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INTRODUCTION AND STATEMENT OF PROBLEM

Widespread heightened interest in the chemistry of the
epoxides is indicated by the ever-increasing number of
publications in this field during the last twenty years.
Thé epoxides are of intense interest because they can be
made to react with a great variety of compounds, giving
many products of value és intermedliates in synthetic and
industrial chemistry,

From a theoretical standpoint, epoxides are very inter-
esting compounds since they lend themselves to kinetic
studlies without the necessity of kinetie measurements. The
reactions of unsymetrical epoxides can result in either of
two products depehding on whibhkend of the epoxide function
is attacked, and since the reaction is irreversible, the

Raﬁa RzR5 RaRa
1 bty R B R LI B
R ~C=-C=-R + B — R «C=C~R or R ~C-C=R
\N/ (I i
0 HO B B OH
relative ratés of attack at these two points 1s directly
proportional to the relative amounts of ﬁhe two producﬁs
formed. The experimental cqnditions are identical for
attack at either position, Thus, the relative electronic
or staric effects of different groups can be studied by
attaching these groups to the epoxide ring and studying
~ their influence on the direction of ring opening. Sevérai

1,2,3,4
such studies have been conducted,
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Ethylene oxidesg, or more commonly known simply”as enox~
ides, make up one of the most simnle classes of heterocyclié
compounds, They owe thelr reactivity to a strained ring of
two carbon atoms and one oxygen atom, Electron diffraction
studiess’e on ethylene oxide and the cls and trans 2,3-epoxy-
butanes show that the interatomic distances are nbrmal. It
was also shown that the bond angle of the oxygen atom is
reduced to 67° and the bond angles at the carbon atoms are

06' o '
57° 26 as compared to the normal 109° 28 , Bonds under

0 ,
67°
57° 26
\ /
/C C\

such a strain are easily broken, Epoxides have only very

small dipole moments, Ethylene oxide and propylene oxide
-l8 7.8
give values of 1,88 x 10 e.S.u.

A1l of the reasctions of evoxides involve a breaking of
one of the carbon-oxygen bonds., This can be done under
either acidic or besic conditions,

H
‘@

0 @ 0 OH
VAV : SNy A VR S
0= —— 0~ —— 0-¢{

acidic 7 1
A

/\ o basic
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The type of reaction which was studied in this work

is the resction of alphabromoepoxides, R-CH-CH-CHBr-R, with

relatively strong bases under Sy2 conditions, In the Sy2
mechanism,9 the driving force 1is = "push" or nucleophilic
ettack by the entering atom or group, which has an unshared
pair of electrons that it 1s eager to donate in bond forme-
tion., The attack is entirely from the back side and causes
inversion at the qarbon atom involved., It appears to be
second order kinetically, Generally, "SN2 conditions’ infers
the use of a nonsolvating solvent; that is, a solveht which
is not strongly enough electrovhiliec to»cause & preliminary
lonization of the group to be displaced, When such ioniza-
tion is the first step of the reaction, the mechanism is
called Syl and the reaction appears to be first order, the
rate determining step being the ionization,

In some recent articles, Swainlo has advanced the theory
that éll nucleophilic displacement reactions are actualiy
termolecular, involving both the “push” attributed to the Sy2
mechanism and the "pull“ of the Syl mechanism. According to
this theory, the order of the reaction depends on whether or
not the concentration of the reactants changes appreciably
during the reaction, The solvent 1s usually present in large
excess and hes no amparent effect on the rate, The Syl
mechanism seems to be an extreme case that is apparent when
the "pull" exerted by the solvent is very much more effective

than the "push" exerted by the entering base, Likewise, the



Sy2 mechanism is apparent in cases where the solvating effect
is much weaker than the “push“ of the basic attacking group.
These conditions were used instead of Syl conditlons because
under Syl conditions the epoxide ion formed in the first
step would be neutralized before it had a chance to displace
the bromide ion. ‘

The purpose of this work was to study the effect of the
epoxiée linkage as a neighboring groupa in nucleophilic
displacement reactions. Considerable work has been done in
recent years on the neighboring group effect and many
different groups have been shown to exert an effect on this
type of reaction. In many reactions;.the rates and steric
results cannot be eiplained.without considering the effects
of neighboring groups other than their effects as suppliers
or withdrawers of electrons to or from the point of attack.
One effect is that of actual participation of a group on a
carbon atom in a displacement process at that carbon atom,
Thus, a displacement reaction might consist of two steps;
the first an intramolecular SNé reaction, and the second
the opening of the ring.11 Two inversions and apparent
retention will be the steric result. |

