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‘Introducticn

It is.of interest to compare ‘the ‘relative reactivities
of haibgehabearihg5aﬁdréﬁbxide“ring¢éarﬁon atoms toward
nucleophilic substitution. *:Such a comparison can.conven-
iently by made by . consideration of ‘the products formed from
such reactions: of ¢ompounds ' in which'both functions are
present 'in the same ‘molecule. Some work along: this line
with ‘alpha-halogenated-epoxides; particularly epichloro-

i

hydrin, has béen reported in the literature.

fForwéXample,’Koeléch'énd~McElvéin1freported:thé“faré
mation of ‘l-c¢hloro-<2-pentanol. and l-chloro-3-bromo=-2-prop-
anol from the reaction ‘of ‘epichlorohydriniwith ethyl mag-
nesiun bromide. Later; the same workers? reported the
preparation of sixteen different chlorohydrins by the re-
action of various Grignard reagents with epichlorohydrin.
In'all cases, ‘reaction occurred which 'resulted in the
formaticn of products homologous to the l-chloro-2-pentanol
formed with ethyl magnesium bromide, ‘cléarly indicating
exclusive attack at the terminal cdrbon atom of the ep-
oxide ring. S

Tapia ‘and Hernandez3 reported the formation of 3~
bromo-l-chloro=2-propanocl from:the reaction betweeén epi-
chlorépydrin and phenyl magnesium bromide, with a small
: amount ‘of methyl stilbene formed as'a by-product. Moreover,

in reaction of epichlorohydrin with another aryl Grignard

reagent, o-anisyl magnesium bromide, Normant® obtained a
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25 t0.30% yleld of 1l-(o-anisyl)=3-chloro-2-propanol. It
1s clear that in both cases, there was exclusive attack by
the nucleophilic:agent at the terminal epoxide carbon atem.

,Margrane and Cp;tle5 found similarly. that in reactions.
of epichlorohydrin with Grignard reagents, fission of. the
epoxide ring occurred- to the exclusion of displacement of
a chloriae don by the nucleophilic group. In order to
1ncrease the yield of alkyl substituted material these
workers nsed dialkyl magnesium compounds, particularly
diethyl magnesium, in place of the Grignard reagent, thus
eliminating attack by the halide ion Which is significant
in the case of Grignard reagents. With these compounds,
they again found that substitution occurred by rupture of
the epoxide ring at the terminal carbon atom.

Nucleophilic substitutions of epichlorohydrin with
sulfides and mercaptans have been reported. Nenitescu and

6"

6carlatescu reported reactions between mezcaptans and

epichlorohydrin to give varions primary thioéfhers. For
example, ethyl mercaptan gave 3-ohloro-2~hydroxypropyl
ethyl sulfide, 1ndicating attack at the primary carbon atom
of the epox1de ring. PrOpyl mercaptan and phenyl mercaptan
gave analogous products. Sjoberg7 reported the formation
of 3~chloro—2—ﬁydroxypropy1 mercaptan from a reaction of
epichlorohydgigwand hy@rOgenzsulfide.infalkaline%solution.
An interesting reaction has been observed by Haynes

and co-worker38 between.ep;chlorohydrin»and.sodium acetylide

in liquid ammonia in which a 40% yleld of 2-penten-4-yn-l-ol
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was. obtained: With epibromohydrin, a 25% yield of the same
product was formed. These workers postulate dlrect dis=-
placement of halide lon to form an intermediate epoxypen-
tyne: This,. they suppose subsequently rearranges to form the
product :which was isolated: This mechanism may be repre-

sented in the following way:

casc + 01-CH2-C§5/9H2  — cH.-‘:c-cgz-c{IfIfZ 4+ C1
cnfc-cag;cgapnz ——>  CHZC-CHICH-CH,0H

ﬁvidence fgr their proposed mechanism is based on a similar
reaction using 1-bromo-2,3—epoxybutane instead of epichloro-
hydrin or epibromohydrin. In this case, the product formed
was hex-3-en-5-yn-2-ol, CHZ C-CH-CH-CHOH-CH3 They reason
that this product could be obtained only if direct displace-
ment of bromi@e lon by acetylide lon was the initial step
in the reaction, and thus, by analogy, conclude that halide
ion displacementlis the first step in the reaction of
sodium écetyiide with epichloro- or epibremohydrin.

Along the same line, Culvenor and co-workers9 in a
reaction of epichlorohydrin with sodium toluene~p—su1f1nate,

obtained 3-p-tolylsulfonylprOp-Q-en-l-ol, as follows:

A4

p-CH3-06H4-SO2-CH:CH-CH20H -+ Q1
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However, if the reaction mixture was kept neutral, they
obtained instead l—chloro-3-p-tol&lsulfonylpropan-zaol,
p-CH3-06H4-802~0H2-CHOH-CH ~C1, Similarly, in a reaction
between epichlorohydrin and aqueous alkali cyanides re-
ported from this same 1aboratory10,‘3-cyano-prop-2-en-l-ol,
NC-CH:CH-CHQOH, was isolated, and in this case, a small
amount of 3-cyano-l-chloro-propan—2~ol NC-CHg-CHOH-CHQ-Cl,
was formed. The yield of the latter product was increased
to 65% by the use of alcohol as the solvent and by the
continuogs addition of acetic acid to m@}ntain neutrali#y.
It was fnrther shown that 3-cynno~l~chloro-propan-2-ol
could be converted to 3-cyano-prop~2-en-l-ol, the prin-
ciple product under basic conditions, by the cautious
addition of less than a molar quantity of sodium hydroxide.
The implication seems to be that 1n1t1a1 attack in both
these cases occurs at the terminal carbon atom of the
epoxide ring. These workers propose that the unsaturated
alcohols are formed via an unstable epoxide 1ntermediate.
However,)@n opposition to the Haynes viewpoint that the
intermediate epoxide was formed by direct displacement of
a halide ion, they believe:that attack by the nucleophilie
group occurred at the terminal carbon atom of the epoxide
ring forming an alpha-haloalkoxide ion, which in basic
medium.forms an epoxide ring, presumably through displace-
ment of chloride ion by the alkoxide oxygen, in the follow-

ing manner:



(%)

CoN T+ caz7cn-cng-m —_— NCuCHZfH-Cﬂz-C]]
0

U e

l

NC-CHZCH-CH,0H & Nci.cng-ca.iﬂa + ¢ -

{ \"
Extenéi#e work has been done on the reactions of ep-
oxides with amines and ammonia and some of this has been

conducted using epichlorohydrin as the condensing epoxide.

11 studied the reactlons

For example, Drozdov and Cherntzov
of epichlorohydrin with diethylamine, dimethylamine, and
piperidine in aqueous solution and found in all cases that
fthé%amine attacked ﬂhe terminai carboq atom of the epoxide
ring forming l-diethylamino-, l-diméthylamino-, and 1l-
piperidino-3-chloro-2-propanol, respectively. They also
found products, unidentifled, containing ionie chloride.

They then obtained by reactlon of the chlorohydrins men=~
tioned with caustic alhali the corresponding l-diethylamino-,
1-dimethylamino~-, and l-piperidino-2,3-epoxypropanes.

12, in a reaction between eplchloro-

Later, Gilman, ot gl
hydrin and diethylamine in water obtained a material, not
isolated, which) when ?reapedeith excess of aqueous sodium
hydroxide gave l-dieth&iﬁmino-z,3-epoxypropane. Thus, they
felt, particularly in view of the similar results obtained
by Drozdov and Cherntzovit

t

» mentioned above, that the non-
isolated material was l-diethylamino-3-chloro-2-propanol.

Bachman and Mayhew13 conclude also on the basis of the
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results obtained by Drozdov and Cherntzovlil that the pro-
ducts  from their reactions of secondary aliphatic amines
with epichlorohydrin were l-dialkylamino-3-chloro-2-prop-
anols. Davies and Savigel? similarly obtained 1-(N-methyl-
anilino)—3-chloro~2—propanol from a reaction betwzen N-
methylaniline.and ‘epichlorohydrin in ethanol or xylene,.
which, by treatment with alkali, formed 1~(B3methylanilino)-
2,3-epoxypropane. In the reaction of an amide, N-phenyl-
p-toluene}sulfonamide, with epichlorohydrin, Ohle and

15

Haessler~” obtained N-p<tosylphenyl-(3-chloro-2-hydroxy-
propyl)-amine, indicating again attack by the nucleophilic
agent &t the terminal carbon atom of the epoxide ring.
Sodium alkoxides and phenoxides, in condensing with
epichlorohydrin, also seem to show preferential attack at
the primary. carbon atom of the epoxide ring. 4 reaction
was reported some time ago by Cohn and Plohnl6 in which
phenol was condensed with epichlorohydrin using sodium
hydroxide or sodium methoxide as catalysts, to form 1l-
phenoxy~-2,3-epoxypropane. However, later, Boyd and Marlel7,
in duplicating their work, identified the same product as
18

1,3~diphenoxy-2-propancl, and later—— extended. the reaction
to include other phenols, finding that they gave analogous
products. Bradley and co-workersl? also studied the re-
actions: between phencls and epichlorohydrin, using tertiary
"amines as catalysts. They isolated principally l-aryloxy-
3-chloro-2-propancls, with diaryl ethers of glycerol. being

formed only as by-products. Interestingly enough, they
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isolated also small amounts of 1,3~dichloro-propan-2-ol.
In order to explain the formation of this product, they
reasoned that arylglycidic ethers were formed by removal
of -hydrogen chloride from the first-formed aryloxychloio-
hydrins. This hydrogen chloride, they felt, then under-
went reaction with epichlorohydrin to form the dichloro-
propanocl. No arylglycidic ethers were isolated, but the
authors postulated that reaction between the ethers and
unreacted phenol occurred immediately.

Recent studieéfby Waters and"VEndefWerfgo of the re-
actions of 3-bromo-l,2-epoxybutane and l-bromo-2,3-epoxy=-
butane with molar equivalents of sodium methoxide in meth-
anol and sodium ethoxide in ethanol showed the formation in
all cases of the corresponding l-alkoxy-2,3-epoxybutane,
thus 1ndicat1ng preferential attack-at the piimary'carbon
atom in these nucleophilic displacements, regardless of the
nature of the substituent at that position. These results
cast further dcubt on the contention of Haynes and co-
workers®; mentioned earlier, that reaction between epi-
chlorohydrin and sodium acetylide must proceed via dis~-
‘placement of chloride ion by an acetylide ion, since proof
of the English workers was based on the supposedly anal-

ogous reaction of l-bromo-2,3-epoxybutane with sodium

acetylide. 1In the latter case, it was shown that reaction
occurred via displacement of bromide ion by acetylide ion
with subsequent rearrangement of the epoxide grouping. It

appears that the same product would have been obtained had
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Haynes used, 3-brome-l,2-epoxybrtane rather than l-bromo-
2,3-epoxyb§;£n§, thus indlicating that 1nﬁ%ﬁe;samg;re&@tiqn
with epichlerohydrin, the formation of 2~pénten~4;yn~1~ol
may well have proceeded by attack of acetylide ion at the
primary carbon atom of the epoxide.ring.

