furoate and one eguivalent
of aluminum chloride gave a strong evolution of hydrogen
chloride but most of the ethyl S~bromc-2-furcste was recovered
unchanged snd partly as S-bromo-2-furcic acid, There was no
alkylated preduct,

Equimolecular smounts of n-amyl chloride and ethyl &-
bromo<«2-furcoate in the presence of two equivalents of alumi-
ram c¢hloride gave & coplous evolution of hydrogen chloride
and the reaction soon became an immobile tar, Hydrolysls
yielded a brown solid product which gave a small amount of 5-
bromo-2~furcic on ether extraction, This sclid was the salum-
inum salt of S~bromo~Z-furcic scid, There was no alkylated

product and the recovery was almost quantitative,

Reaction Peried,

It will be noted that the time of reaction in all but e
few of the foregoing experiments was twenty-four hours or more,
This 1s longer than the reaction period commonly used for
Friedel-Crafts reactions and 1t appeared to be unnecessary,

Experiments showed this to be so, Alkylation of ethyl S5-bromo-
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2-furocate with n-amyl chloride gives the same results when the
reaction is allowed to proceed five hours that it does for
twenty-four hours, The cleavage alkylstion obtained with p-
amyl lodide which was allowed to run only six hours, on account
of the liveratlon of free lodine, is further evidence that a
shorter time than twenty-hours is sufficient, An attempt to
introduce & group larger than butyl Iinte ethyl 5-bromo-2-
furcate by allowing the reaction to go only one hour was not
successful in that the usual ethyl 4-t-butyl-5-bromo-2-furoate
was still obtained, but the experiment proved that this very
much shorter time would still permit reaction, The alkylating
agent used here was p-octadecyl bromide, However, the yleld
was smaller which apparently was due to the short reaction
perioed,

These observations were made after many of the other re-
actions had been run and to keep the conditions constant with-
out a great deal of repetition, the use of a twenty-four hour

period was continued,

Possible Mechanlems,

Since the cleavage slkyletion of ethyl S-bromc-2-furcete

has no close antecedent, there is little existing information
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on which a mechanism for this reaction can be based, While at
first contemplation the process of the cleaveage may seem to be
simply a sclasion at the fourth carbon from the functional
group in the elkylating agent, there are inconsistencies which
canncet be explained by such g scheme slone,

Obviously the cleavsge must occur before, concurrent with
or after the asctual attachment of the alkyl group to the furan
ring, These may be 1llustrated as follows with p-amyl chlor-
ide:

I, Cleavage Befors Alkylation
} -
a, CHxCHoCHoUHoCHRCLl —— CHxCHpCHoCHo- + «CHsCl
+

e

*

H -—H
-H
Brl_/COoCHpCHz —> 3?@003332(}33

i \’

(CHx)zC
8 + CHzCl
COgCHoCHy
b, CHzCHoCHgCHoCHRCl — CH3CHpCH=CHp + CHaCl
H H { GES ) 33 H
CHzCHoCH=CHo + —
B COoCHoCHS B COCH,CHy

o



II. Cleavage Concurrent With Alkylation

| B (CHg)5C—H
CHzCHoCHoCHpCHRC1 +
B 59@532633 B COgCHoCH
+ CHzCG1

I11., Clemvage After Alkylation

P
CHzCHoCHoCHeCHoCL +
; COpCHoCHz,
{CHzCHg ) (CHz )oC—H - (CHg )3
Br[;jﬂﬁgﬁﬁgﬂﬁg B COoCHoCHa
.+ 52 . foby 7

CH; + HCl ~> CHzCl

These mechanisms do not show the sctusl resrrangement of the
straight chain to & branched one and this msy be tled up with
the cleavage, However, the phenomenon of igomerization of
a8lkyl redicuals to the most highly branched arrangement ls com-
mon in alkylations by the Friedel~Crafts reaction in general
and without exception with furan derivetives whether there is
cleavage or not, It is probable that the rearrangement occurs
simulteneocusly with the setuzl alkylation, although it may
take place after the group has become attached to the ring,

The first two mechanisms, I and II, sare the moat probable
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of the three buit te determine which of these is correct 1s im-
possible since I probably approsches II as a limit., To simpli-
fy the discusslon the laast mechanism will be eliminated, for
in no case has there been & rupture of an ﬁliphatic carbon-
carbon bond when there wasg en alkyl to aryl cerbon-carbon link-
age present, That is, the lstter 1s so much weaker that
scission would oscur there completely Lefore the other link-
ages would break st all, Of course there must be & momentary
break in the bonds within the side chein, 1f resrrangement oc-
curs after alkylation, and one of the cerbons might be pared
| off, as 1t were, during this transition, B8:till the process of
resrrangement here iz undoubtedly like those in other alkyla-
tions where there is no cleavage, so the latter scheme is
bighly improbable,

The mechanisms under I will be seesn to be very similar to
those postulated by Grosse and Ipatieff (41) for "destructive
alkylation” with paraffins, The fact that the experimental
conditions for the letter resctions were mild {(with regerd to
temperature) 1s supporting evidence for the anslegy implied
here, A feature that tends to disecredit cleavage Yefore alky-
lation is the absence of any cleavags with methyl 2-furoste
snd 2-furfursl ﬁnﬁar similar experimental conditions, 1If

mechanism I tekes place, a gimllar proceas should occur with
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methyl 2-furoate and at least some methyl S-t-butyl-2-furoate
should be formed, which is contrary to facts. Reasoning which
serves to explain this inconsistency is as follows, There 1is
very probably a faetor of sterlec hindrance which is largely
responsible for the cleavage during alkylation of ethyl 5-
bromo~2~furcate, That is, the presence of the large substit-
uent {(bromine) in the d-position prevents snaikyl group lasrger
than t-butyl from entering the adjacent F-position, This
blocking effect prevents orthodox alkylation by an amyl group,
80 the cleavage resction, which is less resdily induced than
ordinary alkylatlon, ocours first, The scisslon takes plece at
the particular linkage which will give a butyl group, rather
than some other bond, for the same reasscn thet practically
every other clesvage in Frledel-Crafts resctlions gives this
same four-carbon group, whatever that reason may be, Alkyla-
tion occurs subsequent 1o the formation of a group smell enough
to enter the 4-positlon,

When cleavage ls referred to as occurring before slkylas-
tion, in differentistion to cleavage at the same instant of
Joining the alkyl group to the ring, what 13 meant is that the
splitting into fragments takes plece just before alkyletion,
approaching & concurrent process as a limlt, Thus there 1is
very little difference between the two, The hydrogens on the
furan ring are loosened by the action of the aluminum chloride,

and when an activated fragment is formed by the cleavage, the



4-hydrogen is displsced by it.

In the above postulated mechanism the other product from
the cleavage is asssumed toc be methyl chloride, It is question-
able that this alkyl helide would retain its identity under
the existing conditions; but if 1t remains unchanged long
enough for it to be evolved, then its collection and identifi-
cation should be good evidence for this type of cleavage,

A theory has been proposed that the f{-butyl groups in
ethyl 4-t-butyl-5-bromo-2-furocate, obtained in the Friedel-
Crafts resction between the higher alkyl halides {containing
more than four cerbon atoma) and ethyl S5~-bromo-2-furoste, or-
iginated from the four carbons in the furan ring, This postu-
lation has a certaln emount of foundation in that furan com-
pounds are sensitive to aclds, and ring sclssion undoubtedly
oceurs in some cases with acidic reagents, Even the vastly
more atable muclel of benzenoid types have been observed to
break down on treatment with sluminum chloride, Ipatieff and
Komarewsky {68) cbtained small ylelds (1,7%) of ethyl benzene
when they heated benzens to 125% in the presence of sluminum
¢hloride and hydrogen chloride, They explaln the reaction as
involving destructive hydrogenstion of the benzene to form
ethylene which subsequently alkylates unchanged benzene, A

similar experiment with cyclohexans at 150° gave dimethyl-

(68) Ipatieff and Komarewsky, J, Am, Chem, Soc., 56, 1926
| {1

.



¢yclohexane which was formed by isomerization of the ethyl rad-
ical, subsequent to the synthesls of ethylcyclohexasne by s
process like that just described for benzene, Another ring
scission of & saturated hydrocarbon ring is the formation of
¢yclohexsne, methylcyclohexane and 1,3,5-trimethyleyclohexane
from decalin by the sction of aluminum chloride at 130° obaerv-
ed by Jones and Linstead (62) (an isomer, probably trans-1,4-
dimethylbicyclo {0,3,3)-octane, was also isolated),

The singularity of the formation of ethyl 4-t-butyl-5-
bromo-2-furcate here, and the consistency with which butyl
derivatives are obtained as the only product add to the pleus-
1bility of the scheme involving scisslon of the furan ring to
give a butyl radical, The fact that there is an excess of
catalyst 18 also conducive to such reasoning.

Bven considering a1l these favorable premises, there is
good argument to discount this theory, In the first place the
conditions of experiment with furan derivatives are certeinly
not comparable to those used in the ring cleavages just cited
in spite of the high conecentration of aluminum chloride, Fur-
thermore, the furan derivatives that give this reaction are
exceptionally stable ones in this series and no other instance
has been reported of s Friedel-Crafts reaction with furan com-

pounds, including less stsble members, in which there is reason

(69) Jones and lLinetead, J, Chem, So¢,, 616 (1938),
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to suspect ring scission, except where total decomposition re-
sulted,

More convineing and absolute are the results of experi-
ments intended to test directly for ring cleavage and subse-
quent alkylation by the open chain. A blank run under identi-
cal conditions, except for the omission of the slkyl halide,
gave guantitative recovery of the ethyl S-bromo-2-furoate, To
make the conditions simulate more closely & Friedel-Crafts re-
action , hydrogen and hydrogen bromide were bubbled successive-
ly into the mixture, Recovery was almost gquantitative in the
form of the acid, Perhaps still better tests, although inad-
vertent, were the number of negative results obtained with such
potential sources of alkyl groups as butylene, amylene, stearo-
nitrile, cyclohexyl chloride, cyclohexylene, and t-smylphenol.
A serles of experiments conducted under rather strenuous con-
ditions were three atﬁempts to alkylate ethyl S5-bromo-Z2-furocate
using n-amyl chloride and an excess of the furcate as s sol-
vent instead of cerbon disulfide, 1In one run moderate heating
{80~80°) was employed, The only reaction was formation of the
acid {corresponding to the original ester) and its aluminum
salt, in which forms the recovery was practically guantitative,
1n all three runs, Most conclusive is the fact that 91% of
the furan ring is sccounted for in the slkylation of ethyl 5-
bromo-2-furoate with n-octadecyl bromide and the yield of alky-
lated product is in excess of the unreckoned 9%. The yield of



#thyl 4-t~butyl-5-bromo-2-furcate here was 46% with 45% recovery
of the starting materisl, In other cases the sum of the yileld

and recovery spproximaste this total,

Collection of Fragments,

A large size run (0,45 mole) involving every care to col-
lect all products showed the actual cleavage to be of a more
complex nature than any of the mechanisms pictured above, If
sny methyl chloride were formed, 1t was subsequently decomposed,
for no trace of this compound could be found emong the several
products, While the cleavage undoubtedly occurred at the 1,2-
carbon-carbon bond, the fragment containing one carbon atom
{methyl, chloromethyl or methylene radical) polymerized to
form resinous cowmpounds, Ethane, propsne and butanes plus a
small emount of pentane constituted the gaseous portion of the
products, However, only small amounts of ethane and propane
were obtained, while the main fraction consisted of n~-butane
and isobutene, This preponderance of butane is in keeping with
the results of other investigstors,