The following mechanism, which has been proposed by

: 12
Winstein and Lucas for the reaction of hydrogen bromide

with a bromoh&drin, demonstrates this effect,

a. The epoxide linkage is not a typical neighboring
group since it cannot function in this manner
until a basic attack has broken one of the carbon-
oxygen bonds., The term is used here because it
best describes the second step of these reactions.,
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Br=C Br-C ~c Br-g C-Br
/N N /7N /N 7\

- Evidence cited for this mechanism is the fact that complete
retention of configuration 1s observed.

The fact that bromine addition to olefins results in
predoﬁinantly the trans product is attributed to the
formation of a three membered ring of two carbon atoms and
the bromonium ion, which i1s then opened by an attack of the

13 _ 14
bromide ion., ' = Iucas and Gould have presented evidence

- 18
for an analagous chloronium ion.

According to Winstein and Buckles,11 the reactions of
silver acetate in dry acetic acid with the erythro- and threo-
2-acetoxy-3-bromobutanes, trans-l-acetoxy-2~-bromo-cyclohexane,
the meso~ and;dl-2,34dibromobutanes, and trans-l,2-dibromo=-
cyclohexane proceed with_predominant retention of configur-~
ation.' Also, optically active 2;3-dibromobutane and trans-l-
acetdxy-z-bromocyclohexane glve rise to completely inactive
diacetates, The steric results are believed to be due to

participation‘of'a neighboring bromine or acetoxy gréup in

the displacement processes, with production of the intermedistes,

CHa
N
. /Bli@ o’ Vo®
c-—-c and - \c c?

N

This neighboring group effect has been reported to take
place in both Syl and Sy2 reactions.® Some recent kinetic
studies give further evidence in favor of these mechan-

17 _18_.1l9
isms, * °



The formation of epoxides from halohydrins is also

13
belleved to proceed by this mechanism, The oxide formed by

N7 \N 7 @ \N/
C-0H G-0 c
‘ + 0E® ‘ ) s ‘\0
TH,0 <l B == y
Br-C Br-C C
VAN N\ 7\

removal of a proton by the hydroxyl ion, acts as a neighbor-
ing group and displaces the bromide ion from the ad jacent
carbon atom., This causes an inversion of configuration at
the carbon atom from which the bromine atom is removed.

The present plan was to open an epoxide ring by an
attack with a basic anion and see if the epoxide ion formed
would in turn displace the alpha-bromine atom by this so=
called neighboring group effect,

- Up to the present time, very little work has been done
on this type of reaction. In 191k, Heller end Remsrt-Incas
reported the reaction of isébutyrophénone.anion with eﬁibromo-
hydrin and isolated as the product of the reaction, the

epoxide shown.

0 CHs
e i

CeHg=C~C=CHs +  CHpBr=CH-CH, =——%  CqHg~C~CnCHy=CH=CHp
N N/ , { \ 7.

0 CH3 0 | CHa 0
This reaction was interpreted as proceeding by a simplé
ﬁucleophilic displacement of the bromide ion by thé isobuty-
rophenone carbanion, However, it should be noted that
exactly the same produét would result from a two-step reaction
involving (1) the attack of the carbanion at the terminal
carbon of éﬁé epoxide followed by (2) a neighboring group
displacement of the bromide ion by fhe oxide ion,

- 6



o (1)
06H5"C-C-CH3 + CHz"CH"CHzBr

"o \ /
0 CHs 0
CHs CHa
\ (2) | ,
CgHg=C=C-CH,-CH-CH, ¢ CgHg~C=C~CHy~CH~CH Br
R T \ / 0ot I
0 CHg 0 0 CHs 0¢

Step (2) is identical with the postulated mechanism for
the synthesis of epoxides by the dehydrohaloéenation of
halohydrins, as‘shown above., Since epoxides are so very highly
reactive becauge of thé strained ring, thls neighboring
group mechanism seems preferable to the simple bromide ion
displacement postulated by Haller and Ramart-Iucas. Unfortun-
ately, this assumption cannot be proved in the case of
epibromohydriﬁ which would gilve the same’product by either
mechanisnm,

In 1947, Peul and Tchelitcheff = reacted S-chloro-1,2-
epoxyéentane with phenyiethylamine and obtained as a product,
phenylethyltetrahydrofurfurylamine. This reaction can be
interpreted as proceeding by a neighboring group mechanism
similar to that explained above, involving (1) an attack of
the basic amine on the terminal carbon of thé epoxide group
followed by (2) a displacement of the chloride ion by the
alkoxide ionﬂand loss of a proton from the nitrogen atom,

(1)
CHQCl'CHz"CHe"CH"CHg + CGHE"NH"Csz .