Another substitutlon rsaction invalving,ep;ghloro-
hydrin in wh@gh?gi;ect.diépiacement;cf,ch}oyide.iqn was
reported tq_have.ta&enuglaqashgs,beeq_described;by,Haller
ahdlﬁﬁmgrtpLucasz}. In this .case,; epichlorohydrin was.
treated with the carhanion of isobutyrophencne in ether or
benzene. suspension. :The product isolated was 4-methyl-
4~benzoyl-1,2-epoxypentane, with reaction apparently pro-

ceedling in the following manner:

0 Cliy 0 CHy
e o | - o
Cgli-C-C + 01}..0112-03..}:1{2‘% céﬁﬁ»c-.-cl:—cuz.-ch-fna

Ciiy 0 Cig,  ©

Léter,‘RQSSellgg, in further work on this reaction; uslng.
3~bromc-1,2ygp0xybutanqAinstead of epichlqrohy@r;p, showed
that reactipﬂ:may'we117have proceeded'bywinitiél‘attack at
the primary carbon atom_ofsthe.gpoxide ring with subsequent
ring closure through the intermediate alpha-haloalkoxide
structure, sinece the product he isolated wes 5-methyl=
Sebenzeyl~2,3-epoxyhexane. Russell formulated the mechanism
of this reaction as follows:

O'CH3

- |
06H5~c-$ .+ HyC0-CH-CHBr-CH,

\/
o

\Z

Cﬂ3
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c635-0-?-@{2-(':&-0}&—033 —> 0655'0'?'032“’““0‘1‘0‘13
CH3 o _ CH3 0

If the reaction had proceeded as suggested by Haller and
Ramart-Lucas for epichlorohydrin, by direct displacement
of a halide ion, the produet would have been 3,4-dimethyl-
4-benzoyl-1l,2-epoxypentane, 06H5-g~0(CH3)2-CH(CH3)~CQEQH2.
¥%ith epichlorohydrin, the final product would be the same
regardless . of the mechanism.

_Russe1122 also reported ‘the reaction: between l-bromo-
2,3~epoxybutane and the carbanion of isobutyrophenone. In
this reaction, he claims the formation of 2-methyl-3~benzoyl=-
isopropyl trimethylene oxide, corresponding to attack by
the carbanion at the 2 position with ring closure through
displacement of the terminal bromide by the alkoxide oxygen

resulting from the cleavage of the epoxide ring, as follows:

O gHy HOCCH 0 ¢y, Og-0Hy

a 3__ 3 13,/ N\ 3
Ogit5-0- HC ___> céas-c-c-cn\ 0"
CH & Br CHy CHBr

3 2 k{//’
0 CH CH-CH.
n 3/ N\ 3 }
CgHy~C~CCH /0 + Br

CHy “Ci,

He assumes that the products obtained from the isomeric

alpha-bromoepoxides must be structurally different since

9
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the corresponding oximes have different :melting points;

and since the product obtained from 1-bromo~2,3-epoxybutane
forms no 2j4-dinitrophenylhydrazone, as opposed to the
formation '6f such a derivative from the product obtained
from 3~-bromo-l,2-epcxybutane. In addition, there was found
to be a considerable difference in the ease of oxidation of
the two products, the product obtained from 3-bromo-l,2-
epoxybutane being oxidized at a much more rapild rate.
However,; the product of oxidation was the same in the two
cases, namely, 3-methyl-3-benzoylbutanoic acid. In order
to explain the formastion of this acid from the trimethylene
oxide derivative proposed as the product obtained from
l-bromo-2,3-epoxybutane, he suggests as a possibility the
oxidation of the four-membered heterocycle to a derivative
of acetoacetic acid which on decarboxylation under the
conditions of the oxidation would yield a methyl ketone.
‘This would then undergo further oxidation to the butyric
acid derivative, or the oxidation of the acetoacetic acid

derivative to a malonic acid derivative, would, on de-~

carboxylation, give the same acid. ﬁ
0 CH, CH-CH : 0 CH C~CH
LN 8y ol
TN 65
CH3 CH2 ~002 CH3 COOH
0 CH 0
C/H g C gH C-CH
=Ce -Ce= 0 CHy COOH
o éH 2&& i CH co CgH g c 2
3 I3 TRe00
Q6H5—C—?-CH2-COOH CH3 COOH

CH3
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As still another possibility, Russell suggest the rearrange-
ment first of the trimethylene oxide derivative to the
ethylene oxide-derivative formed from 3-bromo-l,2-epoxy-
butane, which would then give the same acid on oxidation.
The present work includes further studies on these
reactions of 3-bromo-1,2-epoxybutane and l-bromo-2;3-epoxy=
butane with the carbanion of isobutyrophenone, as well as
studies of the reactlons of these isomeric alpha-bromo-
epoxides with other nucleophilic agents, namely diethyl-

amine, sodium alloxide and sodium azide.
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Discussion of Results

Reactions of 3-Bro&o-l,2—epoxybutane~and:l-Bromo-2,3-epoxy-

butane with Diethylamine

The reaction of 3-bromo-1 2-epoxybutane, CH3~CHBr-CBLCH2,
prepared according to the method of Petrov23, with diethyl—
amine in a l to 2 molar ratio, reSpectively, 1n anhydrous
ether gave, in addition to diethylamine hydrobromide, MePs
214.2-216.8%, a 21% yield of l-diethylamino-2,3-epoxybutane,
01'13501\155:11;03-{2-}:(CHZ-CH3)2, b.p. 76.5-77.0°. The identity of
the diethylamine hydrobromlde was determined by a mixed
melting point of the mgﬁeriai with an authentic sample of
diefﬁ&iamihe'hyﬁrobromide, meDe 217,0-21é150, in which no
depreséion was shown.

The structure of the l-diethylanino-Z,3~epoxybutane
was ascertained by its catalytie reduction to l-diethyl-
amino-2-butanol , CH3-CH2-CHOH-CH2-N(CH2-0H3)2, b.p. 82-84°
at 25 mm. presqure, in an acidified alecoholic medium using
a Raney nickel catalyst»with'hydrogen at 1500 p.s.i. at
room temperature. The l—diéthylamino-Q-butanoi éﬁus pro-
duced formed a hydrochloride, mip. 79a6—80.8°,'wh1ch showed
no depression of the melting ppint on an authentic sampie
of the hydrochloride of this material prepared by the re-
‘action of diethylamine with 1,2-epoxybutane. Further, the
infrared absorption spectra of the l-diethylamino-2-butanol

from this scurce and from the authentic source are essen-
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PERCENT TRANEMISSION

1000 3600 3200 280C 2400 2000 1600 1200 800
FREGUENCY CM.~1
Fig. 1. Infrared absorption spectra: A, of reaction
product of 3-bromo-l,2-epoxybutane with dilethylamine;
B, of reaction product of l-brcmo-2,3-epoxybutane with

diethylamine.

tially identical (Fig. 2). That the product of this re-
action is not l-diethylaminoc-2-butanone, which would also
give l-diethylamino-2-butanol on reduction, wes determined
by the fuct that it fermed no derivative with 2,4-dinitro-
phenylhydrazine and that its infrared spectrum shows no
absorption in the region in which strong aliphatic ketcne
absorption is generally foundz4, 1.e. 1720-1705% em.L
(Fig. 1).

The reaction of l-bromo-2,3-epoxybutane with diethyl-

amine in a 1 to 2 molar ratio, respectively, conducted in
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RCENT TRANSKISSIOR

..\
4

Pk

4000 3600 3200 2800 2400 2000 1600 1200 800
FREQUENCY CM.-1

Fig. 2. Infrared absorption spectra: 4, of the com-
pound resulting from the catalytic hydrogenation of the
reaction product of 3«~bromo-l,2-epoxybutane and diethyl-
amine; B, of l-diethylamine-2-butanocl formed by the
reaction of 1l,2-epoxybutane with diethylamine; C, of the
compound resulting from the catalytic hydrogenation of
the reaction produet of l-bromo-2,3-epoxybutane and

diethylamine.

anhydrous ether, afforded diethylamine hydrobromide, m.p.
217.8-218,4%, which showed no depression of the melting
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point of an suthentic sample.of this material. 4lso iso-
lated was a 74£”§ield-of 1-dietbylém1no~2,3;ep0xybutaneh
The infrared spectrum of this material is identical to that
of the reaction product of diethylamine with 3-bromo-1,2-
epoxybutzne (Fig. 1). It gave, on reduction with hydrogen
at 1500 p.s.i., using a Raney nickel .catalyst, l-diethyl-
amino-2-butanol, b.p. 82-84° at 25 mm. pressure, the hydro~
chloride of whiehy m.p. 80,2-82.6%, showed no depression

of the melting point of an suthentic sample of l-diethyl<
amino=2=butanol hydrochloride. Further, the infrared ab-. :
sorption spectrum ‘of this reduced material is essentially
identical to that of an authentic sample of l-diethylamino-
2-butanol (Fig. 2).

Thus;qreéctien of ‘either 3-hromo-1,2-epoxybutane.or
l-bromo~253~epoxybutané with diethylamine produces l-diethyl-
amino=2,3-epoxybutane, indicating attack at the terminal.
carbon atom-of the molecule regardless 6f the substituent
present at that position. With l-bromo-2,3-epoxybutane,
the reaction seems to fo;low a path of gimple displacgmenﬁ
of bromide ion byﬁdiethylamine. Dietﬁ&ihmine is ‘apparently
a stronger base than the reaction preoduct, the unreacted
diethylamine immediately‘displacing the l1-diethylamino-
2,3-epoxybutane as the free base from its hydrobromide
salt. ?he reaction may be depicted as follows:

CoH
NN CH3-CH_CH-CH2-J;‘2 5
\0/ H 02}15‘

. ,/céﬁﬁ
CHy-CH-CH-CH Br + EN/

/ C-H
\0 ohy

+Br ©



(16)

+ CoH §5| .CAH
CHB~CH-fH Ch2 g’c 5-+.HN 02 5__e. 033-0h-CH-CH2-N’ 2%
2 N\ H H “C.H
o oy ofily ({ oHy
+ C,H
4+ H 27

In the reaction of 3~bromo-1,2-epoxybutane with di-
ethylamine, the mechanism follows a different course. Since
the diethylamino group attaches itself to the terminal
carbon atom, it is apparent that attack at the epoxide ring
rather than direct displacement of bromide ion has occurred.
The formation of l-dlethylamino-2,3-epoxybutane after the
initial ring-opening reaction can occur by the displace~
ment of a bromide ion at the third carbon atom of the chain
through attack by the alkoxide oxygen resulting from the
ring cleavage. This presumably occurs in the same manner:
that has haen described for reactions of this alpha~bromo-
epoxide with other nucleophilic agents20, The total reaction

may be illustrated as follows:

CoH

CHy-CHBr-CH-CHp + HN’ 5——e> ca3-cnar-cn-CH2-ﬁ’ 2°5

N/ “CoH I H CoH
0 > _ 0 5
HN’chs |
CoH “CoH
i 29 it CH -CH~CH~CH,-N 2% +Br ~
-+
,C Hs

CH., ~CH-CH=CH,.~F’
3INT7 2 e
0 275
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Reactions of 3-Bromo-1,2-epoxybutane and 1-Bromo-2,3~epoxy=-

butane with Sodium Azilde

The reaction of 3-bromo-1,2-epoxybutane with an equi-
molar amount of sodium azide in a 1 to .5 mixture of water
in dioxane afforded a quantity of material, b.p. 72-82° at
55 mm. pressure; which, despite repeated attempts, was not
separable by distillation into distinct .components. &ince
a_positive Bellstein halogen test was obtained. for this
material, and since its-UCiling range 1s in-the same region
as that obtalned for the starting material, i.e., 3=-bromo-
1,2-epoxybutane (74-77° st 50 mm. pressure, determined by
this investigator), it is believed that this fraction con-
sists, at least in part, of unreacted 3-bromo-l,2-epoxy-
butane. This fraction may also centaln a product resulting
from a monosubstitution reaction between the 3-bromo-l,2-
epoxybutane and sodium azide., dccording to the results of
varions investigators which have been summarized by Boyer.
and Canterasvin a review article, organic azides and the
corresponding organic bromldes are quite similar in their
various physical propertiles, including boiling point. Thus,
it see&s that 1if direct displacement of a bromide ioh from
3-bromo-l,2-epoxybutane by aniazide ion occurred, the re~-
sulting product would very likely be difficult to separate
‘from the starting material.-due to similarities of the boil-
ing points of the itwo substances: If, as seems more likely,

displacement of a bromide lon: occurred via initial cleavage
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of the epoxide ring by attack of an azide ion at the term-
inal carbon atom,sip a manner- analogous to other nucleo-
rhilic displacementé invol%ingl3-bromo-1,2—epoxybut£ne,
described in. this work (see p..16), l-azido-2,3-epoxybutane
would be formed. Thls would be expected tbznévé‘a boiling
point in the same range as that of l-bromo-2,3-epoxybutane,
which, in turn, boils in épbrbximately'thg same temperature
range as 3-bromo-1,2-epoxybutane as determined by this
investigator and by Petroves. Therefore, it seems likely
that the difference in boiling points of 3-bromo-1,2-epoxy-
butane and 1-azidq~2,3-epoxybutane would not be great enough
to make easy their separation by distillation.