The cleavage producta obtained do not elucidate the
problem as much as was hoped, The absence of any alkyl chlor-
ides (s,g. methyl or ethyl chloride) and the copioue evolution
of hydrogen chleride point to e preliminary splitting out of
hydrogen chloride to give an olefin, Experimental results
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which are conduecive to this reasoning are those obtained with
a mixture of ethyl S-bromo-2-furcate, n-amyl chloride and alum-
inum chloride (no solvent), From this wes evolved a large
amount of hydrogen chloride, but the ethyl b-bromo-Z-furcate
was recoverad quantitatively, so the hydrogen chleride must
have come from the pn-amyl chloride, None of the latter reagent
was recovered, Another experiment, in which n-amyl chloride
alone was added to aluminum chloride, resulted in prompt evo-
lution of hydrogen chloride, butanes and pentane, The non-
volatile product was of a resinous nature snd unsaturated,
Judging from its prectically complete solubility in concentrat-
ed sulfuric acid, The absence of any gaseous products contain-
ing less than four carbons is noteworthy, in thet smell asmounts
of propane and either ethane or methane, or both, were cbtain-
ed from s cleavage alkylation of ethyl S-bromo-2-furocate with
n-amyl chloride. This difference in ¢leavage products would
indicate that there 1s a dlfference in the way n-amyl chloride
18 c¢leaved in these reactions, This might be expected since
the conditions were substantially different,

If nydrogen chloride were initially split out from n-amyl
¢chloride in the cleavage alkylation reaction, followsd by the
cleavage of a carbon-carbon bond the slkylating agent would
undoubtedly be butylene, However, butylene falled to alkylate
ethyl S5-bromo-2-furoate in repested efforts, This fact dis-

eredits the process just deszcribed, unless one makes the un-
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warranted assumption that the butylene formed by such a cleav-
age is in an actlvated state,

with the hope of isolating larger fragments, principelly
tetradecanes, an alkylation of ethyl S5-bromo-2-furcste with n-
octadecyl bromide was run using s-tetrachloroethsne ss the
solvent, in whieh run all products were collected, This slky-
latlion proved to be even more complex ther with n-amyl chloride,
¥hile the gaseous fractions consisted only of butsnes, pen-
tanes and hﬁxgnea, the liguid productz were impossible to sep-
arate cleanly by ordinery fractional distillation, Small a-
mounts of what appesred to be psreffin hydrccasrbons were ob-
teined, boiling continuously from 25e/atmesphsric preszure up
to about 230°/2mm, Surprisingly the yleld of ethyl 4-t-butyl-
S-bromo-2-furcate was very small (10%) in comparison with the
yield (46%) obtained with cerbon disulfide as the solvent,

The absence of any fragments containing less than four
carbons {ethane or propane) from n-octadecyl bromide 1s sig-
nificent in that these products obtained from n-emyl chloride
were probably formed by polymerization and hydrogenation from
methylene radicals instead of direct cleavage, That 1s, the
lowest hydrocarbon obtalned by direct cleavage of mslkyl halides

appears tc be butane,

Steric Hindrance in the Furan Ring.

As already mentioned in the previous section the cause for



the ﬁlea#age phenomenon observed with ethyl S5-bromo-Z-furoste
when alkylated by higher alkyl hallides iz primarily sterle
hindrance in the furan ring, If the bulky bromine atom in the
B-position prevents the introduction of a group larger than s
£-butyl radical, it should exert a similar iInfluence, if it
were present in the 4-position, Thus ethyl 4-bromo-2-furocate
alkylated with n-~amyl chloride might be expected to give ethyl
4-bromo-5~-t-butyl-2-furcate. An attempt to carry out this re-
action waz partly indeterminaste, for an inseparadble mixture of
products was obtained which contalned the mein alkyleted
product, However, a comparatively good yleld of ethyl 5-t-
butyl-2-furoste was isolated, Formation of the latter compound
iz strong evidence in favor of the above steric hindrance
postulation, for the actual alkylstion must have occcurred be-
fore the bromine atom was split out, since ethyl 2-furoste 1is
alkylated by n-smyl chloride to give ethyl S5-t-amyl-2-furcate
exclusively,

An alkylation of ethyl 5-chloro-2-furvate was run with the
idea of throwing morse light on the steric hindrance phase of
this problem, The presence of the smaeller chlorine astom
should still exert & blocking influence in the furan ring but
to a legser degree than bromine., From this ressoning one
might expect that n-amyl chloride would elkylate ethyl 5-
chloro-2-furcate to give ethyl 4-t-smyl-6-chloro-Z-furocate dbut
that hexyl and higher alkyl halides would still give the amyl
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derivative, However, n-amyl chloride was again cleaved and
ethyl 4-i~-butyl~-S-chloro-2-furoate was the only product iso-
lated, The difference between the sizes of a bromine atom and
a chlorine atom is not very great, so this 12 not surprising,
A better test of the effect of steriec hindrance would be an
alkylation of 5-fluoro-2-furoate with n-amyl chloride, The
radius of a fluorine stom is conslderably smaller than that

of & chlorine atom, so it might permit alkylaetion by p-amyl

chloride without cleavage,

Conclusions,

Prom the data collected in the present work the following

gonclusions ean be drawn,

1., Bthyl S5~bromo-Z-furoate is alkylated only by the more
active alkylating agents, svecifically alkyl helides and t-al-
cohols smong those tried,

2, Alkylation of ethyl S5-bromo-E-furcaste is invariably
accompanied by cleavage end rearrangement of the alkyl group
to a t-butyl group.

3, The presence of a large group such as & bromine atom
in either the 4~ or 5« position in ethyl 2-furocate causes
cleavage of an amyl group to a butyl group in the process of
alkylation,

4, An nctive catalyst 13 required to alkylate ethyl 5-
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bromo-R-furcate, and an excess of one molar equivalent of cata-
lyst must be used, The first equivalent combines with the
carbethoxy group in such o way as to destroy lts catalytie
properties,

5, Clesvage alkylstion of ethyl 5-bromo~-2-furocate sppears
te be very rapid in that the evolution of the gaseous products
wes slmost instasntaneous, although the formation of cleavage
by-~preducts from n-octadseyl bromide is very gradual,

6. The clesvage reaction is not s simple process and 1s
further complicated by polymerization of some of the fragments,

7. From the results and reasoning set down in the fore-
going pages the following mechenism for clesvege alkylaetion of
ethyl 5-bromo-2«furoate with n-amyl chloride is postulated to
explain the formation of the products obtained:

Gagﬁﬁ‘gGﬁrﬁﬁg * ﬁ]

T-x
CHgCHoOHpCHo0HoC1 —> CHgCHoCHoCHp-  + =CHCl

+ +

—>
Brl__G0CoHg Bri__JC0pCoHg

J !
C4Hg
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2CHZ01 ~3 2CHz + 2HCL
{ 28 . _CHgp ,
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Caiyp €~ CHyCHpCH=CHp -ROiYmerization, p.4n,

CsHyy0l =H93 cgmyg  +  HOL
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pleht Chein by Alkyletion

In & recent publication Seildel and Engdfried {67) describ-
ed the aslkylation of benzene with n-octadecyl bromide by the
Priedel-Crafte synthesis in which they used a catalytic amount
{15 mole per cent) of aluminum chloride, The product is
sinply called octadecylbenzene but there is the implicetion
that their product was the same as the octadecylbenzene ob-
tained by Krafft (70) by means of the Wurtz-Fittig reaction
with n-octadecyl lodlide and iodobenzene and the cctadecylben-
zene synthesized by Adam {71) through reduction of stearophemnone,
These last two methods of synthesizing alkylbenzenes are com-
monly sccepted as being relisble means of Introducing straight

{70) Erafft, Ber., 19, 298 (1886),
(71) Adam, Froc, Rey. Soc, {(lLondon), 1034, 684 (1923),




c¢hains into an sromatic mcleus, While Seidel and Engelfried
report & wide boiling range (25 degrees) for their product,
which would suggest & mixture of laomers, they apparently ob-
talned only one compound on sulfonation and sabsequent forma-
tion of the sulfonamide, If their reference to the work of
Krafft and of Adem signifies that the same product 1s obtalined
by all three methods of synthesis, then this Friedel-Craftis
alkylation iz snomalous, for there 1s a merked branching ef-
fect in this typs of reaction which has slready been emphasized,

Mention should be made at this point of work by Calloway
{72) 4in which normel-slkylated products were obtained in high
vield by allowing the alkylation to proceed for a short
period of time, However, the reaction period employed by
Seldel and Engelfried was much longer (total of forty-eight
hours) even than ordinery alkylations where rearrangement to
branched chains is predominant,

Since the exact nature of the side chain in the occta-
decylbenzene obtained by slkylation was unsettled, it was con-
sldered importent to establish the inference of Selidel and
Engelfried that 1t 1a étraight. To sccomplish this, three
samples of octadecylbenzene were preparsed by the three differ-

ent methods mentioned, 8ince it waes difficult to obtain sharp

{72) Private communication from Dr, ¥, O, Calloway to Dr, Eenry
Gilman,



melting points for the resulting hydrocarbon products, which
melted slightly above room tempersture, a standard derivetive
was prepared of each, Under identical treatment three samples
of octadecylbenzenesulfonamide were obtained each melting at
99-100°, Mixed melting points with the three combinations
possgible showed no depressicns, This is evidence that the
alkylation product from p-octadecyl bromide and benzene in the
presence of aluminum chloride is n-octadecylbenzene,

- Comparison of the sulfonamide of & known branched-chain
octadecylbenzene with these samples would give a more complete
procf, if this new product were found to be different, Di-
rections have recently been reported (73) for the preparation
of several secondary ocitadecyl slcohols from substituted
malonic esters, The corresponding ovetadecyl bromides from
these alcohols would serve admwirably in this proposed study,
although use of tertisry lsomers in addition would be still
better,

Two attempts were made to prepare distearoylbenzene by
acylating stearophenone under forced conditions with stesroyl

chloride, Both were unsuccessful, for the only products ob-

{73) Brunner and Wiedman, Monatsh.,, 86, 4382 (1935),
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tained besides recovered stesroyl chloride and stearophenone
were stesrone end o0~ and p-chlorosniline, In the first at-
tempt equimclecular amounts of stearophenone, stearcoyl chlor-
ide and alumimum chloride were hoated in & sealed@ tube at 205°
for sbout two hours, A liquid fraction was obtained on work-
ing up the product, but it was found to consliat chiefly of
atearophenone, An inseparsble mixture of selid compounds
which were probably stearophenons snd stearone was the only
other substance 1solated besides a large smount of stearic
scid from the reccvered stearoyl chloride,

A second run was made at atmospheric pressure in nitro-
benzene as solvent, Two sguivslents of aluminum chloride was
used to one equivalent each of stearophenone snd stearoyl
chloride, The solution was heated at 100° (bath) for twenty-
four hours, The only products obtsined were stesrophenone,
stearic acid, atearone, end minute amounts of o- and p-chloro-~
aniline, Formetion of the last two compounds was also notesd

in attempted forced alkylations of nitrocbenzene with isobutyl

and isopropyl bromides (68),



EXPERIMENTAL PART

n-Amyl Chloride.

The procedure used in this resction is esaentiélly that
given by Gilman and Burtner (35), It is deseribed here for re-
view and to serve as a stendard in other reactions, Consider-
able detell will be given of this snd some other experiments,
for slight varistions sometimes appear to produce profound dif-
ferences in the resaction,

In this series of experiments where the idea waes to test
the sffect of varying the alkylating agent, it was of course
necessary to keep the other factors constant, Por this reason
it will not be necessary to give the conditions in future ex-
perimentes in this study, except for slight changes,

Tenth molar guentities of ethyl 5-bwmm@2-ruroate.(zl.9
grams) and of n-amyl chloride {(10.6 grems) were used, together
with a 100% excess {two-tenths mole in all) of catalyst, alum-
imum chloride (26,7 grems), With these amounts 200 c¢c, of
carbon disulfide was used es a solvent,

FPor this slze run it was found most convenient to use s
500 ce, three-necked flaask, An efficlent condenser fitted with
a calcium chloride tube was fixed in one side-neck and a small
dropping funnel in the other, An effective mercury sealed
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stirrer in the center neck completed the set-up, The apraratus
was placed in & ventileted hood to conduct awey the hydrogen
chloride evolved through the condenser,

The asrhydrous aluminum chloride in powdered form was placed
in the flask snd about 150 ce, of carbon disulfide added, The
brand and grade of sluminum chloride was Baker and Adamson's
enhydrous, reagent quality, "Lot No,8", containing & maximum
of 0,08% iron as the main impurity., The carbon disulfide was
water-clear and 4dried over calcium chloride, Some lots re-
quired distillatioen, in case they were not perfectly clear and
colerless,

The ethyl S~bromo-2-furoate waas prepared from purified 5-
bromo-2-fureie seid, The latter compound was synthesized by
refluxing 2-fureic ascid with one snd one-half moles of bromine
in ecarbon tetrachloride for eight hours.