WA |

CHz"CHg C HS CHQ"CHg C H5

b 15 (2) L /¢

OHz CH"CHz-N"Csz ( Cl“CHz CH"'CHQ"N"Czﬁs

\N 7/ , -HC1 | | ;
0 0@ H



This work of Paul and Tchelitcheff shows thevfsrmation
of a five-membered ring, which is notably very stable. The
formation of a three~-membered ring; which is under conslder-
able strain, might seem, at first glance, to be more
difficult., However, in forming the three-membered ring, the
close proximity of the alkoxide ion to the carbon atom hold-
ing the halogen causes the probability of collision to be
mich greater and hence the three-membered ring may be just
as easy to form,

Russell and Vander Werf22 studied the reaction of
isobutyrophenone,carbanion with two alphasbromoepoxides, l-
bromo~2,3-epoxybutane and 3-bromo-1;2-epoxybut&ne. From their
results, they were led to believe that wilth the terminal
epoxide a nelghboring group effect did take place as shown
below, However, wilth the other. bromoepoxide, a simple

bromide lon displacement ié believed to have occured.

0 CHg | ﬁ (‘IHa
0ol »
e
CeHg=C=C'" +  CHz-CHBr-CH-CHp = CgHgmC=CnCHp=GH=CH-CHg
R S [N/
CHa 0 CHg 0
' I IT
0 CHs ' 0 CH,
Wig nol
CeHg=C=CI +  CHy=CH~CH-CHoBr — CgqHge=CmC=CHp~CH~CH-CHsg
I N/ | P \/
CHg 0 CHa 0
- ITI v

Products‘ii and IV were proved to be isomers by analysis
and both gave the same carboxylic acid when oxidized., The
two compounds were not identical since they had different

boiling points but'they were believed to be geometrical isamers.'

8



Russell and Vander Werf believed that the reas;n a
neighboring group effect was not observed in the second reac-
tion was that the isobutyrophenone carbanion was too large
and its steric requirements would not allow it to attack the
epoxide linkage, Hence, 1t attacked the less hindered carbon
atom bearing the bfomine atom,

In the present study the smallef bases, methoxide and
ethoxide lons, were treated with the same two alphabromoepox-
ides. These bases are much smaller and would have a much
better chance to attack the epoxide linkage and cause a
neighboring group effect with both alphabromoepoxides.

The possible products of the reactions‘of these epoxides
with sodium methoxide are listed below. Those from the

ethoxide reactions would be analagous.

(1) (=2)(3) (a) ®e

- I. CHzy~CH-CH¥CH_Br + Na OCHj
N - \N/ o .
Attack on (=) Attack on (4)
L Attack|jon (3) . S
<!)CH3 CH;»,?V o
CHs-CH-gH-CﬁaBr CHG-?HFCH-CﬁzBr CH3+-2?;9H-GH2)—OCH3
medéb L | e J, < . _ .
. B
CHg~CH~CH=-CH,B CHaz-CH~CH-CHgBr
_ U D ' I |
CHz0 OH OH OCHg
A B
‘or or
OCHg
|
CHS-?H-QstpHa CH5~CH-CH-CH2
CHz0 O 0
SR+ . D

9



Products C, D and E are canagble of rescting further with
methoxide 1lon,
c + CHaéD —_— CHa-?H-?H-GH2~OH or CHS-?H-?H~?H2
CHz0 OCHj CH;0 OH OCHa
F G
D + CHsgg —> CHz~-CH-CH-CH,~-OH or CHE-?H-%HFCH2§OCH3
CHsé réCHa OH OCHg
H J
B+ CHag; ——> CHz~CH-CH-CH,-0OCHs or CH3~CH-?H~?H2
gH BCHs CHsé OH OCHg
K L
If the epoxide linkage were sttacked first, 1t would be
very probsble that the epoxide ion intermediate would replace
the bromine stom rather than becoming neutralized by nicking
un & nroton frém the solvent, Thus, products A and B are
ruled 2s improbsble, From an electronic staﬁdpoint, carban
atom (3) would be more positive fhan (2) and thus more vulner-
able to basic attack., Thus, 1f the evoxide ring were attacked
in oreference to the halogenbearing carbon, product D would be
the preferred product. However, trimethylene oxide rings are
noteebly hard to form., If the bromine were disnlaced first,
product E would result, ‘
Of the two secondary oroducts from D, J would be the
expected product, both electronically and sterically, From
E, the nroduct favored electronically would be K (identicsl
to J) bacausé carbon (3) is more positive and more vulnersble