The only single component isolated from this reaction
of 3-bromo-1,2-epoxybutane with sodium azide was a 56% yield,
based on sodium azide, of 3,4~diazido~2~butanol, CH3-0H0H~
CHNB—CH2N3. Proof of the identity of thls material was ob-
tained by comparison of its infrared absorption speectrum
with that of an authentic sample of 3,4~-diazido-2~butanol,
prepared by the reaction of 3,4-dibromo-2-butanol with
sodium azide.(Fig. 3). In addition, a positive lodoform
test, conducted according tc the method of Shriner and
Fuson26, was.obtained for the 3,4-diazido-2-butancl formed
in this reaction, indicating the presence of the CHB-CHOH~
fragment in the molecule.

In the reaction of l-bromo-2,3-epoxybutane with sodium
azide, conducted in the same manner as just described for

the reaction of 3-bromo-l,2-epoxybutane with sodium azide,
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Fig. 3. Infrared absorption spectrat A, of the
reacticn product of 3-brome-1,2-epoxybutane and sodium
azide; B, of 3,4-dlazido-2-butancl formed by the re-
action of 3,4-dibromo-2-butanol with sodium azide; C,
of the reactien product of l-bromo-2,3-epoxybutane and

sodium azide.

a quantity of material, b.p. 74-82° at 55 mm. pressure,
which could not be further purified, was obtained. This
fraction gave a positive Bellstein halogen test. Its

bolling renge was in the same range as that found for the
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starting material; l-bromo-2,3-epoxybutane (69»730 at 50
mm. pressure, determined by this investigator). By an
argument analogous to the one advanced above (see p. 17-18)
for .explaining the impure lower-boiling material obtained
from the reaction of 3-~bromo-l,2-epoxybutane with sodium
azide, one might say that in this case, this lower-boiling
fraction represents a mixture of starting material, l.e.,
l-bromo-2,3~-epoxybutane, and a moncsubstituted product,
probably l-azido-2,3-epoxybutane, with bolling peints so
similar as to make their separstion by distillation diffi-
cult.

Another component isolated from this reaction of
l-bromo-2,3-epoxybutane with scdium azide was identified as
3y4-diazido~2~-butanocl, by comparison of its infrared ab-
sorption spectrum with that of an authentic sample of
3,4-diazido-2~butanol, prepared by the reaction of 3,4-
dibromo-2-butanol with sodium azide (Fig. 3). Also, as was
the ‘case for the disubstituted product of the reaction of
3-bromo-1,2-epoxybutane with sodium azide, this dlazido-
butancl gave .a positive iodoform test.

In spite of the fact that monosubstituted prcducts.
were .not isolated; some information regarding the mode of
attack of the azide ion in-these nucleophilic displacements
with 3~bromo-1,2-epoxybutane and l-bromo-2,3-epoxybutane
‘can be ascertained from a consideration of the disubstituted
products which were formed. Thus, two separate and distinet

reactions, one of direct displacement of a bromide ion by an
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azide iony; and one a cleavage of;tﬁe epoxide.ring by an
azlde ion,, cannot have been the mechanism in the reaction
of sodium azide with 3-bromo-l,2-epoxybutane. If this
mechanism had obtained, the product would have been most
likely 1,3-diazido-2-butanol, rather than.3,4-diazido-2-
butanol. Since.attack-at the terminal carbon atom of the
epoxide ring 4id occur, as:indicated by the terminal posi-
tion of one of the azide functions .in the resulting product,
and since the other azide function occcupies the adjacent .
position on:the carbon chain, it seems feasible to propose
that the reaction proceeds according to a mechanism. for
other nucleophilic displacements of 3-brome-1,2-epoxybutane
referred to earlier in this work (see p. 16). In such. a
case, attack by an azide ion at the terminal position of the
epoxide ring would occur, forming a.secondary alkoxide ion
at the 2-position. The alkoxide oxygen would then displace
the bromine at the 3-position, forming.as a result, .l-
azido-2;3~epoxybutane. A&attack by another azide jion at the
second carbon atom of the chain would then occur, opening
the newly-formed epoxide ring and producing, as a result,
the product isolated, 3,4-dlazido-2-butanol. The complete
reaction maéhbe 11lustrated as followss:

CH3.-cm§r-c§-;:Hz + §yT—> E)H3-CHBr-CH-CH2N3]

I
0. 0

5 S

CH3-CH-CH~CHQN3 + Br

\/
0

CH3-CHOH—CHN3CH2N3

Hy0
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In the reaction of l-bromo-2,3-epoxybutane with sodium
azide, no definite conclusions .can be made regarding the
order in which the displacement of a bromide ion and epoxide
ring cleavage occurs. However, since 1t was foﬁndvﬁy"this
investigator (see p. 15-16), and by Waters and'vanderwerfzo;
that-nucleophilic displacemient reactions of l-bromo-2,3-
epoxybutane ‘with other nucleophilic agents odcurred”byw
substitution at the primary bromine~bearing carbon atcm,
we can, by analogy, propose that the reaction of 1-bromo-
2,3~epoxybutane with sodium azide ocecurs via displacement
of a#bromidexidn?byign azide ‘4on at the terminal carbon
atom, formiﬁg’I—azid@-2;3;epoxybutane, the 'same intermediate
that was proposed in the reaction of 3-bromo-1,2-epoxy-
butane with sodium azidei Further reaction would then
proceed'as-describedgabove in the 'second stage of the re=-
action of 34bromoalyg-epobeutane*With sodium azide, by
attack of another azéde ion at the 2-position of the newly-
formed~1—azidb—2,3-e%dxybutané, forming as a result, the
product isolated; 3,4-diazido-2-butanol. The complete

reaction may be shown as follows:

CH3?‘C{I'fh"CH;2Br + Ny T—s 03350{1-_;:1{-0%1\13 + Br

. Hx0
CH3'-C{I-/CH-CH2N3 + Ny T ——> CHy-CHOH-CHN3~CH,Ny
0
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Reactions bf*3-Brom6~1,2—epbxybutanefénd*lﬁBrOmo~233—epoxy-

butane with Sodium Alloxide

3-Bromo-1,2-epoxybutane was added to an equimolar
amount of sodium alloxide in allyl slecohol to produce a 19%
yield of l-alloxy-2,3-epoxybutane, CHg:CH-CHZéO-CHQ—Q§6§H-0H3,
as well as a 45% yleld of a material which is probably
3,4~-d1alloxy~2~butanol. Oxirane oxygen analysis of the
1~-alloxy~2,3-epoxybutane, according to the methed of Swern,
et 2127, gave a value of 11.0%, or 88% of the calculated
value. The infrared absorption spectrum of the l-alloxy-
2,3-epoxybutane shows absorption at 1250 cm.’l, which is
likely due to the epoxide function28 No absorption due to
a ketone furction is evldent in this spectrum (Fig. 4).

Identity of the l-alloxy-2,3-epoxybutane was estab-
1lished by its reduction with hydrogen at 1500 p.s.i. and at
4 temperature of 130°%, using a Baney nickel catalyst, to
preduce 1l-propoxy-2-butanol, CH3-CH2-CH2~0-GHZ-GHOH—CH20H3.
The infrared absorption spectrum of this reduction product
was ddentical to that of an authentic sample of l-propoxy-
2~butanol, formed from the reaction of sodium propoxide
with 1,2-epoxybutane (Fig. 5). A&lthough these spectra
show absorption in the region of 3100-3700 cm,‘l, which
can, ‘in this case, be attributed only ‘to the hydroxyl
function245 difficulty was encountered in obtaining alco-
"holic derivatives of these samples of l-propoxy-2-butanol.

‘Thus, each was oxidized by chromic acld to l<propoxy-2-
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butanone, from which the 2 4—d1n1tropheny1hydrazones were
formed, according to the method of ohriner and Fuson27.
Both derivatives gave a melting range of593e?4°. A mixture
of equal amounts of the two derlvatives sboﬁéé nofﬁélting
point depression. i

The assignment of the. formula 3,4-dialloxy-2-butanol to
the”disubétituted product formed in this reaction was based
nrimarily on analogy to similar reactions described by

Waters and Vanderuerfzo, in whieh sodium methoxide and

sodium ethoxide are the condensing alkoxides and ‘in which
small amounts of 3,4-diaikoxyéé~bdtanols are formed. In
addition, this dialloxybutanol gave a positive iodoform test.