The p-amyl chloride was Esstman's reagent guality, dried
over calcium chloride, This was used without further purifi-
cation,

Experiments showed that the order of sddition of the athyl
S5-bromo~Z-furcate and n-smyl chloride to the aluminum chloride
mades no difference, Nelther did the addition of a solution of
the two reagents cause any modification of the reaction, How-
avar,'in the series of experiments with alkyl halides the
athyl S5-bromof-furcate was added first followed by slower
{about fifteen minutes) addition of the alkyl halide, unless
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otherwise stated,

Stirring wes continued for twenty-four houraz, at the end
of which time the contents of the flask were slowly poured in-
to & 1:1 mixture of cracked ice and water (hood), Vigorous
stirring 1s essential throughout this hydrolysis, especially
toward the end when the thick, lower layer runs out, The mix-
ture was shaken in & separatory funnel and the lewer carbon di-
sulfide layer tapped off, Gonsiderable inaocluble sclid mater-
ial wasz usually Qreaant which proved to be S-brere2-furoic
acid., This cempﬁﬁné is unususlly insoluble in carbon disul-
fide, and ether must be used to ﬁeﬁpletely extract it, Three
ether extractiona were made and combined with the carbon di-
sulfide solution, A satursated sodlum bicarbonate solution was
used to extract the scidie products, Three extractions with
about 50 ce, sach were found sufificlent to completely remove
the acids, The neutral solutlion was dried over scdium sulfate
and the mixed solvents distilled off,

The residusl liquid was transferred to a 50 c¢, Claisen
flask with indentations, After removing the last iraces of sol-
vent with a wster pump, the red to black product was distilled
at a pressure of & mm, The following fractions were collected:
{1) 85,5-93,5%, 12,6 grems; (2) sbout 130-150°, 3,7 grams, A
second and more careful fractionation gave: (1') 86-91°, 10,0
grams; (2Y) 91-130°, 3,1 grams; (3) 130-142°, 215 grams.

Higher boiling products (up to sbout 180°) were also collected,



but they could not be sepsrated iInto definite boilling fractions
and would not ssponify. On standing they repidly turned to a
gsemi-sclid, bleck tar, After considersble unsuccessful effort
to 1isolate definite compounds from these intractsble resins it
was concludec that they were polymerizaetion producte and were
discarded, if they would not saponify, In sddition to this
distilled material there was aslways & considerable amount (2 to
7 grams) of tarry residue wﬁish s011dified on cooling. These
were likewlse considered to be polymeriged msterial and not
further investigated after a few attewpts to saponify some of
them,

All the distillates contslned traces of thio compounds
which imparted a dark red color to them, especlially the higher
bolling productas, These impurities could not be removed by any
emount of distilling and were s constant impediment in purify-
ing sand identifying the products, The diszgrecahble odor of
21l the products was dus also to these sulfur compounds, Their
only virtue in this work was thelr service as a preliminary
eriterion of successful alkylation in carbon disulfide scl-
vent, That 13, where there was no alkylatinn there were no
sulfur compounds formed and conseguently no red coloration,
and vice verss,

Fraction (1) was prectically pure ethyl S5-bromo-2-furocate,
Fraction (Z) was a mixture of ethyl 5-bromo-2-furoste and

ethyl 4-t-butyl-S-bromo-2-furoate, with the latter predominat-



ing. The third fraction, (), was ethyl 4-f-butyl-5-bromo-2-
furoste {total yleld, about 18% of the theoretical), Here, as
in other experiments, the wide bolling range of the alkylated
product wes due to smuall smounts of resinous msterial and
traces of the ever~present sulfur compounds, Further distills-
tion did not give mich purer producits, so two fractionations
generally constituted the extent of the purifiecation of the
esters,

The products were identified by saponifying with 20 per
cent alcohollic potassium hydroxide., Refluxing for about ten
minutes was generally sufficient to saponify the esters, On
cooling, the alcobolic solution was added to seversl t{lues
its volume of distilled water, ‘The red color disappeared on
thils treatment, If any oily or flocculent material separated
out on cooling in an lce Lath, 1t was filtered through a cone
filter, which retained the inscluble matter, A few chips of
lce were dropped in the flask and concentrated hydrochleric
acid sdded cautiously with swirling till the solutlon changed
Congo red paper to blue, The higher boiling portions sither
gradually gave & crystalline deposit on standing or a brown
oil separated out at ones, which crystallized slowly on
standing in the cold, depending on whether the product was
pure or contaminated with resinocus msaterial,

while the crude acld from the first fractlon melted only

three to four degrees lower than pure S5-bromo-Z-furoclc acid



(186-187°), the crude acid from the elkylated product melted
twenty to thirty degrees below that {163-164°) of pure 4-t-
butyl-B-bromo-2-furoie acid, Pure S-bromo~2-furcic acid is teo
be contrasted with 4-i-butyl-S-bromo-2-furcic acid in regerd
to the great depression in melting point produced by a smsll
amount of foreign orgenic materisal in the slkylated acid., This
alkylated compound has the further dlsadvantage of being the
more zoluble of the two in water and orgenic solvents, Frac-
tional sublimation was found valuable in the purificstion of
these acids, and a combination of this method with recrystal-
1ization was used to 1solate a pure sample, Identification
was effected by ths method of ﬁixed melting point,

The yvield was calculated from the samount of elkylated
ester obtained from the second distillation compared with the
theoretical amount, The intermediate fraction was considered
to be approximately half recovered ethyl S-~-bromo~2-furocate and
half ethyl 4-t-butyl-5-bromo-2-furcsate, Careful separation
and identification of the first runs showed this to be a reason-
able assumption, From the above dliscuassion it is evident that
the alkylsted product after two distillations corntains spprec-
isble impurities snd the yleld based on its smount is not an
sbsolute value, The yields in this and other experiments bdbe-
come more relative then exact, but the duplication of condi-
tions furniszhes some justifiecation for such a procedure. Un-

less otherwise stated the per cent ylelds are based on the



theoratical amount of product possible,

Acidification of the sbove sodium blearbonate sxtract
gave varving amounts (2 to 7 grams) of seid which was practi-
cally all S5-bromo-2-furoic acid, slthough small amounts of 4-t-

butyl-S~bromo-2-faroic scid were separated in some runs,

t-Amyl Chloride,

LAfter two unsuccessful sttempts to alkylate ethyl S5-bromo-
Z~furcate with t-amyl chloride a third run geve a small emount
of ester which ylelded ethyl 4-t-butyl-S-bromo-2-furclec acid
on seponification, The following fractions were collected on
distillation: (1) 84-92°/5mm,, 12.8 grams; (2) 123-130°/5mm,,
1.0 gram; (3) 140-150°/5mm,, 1,0 gram, Praction (1) was re-
covered ethyl S-bromo-2-furcate, Fractions (2) and (3} were
mainly ethyl 4-t-butyl-S-bromo-2-furcate (yleld, 6% of the

theoretical smount),

p-Amyl Bromide,

In addition to the usual set-up, a cooling bath (10-15°)
was apnlied to the flask in these expariments during addition
of reactants, In the first runs of this reaction, as with
some of the other alkylating agents, the whole crude nroduct
was distilled without removing the acid products with sodlum
ticarbonate beforehand, Thus the vrincipal alkylated product
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herse came over as the corresponding scid on distillation: (1)
94-99°/56-6mm,, 5,0 grams; (2) 99-126°/5-6mmn., 4.5 grams; (3)
1265-245° /5-6mm, (partly solidified), 5,4 grsme. After stand-
ing several hours the liquid portion of (3) wes separated from
the main solid materisl, The latter welghed 5,2 grsms and
melted at 104-105°, The compound was meidic snd gave a nega-
tive test for helogen, The neutralizstion equivalent was 168,
This velue and the melting point exeetly check those of 5-t-
butyl-2-furcic acid, A mixed melting point determination
showed no depression {yield, 31%).

A second distillation of the liquid fractions gave: (1')
88-91°/5mm,, 4,3 grams; (2') 91-94°/5mm,, 3.1 grams; (3') 103-
125° /5mm,., 0,9 gram. Fractions (1') and (2') were recovered
ethyl S5-bromo-2-furcate, On saponificstion of (3'), only 5~
bromo-2-furcic acld was isolsted, although there was probably
some undetected ethyl 5-t-butyl-S5-bromo-2-furcate in this
fraction,

Another run gave 10,0 grams of recovered ethyl S-bromo-2-
furoate snd 6,8 grams of 5-t-butyl-Z-furcic acid (yleld, 40%).

The faet that this roroduct was alwsys 1solated as the acid
may be explained by its apperent extreme ease of hydrolysis,
Thaet 13, the scld solution resulting from the decomposition of
the sluminum chloride complex wilth water seemed to be suffic-
ient to hydrolygze complstely the primarily formed ethyl 65-t-
butyl-~2-furcate.



To make sure of the identity and purity of the starting
materials physical constants were taken, Values obtained for
the saponification equivalent of the ethyl 5S-bromo-2-furoate
used were 211 and 214, The theoretical value is 219, The
boiling point of the p-amyl bromide was 128° which cheoks the
value (127.9°) given in a recent edition of a Handbook of
Chemistry and Physics.

As snother means of checking this reasction, a fresh lot
of ethyl S-bromo-2-furoate was prepared from especislly puri-
fied 5-bromo-2-furois scid, collecting the middle fraction on
distillation at 94,5-97.5/5mn, Saponification equivalents of
this masterial were 209 and 207, These values as well as ihoae
sbove are slightly low,'bat this éatarnination tends to give
low results ané the presence of a small amount of already
hydrolyzed ester, bH-bromo-2-furoic acid, would give a low ex-
perimaﬁxal value,

Several new samples of n-amyl bromide were combined and
distilled over calelum chloride through & long fractionating
column, The first and last parts of the dilstillate were kept
separate, slthough the whole belling range was only 127-120°,
The middle fraction {boiling at 128°) had a specific gravity
of 1.21620°, he value currently accepted ia 1.22320°, mme
observed value is slightly low but this could not be caused by
the presence of any butyl bromide, for the apecific gravitles
of the four possible isomers are egusl te or greater than that
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of p-amyl bromide, Elementary snalysis gave s positive test
for bromine and negative tests for chlorine snd iodine, To
further aatabli#h the presence of a n-amyl gﬁaup the alkyl
halids was converted to a Grignard reagent, Treatment of the
latter with «~naphthyl isoc¢yanate gave n-capro-A-naphthalide
melting at 93-95% after purification, This was shown to be
'1dantiea1 with samples of capro-~o~naphthalide preparcd from
gfamgi chloride and o-naphthyl isocyanate and from n-caproyl
~ehloride and £-naphthyl amine,

A run with these identified reagents gave results simillar
to those in the first two runs, A check on this resction by
Dr. 4. M, Straley, using entirely separste materials, likewise

gave simlilar results,

Iscamyl Bromide,

The additions were made with cocling as in the experiments
with n-amyl bromide and stirring was continued for forty hours
here, Distillation gave: (1) 89-96°/5mm,, 8,5 grams; (2) 96-
116°/6am, , 2.8 grems; (3) 119-135°/5wm,, 4,8 grams, ¥No solid
material appesared in any of these fraetions, A second frac-
tionation gave: (1') 88-93°/6mm., 8,5 grams; (2') 105-118° /5mm,,
1,8 grama; (3%) 119-127° /5rm, , 3.8 grams, PFraction (1') was
recovered starting material, and (2') and (3') were principally

ethyl 4-t-butyl-5-bromo-2-furcate (20% yleld). 1In a second
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run, an aguesus sodium blecarbonate extraction was used, but the

only acid from this wes S5-bromo-2-furcic scid,

p-Amyl Iodide,

A cooling bath waz applied during the additions, and the
reaction was allowed to continue only six hours becsuse free
iodine wes 11§6rataé in the reaction flask, More iodine sub-
limed out during the fi#st part of the distilletion, The fol-
lowing fractions were collected: (1) 84-94°/5mm,, 12,0 grams;
(2) 94-110°/5mm,, 4.5 grams; (3) 113-130°/5mm. (partly solid-
ified), 7.2 grams, The solid material in (3) was 5-bromo-2-
furoic acid, Redistillation of the liquids gave: (1') 86-94°/
Smm,, 11,0 grems; (2') 110-115%°/Smm,., 3,1 grams; (3') 115-122°/
S5mm,, 3.8 grams; (4) 131-145%°/5mm,, 0.6 gram, Small amounts
of B-bromo-2-furoic seid separated out in all these fractions
on standing, except (4) whiﬁh solidified completely, Fraction
{1') was recovered ethyl S5-bromo-2-furcate, Fractions (2')
and (3') gave 4-t-butyl-5-bromo-2-furcie acid on saponifica-
tion {yield of ester, 25%),

p-Hexyl Bromide.