to basic sttack than cerbon (2) due to the inductive effects

of the methyl and methoxymethyl grouvs,

10



The possible products from the other epoxide afe as

follows:
(1) (=) (3)(e) ®e
II. CHs-CHBr-C\H-Cﬁz + Na OCHgz
: /
0

Attack on (a)

!

CHz~-CHBr-CH- ?Hz
: N B
08 0CHj

CH;»,-CHBI‘-?H-('}HQ

OH OCH,
L
or
CHz=CH~CH-CH,
N/ é
0 CHg
;o

Attack on (=)

»Attack 1011 (’:5 } \L

CHg~CHBr-CH~CH, CHz~CH-CH=CHg
l t N/
CHz0 0© OCHg 0

E

CH;,-CHBI'-C'}H-C'IHZ

' CHs0 OH
oY OCHa

|
CHg=CH-CH~CH,

-

D

Again, products G', D and E are capeble of reacting

further with methoxidé.

(S ' :
C + OCH; ———> CHg=CH-CH-CHy-0CH5; or ,CHs-CH-C‘}H-GHz-OCHs_

D D .
OH OCHs : CHz0 OH

F G
D + 0CHy -————>» CHz~CH-~CH=-CH,~O0CH or CHg-(l)H-CH-CHg-OH
) - | | |

OH OCHg CHz0 OCHg
H J
e ' . .
E + OCHy ——) CHy=CH-CH-CHy~OCHs or GCHg~CH-CH-CHy~O0H
. _ t | : L |
CHz0 OH CHz0 OCHg
| K L

Products A and B are ruled improbable on the same

11



grounds as they were in reaction I. If the epoxide‘linkage
were attacked first, carbon (4) would be the preferred point of
attack since in reactions of.terminal epoxides with bases,
almost invariably the terminal carbon atom is attacked.za
Thus, product C would be expected, If the bromine were
displaced directly product E would result. Of the secondary
products from C; product F would be expected, for the same
reasons given for expecting K from E in reaction I. From E,
the expected sécondary product would be K, since E iska
terminal epgxide. A

Summarlizing, the most probable products from reaction I
ares OCHg 7
CHS-Cﬁ-gﬁ;CHz, 053-0H~0H-0H2-0033 and. CHs-CH«-(i.‘H-GHz-OCHg,

L OT-J' | \o (l)H 0CHs
From reaction II they ave: . |
CHy=CH=CH~CH,, CHy=CH-CH-CH,, CHG-CH-CH—Cﬁz-OCHa, ‘and
N/ L LN/ 1L
0 OCHa CHso 0 OH OCHs
” CHa~CH-CH~CHp=0CHs
CH;r,(‘) éﬁ- |

The two bromoepoxides were also reacted with lithium
alﬁmihum hydride;‘whose reactions have many features in
common with the femiliar nucleophilic“displacement mechanism,
The exact nature of the attacking group is not known
definitely but is believed by some to bs a series of complex'
aluminohydride iohs,zé Alﬁf), AlXHil, Aleﬁz ‘and AlXSH where X
denotes an alkoxide ion with which the aluminum atom |
coordinates, The first step of the reaction with epoxides

can be pictured as proceeding thus:

12



)
AlH,

Q@
After 8ll of the AlH,

+

N/
o

Qe

7\

7 H-C

S
?-O“Alﬂa

is used up, the attacking group is

@
thought to be AlHzX , which is a rather large group. This

reagent also redﬁces organic halides, replaceing the halogen

atom in the organic molecule with a hydrogen atom.

Thus,

the reaction is again a competition of bromide and epoxide.