The reaction of l-bromo-2,3-epoxybutane wiéh sodium
alloxide gave a 29%“yiéid ofxl-élloxy~2,3-epoxybutane, and
a 22%”9ie1a”6f 3,4~-dialloxy=2-butanol. 4&n oxirane oxygen
percentage of lii3 or 90% of the celeculated value was ob-
tained for the 1;;iioxy~2,3-epoxybutane product of this
reaction. The 'infrared abscrption spectrum of this l-
a110xy-2 3-epoxybutane is identical to that of the mono-
substituted product of the reaction of 3~bromo—l z-epoxy-
butane with sodium alloxide (Fig. 4). Reduction of the
l-alibxy-2,3—epoxybutane obtained from this reaction with
hydrogen at 1500 p.s.i. and at a temperature of 130°, using
a Raney nickel catalyst, yielded a product, the infrared
absorption spectrum of vhich is identical to that of an
authentic sample of l-~propoxy-2-butancl (Fig. 5). Gxidation
of this reduced material yielded 1«propoxy-2~butanone,
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PERCENT TRANSMISSION
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Fig. 4, Infrared absorpticn spectra: 4, of the
monosubstituted reaction produect of 3~bromo-1,2-
epoxybutane and sodium alloxide; B, of the mono-
substituted reaction product of l-bromo-2,3-epoxybutane

and sodium alloxide.

as determined by the fact that its 2,4-dinitro-phenylhydra-
zone, M.p. 93-940, showed no depression of the melting
point of an authentic sample of the 2,4-dinitro-phenyl-
hydrazone of l~-propoxy-2-butanone, m.p. 93~94°r The au-
thentic l-propoxy-2~butanone was prepared by the oxlidation
by  chromie acid of l-propoxy-2-butanol prepared by the
reaction of sodium propoxide with 1,2-epoxybutane..
Identity of the 3,4-dialloxy-2-butanol formed in this

reaction was established by ccmparison of its infrared
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Fig. 5. Infrared absorption spectra: A, of the
compound formed from the catalytic hydrogenation of
the reaction product (monosubstituted) of 3-bromo-
1,2~-epoxybutane and sodium alloxide; B, of l-propoxy=-
2~-butanol formed by the reaction of 1,2-epoxybutane
with sodium propoxide; C, of the compound formed from
the catalytie hydrogenation of the reaction product
(monosubstituted) of l-bromo-2,3-epoxybutane and sodium

alloxide.

absorpticn spectrum with that of 3j,4~dialloxy-2-butanol
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Fig. 6. Infrared absorption spectra: 4, of the
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disubstituted product formed from the reaction of
3~bromo~l,2~epoxybutane with sodium allexide; B, of
the disubstituted product formed from the reactien
of l-bromo-2,3~epoxybutane with sodium alloxide.

believed to have been formed in the reaction just described
of 3~bromo-l,2-epoxybutane with sodium alloxide (Fig. 6).
From the results just cited, 1t is evident that these

reactions of 3~bromo-l,2-epoxybutane and l-bromo~-2,3-epoxy-
butane with sodium alloxide proceed by attack of the alloxide
i9n at the terminal carbon atom of the molecule, regardless
of the substituent present at that position. 1In the re-
action of l-bromo-2,3-epoxybutane with sodium alloxide, the

mechanism 1s one of simple displacement of a bromide ion by
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an alloxide ion to form the produet, l-alloxy-2,3-epoxy-
butane.

In the reaction of 3-bromo-l,2-epoxybutane with scdium
alloxide, the mechanism appears to be the same as that
described for the reaction of this alpha-bromoepoxide with
diethylamine, already described in this work (see p. 16),
and with other alkoxide ions, in work reported by Waters and
VanderWerfaQ, By this mechanism, attack by the alloxide
ion at. the terminal carbon atom of the epoxide ring first
ocecurs, resulting in ring cleavage and the formation of an
intermediate alphe-bromo-alkoxide. This 1is followed by the
displacement of a bromide ion by the alkoxide oxygen to form
a new epoxide ring. The complete reaction may be illus-

trated by the following series of equations:

CH., ~CHBr-CH-CH
3 \ / 2

S
cH —CHBr-CH-CHa~0-CH2-CH:CH2

T
|

2-O-CHQ—CH:CHZ-I- Br =

+ = 0-CH,=CH=CH,

CHB-CH~CH-CH
/
0
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Reactiong of 3-Bromo-l,2~epoxybutane and.l-Bromo-2,3-epoxy-

butanevwith.the Carbanion of Isobutyrophenone”

.The reaction of 3~bromo«l,2-epoxybutane with'the
c¢arbanion ofﬂisobutyrophenone*was accomplished by refluxing
the two materials in benzene, the latter existing as a
suspensicnﬁinwtﬁeusélveﬁte “The' prodiict obtained-has-been
identified previodély by Russell?? as 5-methyl«5-benzoyl-
2,3~epoxyhe#ane, and was represented as being formed in the
following manner:

il w
06H550~C -+ “H?Qcﬁﬂ-CHBr~CH3
CI’IB l, o
| ftyC=G-CRy=CR-CEBr -Gy

cH, oO.
3

g
S

|
0685~C~CnCH2~CHifH-CH3'+-Br

CH3 0

The bases on which this structural asolgnment was made
ares (1) 05idaticn of the product by alkaline permanganaue
gave 3~methy1u3~benzoylbutanoic acld, prepared also inoepen-
dently by the oxidation by alkaline permanganate of S~methy1-
K-benvoy1-2-hexene and (2) independent synthesis of this

product. This was carried out by preparation and procf of
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gtructure of Semethyl-S-benzoyl-2-hexene, followed by. hypo-
chlorination of .this olefin, and subsequent epoxide ring
closure by dehydrohalogenation of the .chlorohydrin with
sodium metal in toluene. : The synthesls is shown. in the

folloying.sequencexof~equationsa

e !
Cgllg-C-G =+ Br-Clip-GHICH-OHy —>
é%GHB |
0 CH,. 0 cH”
ol z g HOC1 I3
iy~ C-0nClly-CHICH=0Hy | ———>  Cli5=C~G~Clly~Gil-Cii=Cily

‘CH3 CHh; 0..C1
CH

NN

06H5~C-?-CH2~CHZ?H~CH3
CH3 0

Precedent for this method of ring closure of chlerohydrins
to form.epoxidesjhas'beenfestablished39?3¥’3g.
Interestingly-enough, in forming the 2,4-dinitrophenyl-
hydrazone. of this producty Russell obtained a derivative
analysis of which corresponded te an empirical - formuls of
020H20N404, representing a loss of two moles of water from
afmole;for mole reaction of .the, two compounds. This deriv-
ative.was reperted as being red. in color and as having a
melting point of 233.8-234.5%. & duplication of the, pre-

paration of this derivative was carried out by this investi-
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gator, in which also red crystals were obtained, which,
after éécrystallizationafroma95%~eth&nol,»gavezarmelting
point of 233=-235°. The formation of such a derivative is
reminiscent of the.behavior of certain 1,4-diketones’ towarad:
hydrazine and- its derivatives in which substituted pyrid-
azines33’34’35 brdpyrrolss35’36!37 are formed, and thereby
suggests the poss;bil%ty that the preduct obtained by
Russelluaqd byvthisiiﬁEéstigator~in this. reaction may-have.:-
been H-methyl-H=benzoyl-3-hexanone, Géﬂgng-ggéﬁz¢8-CH2-GH3.
This diketone c¢could also. fulfill at least one”of the re-
quirements of_Russgll's”séfhcture procf, the oxidation of
the product to 3-methyl-3-benzoylbutanoiec acid. §H-Methyl~
Sebenzoyl=2-héexanone would also fulfill this requirement
but there are. no reports in the literature of:-the formation
of eyclic derivatives. of 1,%5-diketones with hydrazine or-
its derivatives.

The independent-synthesis of 5-methyl-5-benzoyl~3-
hexanone wﬁs qarried out by the reaction of the carbanicon
of isobuty;ophenOné with 1,2-epoxybutane to form 5-methyl=
5-benzoyl-3-hexanol, which was subsequently oxidized by
chromic acid to the desired diketone. The diketone thus
formed gave orangg,qrgétals of the d1-(2,4-dinitrophenyl-
hydrazone), m.p. 236«é~237.0°,.rather than the eyclic
dérivativeiobtained.from'thg compound in question, ‘when
treated with 2;4-dinitrophenylhydrazine according to‘the
directions of SBhriner and'Fuson29, the same procedure that

was used in obtaining the c¢yclic derivative,
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alpha;kefoepoxidé;thVe been reported to form eyclic
derivatives, involving the removal of two moles of water,
in mole for mole reactions with hydrazine derivatives. For
example, Jorlander3® reported the formation of 1,5-diphenyl-
3-o-anisylpyrrazole in'the reaction of 1l:pheényl-2-o-anisoyl-
ethylene oxide with phenylhydrazine in’'boiling acetic acid.
0" ‘0
o-C}zgo-céﬁi;gacﬁ-cﬁs%ns e 'HéNLNH-Céﬂfs‘ s
H
C

N

b-CHBO-sCE)HZ-ﬁ/ fc':'.c_-éns;
N-.—-—N-—C6H5
Similarly, Bodforss3? reported the formation of 1,3~diphenyl-
S-m-nitrophenylpyrrazole in a reaction between l-benzoyi-
2-m-nitrophenylethylene oxide and phenylhydrazine, and the’
formation of 3-phenyl-5-m-nitrophenylpyrrazole in' the re-
action of this alpha=ketoepoxide with hydrazine.
G] 0
CéHSJCQ—CH-CH-CGHA'-m-;NOg 4+  (CeHgHN-NHy, S

5
cgﬂ,j-c/ \\0-0634-rﬁ-1v02
N—TH(CgHs) "
Though striet analogies of theé behavior of thé alpha-
ketoepoxidés toward hydrazine and its derivatives and that
of the gamma-ketoepoxide proposed by Russell cannot be made,

theSe‘reactions*of*the alpﬁa‘ketoepoxides serve at least
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to point out the pessibility of similar rescticns of gamma~
ketoepoxides.

The - compound was- then treated with an equimelar ameount
of 'socdinum methoxlide in methenol with the expectation that
ifHit;cantained,angepoxy~linkage,’a;riag.opening;reaction
by methoxide ion would ,0CCWT,.resulting in the addition of
the elements of methanol. & white solid product wag ob-.
tained, which, even after repeated recrystallization from
95% ethanol and then ethyl acetate, gave a melting point
range of 204-212°, Analysis of this product showed 1t to
have the same- composition ag the starting material and
duplicate molecular welght detarminations of 1t gave values
of 438 and 442, As the moleculsr welght of the starting
material 4s 2156, i1t is ev%&ent that dimerizaticn occurred.
Although this dimerization sugpested a base catalysed aldol-
type condensation, examination of the infrared absorption
spectrum of the dimer showed no abscrption which can be
attribnted te the hydroxyl function, and absorption due to
the ketone had disappeared.(Fig. 7).

An attenpt was then made to obtain an oxirane oxygen
analysis of this reactien prodnet of 3-bromo-l,Z-epoxy~
butane with the carbanion of iscbutyrephenone according
to the methed of Bwern and co~workersg7, which involves
reaction of the epcxide with hydrogen chloride in anhydrous
ether. Although a value of 3.2% or only 43¢ of the calou=
lated value for percent oxirane oxygen was found, the solu~

tion which remalned after the anaslysls was coaplete yielded
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a white solid; m.p. 209-2150, after recrystallizaticn from
ethyl acetate. 4 mixed melting point of this solid with

the dimer formed on reaction of the compound in gquesticn
with sodium methoxide showed no depression. Further,: the
infrared absorption spectrum of the dimer formed by the
action of sodium methoxide and that of the produet re-
sulting from the hydrogen: chloride treatment are identieal
{Fig. 7)» AISG; in the attempted synthesgs of 5~methyl-
Rebenzoyl-2,3-epoxyhexane through the-epoxidation by per-
acetlic acid of S-methyl~y-benzoyl~2-hexene, prepared accord-

ing to the method of Russell?

s ho epoxide was isolated, but
a white solld, m.p. 207-218°, was formed. This solld was
shown to be the same compound as -the dimer formed by the
action of sodium methoxlde or hydrogen chloride on yhe
compound in question by mixed melting points and by the
identity of the separate infrared spectra (Fig. 7). 1Its
analysié'showed it to have the same cgmpositibn as the
expected product. Thus, it appears evident that epoxidation
didnoccur and was followed by dimerization, and polnts to
the likelihood that the compound in question resulting from
the reacticn of 3j~bromo-l,2-epoxybutane with the carbanion
of isobutyrophenone is indeed 5-methyl-5-benzoyl-2,3-epoxy=-
hexane. Further evidence in support of this structure is
found in the fact that Ealler ang Ramart-Lucasai observed
that 4-methyl-4-benzcyl-1,2-epoxypentane, the next lower
homolog of the suggesied product, dimerized*under the ine

fluence of varicus substances, nctably nitrie acid, hydrogen
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chloride, hydrogen bremide, acetyl chleride, and acetic
anhydride, 28 well as semicarazide hy&}eah}ﬁriﬁe in the
presence of sodium acetate and acetic acid.