& check run with pn-hexyl bromide gave results similar to
those originally obtained by Gilman and Burtner (35), Tenth

molar gquantities gave 1,7 grams of crude ethyl 4-t-butyl-5-
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bromo-2-furoate (6% yleld),

n-Hexyl Chloride,

Using the usual procedure, n-hexyl chloride and ethyl 5
bromo-2-furoate gave the following fractions on distillation
at Smm,: (1) 93-95°, 9.5 grams; (2) 98-180°, 4.3 grams; (3)
126-163°, 5,2 groms, Redistillation gave: (1') 88-93°, 7.8
grams; (2') 93-95°, 2,5 grams; (3') 118-131,5%, 5.6 grams;
{4) 150-165°, 2,0 grams, ‘Practions (1') end (2') were re-
covered starting material, PFraction (3') was ethyl 4-t-butyl-
5-bromo-2~furcate and the yleld was 20% of the theoreticel ,
Part of {4) erystallized on standing, These crystals were 5-
bromo-2-furcic acid, The sodium bicarbonate extract gave 6,0
grams of crude acid, melting at 182-184° on pressing on clay
plate, A mixed meliing point with S5~bromo-2-furcic scid gave

no depression,

Cyelohexyl Chloride.

Mereck aluminum chloride was used in this experiment,
Distillation of the neutral product gave: (1) 85-90°/3-4mm,,
7,7 grams; (2) 90-92,5%°/3-4mm,, 1,1 grems; (3) 142-170°/3-4mm,,
4,0 gramas, Portion (3) was fractionated to yileld: (3') 125-
148°/2um,, 3,3 grems; (4) 148-180°/2mm,, 1.7 grams, Fraction
{(5') was in turn distilled again giving: (3") 120-135°/2mm,,
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1.0 gram; (3"a) 135-152°/2mm,, 2,5 grems, Portions (1) and {(2)
gave S-bromo-2-furcic acid on saponification, Fractions (3")
and (3"a) gave brown oils on attempted saponification which
would not crystallize or solidify even after weeks of stending
in the cold, Frsasction {(4) gave an oil on treatment with alco-
holic potassium hydroxide and subseguent acidification which
gave a few crystals after standing in the cold for a week, At
the end of two weeks in the cold the brown sticky mass was
dried on c¢lay plete, An asttempt to sublimse this materiasl

gave & small emount of resin which erystsllized slowly, After
pressing on a2 clay plate the material melted at 118-141°,

The olly product from (3%a) solidified after about one month in
the cold, Hecrystalllization from carbon disulfide gave
cerystels melting at 144-151°, Sublimation of this material
raised the melting point to 161,5-1563°,

Separate ether extractions after three carbon disulfide
extractions of the originel hydrolyzed mixture yielded 4,6
grams of 5-bromo-2-furciec acid, The acid portion in the car-~
bon éiéulfi&a extract weighed 4,5 grams, crude, Sublimation
and weshing with carbon disuif&de gave pure S5-bromo-2-furoic
scid,

lauryl Bromide.

Distillation at 1 mm, gave: (1) 70-80°, 2 grams; (2)



80-90°, 9.5 grams; (3) 113-140°, 4,56 grams, Redistillation
gave: {1') 70-80°%/2mm., {2') 80-90°/2mm.; (3') 90-112°/1mm,,
3,6 grams, Distillates (1') and (2¢') yielded S-bromo-2-furoic
acid on saponification, The first fractlon may have contained
some recovered lauryl bromide although 1t was not isolated,
Fraction (3') was ethyl 4-i-butyl-5-bromo-2-furcate (yield,
13% ).

Cetyl Bromide.

in this resection 0,12 mole of ethyl 5-bromo-2-furcate and
0,12 mole of cetyl bromide were used with 0,24 mole of aluminum
¢hloride, On the third fractionstion of the productes, the
following distillates were obtsined: (1) 92-98°/5mm., 3,7
grams; (2) 100-116°/5mm,, 1,4 grams; (3) 125-130°/6mm,, 5,3
grams, Saponification of these fractions gave: (1) S-bromo-
2-furoic meid, (2) and (3) 4-t-butyl-S5-bromo-2-furocic acid
(yield of ester, 20%).

n~Octadecyl Bromide,

After three fractionations two products were obtasined
boiling at: (1) 96-107°/4mm,, 11.5 grams; (2) 120-128°/4mm,,
14,8 gﬁama. The corresponding acid of (1) was 5-bromo-2-
furoic acid, and of (2), 4-t-butyl-S-bromo-2-furcic acid, The
yield of ethyl 4-t-butyl-5-bromo-2-furcate was 46% of the the-
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oretical smount,

Vth@nyifg~Prapyl Bromide,

This alkyl halide gave the usual initisl indications of
alkylation in thet considerable hydrogen halide was evolved
and a deep reddish coloration occurred, Stirring was continued
for twenty-eight hours, Careful distilletion of the volatile
soclvent, after hydrolysis and extracticn with carbon disul-
fide, gave no fraction corresponding to benzene, although the
Glinsky column used permitted the partiel separetion of a
synthetic mixture of one part of benzene in five of carbon di-
sulfide, Distillatiorn of the residue at rsduced pressure gave:
(1) 100-105°/12mm,, 16,3 grams; (2) 105°/12mm, - 170°/2mm,,
4,6 grams, Saponification of (1) gave 5-bromo-2-furcic acid,
On standing a2 small smount of S5-bromo-2-furcic acid separated
out from (2), Saponification of the liguid portion of (2)
gave a sticky precipitate which was pressed on & clay plate,
This meterisl would not melt or sublime st 200° and 1mm, preg-
sure, It was insoluble in water and ether but dissolved
readily in ethyl aleohol and in dllute sodium bicsrbonate sol-
ution, Acidification of the latter solution of the compound
reprecipitated 1t, This new yracipitate decomposed at 289°
without melting but left no residue when ignited on platinum,

A Beilstein copper wire teast for halogen was negative,
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Alkylation of Ethyl 5-Bromo-2-Puroaste with {-Amyl Alcohol.

Two attempts were made to alkylate sthyl S5~bromo-Z2-furoate
with t-amyl e&lcohol using an excess of the former resctant as
& soclvent, Two-tenths mole of ethyl S-bromo-2-furoate (43,8
grems) was sdded rapidly to 0,05 mole of aluminum chloride
(6.7 grams) with ceoling, One-tenth mole of t-amyl slcochol
(8.5 grams) was then added dropwise and stirring continued for
twenty-four hours, After working up in the usual menner only
one fraction boiling at 92-94° was obtained on distillation
2t S5mm, This welighed 43,3 grams and proved to be recovered
sterting material, A similar run using 0,15 mole of alumlinum
chloride with the same amounts of other resgents gsve 41,7 grams
of recovered ethyl S-bromo-2-furocste as the only product,

A third run was conducted in the conventional manner
with carbon disulfide, The reaction was marked by a slight
fuming inside the reaction flask which may have been produced
by the formation of water from the alcohol, Distillation gave
the fellowing fractions: (1) 92.98°/Bmm,, 20,0 grams; (2)
115-125° /5mm, , 4.0 grams, HRedistillation of (2) gave: (2')
95-100°/6mm, , 0,5 gram; (3) 123-131°/4mm., 2,8 grams, Prac-
tions (1) and (2') were ethyl S5-bromo-2-furcate, end (3) gave
4-t-butyl-S-bromo-2-furoie acid on ssponification (yleld of
ester, 10%).
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Alkyletion of Ethyl 5-Bromo-2-Furocste with Olefins.

@-p-Amylene, Three attempts were made to alkylate ethyl
S-bromo-2-furoate with 4-p-amylene but the only preoducts iso-
lated from the resction were recovered ethyl S5-bromeo-Z2-furoate,
5-bromo-2-furcic acid and resinous material boiling over a
wide range which would not saponify. In the last run the fol-
lawing was obtained on the second distillation at S5mm,: (1)
89-93°, 13,1 grems; {2) 110-120°, 0.7 gram; (3) 120-about 170°,
1.8 grams, ¥raction (1) was recovered starting material,
¥ractions {2) and (3) were apparently polymerization products
for treatment with slcoholic potassium hydroxide gave olls
which would not crystallize or sclidify even after months of
standing in the cold, The sodium bicarbonete extract gave 5,0
grams of S5-bromo-2-furcic acid on acidification,

gyclohexens, Cyclohexene gave no evidence of resction on

adding it (0,1 mole) to ethyl S-bromo-2-furcste and aluminum
chlioride, so the mixture was refluxed for five hours, This
treatment caused considerable hydrogen hslide to be evolved,
Distillation of the hydrelyzed product gave only one fraction
boiling at 84-90° and 3mm, (3,7 grams), The residue could not
be distilled further because of foaming and clogging of the
condenser with & high melting solid, Sublimation of a repre-
sentative portion of the total undistilled product at 160° and
Smm, gave only S5-bromo-2-furcic acid, The above distillate

was recovered ethyl S5-brome-2-furcate,
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Butylene., Butylene behaved similarly to n-emylene, for a
serles of resins werc obtsined in each of three runs, but no
alkylated product, In the first resction, dry butylene was
passed into a stirred mixture of ethyl S5-bromo-2-furcete and
sluminum chloride in carbon disulfide with cooling in an 1ce
bath, To measure the flow the butylene was bubbled through
mineral cll, At the rate of abont two bubbles a second the
reaction flask gained 6,9 grams in about one and a half hours,
This constitutes a slight excess over one equivalent, Only
traces of hydrogen halide could be detected throughout the
twenty-four hour reaction periocd, Distillation gave: (1)
90-93%/6mm, , 10,4 grams; (2) 125-about 160°/5mm,, 3,0 grams,

A second fractionstion of {2) gave: (29 100-126°/6mm,,; (3)
135«1659/5mm.,; (4) 165-185°/5mm, Part (1) was recovered
ethyl S5e-bromo-2-furcate, which, with 10,0 grams of 5~bromo-2-
farcic acid from the sodium blecsrbonate extract, constitutes s
100% recovery. Attempts to saponify (2'), (3) and (4) were un-
successful,

In the second run, sn excess (2,6 equivalents) of buty-
lene was used, This gave no better results, for recovery was
almost quantitative and the high boiling products could not be
saponified,

In the third run, using almost 3 equivalents of butylene,
the reaction wes allowed to proceed only three hours, The dis-

tillation of neutrel products gave 19,3 grams of recovered
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ethyl S-bromo-2-furocate and high boiling syrupy materisl which
failed to saponify., Abszsence of any acidic products marked

this resction,

Diiscbutylene, In a 0,1 mole run, using ths usual propor-

tions, a mixture of dliscbutylene and ethyl S5-bromo-2~-furocate
was added dropwise to the sluminum chloride suspended in car-
bon disulfide, A trace of hydrogen chloride waa evolved at
the start but ceased promptly, There was marked warming and
slow coloration, After working up in the usual menner the fol-
lowing fractions were cut on distillation st S5mm,: (1) 85~
93°, 16,6 grams; (2) 93-100°, 0.5 gram; (3) 118-135°, 1,6
grams; (4) 142-170°, 0.5 gram; (5} 170-195°, 0.8 gram, Frac-
tions (1) and (2) were recovered ethyl 5-bromo-2-furocate while
{3), (4) and (5) consisted chiefly of resinous material to-
gether with minute amounts of S-bromo-2-furciec acid, The sod-
jum bicarbonate solution extract yielded 3,0 grams of 5-bromo~
2-furoic acid, The latter along with (1) and {2) constitutes
a 95% recovery.