A series of possible products can be formulated analogous

to those proposed for the reactions of sodium methoxide,

differing only in that these would have hydrogén atoms in

place of the methoxy groups;
(2) (2)(3)(e)

I, OHz-CH-CH-CH,Br + LiAlH,
. N/ ' . N
0

Attack on (s) A
: L . Attack|on (3)
CHy~CH-CH- CHg CHz~CH~CH,;~CH,Br
- N/ S o
o] 0©
A
Y

CHg=CH~CHp=CH,Br
o
B
or
CHy~CH-CH,=CH,
. L_(j-—]v

D

13

Attack on (=)

!

CHS“CHZ'?H‘CHQBr

0

CHa-CHz-?HfCHgBr
L
.
or
CHgz~CHg~CH~CHy
TN/
0



(1) (=) (3)(e)

II, CHz-CHBr-CH-CH, + LiAlH,
\/ :
0
Attack on (&) Attack on (=)
l : Attack|on (3) l -
v .
CHa-CHBr-?H-Cﬂs CHa-CHBr-CHz-?Hg CHS-CH2~Qsi?H2
1 oe | 08 0
, ) .
GHa-CHBr-?H-Cﬁa CHg=CHBr=CH,~CH,
) A D . o . i
0H OH
A ,B
or or
CHg=CH=~CH-CHg CHg=CH=CH,=CH,
0 0
C D

All five possible products from both. reactions should
give 2-butanol upon reaction with a second mole of lithium

aluminum hydride.

I(A,B,C,D,E) CHz=CHgy~CH-CHg
o emd _LiMH., |
II(A,B,G,D,E) I«

In reaction i, jﬁst’as in the methoxide‘and ethoxlde
reactions, ir the'epoxide were attacked first, carbon atom
is more vulnerable from an electronic point of view than
carbon (=), This would make B and D more probable than A,

Of these two, D would be preferred over B. If the halogen

(s)

bearing carbon is attacked first; the expected product would

be E.

In reaction II, if the epoxide is attacked first the

. .. 26
terminal carbon is most vulnerable and the expected product

1l



is C. Thus C and E are the most probable products,

The interpretation above is based entirely on electronic
aspects. However, in view of the large size of the micleo~
rhilic groﬁp, sterlc aspects may be quilte important, Several
terminal epoxides have been reduced with lithium aluminum
hydride?§ end in all cases, a terminal attack is predominant,
There are only a few instances reported in the literature of
the reduction of other than terminal epoxides.%’z.’,’28 Among
these, there are two cases which show quite definitely thet
sterlc hindrance is important. Plattner, Heusser and Feurer23
reported the reduction of alpha=- and beta-cholesterol ace-

tates from Which they obtained 3(g)=~ 5(«) ~dihydroxycholestane

and 3(6)~6(ﬁ)-dihydroxycholestane respectively.

Ac Li Al Hq > o
o oX
Alpha-Cholesterol Acetate 3(8)-5(%)-Dihydroxycholestane
i AlH
&40 ‘ .Lvl . K4 Ho
o " ¥

Beta~-Cholesterol Acetate 3(g)-6(B)=Dihydroxycholestane

It 1s interesting that in the reduction of beta cholesterol
écetate, in which the 3-acetoxy and the 5,b-epoxy groups are
on the same side of the molecule, the product is 3 6)~6;3)-
dihydroxycholestane, which would be obtained by attack on
carbon atom 5, However, when the 3-acetoxy and 5,6-eppxy

groups are oh op?osite sides of the molecule as in alpha-

15



cholesterol acetate, the product is B(ﬁ)-sax)-dihydfoxy~
cholestane which would be obtained by Qn iﬁitial attack on
carbon 6. This might be interpreted as being caused by the
steric effect of the acetoxy group. When it is on the
opposite side of the molecule from the epoxide, it is in
position to block an attack on that side of carbon 5, and
thus the attack is on carbon 6. However, when it is on the
same side of the molecule as the epoxide group, it cannot get

Into position to block the attack,

26
Prins.

reported the reduction of the following two

isomeric epoxides with lithium aluminum hydride.. When the

f |
H-C-0CH, H-c';-oczis
b . w.

H-C\ CHz

. Lo LiAlH, I

H-cl:" , —_— H-('}-OH

H-C-0 HeC~0,

N SN

HeCm0 ——NCH-0 Hg H-(|I-0~—-—-\GH-CBH5
cHg=0”  CHg=0”

" ———
H-C-0CH; H-?-OCHa
b . .