Explanation can be made for the tendencylfor compounds
of this type to dimerize. Potrov Ci4l hag reported the
formation ef I,3-dlcxolanes from the acld catalyzed cone
densatlion resctions between spoxides ang Kétoness Thus,
for example, the reaction between aquimelér quautities of
dimethyl ketone and prepylere oxide, dene in eiﬁer with
boren triflueride as the catalyst, produced 2,2,4-trimethyl-
1,3~dioxclane, as follows:

0 o .
cr»;_,’..g»csz + cu3-c{z~\032 _FFL> N ‘?—Cﬁa
:130)3 No \ca

¥ith the re&étibn“proﬂuct 6f”3-br0m041,Efgpgxybuténe»and

the carbanion of isobutyrophenone, asaumiﬁé 1t?t6 be H-methyl-
Sebenzoyl-2,3~epoxyhexane, dimerization to form a molecule
containing two dloxolane rings would be expected due to the
presence of both the epoxide and the ketone functions in

the molecule:

Céhﬁ-ﬁ-C-CE 5=CH- ff’-»h oo c\c/cz HH ;
6T cnCoCnCHaymCeCaCH
A

—_— ¢ 0 00

0 \/
/\ IEBC“C"C»CI’*\“C”CI*C&H“
HBC-C-CuC:zz-C-C-C(,Hs HE /N
HE / \ Ciiy Cliy

4 1
CEB bh3
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Fig. 7. Infrared absorption spectra (0.46 molar in
chloroform): 4, of the dimer formed by the action of
sodium methoxide on the reaction product of 3~bromo-
1,2-epoxybutane and the carbanion of isobutyrophenonej
B, of the compound formed by the action of hydrogen
chloride on this same reaction product; C, of the com=-

pound formed by the action of peracetic acid on 5-methyl-~



(37

5-benzoyl-2-hexene; D, of the compound formed by the
action of hydrogen chloride on the reaction product
of l-bromo-2,3-epoxybutane and the carbanion of iso-

butyrophenone.

Examination of the infrared absorﬁ%ion43pectra of this
dimeric material from the various sources (Fig. 7) shows
that there is strong absorption in the region of 1059 cm.‘l,
which can undoubtedly be attributed to ether functions.24’42
No dimerization reactlions of 1,4-diketones or 1,5-diketones
which fit the description of the dimerization preduct formed
in these reactions have been repcorted in the literature.
Only reports of the formation of furans43 or gamma-pyrans44
and these under strongly acid conditions with the elimi-
nation of water can be found.

The reaction of l-bromo-2,3-epoxybutane with the
carbanion of i1sobutyrophencne done in the same way as the
reaction of 3-bromo=-l,2-epoxybutane with the carbanion of
isobutyrophenone, yilelded a product of the same composition
as that of the latter reaction. Russe1122 found that this
product, like the produet formed in the reaction of 3~bromo-
1,2-epoxybutane with the carbanion of isobutyrophenone,
formed 3-methyl-3-benzoylbutanoic acid by oxidation with
alkaline permanganate.

An oxirane oxygen analysis, conducted according to

the method of Swern and co-worker327, of the product of

this reaction, resulted, as with the product of the reaction
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of 3-bromo-l,2-epoxybutane with the ecarbanion of isobutyro-
phenone, in the formation. of a solid, m.p. 206.4-214,.6°,
which was shown to bakthe same compoun& as the dimer pro-
duced from the product of the latter reaction by a mixed
melting point andeyy a compéfison of thelr respective infra-
red absorption sﬁ;dira (Fig. 7). Since the product of the
reaction of 3-bromo«l,2-epoxybutane with the carbanion of
isobutyrophenone was shown to be 5-methyl-5-benzoyl-2,3-
epoxyhexane, it follows that the product of this reaction
of l-bromo-2,3~-epoxybutane with the carbanion of isobutyro-
phenone is also 5-methyl-5-benzoyl-2,3-epoxyhexane..

Thus, again we have a demonstration of preferential
terminal attack in the reactions of 3-bromo-l,2-epoxybutane
and. .l-bromo-2,3~epoxybutane with a: nueleophilic. agent. The.
reactions may be formulated as follows:.

ﬁ *H
7 .~ 1, CuCHC -1
66115-6-5; ~+ hzc\ /C'II, HBr-Cly
"3

0 CHg
-06}15-0-%'-CHz-?_H-CHBr-CH3v

‘0
CHB .

0 CH3‘ J/

il -
0635'C'$“CH2’QE:?H'CH3 -+ Br

[

and,



(39)
0 CH.

U | R, o
063‘15-5*("*”’“ N “BrCHy-Ci~CH-CHy

CHy w 0
Cng’-‘C*'?-Cﬂz‘-‘Cg—}lH~¢ﬂ'3"+ Br ~
CHy -0

The differences in"the melting points of the -oximes
of ‘the prodﬁéts“of“%hese*tWO'reactions,*as determined by-
Rusééllga, may be’ explained by the stereochemical dissimilar-
ity of “the two materials. A3 discussed by Waters and

20 the product of the reaction of the 3-bromo-

VanderWerf
i,2-epoxybutane with a nucleophilic agent by this mechanism
must be the erythro form, whereas the product of the reaction
of l-bromo-2,3-epoxybutane with a nucleophilic agent by the
direct displacement of a bromide ion is, in all likelihocd,

a racemiec mixture. Thls investigator was unable to form
oximes of either product, and like Russell, was unable to
form the 2,4-dinitrophenylhydrazone of the product of the
reaction of l~bromo-2,3-epoxybutane with the carbanion of
isobutyrophencne. However, this may, in both cases, have
been a matter of timing. Infrared spectra of both the
p;oducts of the reactions of these isomeric alpha~bromo-
epoxideg with the carbanion of isobutyrophenone, when taken

on samples which had been standing for some time, showed

much less ketone absorption -than would be expected for the
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proposed product. On the other hand, the infrared spectrum
of the product derived from 3-brome-1l,2-epoxybutane, when
freshly prepared and distilled, showed an.intensity of
absorption in the ketone region which seemed normal for

a monoketone of this molecunlar weight, comparing favorably
with that of 5~methy1~thenzOJl-znhexene, and incidentally,
showing a much less intense absorption band in the strong
ketone absorption region, approximately 1700 cm.’l, than
that of a known diketone’ of the same molecular weight,
5~methyl»5~benzoyi~3-Héianone. At any rate, the implication
of this decreage in absorption due to the ketone function
is that dimerization may occur quite easily and that there-
fore, the ketone fupction is gradually made unavailable for

derivative formation.
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Experimental

Reaction of 3-Bromo-l,2-epoxybutane with Diethylamine

H,-CH
CHy-CHBr-CH-CH, + /0‘3 3 >
/ 2 \CH2-9H3
(30 g+, 0.20 mole) (29 g., 0.40 mole)
Ho-CH + CH,-CH
CHs-Qs-CH;CH2~N<C,2 3+ H2N<C 273 Lo -
0/ CH2-CH3 CH,-CHy
21% of theory 50% of theory

:To 30 g. (0.20 mole) of 3-bromo-1,2-epoxybutane, in 150
ml. of anhydrous ether in a 250 ml. glass-~stoppered conical
flask, 29 g. (0.40 mole) of diethylamine was added with
mixing:. The: flask was stoppered and within two minutes
white crystals of diethylamine hydrobromide began to appear.
The mixture was allowed to stand overnight, after which
time the diethylamine hydrobromide was filtered from the
ether solution and washed with several small portions of
anhydrous ether. It was then recrystallized from a 75%
ether-25% absolute ethanol mixture, yielding 16 g. (50% of
t;eorY)‘of material melting at 214.2-216.8°., An equal
mixture of this material and an authentic sample of diethyl-
amine hydrobromide, m.p. 217.0- 218.5°, gave a melting
point of 216.0-218.4°.
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The ether filtrate aend washings were cembined. “The.
ether was remcved by distillation and the residue was
distilled under reduced pressure, yielding a principal
fraction.of 6 g. (21% of theory) of l-diethylamino-2,3~
epOxybutane;xb:p::76.5-77.0°‘at 25 mm...pressure.

~analysis:ﬁ Ca1cu1atedofor}08H17OEx~:C, 67.093: - H,:

11.97; N, 9.70.
Found: ¢, 65;}9; H,.11.43; N, 8.39..

Procf of the structure of»this\prOduct,wasuobtainedﬂ
by its catalytic reduction in acidified alcocholic. solution
to. 1-diethylamino-2-butanol, synthesized independently by
the reaction of :diethylamine with 1,2-epcxybutane., Diffi-
culty in retaining produncts of this type In a pure. state

has been experienced by cther workersi?,

Catalytic Reduvetion of 1-Dlethylamino-2,3-epoxybutane
Obtained from the Reaction of 3-Bromo-1,2-epoxybutane

with Diethylamine

Hy=CH Hy(N1)
033~cﬂij-CH2~n<c S S i >
N\ CHp-CHy 1500 p.s.di.

(4 g.45 0.028 mole)

CHy~CH,~CHOH-~CH, -8 S
372 2 \CHQ-CHB

(3.2 g., 0.022 mole)
79% of theory

*411 analyses by Weiler and Strauss, 164 Dapnbury Rd., Oxford.
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To 4 g. of 1-diethylamino-2;3-epoxybutane in 50 ml.
of 95% ethanol containing 0.5 g. of Raney nickel, was
added 1 ml. of concentrated hydrochloric acid. This mix-
ture was subjected 'to 1500°‘p.s.1i. of hydrogen in a closed
bomb at room temperature, with constant shaking for 2 hours.
The material was then removed, the Raney nickel removed by
filtration and washed with 3-10 ml: 'portions of 95% ethanol.
The filtrate and washings were. .combined and made basic
with 10% sodium: hydroxide solution.~ This solution was then
extracted with 5-50 ml. portions of ether. The ether was
distilled fromfthe ‘combined extracts and the residue dis-
tilled under reduted pressure to give 3 2 g, of 1-dlethyl-
amino-2-butancl, b.p. 84.,5° at 25 mm. ( literature value45
74-75° at 22 mm.).

Analysis: Calculated for CgljqON: C, 66.17; H,

}3.19;wwN, 9.66.
Found: C, 66.32; H, 13.35; N, 8.85.

The hydrochloride of this material was prepared by the
addition of excess anhydrous HCl gas to a solution of 1l g.
of the compound in 100 ml. of anhydrous ether. The ether
and excess HCl gas were evaporated and the solid residue
was purified by sublimation at 70° and a ‘pressure of 1 mm.,
ylelding a white, slightly hygroscoplc solid melting at
h79 0-80.u o Equal quantities of this derivative and an
authentic sampl;‘qf l-dlethylamino-2-butanol hydrochloride,
mep. 83.2-85.60, gave a mixed melting poi&t of 82.4-84.4°,
The authentic sample of l-diethylamino-2-butanol was pre=-
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pared by the reaction of diethylamine with 1,2-epoxybutane.
thnalysiss: Calculated for CgHnpOKCl; C, 52.88;
H, 11.04; N, 7.71; C1, 19.52.
Found: C, 52.72; H, 11.01; N; 7.65;
Cl,:19.4.