Alkylation of Ethyl 5~-Bromo-2-Furocate with Stearonitrile,

Stearonitrile (26,5 grams} wss dissolved in carbon disul-
fide (100 cc, ) and added dropwise to the ethyl S-bromo-2-furocate
and aluminum chloride in the rest (100 c¢ec,) of the carbon di-
sulfide, Distillation gave the following fractions at 5mm,:
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(1) 94-99°, 16,7 grams; (2) 196~184°, 8,3 grams; (3) 184-190°,
20,5 grams (melted at 41-42,5°), The first fraction was ethyl
H-bromo-2«furcate and {(2) was a mixture of this and stesroni-
trile, while (3) was pure stearonitrile.

A second run was refluxed for twenty-four hours and al-
lowed to stir asnother thirty hours at réem temperature, Dis-
tillation gave: (1) 88-95°/5mm,, 17.8 grams; (2) 97-169°/5mm,,
6,0 grams; (3) 169-176°/5mm,, 23.6 grems, Portions (1) and
{3) were pure recovered ethyl S5-bromo-2-furoate and stesroni-
trile, respectively, while (2) was a 2:1 mixture of the two,

respectively.

Alkylstion of Bthyl S-Bromo-c-Furoste with Alkylsted Aromatic
sompounds,

gggfkmylghanal. Two attempts under different conditions

were made to slkylate ethyl S-bromo-2-furcate with p-t-amyl-
rhenol, In the first one an excess of the furan derivative
was used as a solvent, In this case the sluminum chloride
/[B.7 grams (0,066 mole)/ was added to a solution of 8,2 grams
{0.05 mole) of p-t-amylphenol in 29,0 grams (0,132 mole) of
ethyl S5-bromo-2«furcate, There was marked eveolution of hydro-
gen halide, The mixture was heated at 75-85° (bath) for six-
teen hours, which treatment caused 1t to become almost solid
and dark red in color, Hydrolysis with warm water gave =

light brown solid, ZEther extraction yielded a residue, after



- 103 -

removal of the solvent, which on distillation gave 10,0 grams
of ethyl S5-bromo~2.furcate and 5.3 grams of impure p-t-amyl-
phenocl, An agueous extract of the solid gave 0,5 grams of 5-
bromo-2-furcic acid, The extracted solid wes shaken with di-
lute hydrochloric acid and ether to decompesé the aluminum
salt, This ether solution was separated snd extracted with a
gsaturated sodium bicarbonate solution, The latter extract
gave 9,1 grams of S5-bromo-Z2-furcic acid, The remaining ether
solution on drying snd removal of the ether gave a seml-solid
residue which was distilled, Two fractions were cut: (1)
95-100°/4mm,, 1.5 grams; (2) sbout 113-125°/4mm,, 1,2 grams.
The first was & mixture of ethyl S-bromo-Z2-furoste, S5-bromo-2-
furoic scid snd a small amount of p-t-amylphenol, Praction (2)
was almost pure p-t-amylphenocl, Ho alkylated product or phenol
was lsolated,

In the second run a small amount (15 ec,) of carbon di-
sulfide was used ss the solvent with 0,05 mole each of ethyl
5-bromo-2-furcate and p-t-amylphencl in the presence of 0,066
mole of alumimum chloride, There was marked warming and evo-
lution of hydrogen chloride at first but this soon stopped, and
the mixture was refluxed twelve hours, The mixture was then
allowed to stand seven days before hydrolyzing., There were no
acidic products obtained from a sodium bilcarbonate sclution
extract, and no other compounds were isolated except recovered

p-t-amylphenol (8,4 grams) and ethyl S~bromo-2-furosate (9,4
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grams),

L-Amylbenzene. tL-Amylbenzene (0,05 mole) with 0,05 mole

of ethyl S-bromo-2-furcate in the presence of 0,1 mole of alum-
inum chloride gave no evolution of hydrogen chleride although
the usual dark coloration occurred, Distillation of the neutral
products gave the following fractions: {1) 85-88°/6mm,, 5,0
grams; (2) 89-150°/6mm,, 1.0 gram; (3) 150-170°/S5mm,, 1.5
grams, The first fraction was recovered ethyl S-bromo-2-
furcate and the second distillate gave an acid with a wide
melting range, Part (3) on sapcnification gave an acid melt-
ing at 174-179° in a crude state, Sublimation reised the
melting point to 181-184,5°, A mixture of this compound and
S5-bromo-2-furcic acid melted at 140-165°. Further sublimation
and recrystalllization from methyl slcohol-water gave crystals
melting at 187-187,5°, This material likewise depressed the
melting point (186-187°) of 5-bromo-2-furoic acid to 1652-171°,
An elementary analysis gave a nagétiva test far halogen,
Values found for the neutralization equivalent were 185,2 and
184.5.

Anal, Pound: €, 73,31, 73,00, T3.45; H, 9,04, 8.17,
7.87, The average molecular formulas calculated from the above

data is Cy1Hjg0p. Thils compound was not identified.
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Alkylation of Other Furan Derivatives with Alkyl Halides,

Hethyl 5-Bromo-2-FPureste. 1In a 0,1 mole run of methyl 5-

bromo-2-furocate (20,5 grams) with p-amyl chloride (10,5 grams),
the following products were obtained on distillstion: (1) 82-
90°/6mm,, 15,2 grams; (2) 112-121°/6mm,., 5.8 grams, Redistil-
iation gave: (1!') 82-90°/Bmm,., 15.1 grems; (2') 111-125°/5mm,,
3,3 grams, Saponifiecation of (1'}) gave S-bromo-2-furoic acid
and (2') gave 4-t-butyl-S5-~bromo-2-furcic scid, The yleld of
(2') was 22%.

Ethyl 4-Bromo-2-Furocate. Ethyl 4~bromo-2-furocaste was pre-

pared by reducing 4,5-dibromo-2-furocoic ascid with zinc dust and
emmonium hydroxide to 4-bromo-2-furcic acid, which was subse-
guently esterified with ethyl alcochol, Details of this
synthesis are given by Hill snd Sanger (73]},

The same conditions were used for the alkylation of ethyl
4-bromo-2-furcate with p-amyl chloride as those described for
ethyl 5-bromo-2-furocate. In a 0,06 mele run the following
fractions were obtalned on the second distilletion of the
neutral part of the product: {1) 81-85%/4mm,, 3.4 grams; (2)
95-108°/4mm, , 3.6 grame; (3) 108-130°/4mm,, 2,7 grams, Sapon-
ification of these distillates gave clls which crystallized

alowly on standing in the cold, The first fraction gave long

(73) B1ll and Senger, Proc, Am, Acad, Arts Sci., 2], 135 (18885),.
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needles which melted at 97-100° after pressing on a clay plate.
Recerystallization from dilute methyl alcohol, and then from
high boiling petroleum ether (75-115°), raised the melting
point to 102~10&°. A mixed melting point with an suthentic
specimen of ﬁugybutyl~ﬁ~fureic acid was not depressed, This
product gave & negative test for halogen, Distillates (2) and
(3) geve crude acids melting at 112,5-130° apd 110-130°, re-
apectively, These were combined and repestedly sublimed and
recrystalliized from dilute methyl alcohol and then from petro-

leum ether (75-115%°), but no pure fraction was obtained,

Ethyl 5-Chloro-2-Furoate, A solution of 24,7 grams (0,142

mole) of ethyl S-chloro-2-furcete and 14,8 grams (0,142 mole)
of p-amyl chloride was added dropwise with stirring to 37,7
grams (0,284 mole) of aluminum chloride in 200 ec¢, of carbon
disulfide, After sllowing to stir for twenty-four hours and
working up in the usual fashlon the fellowing frastions were
obtained on the second distillation at 19mm,: (1) 88-90°,
10,6 grams; (2) 95-106°, 1,4 grams; (3) 112-121°, 1.8 grams;
(4) 121-136°, 1,5 grams; (5) 145-170°, 1.6 grams, Praction
{1) and (2) were recovered ethyl S5-chlco-2~-furcate, Fractions
(3) and (4) gave scids melting at 168-172-5%, after pressing
on c¢lay plate and sublimation, Recrystallization from petro-
leum ether (75-115°) gave needles melting at 172-173°, A
mixed melting point with 4-i-butyl-S-chloro-2-furocic acid
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{melting at 169:5-172°%) obtained by alkylating ethyl 5-chloro-
g-furoate with t-butyl bromide was not depressed. The purified
acid gave a positive test for chlorine,

Anal, Calc'd. for OgHyy0361: €1, 17,50, Found: C1, 17.58,
17,76, Values found for the neutrsl squivalent were: 201.4
and 202,5, The thecretical value is 202,6,

Ethyl 4,5-Dibromo~E-Furoate.

8, With p-amyl chloride, Using the general procedure,
0.2 mole (59,6 grams) of ethyl 4,5-dibromo-2-furcate with 0,2
mole (21,0 grems) p-emyl chloride gave the following on frac-
tional distillation of the crude neutral products: (1) 79-
92°/10mm,, 2.3 grams; (2) 100-116°/8mm., 41,0 grams, The sec-
ond fraction proved to be recovered ethyl 4,5-dlbromo-2-furocate
but (1) would not saponify, The smount of 4,5-dibromo-2-
furoic meid (15,0 grams) obtasined from the sodium bicarbonate
solution extract, together with the recovered estsr, corres-
ponds to an almost quantitative recovery of the starting furan

¢ompound,

b, With n-amyl bromide, One-tenth mole (29,8 grams) of
ethyl 4,5-dibromo-2-furoate with an equivalent amount of n-
amyl bromide in the presence of aluminum chloride gave ocutward
appearances of reacting, but after hydrolyzing end working up

in the usual fashion, 15,0 grams of recovered ethyl 4,5-di-
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bromo-2-furocste was obtained as the prineipsl fraction on dis-
tillation (boiled at 110-120°/5mm.). A small amount of forerun
to this fraction, boiling at 82-102°/5mm, (1.3 grams), would
not saponify, The acidile product weighed 12,0 grams end was
identified ss 4,5-dibromo-2-furoic acid,

¢. With t-butyl bromide. 1In a 0,1 mole run, ethyl 4,5-
dibromo-2-furcate (29,8 grams) and t-butyl bromide (13,7
grams) gave the following products: (1) 80-92°/5mm,, 1,0
gram; (2) 194-1136/3mm., 19,3 grams, The first fraction would
not saponify, Fraction (2) was recovered ethyl 4,5-dibromo-
2~furoate, Abaut\& grams of 4,5-dibromo-2~furoic scid was iso-~

lJated from a asodium bicarbonate solution extract,

d, With isopropyl chloride, Isopropyl chloride (3,9
grems) gave no indication of reaction with ethyl 4,5-dibromo-
2-furocate (15,0 grams) at room tempsrature, so the mixture was
refluxed (46°) for six héura and then stirred at room tempers-~
ture for snother 18 hours., In spite eof ihis trestment the

original dibromo ester was recovered quantitatively,

S-Bromo-2-Furfursl, To 63,2 grems (0,4 mole) of sluminum

c¢hloride were added 350 cc, of carbon disulfide and 35,0 grams
(0.2 mole) of S5-bromo-2-furfural, snd then 21,2 grams (0,2
mole) of n-amyl chloride was added dropwise, Hydrogen halide

was evolved profusely and there was marked heating, After
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stirring for thirty-nine hours the dark solution was hydrolyzed
in ice-water and extracted with carbon disulfide. The organic

layer was washed with water and then with a saturated solution

of sodium acetats, Steam distillation in the presence of sod-

jum acetate solution gave only 5-brome-2-furfural (22.5 grams).
A sticky black residue rémainaa in the distilling flask,

A second run using 0,1 mole esech of S5~-bromo-2-furfursl and
n-amyl chloride with 0,12 mole of aluminum chloride was stirred
only five hours, The catalyst was sdded last over a period of
fifteen minutes with cooling in an lece~bath, The reaction be-
came vigorous when the cooling bath was removed, so it was re-
tained for the first three hours, On werking up as above, a
total of 18.4 grams of 5-bromo-2-furfural was recovered, No
other compound could be lsolated, These recoveries amount to

84% and 88%, respectively, of the amounts started with,

Varistion of the Catalyst in Alkylation of Furan and Benzene
Derivatives.