HO-CH
of?g R
\CH LiAlH, CH,
H X 0 ” H |
~C- =G0,

I N\ 1N\
H=-C=-0 = CH-C4Hg H-C-0—IN\CH=-C,H;
S o ) 3

CH,~0 CHz-0

methoxy group is on the same side of the ring as the epoxide

group, the attack 1s on carbon atom 2, adjacent to the

methoxy group, giving the 3-carbinol. However, when the

16



methoxy group 1s on the opposite side of the ring from the
epoxide, the attack comes on carbon atom 3, giving the 2=«
carbinol., Since the only difference in the two molecules 1is
the relative positions bf the methoxy and epoxy groups; the
only plausible explanation for these results is that the
methoxy group, when on the opposite side of the ring blocks
the back-sgide attack on the nearest end of the epoxide link-
age. However, when on the same side; it cannot block the
attack and the normal attack occurs.

Studies with molecular models show that a methoxy group,
aﬁtadhed to a carbon atom adjacent to an epoxide group, is
large enough to block an attack on the near end of the epox-
ide, |

‘Another part of the problem consisted of working up a
method for the quantitative determination of epoxides,

There are several such determinations reported in the
literature 29,80,31,32,33 but all of them are elther incon~
venient to use or are adaptable only to specific epoxides.,
A method which is easy to use and generally adaptable to moét
epoxides is highly desirable,

| Bastham and Latremouille28 hed reported the use of
periodic acid in the determination of ethylene oxide but
they made no éttempt to extend thié to other epoxides. This
method was tried on several other epoxides.

The determination is based on two well known reactions.

The first is the acid catalyzed opening of an epoxlde ring

. 54 ,
by water to give a glycol. The second is the cleavage of

17



38
the glycol with periodie acid to glve two aldehydes.

A known quantity of periodic acid is used and the excess 1s

6] ® OH OH
/N , H Py
R-CH-CHR RCH~-CH-R
+H,0

OH OH

R-CH-CHR + HIO, ——> R-CHO + RCHO + HIOs

S . - 38
determined by an iodimetric procedure outlined by Fleury.

18



RESULTS

The comnounds, l-bromo-2,3~-enoxybutasne, I, and 3-bromo-
1l,2-epoxybutane, II, prepared by the method desbribed by
Petrov,57 were treated With sodium methoxide in absolute
methanol. These primary reactions and the main reactions
used in the nroof of structure of’the\products are depicted

graphically below,

D®o
CHz-CH-CH-CHBr + Na OCHs
\ /| |
0
I ' IIT
CH3-CH~CH—CHP-OCH3 + CHS-GH-GH-GFQ OCHs
OH OCH;5
L1A1H4 or
Hz(Ni) HzSO,*
HIO, heat
CHS-CHE-CH-CHZ~OCH3 CHz~CHg~C=CH,~0CH5
b o
{ R °
VIII CHzCHO +  CHgzOCH,-CHO IX
LiAlH, XL I XTI ~ HyS0,
HIo’/‘/I /;ﬁat
4
CHE-%H:QﬁECHZ-OCHa + CH5~CH-CH-CH2 OCHg,
0 T.OH OCHs
VI VII
ol
CHz-CHBr-CH-CH, + Na OCHg
\/ «
0
IT III
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1. HOCL

CHz~CH=CH~CHp=0CHz  ~—eaee—p CHz-CH-CH-CH,0CH5
2. KOH \
0
XIT IV and VI
®e
Na OCHa ;
CHa-Qg;PH-CHzOCHa —_— CHs-cH-c‘:H-CHz-OCH3
\ )
0 , OH OCHg
v | V and VIT

The first plan adopted to prove the structures of IV
and VI was to oxidize them with potassium permanganate
solution and identify the acids formed, However, the ylelds
R=~CH-CH-R' —igla RCOOH + R'COCH
N/
0
of these reactions were found to be very low and not enough
material was obtained for identification purposes. Therefore,
attention was turned to the other methods described below.
~ Products IV (67.4%, b.p., 121 - 122°)a and VI (42 - 5%,
b.p. 122 - 12l°) ﬁere shown by analyses to haﬁe the same
empirical formula, CgH100,. Quantitative analyses for
oxirane oxygen by the hydrogen chloride method of Swernal
showed 96.3% of the theoretical oxirane oxygen in IV and
88.5 ~ 92.2% in VI. Analysis of IV by the periodate method
gave 99,3%. These analyses stand as proof that the compounds
were epoxides;