Preparation of l-Diethylamino-2-butanol

H,-CH
N/c 2 3
YCHp~CHy

\4

Ry F
(37 g., 0.50 mole) (37 g.4 O. 56 mole)
H,-CH
CH3~CH, -CH0H~CH2-N/C " "3,
\CH2~CH3
(41, 5 g.y 0.29 mole)

57% of theory

About 37 g. (0.5 mole) of 1,2—epbxyyutane and 37 g.
(0.5 mole) of diethylamlne were mixed with 100 ml. of
water and 50, ml. of dioxane in a glass-stOppered 250 ml.
conical flask. The mixture was allowed to stand 5 days,
after which time the solvents and unreacted starting mater-
ials were removed by distillation. The residue was dis-
tilled under reduced pressure to give 42 g. (57%Z of theory)
cf l-diethylamino-2-butanol, b.p. 80-83° at 25 mm. ( liter-
ature valuq35,274~75°:at 22 mm.).
Analysis: Calculated for CgH;oON: C, 66.17; H,
13.19; N, 9.665
Found: C, 66.14; H, 13.16; N, 7.75.
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The hydrecchloride of this product, purified by sub-
limation at 70° and 1 mm. pressure, gave.a melting point
of 83.2-85.6°..
“-Analysis:t Calculated for CpHpgONCl: .C, 52.88;-
Hy 11.04; N,:7.713 Cl, 19.52.
Found: C,;'52.603 H, 11.20; N, 7.50%
. +C1,-19.3.
The assignment of the formula, l-diethylamino-2-butanol,
to the product of this reaction is based on the validity
of the assumption that attack by the amine occurred at the
terminal carbon atom of the epoxide ring. Studies on the
reactions of variouS-émines46’47, including diethylamine46,
with propylene oxide, show that attack by the amine occurs

exclusively at the terminal carbon atom of the epoxide ring.

Reaction of l-Bromo-2,3-epoxybutane with Diethylamine

CH3-C{I-"-/CH-CH2B1' + HN(CHp-CH3),
0

(30g., 0.20 mole) (29 g., 0.40 mole)

\\4

+ -
CHB-C{I-/CH-CHQ-N(CH2¢CH3')2 +  HpN(CH,y-CHy),++ Br
0
(21 g.; 0.15 mole) (25 g., 0.18 mole)
74% of theory 89%gbf theory

The procedure was identical to that used for the
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reaction of 3-bromo-1,2-epoxybutane with diethylamine
(see p.41). The reactants were 30 g. (0.20 mole) of 1-
bromo-2,3-epoxybutane:and 29 g. (0.40 mole) of diethyl-
amine and 25 g« (89%.0f theory) of diethylamine hydro-
bromide4>m;p.Y217a8~218.49 was obtained. An equal mixture
of this material and. .an:authentic sample of diethylamine-
hydrobromide, m.p. 217.0-218,5%°, gave a melting range of
217.2-218.4°,

On-distillation  of:the: ether- layer, 21 g. (74% of
‘theory)mof l-diethylamino-2,3-epoxybutane, b.p. 74;78°;at
20 mm..- pressure; was obtained as-the principal fraction.

Analysis: Calculated for.CgHyoON: C, 67.09;

“Hy 11.97; §, 9.78.
. Found: C, 65.55; H, 11.67; N, 8.20.

'Proof. of.the'structure of.this product was obtained
by its .catalytic. reduction to ladigthylaminbeZébutanol,
synthesized independently by the reaction: of diethylamine
with 1,2-epoxybutane.

¥
Catalytic Reduction of 1-Diethylamino-2,3-epoxybutane
Obtained from the Reaction Between 1~Bromo-2,3-epoxybutane

and Diethylamine

CH,-CH-CH-CH.,~-N(CH,-CH,)
(4g., 0.028 mole) CH3~CH2~CHOH4CH2-N(CHQ-CHB)

(3.4 g., 0.023 mole)
82% of theory

2
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The procedure was identical to that used in the re-
ducticn of.1-diethylamino~2,3-epoxybutane derived from
3-bromo-1,2-epoxybutane (see p.42). From 4 g. of this
sample of l-diethylamino-2,3-epoxybutane 3:4 g. of 1-
diethylamino-2-butanol, b.p. 82-84° at 25 mm., was obtained.

adnalysis: Calculated for CgHygON: C, 66.17;

H, 13.19; XN, 9.66.
Found: C, 66.35; H, 13.17; N, 8.72.

The hydrochloride of this material, purified by sub-
limation at 70° and 1 mm. pressure, m.p. 80.2-82.6°, when
mixed with an equal quantity of an authentic sample of
1-diethylamino-2-butanol hydrochloride, m.p. 83.:2-85.6°,
gave a melting point of 80.2-82.6%. The authentic sample
of l-diethylamino-2-butanol was prepared by the reaction
of diethylamine with 1,2~epoxybutane,

Analysis: Calculated for CgH, ONCl: C, 52.88;

H, 11.043 N, 7.71; Cl, 19.52.
Found: €, 52.72; H, 11.01; N, 7.65;
C1, 19.4.
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Reaction of 3-Bromo-l,2-epoxybutane with Sodium Azide

CH3—CHBr-Q§j?H2 + NaNy —> CH3-CHOH-CHN3-CHpNy + NaBr
0

(75 g., 0.50 mole) (3% g., (22 g.y 0.14 mole)
0.53 mole) 56% of theory

To 500 ml. of dioxzne in a l-liter, 2-necked flask,
equipped with a reflux condenser and dropping funnel, 75 g.
(0.50 mole) of 3-bromo-l,2-epoxybutane was added. The
solution was heated to reflux, then 35 g. (0.53 mole) of
sodium azide in 100 ml. of water was added dropwise. Re-
fluxing was continued for 6 hours, then the mixture was
allowed to cool., Two layers separated, an upper dioxane
layer and a lower aqueous phase containing dissolved sodium
bromide. ‘The dloxane layer was retained, the dioxane dis-
tilled and the residue di;tilled under reduced pressure.
4pproximately 35 g. of material, b.p. 72-82° at 59 mm.
pressure, which could not be separated into fractions and
which gave a positive Bellstein halogen test, was obtained
along with 22 g. (56% of theory) of 3,4-diazldo-2-butancl,
b.p. 81-84° at 0.5 mm. pressure.

analysis: Calculated for CgHgONg: C, 30.76; H, 5.16;

N, 53.82.
Found: C, 30.92; H, 5.80; N, 54.5.

Proof of the identity of this product was obtained by

the comparison of its infrared obsorption spectrum with
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that of an authentic sample of 3y4~diazido-2~butanol,
prepared by the reaction of 3,4-dibromo-2-butanrol with

sodium azide.

Preparation of 3,4-Diazido-2-butanol

CHB—CHOH-CH:CHZ + Br2 —_ CH3~CHOH-CHBr-CH23r
(30 g., 0.20 mole) (32 g.,
0.20 mole)

Cﬁ3-CHOH-CHBr-CH25r + NaN3-—9 CH3-CH0H-CHN3—CH2N3 + NaBr
(65 g., (15 g«y 0.096 mole)
1.0 mole) 48% of theory

To 30 g. (0.20 mole) of 3-buten-2-ol, prepared accerd-
ing to the method of Petrov23, in 200 ml. of d&oxane in a
3-necked, l-liter flask, equipped with a motor-driven
stirrer, reflux condenser, and dropping funnel, 32 g.
(0.20 mole) of bromine was added dropwise with cooling in
an ice bath. To this dioxane solution of 3,4-dibromo-2-
butanol an additicnal 100 ml. of dioxane was added. The
solution was heated to reflux and 65 g. (1 mole) of sodium
azide in 30C ml. of water was added rapidly. Refluxing
was continued for 24 hours, after which time most of the
dioxane was distilled away, leaving two liquid layers and
a solid inorganic residue. Then 800 ml. of water was
added, and the solution which resulted was extracted with

3-300 ml. portions of ether. The ether extracts were
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retained. The ether was remcved by distillation and the
residue was distilled under reduced pressure. 3,4-Diazido-
2-butanol (15 g., 48% of theory), b.p. 94-96° at 1.3 mm.
pressure was obtained.
Analysis: Calculated for C4H80N6= C, 30.763

H, 5.163 N, 53.82.

Found: C, 31.65, 31.21; H, 5.24, 5.62;

N, 53.7, 53.5.

Reaction of 1-Bromo-2,3-epoxybutane with Sodium Azide

CH3-QEijdCHzBr + NaNB-———}CH3-CH0H-CHN3-CH2N3

(75 g., 0.50 mole) (35 g., (19 g., 0.12 mole)
0.53 mole
48% of theory

This experiment was carried out in the same way as
was the reaction of 3-bromo-l,2-epoxybutane with sodium
azide (see p.48 ). Reactants were 75 g.(0.50 mole) of
1-bromo-2,3-epoxybutane and 35 g. (0.50 mole) of sodium
azide. Approximately 22.5 g. of material, b.p. 74-82° at
55 mm. pressure, which was not separable into fractions,
and which gave a positive Beilstein test for halogen, was
obtained, along with 19 g. (48% of theory) of 3,4~diazido-
éibutanol, b.p. 73-76° at 0.4 mm. pressure.

Analysis: Calculated for C4HgONg: C, 30.76; H,

5,165 N, 53.82.
Found: C, 31.61, 31.41; H, 5.18, 5.72;
N, 54.2.
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Proof of the identity of this product was ebtained by
the comparison of its infrared absorption spectrum with
that of an authentic sample of 3,4-diazido-2-butancl,
prepared by the reaction of 3,4-dibromo-2-butanol with

sodium azide,

Reaction of 3-Bromo-1l,2-epoxybutane with Sodium Alloxide

CHB-CHBr-QEi?Ha + - 0-CH2—CH:CH2 _—
0
(50 g., 0.33 mole) (19 g., 0.33 mole)

CH3~Q37?HéCH2-O-CH2-CH:CH2 —~+ CH3-CH0H7DH~ H2 + Br

Ho CHp
| H- (H
(8g¢, 0.06 mole) Hy CHy
194 of theory (28 g., 0.15 mole)

45% of theory

Exactly 7.7 g« (0.33 atom) of sodium was dissolved in
small pleces in 250 ml. of allyl alcohol. To thls solution
in a 500 ml., 3-necked flask, equipped with a motor-driven
stirrer, drOpping funnel, and reflux condenser, 50 g. (0.33
mole) of 3-bromo-l,2-epoxybutane was added in the cocurse of
5 minuntes with vigorous stirring. No external heating was
applied and a slightly exothermié regction shortly ensued
with precipitation of sodium bromide. A&fter 1 hour, the
condenser was set for distillation and most of the excess

allyl alcohol was distilled leaving an oily residne and a
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large solid residue of scdium bromide. The liquid was
decanted and the sodium bromide was washed with ether,
leaving 30 g. (34 z. theoretical) of this materizl. The
ether washings were combined with the decanted liquig,

the ether was distilled and the residue was then distilled
at reduced pressure. Two {ractlons were cobtained:

(1) 8 g. (195 of theory) of l-alloxy-2,3-epoxybutane,
Depe 75=77C at 25 mme

Analysis: Calculated for C7H12023 C, 65.50y H,

S.44,
Found: C, 64.62; H, 9.17.

{2) 28 g. (45% of theory) of 3,4~dialloxy-2-butanol,
bep. 128-129° at 25 mm.