Composition, Uaing the same procedure as previously

described for the alkylation of ethyl S-bromo-2-furoste with
n-amyl bromide (74), a purer grade (Esstman's resublimed) of
aluminum chloride was substituted for the material marketed by

Baker and Adamson used formerly, The maximum limits of iron

(74) This thesis, p.89.
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in these two brands are 0,02% and 0,08%, respectively. From a
0.% mole run the following fractions were obtained on distil-
laﬁﬁmn of the neutral portion of the crude product: (1) 90-
94°/5mm,, 11,1 grams; (2) 97-115°/5mm,, 2.0 grams; (3) 124-
140%/6mm,, 3.4 grams, A second distillation gave: (1') 97-
100°/6mm,, 10,9 grems; (2!) 124-131°/5om,, 2,8 grams; (3')
about 140-150°/5mm,, 1,0 gram, Fraction (1') gave 5-bromo-2-
furoic acid, and (2t) gave 4-t-butyl-G-bromo-2-furcic acid,
The last fraction would not saponify, The sodium bicarbonste
extract ylelded about 3 grams of scid which wes recrystallized
from water, Nelther the crystals obtzined by this process nor
the aqueous filtrate contained any S5~t-butyl-Z-furoic acid,
S«Bromo-2-furcic acid was the only acid 1solsted, 4 cheeck run
using the same conditlions gave similar results,

In & third run using Eastman's aluminum chloride, s small
emount (0.1 gram) of amhydrous ferric chloride was added to the
eluminum chloride, This gave s catalyst containing about 0,12%
iron, The third fractionstion at 5mm, of the neutral products
gave the following: (1) 92-96°, 8,0 grams; (2) 96-128°, 0.8
gram; (3) 128-135°, 4,0 grams; (4) 139-165°, 1,0 gram, The
first two fractions gave S-bromo-2-furoic acid on saponifica-
tion and the last two gave 4-t-butyl-b-bromo-Z2-furoic acid,
The c¢rude acid obtained from the sodium bicarbonate extract
came down as an oil but solidified on stending, Fine needles

growing out of the plastic solld melted at 88-120° after prese-
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ing on clay plate, Recrystallization of the total crude acid
from water gave crystals melting at 147-180°, The aqueous
filtrate on ether extractlion ylelded 3,7 grams acid melting at
160-172° plus a small smount of needle like crystals which
proved to be S-t-butyl-2-furcic acid (mixed melting point) on
isclation from the rest of the erystals, Eac:yatsllization of
the 160-172° melting material gave two different kinds of
erystals In sbout equal smounts which could be sepsrated
mechanically, They were identified as 5-bromo-2-furcic acid
and 5-t-butyl-Z-furoiec acid,

In snother experiment using the same conditions and re-
sctants, the catalyst employed was a sample of Beker and Adam-
son aluminum chloride which had been sublimed twice just be-
fore use, The second distillation of the neutral products
gave: (1) 90-100°/5mm,, 8,3 grams; (2) 108-126°/5mm., 1.3
grems; {(3) 12§~1$3°/§mm., 4,0 grams, The first fraction was
recovered ethyl S-bromo-2-furcate, (3) was ethyl 4-t-butyl-5-
bromo-2-furcate, and (2) was 8 mixture of the two, The crude
ecid on recrystallization from water geve 3,0 grams of crystals
melting at 180-183°, Ether extraction of the squecus filtrate
gave material melting at 150-167%, but no B-t-butyl-2-furoic
scld could be isolated as above,

¥hen anhydrous ferric chloride (32,4 grams) was substituted
for sluminum chloride with ethyl S5~bromo~2-furocete (21,9 grems)

and n-amyl bromide (15,1 grams), there waa no evidence of re-
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action nﬁ mixing the reagents, Distillation at atmospheric
pressure of the neutral products gave: (1) 126-132°, 4,0
grams; (2) 132-195°, 3,0 grams; (3) 195-227°, 20,3 grams, The
firat and third distillates were n-amyl bromide and ethyl 5-
bromo-2Z2-furoate, respectively, while the middle fraction was a

mixture of the two, There was no acidic product,

Particle 8ize. In a series of three experiments with 0,1

mole n-amyl bromide snd 0,1 mole ethyl S5-bromo-Z2-furocete, three
samples of aluminum chloride of different particle size, pro-
duced by the Hooker Electrochemical Company were used., The
"ecarse” sample consisted of lumps about 0,5 to 1 ¢m, in dieme-
ter, The "medium” saumple h#d the appearance of small gravel
and the "fine" meterial was & powder. The reactions were the
same in all respects, yielding a mixture of ethyl 4-t-butyl-
B~bromo~-2-furcate end S5~t~butyl-2-furoic acid, The following
details are representative of the three runs, 7The second dis-
tillation gave: (1) 83-88%°/Bmm., 8.0 grams; (2) 98-112°/5mm,,
2.0 grams; {3) 115-160°/5mm,, 4.1 grams, The first two frac-
tions gave S-bromo-2-furcic acid and the third gave 4-t-butyl-
S-bromo-2-furoic scid (yleld of ester, 154), PFrom the sodium
bicarbonate extract there was obtained 5,3 grams of sacid
melting at 126-148°, Purification of this by recrystalliza-
tion from water gave principally S5-t-butyl-Z2-furocic acid plus

a amaller amount of H-bromo-2-furcic scid,
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Concentration, In the following experiments the original

procedure was changed, in that the aluminum chloride was added
slowly to the carbon disulfide solution of the alkyl helide

and the compound to be alkylated, A funnel for Gooch crucibles
with 8 glass rod which just fitted 1nto the atem, passing
through a rubber stopper in the funnel mouth, served admirably
as & hopper fér the gredual introduction of the sluminum
chloride, The addition took twenty mimtes,

Using this new procedure, 0,095 mole of aluminum chloride
with 0,1 mole esch of ethyl S5-bromo-2-furoste snd p-amyl
chloride gave only the slightest outward indication of reaction,
and 20,7 grams (94%) of the original ethyl B-bromo-2-furcate
wag recovered, There was no aslkylated product or acidic mate-
rial, ‘

%ith 0,11 mole aluminum chloride there wes merked outward
evidence of resction arnd & small amount (0;6 gram) of ethyl
4-t-butyl-S5-bromo-2-furoste wes 1solated (2% yield), together
with 20,2 grams (91%) of recovered ethyl S-bromo-2-furoate,

A 0,01 mole incresese {0,12 mole in all) in the amount of
aluminum chloride raised the yleld to 2,8 grems of ethyl 4-t-
butyl-S-bromo-2-furcate (104 yield).

For some reason the yileld of ethyl 4-t-butyl-5-bromo-2-
furcate was only 2,7 grams (10% yield) when 0,2 mole of alum-~
inum chloride was used, adding the catalyst last,

t-Butyl bromide (0.1 mole) falled to alkylate ethyl 5-
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bromo-2-furoate (0,1 mole) when 0,095 mole aluminum chloride
was added to the solution gradually, The recovery of ethyl 5-
bromo-2-furocate was almost quantitative (21,4 grams),

In & 0,1 mole run, 0,095 mole sluminum chloride was added
to & solution of ethyl S-bromo-2-furoate and isorroryl chlor-
ide, There were practically no signs of resction and 21,0
grams (95%) of the atariing furan compound was recovered, A
check run gave identical results, \

With 0,11 mole of catalyst, 0,1 mole esch of ethyl 5-
bromo-2-furoste and isopropyl chloridergave‘ll.c groms or 42%
of the theoretical amount of ethyl 4-isopropyl-5-bromo-2-
furoate (distilled at 105-110°/3-4mm, ).

An attempt te slkylate 0,084 mole methyl anisete with
0.084 mole isopropyl chloride in the presence of 0,075 mole
sluminum chloride was unsuccessful, for, in addition to the
absence of any evolution of hydrogen chloride, the only com-
pound isolated from the reaction mixture was 944 of recovered
methyl anisete (13,1 grams),

On the other hand, 0.11 mole of catalyst with 0,1 mole
each of ilsopropyl chloride and methyl snisate gave 5,7 grams of
an ester distilling at 145-152°/25mm, This product was sepon-
ified, yielding an acid which melted at 161,5-163 after re-
erystallizing from alcohol and water, @ilman and Calloway (50)
agsumed this acld to be 3-1sopropyl-4-methoxybenzoic acid
{yield of ester was 27%)., The recovered methyl anisste welighed
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11.3 grams (68%).

%ggzlation of Ethyl 5-Bromo~-2-Purcate with!grﬁmyl Chloride Us-
ng | erent Solvents,

Nitrobenzene, Following the general directiocns, 21,9

grams (0,1 mole) of ethyl S-bromo-2-furcate was added to 26,7
grams (0,2 mole) sluminum chloride in 200 ce., of dry nitro-
benzens, Then 10.5 grams (0,1 mole) n-amyl chloride was added
dropwise and stirring eontxnugd for nine hours, ¥No hydrogen
halide was evolved at any time, The hydrolyzed product was
extracted with nitrobenzene, 'Diatillatisn of the neutral por-
tion of the product gave the following fractions: (1) 68,5-
80°/6mm, , about 400 cc,; (2) 84-85°/6mm,, 15,1 grams; (3) 85-
1106/5mm., 3,2 grams, The first distillate was mostly nitro-
benzene, although some ethyl S5~bromo-2-furcate undoubtedly came
over in this frection, toc, The asecond fraction and most of
(3) was ethyl 5-bromo-2-furoate, The last part of (3) solld-
ified and melted at 81-86°, No ethyl 4-t~-butyl-5~brom-2-
furoate could be isolated, There was no acidiec product,

In a second run, 100 ecc, of nitrobenzene was used with the
above quantities of the other reagents, Stirring was main-
tained for twenty-four hours, After extracting the hydrolyzed
mixture twice with nitrobenzene, two more extractions were
made with ether, The combined extracts were dried over mag-

pnesium sulfate after washing with sodium bicarbonate solutlon,
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After removing the ether the nitrobenzene was distilled at 57-
65°/5mm, At 82-85°/5mm,, 16,2 grams of recovered ethyl 5-bromo-
2-furcate distilled, A third distillate came over at 103-130°/
10mm, (2.5 grams), the last part of which solidified, The
liquid part of the latter fracition was ethyl 5-bromo-2-furoate,
The solid material melted at 86-87,.5%°, Elementary snalysis

gave a positive test for nitrogen and a negatlive test for hal-
ogen., A mixed melting point with m-dinitrobenzene {melting at
88-89°) was not depressed, The original aqueous solution after
the ether extrection was maede strongly basic with sodium hydrox-
ide, but no basic product could be isclated by ether extrac-
tion of this solution,

Chlorobenzene, Using the same procedure described for the

alkylation of ethyl S5-bromo-Z2-furocate with n-amyl chloride in
carbon disulfide, a 0,1 mole run was made substituting 200 cec,
of chlorobenzene for the carbon disulfide, Hydrogen chloride
was evolved promptly and the homogeneous solution gradually be-
came dark red, After working up 1n the usual menner at the end
of twenty-four hours, the following frections were obtalned on
distillation of the neutral products at atmospheric pressure:
(1) 128-137°, about 200 cec,; {(2) 137-150°, 7,0 grams; (3)
150-213°, 6.7 grems; (4) 65-82°/6mm,, 0.8 gram; (5) 84-90°/6mm, ,
14,5 grems; (6) 103-190%°/6mm,, 3,0 grams, Fraction (1) was

recovered chlorobenzene, and (2} contained some chlorobenzene
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together with what wes probably an amyl chlorobenzene, Frac-
tion (3) appesred to be a mixture of alkylsted chlorobenzenes,
Distillate {4) consisted mostly of ethyl S5-bromo-2-furoate,
while {(5) was practically pure sterting materiasl, Praction (6)
contained & small amount of 5-bromo-2-furoic acid, the liquid
portion being unssponifilable resinous materisl, The scidic
product lsolated from the sodium bicarbonate extract was prac-
tically pure 5Qbroma-2-furaie acld and weighed 6,3 grams,