Analysis: Calculated for CygHyg03: C, 64.50; H,

g.72.
Found: C, 64.503 H, 9.69.

Proof of the structure of fraction (1) was obtained
by its catalytic reduction te lepropoxy-2-butanol whieh
was subsequently oxidized by chremie acid to l-propoxy-
2-butenone, & mixed melting point of the 2,4~dinitrophenyl-
hyirazone of the latter product with that of an autheatie
sample ¢f l-propoxy-2-butanone showed no Qepression. The
authentic sample of lepropeoxy-2-butancne was prepared by
ghe oxidation by chromic acid ¢f l-propoxy-2-butanol pre-
pared by the reaction of sodium propoxide with 1l,2-epoxy~-

butane.
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Catalytic Reduction of 1-Alloxy-2,3~epoxybutane Obtained
by the Reaction of 3-Bromo-l,2-epoxybutane with Sodium

4lloxide
Hz(Ni)
HZC:CH-Cﬂa-0~CH2~CH~CH~CH3 >
\k/ 1500 p.s.i.

(5g., 0.04 mole)

CH3~CHy~CHy=0~CHy~CHOH-CHy-CHy
(3g., 0.023 mole)
57% of theory

Exactly 5 g. (0.04 mole) of l-alloxy-2,3-epoxybutane,

dissolved in 50 ml. of ethyl alcohol to which had been

added 0.5 g. of Raney nickel, was subjected, with shaking,

to 1500 p.s.i. of hydrogen at 130° for 3 hours. After this

time, the Raney nickel was filtered, and washed with 50 ml.

of ethyl alecohol. The washings and filtrate were combined,

and the ethyl alecohol removed by distillaticn. The residue

was distilled under reduced pressure to give 3 g. (57% of
theory) of l-propoxy-2-butanol, b.p. 78-81° at 28 mm.
Analysis: Calculated for C,Hy0,: C, 63.59; H,
12.20.
Found: C, 63.47; H, 12.23.

Oxidation by chromic acid of this preduct, produced a

ketone, the 2,4-dinitrophenylhydrazone of which gave a
melting point of 93-94°. A mixed melting point of this
derivative with that of an authentic sample of l-propoxy-
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2-butanone, prepared by the oxidation of l-propoxy-2-butanc
formed by the reaction of sodium propoxide with 1,2-epoxy-

butane, showed no depression.

Reaction of 1,2-Epoxybutane with Sodium Propoxide

A\

GHB-CHZ-G%;:HZ + 7 0-CHy-CHp-Cly
0

(18 g., 0.25 mole) (15 g., 0.26 mole)

CH

3~ CH - CEp=0~CHp~CHOH-CH~CHy

(27 g., 0.20 mole)
80% of theory

Exactly 6 g. (0.26 atom) of sodium was added to 250

ml. of dry propyl alcohol. To this solution in a 500 ml.,
3-necked flask, equipped with a motor-driven stirrer, re-
flux condenser, and dropping funnél, 18 g. (0.25 mole) of
1l,2-epoxybutane was added in the course of 10 minutes with
vigorous stirring. External heating was begun and the
material was refluxed for 3 hours. After thils time, the
excess allyl alcohol was removed by distillation. The
residue was washed with 300 ml. of water, and the oily
liquid which separated was taken up in ether. The aqueous
layer was extracted with 3-200 ml. portions of ether. A4ll
ether extracts were combined, the ether was removed by
distillation and the residue was distilled under reduced

pressure to give 27 g. (80% of theory) of l-propoxy-2-
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butanol, b.p. 74.5<77.00 at 25 mm.
Analysis: Calculated for Colly0p: C, 63.59,
H, 12.20.
Found: C, 63.19; H, 11.76.

Assignment of the structure, l-propoxy-2-butanocl, to
the product of this reaction is based on the validity of
the assumption?tbat attack by the propoxide ion occurred
at the terminal carbon atom of the epoxide ring of 1,2~
epoxybutane. All reports in the literature dealing with
base-~catalyzed condensations of propylene oxide with al-
cohols48,49 and phenols50’51 show that exclusive attack at
the terminal carbon atom of the epoxide ring occurred.
Also, in a study by Swern and co-wcrkerssg, it was shown
that exclusive terminal attack occurred in the reaction of
propylene oxide and of 3,4~epoxy-l«butene with sodium

alloxide.

Reaction of 1-Bromo-2,3-epoxybutane with Sodium dlloxide

CHB-QEZPH-CH2Br + - 0-CH,-CH=CHy —m——>
0

(40 g., 0.26 mole) (6 g.y 0.26 mole)

CH3~QSt?H-CH2-0-CH2-CH:CH2 + CHB-CHOHﬁpH-QﬁZ -+ Br ~
0

Hy GH
H H
(9.6 g., 0.075 mole) Ho CHy
29% of theory (10 g., 0.057 mole)

22% of theory
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Exactly 6 g. (0.26 atom) of sodium was dissolved in
200 ml. of allyl alecohol. To this solution, in a 500 ml.,
3-necked flask, equipped with a motor-driven stirrer,
dropping funnel, and condenser set for distillation, 40 g.
(0.26 mole) of l-bromo-2,3~epoxybutane was added in the
course of 5 minutes with vigorous stirring. Heating was
begun at once, and the excess allyl alcohol was distilled
over as rapldly as possible. The residue was washed with
300 ml. of water to remove the sodium bromide which pre~
cipitated. The olly upper layer was taken up in 200 ml.
of benzene, and the aqueous layer was extracted with 3-
100 ml. portions of benzene. The benzene extracts were
combined, the benzene was removed by distillation, and the
residue was distilled at reduced pressure. Two fractions
were obtained:
(1) 9.6 g. (29% of theory) of l-alloxy-2,3-epoxybntane,
b.p. 74.5-76.0° at 25 mm.
fnalysis: Calculated for C,H;,0,: C, 65.58;
H, 9.44.
Found: €, 65.80, 65.35; H, 9.51, 9.46.
(2) 10 g. (22% of theory) of 3,4-dialloxy-2-butanol,
b.p. 72.5% at 0.75 mm.
4nalysis: Caleulated for CjoH;g03: C, 64.50;
H, 9.72.
Found: C, 64.38; H, 9.74.
Proof of the structure of fraction (1) was obtained

by 1its catalytic reduction tc l-propexy-2-butanol which was
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subsequently oxidized by chromic acid to l-propoxy-2-
butanone. 4 mixed melting point of the 2,4-dinitrophenyl-
hydrazone of the latter product, m.p. 93-94°, with that

of an authentiec sample of l-propoxy-2-butancne, m.p. 93~
94°, showed no depression. The authentic sample of 1-
propoxy-2-butanone was prepared by the oxidation by chromic
acid of l-propoxy-2-butanol prepared by the reaction of

sodium propoxide with 1,2-epoxybutane.

Catalytic Reduction of l-Alloxy-2,3-epoxybutane Obtailned
by the Reaction of 1-Bromo-2,3-epoxybutane with Sodium
Alloxilde
Hy(N1)
1500 p.s.i.

HQC:CH-CHz-O-CHQ-Q577H-0H3
4]

(4 g., 0.03 mole)

CH3-CHQ-CHQ~O—CHQ-CHOH-Cﬁz—CH3
(3 g., 0.023 mole)
77% of theory

Here, 4 g. (0.03 mole) of l-alloxy-2,3-epoxybutane
was used. The procedure was identical te that described
for the geduction of l-alloxy-2,3-epoxybutane derived from
3-bromo-1,2~epoxyhutane (see p.53 ). About 3 g. (77% of
theory) of l-propoxy-2-butanol, b.p. 75-77° at 25 mm. was
ohtalned.

Analysis: Calculated for CgH, 0,: G, 63.593 H, 12.20.
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Found: C, 63:34, 63.24; H, 12.01, 12.15.

Oxidation by chromic acid of this product, produced
a ketone, the 2,4-dinitrophenylhydrazone of which gave a
melting point of 93-94°. & mixed melting point of this
derivative with that of an authentic sample of l-propoxy-
2-butanone, prepared by the oxidation of l-propoxy-2-butan-
ol formed by the reaction of sodium propoxide with 1,2~

epoxybutane, showed no depmression.

Oxidation of l-Propoxy-2-butanol to l-Propoxy-2-butanone

N
7

CH3-CH2-CH2-OECHQ-?HOH-CH2~CH3 H,50,
(1g., 0.0076 mole) 2
0
. . (l
CH3—CH2-Cﬁ2—O-CHE-C-CH2-0H3
(Vot isclated, 2,4-dinitrephenyl-

hydrazone formed directly)

Abont 1 g. (0.0076 mole) cf l-propoxy-2-butanol was
added to a solution of 1.49 g. (0.0051 mole) of potassium
dic§romate and 13:1 g. of concentrated sulfuric acid in
78.5 ml. of water in a 250 ml. conical flask fitted with
a reflux condenser. The mixture was heated on a steam bath
for 1 hoir or until the solution had turned green. After
ghis time, the mixture was allowed to cool and was extract-
ed with 3-100 ml. portions of petroleum ether. The combined
extracts were washed with 100 ml. of 5% sodium hydroxide
solution and then with 100 ml. of water. The petroleum
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ether was removed by distillation. The residue, which
consisted of l-propoxy-2-butanone, was dissolved in 20 ml.
of alcohol and to this solution was added 15 ml. of 2,4~
dinitrophenylhydrazine solution prepared according to the
directions of Shriner and Fuson?9. The yellow crystals
which formed were filtered and recrystallized from 20 ml.
of 95% alcohol.

This oxidation was conducted on three separate samples
of l-propoxy-2-butanol: an authentic sample, prepared by
the reaction of sodium propoxide with l,;2-epoxybutane, and
two samples prepared by the catalytic reduction of l-alloxy-
2,3~epoxybutane, derived respectively from the reaction of
sodium alloxide with 3-bromo-1,2-epoxybutane and with
l-bromo-2,3~epoxybutane. Melting points of the 2,4-di-
nitrophenylhydrazones of the resulting cxidatien products
were in all three cases 93~94°. Mixed melting points

showed no depression.
Analysis: Calculated for 613H18N405; C, 50.32;

H, 5.83; X, 18.05.

Found (for two of the samples): C, 51.00;
H, 6.16; N, 18.2. C, 49.70; H, 5.86;
N, 17.7.
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Reaction of 3-Bromo-1,2-epoxybutane with the Carbanion
of Iscbutyrophencne

0 CH 0 CH

IR TR
C,H_-C-C-H iH - -
6Hs ' + N, T—_ Cellg-C- ? + NH3
CH CH
3 3
(49 g., 0.30 mole) (4.8 g.,
0.30 mole)
0 CH
0635~c-% -+ HQQC}H-CHBr-ChB >
CHy
(50 g., 0.30 mole)
6 Ch
R )
céfz5-c c-cr« ,-CB- fq-crx Br
cr 3

(22 g., 0.10 mole)
34% of theory

To a mixture of 13 g. (0.30 mole) of sodamide and

250 ml. of benzene contained in a l-liter, 3-necked flask,
equipped with a motor-driven stirrer, a reflux condenser
fitted with a drying tube contalning calclum chloride, and
a dropping funnel, 49 g. (0.30 mole) of isobutvrophencne
was added rapidly with vigorous stirring. The mixture was
refluxed on a steam bath until the evolution of ammonia
ceased. This required about 12 to 16 hours. Aafter this
time, 5C g. (0.30 mole) of 3-bromo-1,2-epoxybutane was

added rapidly. Refluxing and stirring were continued for



(61)

4 hours, during which time the mixture assumed a muddy
appearance due to tar formaticn and the precipitation of
sodium bromide.