This acid together with frection (5) above constitutes a 99%

recovery of ethyl S-bromo-2-furoste,

Eerosene, Ordinary kerosene wes purified by shaking with
small portions of concentrated mulfuric scid until fresh sul-
furic scid was only slightly celored by the kerosene, This
required about ten extractions, This treatment was followed
by distillation through & frectionating column, cellecting the
portion belling at 190-250°, Substituting thils purified
sample for carbon disulfide, a 0,1 mole run waes made mccording
to the usual procedure, While part of the kerosene bolled at
the same tempersture as ethyl 4-t-butyl-5-bromo-2-furocate, none
df the distillates from the reaction product contained any of
this compound, A check run of 0,05 mole, using kerosene re-~
covered from the previocus run and distilled at 188-210°, con-
firmed this negative result, One gram of material boiling at
100-160°/6mm, was obtained but could not be saponified.
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§-Tetrachloroethsne, The s-tetrachloroethane used in this

experiment was the "technical" grada produced by the Eastman
Kodek Co, Before use the solvent was distilled through a
Glinsky column, and the fraction bolling st 140,5-143° collect-
ed, In a 0,1 mole run with ethyl S-bromo-2-furcate snd n-amyl
chloride the following fractlons were collected on distillation,
after removing the solvent: (1) 80-95°/2mm,, 16,3 grams; (2)
110-140°/2mm, , 7.0 grams. A second distillation gave: (1')
81-84°/2-3mm,, 13,8 grams; (2') 99-110°/2mm,, 3.4 grams; (3')
110-115°/2mm, , 3,8 grams; (4) 130-140°/1mm,, 1.0 gram, Re-
fractionation of (2') gave 1,4 grams boiling at 86-94°/5mm,
and 1,9 grems boiling 110-118°/S5mm, Praction (1') and the
first part of (2') were recovered ethyl 5-bromo-2-furcate, The
last part of (2') and (3') were ethyl 4-t-butyl-S5-bromo-2-
furcate (yield, 21%). Distillate (4) was mainly ethyl 4-t-
batyl~5-broma-9~furaa£e. The sodium bicarbonate extract gave
1.6 grsms acid, m,p. 140-172°, c¢rude. On washing with carbon
disulfide 1,0 grem of inscluble acid melting at 185-186,5° was
left, The cerbon disulfide solution ylelded 4-t-butyl-5-
5roma-2~furaic acid on evaporation and subsequent sublimation

of the residue,

Ethyl 5-Bromo~2~-Furcate, 1In this experiment no carbon di-

sulfide was used but in its stead an excess of ethyl bH-bromo-2-

furcate was employed as the solvent, n-Amyl chlorilde (0,1
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mole) was mixed with 0,2 mole ethyl S5-bromo-2-furocate and the
resulting solution sdded repidly to 0,2 mole aluminum chloride
with cooling and stirring, The addition was marked by strong
svolution of hydrogen chloride and internsl heating, The cool-
ing bath was removed and stirring continued for feur hours,
Distillation of the crude neutrasl product after working up in
the usual manner gave 39,0 grems recovered ethyl 5-bromo-2-
furoete plus 1 grém of resinous material which would not
saponify, The crude acid from the sodium bicarbonate solution
melted at 178-183° (5-bromo-2-furcie scid),

& check run with stirring for twenty-four hours resulted
in recovery of 42 grsms {96%) of the original furen compound,
Bo alkylated product could be isoclated.

Variastion of the Reaction Perlioed in the Cleavage Alkylation of
Ethyl 5-Bromo-Z-Furoate. '

In two experiments in which Eastman aluminum chloride wes
used, the resction was allowed to proceed twenty-four hours in
one experiment and five hours in the other, A 0,1 mole run
with ethyl S5-bromo-2-furcate end n-amyl chloride under the
usual conditions with twenty-four houra of stirring gave the
following fractions on distilletion: (1) 85-91°/5mm,, 9.8
grems; (2) 97-110%°/5mm,, 1,6 grams; (3) 110-122°/5mm,, 2.4
grams, The first fractlion was recovered starting materlal,

while (2) and (3) were mainly ethyl 4-t-butyl-S5-bromo-2-
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furcate (147 yield),

With five hours stirring the following products were ob-
tained on the third fractionation: (1) 83-890°/5mm,, 8.5 grams;
{(2) 100-127°/5mm,, 4.6 grams; (3) 130-144°/5mm., 1,0 gram. The
first fraction was recovered material and the second fraction
was ethyl 4-i-butyl-S5-bromo-2-furcate {(16% yield). Distillate
{3) contained a small smount of the latter compound plus
resinous material,

In & 0,05 mole run using n-octadecyl bromide the resction
mixture was allowed to stir exactly one hour, at the end of
which 1t wes hydrolyzed and worked up in the usual manner,

Four and one-half grams or 30% of the theoretical emount of
ethyl 4-t-butyl-b-bromo-2-furcate was obtained from this re-

action,

Collection of Fregments in the Alkylation of Ethyl 5-Bromo-2-
Furoate with Alkyl Halldes,

_h-Amyl Chloride. An alkylation of ethyl 5-bromo-2-furoate

with n-amyl chloride was carried out using purified s-tetra-
chlorcethans as the solvent by the ususl procedure, wlth col-
lection of all gasesous products, The collection of gases was
effected by connecting the caslecium chloride tube in the spiral
condenser cooled by tap-water to a apiral condenser designed
to remove easlly condensable gases, The outlet of thls con-
denser was in turn connecited to & gas reservolir filled with

20-30% agueous potassium hydroxide, Cerbon dloxide was used
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to sweep ocut the system, This sweeping gaz as well as the
hydrogen halide evolved was sbsorbed by the basic solution in
the reservoir leaving only neutral gases, The jacket around
the second splral condenser was open at the top and permitted
cooling with various refrigerants, e,g. cracked ice (0°), ice-
salt mixture (-20°) or "dry-ice"-acetone (about -70°). After
the first run 1t was found profitable to collect the gases as
they sre evolved with e¢racked ice in the spirel corndenser,
for the reaction period is too long to maintain lower temper-
atures without a great deal of attentlon and lerge amounts of
ice or "dry-ice”, At the end of the collection the total un-
absorbed gases were fractionated by passing them slowly back
and forth through the spiral condenser cooled by various re-
frigerants,

In the first run, about 350 cc, of gas was collected over
& seven-hour reaction period, Only a small amount of the totsl
gaa was condensed on passing through the second condenser
cooled to -11° to -20° ms 1t was evolved, Evaporation of this
condensate gave an additional 100 ce, of gas, ¥one of ths
gaseous products was identified in this run., An attempt to
prepare & Grignard reagent with part of the gas was unsuccess-
ful,

A second run was made using 0.5 mole each of ethyl 5-
bromo-2~-furcate and n-amyl chloride with 1,0 mole of sluminum

chloride 1in 600 c¢cc¢, of s-tetrachloroethane, The latter reagent
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was materlsl recovered from a previcus run, The tetrsachloro-
ethane was added to the aluminum chloride upon which consider-
able hydrogen chloride was evolved, together with 50 cc, of
gas which enalyzed for butane, When gas evolution from this
mixture had ceased (after seven hours) the ethyl S~bromo-2-
furoste was added, A large smount of hydrogen chloride was
again evolved and another 40 cc. of butane was collected over
s period of four end one-half hours, at the end of which time
there was no more ges evolutlion, At this point 60 cc., of the
brown solution in the reaction flask was withdrawn and worked
up separstely in the usual nmenner, ¥o trace of alkylated
ethyl 5-bromo-2-furcete could be found in this "blank"., Af-
ter removsl of the above sliguot the n-amyl chloride was added
dropwise, At the end of one and one-half hours 1500 cec, of
gas had been collected, After sweepling out the system while
the reaction flask was heated to 60° (bath) at the end of the
reaction period {(twenty-four hours), a totasl of 2100 cc, of
gas was obtained, Of this, 1200 cc, was condensed at -20°

arnd proved to be a mixture of isobutene, n-butsne and pentane,
These and other gaseous hydrocarbons were identified by their
boiling points, chemiecal inertness end carbon-hydrogen sanalyses,
The portion of the gas (920 cc.) uncondensed at -20° was cooled
to -62° with "dry-ice" and amcetone. ‘Two pounds of "dry-ice"
was used to cool the apparatus snd two liters of acetone to

this temperature, About half (520 cc,) of this fraction con-
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densed on this traatmant‘and slow distillation ylelded 85 cec,
of gas distilling at -51° to -20° which mnslyzed for 24% pro-
pane, containing & small amount of isobutane, The remaining
76% consisted of nitrogen, oxygen and carbon dioxide, The
rest of the -62° condensate consisted of butanes and a trace
of pentane, The 400 c¢c, of the original gas uncondensed at
~62° was found to contain 16,54 oxygen and 274 of saturated
hydrocarbons having an aversage carbon atom content of 2,35,
This was very probably a mixture of ethane and propane, Ab-
sence of methane was assumed since large amounts of propane
{(b.p. -44°) would have to be present to give the found anal-
ysis, and the low temperature used would not permit this, At

lenst the smount of methane present was very smsll,

p-Octadecyl Bromide, Collection of volatile products

from a 0,1 mole run with n-octadecyl bromide and sthyl 5-
bromo-2-furcate was effected in the same manner described for
n-amyl chloride, 4 solution of n-octadecyl bromide in s-
tetrachlorcethane was added last, after cessation of gas evo-
lution from the mixture of the other reagents, The second
spiral condenser was cooled with cracked ice throughout the
twenty-four hour reaction period, but only 0,3 ec, of tetra-
chloroethsne was condensed in 1t, The gystem was swept very
slowly with dry carbon dioxide during the entire period, The

totel volume of gas collected, after heating the reaction
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flask to 60° {bath) st the finish, was twenty-five hundred
cuble centimetera, All but 1258 cc, of this gas was condensed
to a water-clear liguid at -20°, This uncondensed residue was
found to contain 60% isobutane, 6% unssturated hydrocarbons,
7% oxygen and 27% nitrogen, The condensate was evaporated
very slowly {six hours) through the spiral which was allowed
to warm up gradually to 279, The following fractions were cut:
{1) -11° to -9°, €50 cc, collected (the first part wes sllowed
to escape in order to sweep out the residual gas); (2) -7° to
-4,5%°, 96 cc,; (3) -4,5%° to 0°, 100 cc.; (4) 0° to 25°, 115 ce.;
(5) 25° to 279, 65 cc.; (6) 48° to 49° (mliero-boiling point),
0.3 ¢c, liquid, Fractions (1) and (2) analyzed for butene
contaminated with 3,5 to 4,5% unsaturated material and 1 to 3%
oxygen, respectively. PFractions (3) and (4) consisted prin-
¢ipally of s mixture of butanes and pentane, containing aver-
age carbon atom contents of 4,2 and 4.6, respectively, These
products enelyzed for 3,24 and 3,5% unsaturated hydrocarbons,
but the absorpiion resgent used (fuming sulfuric acid) will
take up butane slowly, so the found "unsaturateds” is very
probably just part of the asstursted hydrocarbon which makes
up the ma jor portion of these gases, Fraction {(5) had an aver-
age c¢arbon atom content of 5,6 and was undoubtedly a mixture
of pentane and hexane,

The liquid portion of the product was worked up in the

usual menner exerciszing care to collect all products, The
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second distillation of the neutral products gave the follow-
ing frections at atmospheric pressure: (7) 50-60°, 1,2 grams;
(8) 60-90°, 1,1 grams; (9) 90-141%, 2,8 grams; (10) 141-146°,
about 400 ce.; (11) 150-185°, 2,0 grams; (12) 185-220°, 1.5
grams; {(13) 83-91°/6mm,, 17.0 grams; (14) 91-110°/6mm,, 0.5
gram; (15) 120-130°/6mm,, 2,5 grams; (16) 130-155°/6mm,, 1,0
gram; (17) 145-175°/2mm,, 1,3 grams; (18) 175-about 230°/2mm.,
2,5 greams, The residue from the first distillation weighed
3,8 grams, Practions (?),.(8) and (9) were assumed to be
paraffin hyirocarbon mixtures from their chemical inertness
and odor, Distlllate (10) was the recovered solvent, s-tetra-
chloroethene, Fractions {(11) and (12) sppesred to be mixtures
of tetrachlorcethsne and rscovered ethyl S~bromo-2-furoate,
Fractions {13) and (15) were practically pure ethyl 5-bromo-
2-furcate and ethyl 4~34hu£y1~5~broma-2~furdate, respectively,
while (14) was probably a mixture of the two, Distillates
{16), (17) and (18) consisted mostly of unsaturated resinous
materlal together with small smounts of water-clear inert
liguids, insoluble in concentrated sulfuric scid, In fact all
of the higher bolling fractions contalned varying emounts of

such sstursted compourds,

Preparation of n-Octadecylbenzens,

By Alkylation of Benzene with n-Octadecyl Bromide, Using
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the customary set-up for s Friedel-Crafts reactién, 16,6 grams
(0,05 mole) of n-octadecyl bromide wes added to 38 cc, of dry
benzene, and then 1,0 gram {0,0075 mole) of aluminum chloride
added in one portlon, The mixture wes stirred for thirty-four
hours and then heated at 50° {(beth) for four hours, After the
mixture was hydrolyzed with c¢racked ice and water and allowed
to warm up to room temperature the layers were separated and
the agqueous layer extracted with benzene, After drying and
rémeving the benzene, the crude product was distilled at re-
ﬁé@ed pressures, The second fracticnation gave: (1)} 149-154°/
15mm, , 2,5 grans; (2) 187-218%°/18mm,; (3) 218-228°/15mm,; (4)
182-187°/1mm,; (5) 210-about 220°/imm, (0.85 gram), Redistil-
lation of (2), {3) and (4) gave twoe fractions: (2') 165-179°/
1-2mm,, 1,0 grem; {3') 187-197°/1-2mm,, 8,3 grams. Fraction
(3') was octadecylbenzene (50% yleld), 5.0 grams of which was
dropped gradually into 12,5 grams of fuming sulfuric acid (15-
20 per cent sulfur trioxide) ccoled in an ice-bath, The ad-
dition took thirty minutes, after which the flask was allowed
to warm slowly to room temperature, After standing forty-five
minates at this temperature the flask was heated csutiously at
45-55° (bath) for thirty minutes, On cocling the black materisl
was poured: inte ice-water, taken up in ether and this solution
shaken wi%h 8 saturated solution of sodium ehlorids, The re-
sulting precipitate was filtered, washed wlth ether and re-
cryetallized from 50 per cent alcohol, The mrified sodium
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salt weighed 2,1 gramas, This compound was mixzed thoroughly
with warming under anhydrous conditions with an equal welight
of phosphorus pentachleride until the mixture became a liguid,
After standing an hour, dry smmonis was led into the flask with
heating and stirring for three hours, The solid product was
wéshﬁ& with water, HRecrystallization from absclute alcohol
ggva a white solid melting at 92,5-96,56°, Two recrystalliza-
tions from petroleum ether {80-68°) and subsequent sublimation
raised the melting point to 99-100°, Purther sublimetion did
net reise the melting peint, This compound was identified as
n-octadecylbenzenesulfonamide by mixed melting point, This
15:!3&&_6@;;% is essentially that described by Seidel and Engel-
fried (67).

By the Wurtz-Fitting Resction, The n-octadecyl ilodide

for this synthesis of n-octadecylbenzene was prepared by the
ac#ian of gaseous hydrogen l1odide on molten n-octadecanol at
100°,

Thirteen and eight-tenths grams (0,036 mole) of n-octa-
decyl 1odide was dissolved in 35 ce, of dry benzene and 8,2
grams {(0.04 mole) of iodobenzene added, To this solution 4,6
grams (0.2 gram atom) of metsllic szodium, cut into thin
strips, was added, Vigorous stirring is essential, After
gentle warming for two and one-half hours the benzene was dis-

tilled off and alcohol added to destroy the excess sodlum,
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After dilution with 250 cc, of water the mixture was ether ex-
trected, dried over magnesium sulfate and distilled after re-
moving the ether, The second distillation gave a middle frac-
tion boiling at 178-200°/1-2mm, (4.2 grams), These directions
are eassentially those of Krafft {(69), The sulfonamide deriva-
tive of this product was prepared by the method described in
the previous sesction, After recrystellizing from alcohol and
petroleum ether (60-68%), crystals were obtained melting at
99-100°, A mixed melting voint with the sample obtained
through the Friedel-Crafts alkylstion was not depressed,

Ry the Clemmensen Heduction of Stearophenone, The

stearophenone used in this synthesis was prepared by acylation
éf‘benzans wlth stearoyl chloride in the presence of aluminum
chloride,

Modifications by Martin (?5) were employved in a Clemmen-
sen reduction of 9,5 gréma of stearophenone, Fifty grams of
mossy zinc was amalgamated by shaking for flve minutes with a
solution of 5 grams of mercuric chloride in 2,5 ¢e, of hydro-
c¢hloric scid diluted with 75 ce, of water, After decanting
and rinsing the zinc amslgam with water, 37 cc, of water, 85 cc,
of concentrated hydrochloric acid, 50 cc, of toluene and the

stesrophenone were added in the order givem, Finally 2 ce¢, of

(75) Martin, J, Am, Chem, Soc,, BS, 1438 (1936),
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glaclial acetic acld was added and the mixture refluxed briskly
for twenty-elght hours, The squeous layer was removed, s
fresh charge of emalgamsted zinc and dilute hydrochloric acid
were added and refluxing resumed for forty-eight hours, Dur-
ing both these refluxing periods, 25 e¢c, portions of concen-
trated hydrochloric acid were added at about six to ten hour
intervals, On cooling the orgsnic lsyer was taken up in ether,
dried and distilled at Z2mm, sfter removal of the ether and tolu-
ene, The firat fraction boiled at 185-200° and welghed 2,1
grems, After recrystellizing from methyl aleohol, the sul-
fonamide of this product was prepared by the procedure out-
lined on page 126, The n-octadecylbenzenesulfonamide obtained
here melted at 99-100° after several recrystallizations from
petroleum ether (60-80°), Mixed melting points with samples
obtained through the alkylatlion of benzene and through the
Wurtz-Fittlg reaction showed no depressions,

Por a contemplated alkylation of benzene, & semple of n-
octadecyl chloride was prepared by means of the Derzan reac-
tion, To 27,0 grams (0,1 mole) of n-octadecanol in 30 ce, of
benzene, 0,1 ¢¢, of pyridine was added and then 18,1 grams
{0.152 mole) of thionyl chloride, dropwise with cooling., At
the end of an hour the eveolution of gas (sulfur dioxide, etc,)
was very slight, so & cooling bath was again spplied and 50 ce,
of 10 per cent sodium chloride solution added with stirring.

¥ore benzene waa added to kesp the organic layer entirely
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fluid, The benzene solution was separsted and washed succes-
sively with 10 per cent sodlium carbomste solution and 10 per
cent sodium chloride, After drying over masgnesium sulfate, the
benzene was distlilled off, The resulting solld was taken up
in hot alcohol and then cooled to room temperature, upon which,
recovered n-octadecanol precipitated, The flltrate yvielded a
semi solid which was dlatilled &t 4-5mm, giving two fractions:
(1) 176-182°, 3.6 grams; (2) about 200°, 1 gram, Praction (1)
was & clear liquid whlch gave a positive test for chlorine,

The yield in this preparation wes greatly Increased by
¥, R, HeCorkle (76) by lengthening the reaction perliod.

Porced Acyletion of Stearophencne with Stesroyl Chloride.

Using a long stem glass furmel 2,0 grams {0,0145 mole) of
sluminum chloride was introduced into the bottom of a Carius
tube, To this were added 5,0 grems (0,0145 mole) of stearo-
phenone and 4.4 grams {0,0145 mole)} of steeroyl chloride,
There was a slow evolution of hydrogen chloride on mixing the
reagents, so the lower end was cooled and the tube swont out
with dry nitrogen, Such 2 procedure 1s necessary to prevent
hydrogen chloride from coming in contact with the hot glass
during the sealing, since this casuses erystallization of the

gless, The sealed tube was heated at 205° in an electric

{76) ¥, R, HeCorkle, unpublished results,
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Carius furnasce for two hours, There was considerable pressure
released when the seal on the cold tube was opened, The black
product was taken up in ether, shaken with dilute hydrochlorie
acid and then with dilute sodium hydroxide solution, upon which
a large amount of sodium stearate precipltated, After drying
and removing the ether, the neutral pioduet was distilled at
3mm., to give: (1) 213-240°, 1,2 grams; (2) about 320-330°/
3am,, 1,2 grams, Fraction (1) was s liquid, An attempt to
oxidize this produet to a ¢carboxylic asclid with acidic sodium
dichromate geve only a neutral solid which melted at 55-62°
after sublimation, After further purificaticn this materisl
melted at 60-63° and was identified as stearophenone, The sec-
ond distillste, (2), solidified and melted at 57-63° after
recrystallization from ethyl acetate and from alcohol, Sub-
limation did not change this melting point, nor did ancther
recrystallization from sleochol, Tﬁia‘was probably a mixture |
of stearophenone and stearone,

In ancther experiment nitrobenzene (25 e¢c,) was used as a
solvent using the usual set up for a Friedel-Crafts reaction,
To the aluminum chloride {G.Qaﬁ-mole) in a 280 cec, three-necked
flask were added the nitrobenzene, 0,0145 mole of stearophenone
and 00,0145 mole stesaroyl chloride in the order given, There was
no hydrogen chloride evolved until the sclution was heated in
an oil-bath to 100° (bath), Heating was contimued for twenty-

two hours, esnd the solution wes then hydrolyzed by pouring
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into ice-water, followed by strong acidificetion with hydro-
cehloric ascid, After standing’evernight this mixture was ex-
tracted with ether, This extrasct was shaken with sodlium hy-
droxide solution, After drying, the ethereal solution ylelded
& black slush on removal of the solvent, Filtration of this
residue and aubsaqnaﬁt sublimation of the solid portion at
160-170° /4mm, gave almost pure stearophenone snd a small
amount of greasy materlial, Recrystallization of the latter
geve & white powder melting at 75-83°, The above filtrate

on distillation gave 11,0 gramas of nitrobenzene and s fraction
boiling at 200-205°/2mm, (solidified), Fractionsl sublimation
of the latter gave mostly stearoprhenone plus & small amount of
matarialvmelting at 80-83,5°, The latter was combined with
the above product melting et 80-83°, and recrystallized twice
from petroleum ether {60~68°) which reised the melting point
to 85,5-86,5°, This was i1dentified as stearone by a mixed
melting point, Prom the original aquéaua layer, left efter
ether extraction, were isolated very small amounts {(about 0,1
gram} of p-chloroaniline (mixed melting point) and an oil
which was probably o-chloroaniline, These products were ob-
tained by making the solution strongly alksline, subsequent
ether extraction and fractional sublimation of the residue
obtained from the ether extract {56}, A very small amount of

stesarophenons was also recovered from this process,



- 133 ~
SUMMARY

A study hes been made of the limitatlons end mechanisms
of asome cleavage alkylations of alkylS-halogeno-Z2-furoate by
the Priedel-Crafts resction, With ethyl S~bromo-2-furocate and

-various alkyl hslides, cleavage begins with amyl halides to
give ethyl 4-t-butyl-5-bromo-2-furcate and continues on through
n-octadecyl bromide, glving the same product in aver& case,
n~-Amyl bromide exhibits & singular behavior in that it glves
ethyl S5~t-butyl-2-furocate in addition to ethyl 4-t-butyl-5-
bromo~-2-furoate,

The octadecylbenzene prepared by alkylatlion of benzene
with n-octadecyl bromide by the Friedel-Crafts reaction has
bteen identified as the normal 1somer, which is novel in view
of the fact that alkylation with a n-alkyl helide 1s almost
inveriably accompanied by resrrangement to a branched chain,

An unsuccessful attempt was made to discylate bengzene
with stearoyl chloride under forced conditions, NRegative re-
sults were also obtained in attempts to bring about rearrange-
ment of the n-alkyl group in stearophenone to a branched

chaln,
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