The mixture was allowed to cool and and was then washed
with 3-100 ml. poertions of water. The benzene layer was
retained, the benzene removed by distillation, and the
residue distilled under reduced pressure. Twec principle
fractions were obtained: 21 g. of unreacted isobutyro-
phencne, b.p. 86-91° at 5 mm. pressure, and 22 g. (34% of
theory) of 5-methyl-5-benzoyl-2,3-epoxyhexane, b.p. 126-
132° at § mm. pressure. On redistillation, the latter
fraction yielded 17.5 g. (24% of theory) of 5-methyl-5-
benzoyl-2,3-epoxyhexane, b.p. 87,5-89.5% at 0.20 to 0.25
mm. pressure. In addition, 10 to 15 g. of tarry residue
remained in the distilling flask.

Analysis: Caleulated for CyyHyg0,: €, 77.03; H, 8.31.

Feund: €, 76.95; H, 8.53.

Prcof of the structure of thils product was obtained,

(1) by its acid or base catalyzed dimerization, a phenomenon
observed in 4-methyl-4-benzoyl-l,2-epoxypentane, its next
lower homolog, by Haller and Ramart-Lucas®t, (2) by the
formation of this same dimer in the epoxidation by per-
acetie acid of S-methyl-9-benzoyl-2-hexene, 1ts olefin
analog, and (3) by its independent synthesis by Russell22

from its correspending chlorohydrin using sodium metal in

toluene.
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Preparation of 5-FMethyl-5-benzoyl-3-hexanone

ﬁ-?ﬁ3 0 CHy
- I
CGHS-C-?—H + M, T —> Celig-C-C = 4 NH,
|
CHy CHy
(51.7 g+, 0.35 mole) (5.6 g.,
Oo35 mole)
0 CH 0 CH
| 3_ o>
Céﬂs-c-? -+ Hai:?H-CHE-CH3-> CgH5—0-?-CH2-CH0H~CH2-CH3
CHy 0 CHy /
(25 Bey 0035 m019) (8 By 0.035" mo:l.e)

10 & of theory
0 CH 0 CHy 0

RE KaCro0 I I
CgHy=C~C-CH,~CHOH-CEy-CH, =72 C4Hg-C~C-CH,~C~CH,~CH
H
c 3 CHy
(5g., 0.023 mole) ( 3g., 0.014 mole)

61% of theory

To 13.7 g. (0.35 mole) of sodamide in 200 ml. of
benzene in a l-liter, 3-necked flask, equipped with a
motor~-driven stirrer, dropping funnel, and reflux con-
denser, 51.7 g. (0.39 mole) of isobutyrophenone was added.
The mixture was refluxed 24 hours, after which time the
evolution of ammonia had ceased. To this slurry, 25 g.
(0.35 moie) of 1,2-epoxybutane was then added dropwise
with vigorous stirring. Refluxing was then continued for
12 hours, after which time the mixture was allowed to cool.

It was then shaken with 200 ml. of water. The benzene
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layer was retained. The benzene was removed by distillation,
and the residue was dilstilled under reduced pressure to give
41 g. of unreacted isobutyrophencne, b.p. 53-57° at 0.2 mnm.
pressure. The temperature rose after collection of the
isobutyrophenone and the distillate began to solidify in

the condenser. The distillaticn was discontinued, and the
solid residue was purified by sublimation at 2.5 mm. pressure
and at a temperature of 90°, Further purification of this
material was accomplished by recrystallization from water.
Over 8 g. (ca. 10% of theory) of 5-methyl-5-benzoyl-3-
hexanol, m.p. 122-123° was obtained.

To 5 g. (0.023 mole) of this 5-methyl-5-benzoyl-3-
hexanol in 90 ml. of benzene in a 500 ml., 3-necked flask,
equipped with a motor-driven stirrer, dropping funnel, and
reflux condenser, a solution of 9 g. (0.32 mole) of potas-
sium dichromate and 16 ml. of concentrated sulfuric acid
in 54 ml. of water was added with vigorous stirring, at
such a rate as to prevent excessive heating. The mixture
was stirred an additionel 18 hours. The benzene layer was
retained and washed successively with 100 ml. of water,

100 ml. of 10% sodium hydroxide solution, and again with
100 ml. of water.

The benzene was removed by distillation and the residue
was distilled under reduced pressure to give 3 g. of 5-
methyl-5-benzoyl-3-hexanone, b.p. 107-109° at 0.3 mm.
pressure.

Analysis: Calculated for Cq4Hy80,% €, 77.03; H, 8.31.
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Fournd: C, 79.91; H, 8.36.

The di-(2,4~dinitrophenylhydrazene) of this material
was prepared accerding te the directions of Shriner and
Fuson29. After recrystallizaticn from dioxzne, this bright
orange derivative gave a melting point cof 236.2~237.0°.

Analysis: Caleunlated for CzsﬂaéﬂBNS’ Cy 53.79;

H, 4.49; W, 19.38.
Found: C, 54,233 H, 4,68; N, 19.3;

Reaction of 5-Wethyl-S-benzoyl-2,3-encxyhexane with Sodium

Methoxide
0 CH
) o -CE-CHy, + 7 oon, ——>
661{5“0’?-‘6‘*2"Cf\1”/ H-CHy 0ct,
(10 g., 0.046 mole) (2.8 g., 0.09 mole)
CH, CH
3/ 3um
Céﬁs-C-C-CHQ-C-C-CH3
/\ | |
00 00
c é‘é CHo=C dﬁc‘n
e CANECE
CHB CH3

(3 g., 0.007 mole)
30% of theory

Exactly 2.00 g. (0.090 atom) of sodium was dissolved
in 100 ml. of anhydrous methanol, contained in a 500 ml.
flask equipped with a reflux condenser which was fitted

with a drying tube of Caleium chloride. To this solutiloen,
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)

there was added all at once, 10 g. (6.04% nole) of Semethyle
Swbenzoyl-2,;-epoxvhedine. The mixture was rofluxed for
forty~eight hours. &fter thisz tioe, the melhanol was re-

-

poved by

£

tistillstion. The residue was washed with 100 ml.
of 55 sulfurié séld, snd the oll which separated wss taken
up in 200 ml. of ether. The ether was removed by distil-
lation; and the residue was distillled under reduced pressure.
In addition te ¥ g. of material, b.p. 123-128% at § mn.
pressure, conslisting essentislly of unchanged epoxide,
there was cbtained 3 g. of & sclid, m.p. 204-212° after
recrystallization from ethiyl acstate.
tnalysis* (liquid): Caleulated for Oy iligl,t €, 77.03;

#, 8.31.

Found: C, 74.05; H, £.34.
(sel1d)s Calewlated for Cygfip 0y (methan~

clysis)s €, 72,001 %, B.80.

for €,4y50, (starting material)s

Values ¢f 238 end 442 were cbtained for the moleculsr
weight of the sclid preduct*. This is representative of a
dimer of the starting raterisl, S-methyl-S-benzeyle2,3-
epoxyhexane. The assignment of the dimeric structure shown
;t the heudlng of this descriptich Is bszed on the {ret
that epexldes with ketenes have been cbserved to form
diaxel&ns.deri"ativas40’41.

*(lark Dicresnalytlezl baboratery, Urbana, Illincis,
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Reaction of 5-Methyl-5-benzoyl-2-hexene with Peracetic
Acld
0 CH
i3
0635~C-?-CHE-CH-CH-CH3 + CHBCOOOh —_
Cﬁ3

(25 gy, 0.12 mole) (10.8 g., 0.142 mole)

CH3 CH3
C¢H C\C/EH .g g'CH
SN T3
00 00
| \/
CH3 CH3
(5g., 0.012 mole)

9.6% of theory

Exaectly 25 ml. of a 40% solution of peracetic acid in gla-
cial acetic acid, analyzing 0.43 g. of peracetic acid per
ml. of solution, and containing 1.6 g. of fused sodium
acetate, was added over the period of 1 hour to 25 g.

(0.12 mole) of S-methyl-S5-benzoyl-2-hexene, prepared accord-
ing to the method of Russell22, in 5C ml. of glacial acetic
acid contained in a 500-ml., 2-necked flaslc, fitted with a
reflux condenser protected from external moisture and a
50-ml. dropping funnel. The mixture was maintained at a
femperature of 15° for 7 hours, after which time analysis
indicated no further consumption of peracetic acid. The
decrease in peracetic acid amounted to 0.05 mole. The

reaction was then terminated by pouring of the mixture into
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500 ml. of a saturated salt solution. The oil which sep-
arated was taken up in 100 ml. of ether. The ether was
evaporated and the residue was distilled under reduced
pressure to give 10.3 g. of material, b.p. 109-111° at
3 mm. pressure consisting essentially of unreacted olefin,
along with 9.8 g. of a solid residue, which after recrystal-
ization from 95% ethancl, gave 5 g. of material melting at
206.6-218.2°,
Analysis (liquid): Calculated for Cy,H;g0: C, 83.14;
H, 8.95.
Foundg: €, 81.89; H, 8.93.
(s0lid): Calculated for C14H;80,¢ C, 77.03;
H, 8.31.
Found: €, 76.73; H, 8.31.
Although analysis of ‘the solid was satisfactory for the
expected product, 5-methyl-S-benzoyl-2,3-epoxyhexane, it was
shown by a mixed melting point and a comparison of the
infrared absorption spectra to be identical to the dimer
formed by the action of sodium methoxide on 5-methyl-5-

benzoyl-2,3-epoxyhexane.



Reaction of 1-Bromo-2,3-epoxybutane with the Carbanicn
cf Isobutyrophenone

C CH ¢ CH
TR BE

(261{5»6-('%}1 + Ny T — CsHs'-C-"? T4+ N

CHy CHy
(74 g., 0.50 mole) (8.0 g.,
0.50 mole)
0 CH 0 CH
o U] 3 | N
- ~CI: + BrCHa*C{L- -H-CH3_9 Céﬁg-c-?_CHE-CI\i-/CHAZHB+Br
CHq 0 CHy 0

{75 g., 0.50 mole) (21 g.y 0.095 mole)
19% of theory

This reaction wag carried out in the same manner as
that described for the reaction of 3-bromo-l,2-epoxybutane
with the carbanion of isobutyrophencne. Exactly 74 g.
(0.50 mole) of isobutyrophenone, 20 g. (0,50 mole) of
sodamide, and 75 g. (0.50 mole) «f l-bromo-2,3-epoxybutane
were used. The reaction was conducted in 250 ml. of an-
hydrous benzene. Iwo principle fractions were obtained;
39 g. of unreacted isobutyrophenone, b.p. 68-72° at 0.75 mm.
pressure, and 21 g. (19% of thsory) of Semethyl-5-benzoyl-
2,3~epoxyhexane, b.p. 93.5° at 0.75 mm. pressure.

Analysis: Calculated for 014H18025 C, 77.03;

H, 8.31.
Founds €, 76.72; H, 8.33.
This product 1s identical to the product of the re-

action of 3=-bromo-l,2-epoxybutane with the carbanion of
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isobutyrophenone, as shown by the fact that both form the
same dimeric derivatlive under the influence of hydrogen
chloride in ether and that, as shown by Russell??, both on
oxldation by alkaline permanganate yleld 3-methyl-3-benzoyl-

butanoic acids
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