Both IV and VI, ‘when treated with periodic acid gave the
two aldehyées, acetaldehyde, X, and methoxyacetaldehyde, XI,

8es All temperatures recorded in this thesis are in
degrees centigrade,
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which were identified by mixed melting point measuréments on
the corresponding 2,l-dinitrophenylhydrazones. Since this
reaction goes by hydrolysis of the epoxide to a glycol with
sﬁbsequent cleavage of the glycol;52 the compounds IV and VI
must have had the structure as showﬂ. |
0f the other possible products listed on pages 9 and 11,
the compound CHs-CH-QF:fHZ would have given formaldehyde
| (‘)CHS 0 (l)CHs
énd alphamethoxypropionaldehyde and the compound CHz~CH-CH~CHy
Lo
would not be cleaved by periodic acid because the first step
would give a 1,3~g1ycol;38
‘Reduction with lithium aluminum hydride gave a known
alcohol, l-methoxy-2~-'butea¢nol,:59 VIII (81.6% from IV and 81%
from VI), which was identified by”iﬁs 5oi1ing poiﬁt, an
elemental analysis, and mixed melting point measurements on
its 3,5-dinitrobenzoate, An authentic sample of the alcohol
was obtained by treating 1;2-epoxybutane with sodium methoxide
which would be expected to give almost exclusively the second-
ary alco‘hol.'23
 Catalytic reduction of IV yielded 61.4% of 1-me thoxy-2-
bufanol, identified as described above, and also by chromic
acid oxidation to the known ketonse, 1-methoxy-2~butanone.%o541
The ketone was identified by mixed melting point measurements
on its 2,li-dinitrophylhydrazone. An authentic sample of the
ketone was obtained by oxidation of a true sample of the

alcohol,
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Of all of the possible products listed on pages 9 and
11, E on page 9 and C on page 1ll, both of the same structure,

CHz-CH-CH-CH,-0CHz, are the only ones which could give 1-

\/ ;
0 "
methoxy-2-butanol by reduction. The compound CHa-?H~QF;PHz
OCHz O

would have given either 3-methoxy-2-butanol or 3-methoxy-l-
OCHg
butanol and the compound CHa-CH-éH-CHz would have given
Lo
either 3-methoxy-27butanol or 2-methoxy-l-butanol.
As further proof, the compound CHg~CH-CH-CHg-O0CHs
\J _
was prepared by an independent method. Crotyl alecohol was
treated with dimethyl sulfate to give methyl crotyl ether,
XII, a known com.pound,42 which was converted to a chloro-
hydrin by the well known chlorouresa method.‘u5 The chloro-
hydrin was then converted to the epoxide by distillation from
concentrated potassium hydroxide solution.m’13 This methoxy-
epoxide also gave acetaldehyde and methoxyacetaldehyde when
cleaved by periodic acld and was proved to be an epoxide‘by
both the hydrogen chloride and periodate method,
Products V (5 - 16%, b.p. 168 = 170°) and VII (34%, b.p.
168 - 170°) Were‘shown to be the same compound. Eleﬁental
analysis of V showed it to have the empirical formula, GgH;,0s

and a Zeisel determination showed the pfesence of two methoxy

groups, Both V and VII gave positive iodoform tests, indicating'
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the presence of the CHz~CHOH- function. Treatment of TV
with sodium methoxide gave 80% of the product, b.p. 168 =~ -
170°, showing thet V and VII are the result of a secondary :
reaction. This limited the structure of the two to
CHS-CH-?H;CH2~OCH5 and CH5~CH-?H-CH2~OCH3.
gH OCH, CHSé OH
A B

Treatment of V and VII with 50% sulfuric ecid gave the
ketoné;1-methoxy-2-butanone, IX, which was identified by a
mixed melting ﬁoint test and an analysis of its 2,li-dinitro-
phenylhydrazone, This ketone could have come only from
structure A, Undef the conditions of the experiment, the
first step in the reaction would be expected to be dehydra-
tion to an olefin, Compound B, upon dehydration would give
the olefin, CH5-0=CH—CH2~OCH3.because, in such reactions,

éCHa | '
tertiary hydrogen atoms are lost much easier than secondary
hydrogen atoms.44 It has been shown by Hennlon and coworkersés
that this olefin; when treated with very dilute hydrochloric
acid at room temperature, very rapidly rearranges to li-methoxy-
2§butanone, CHz=C=-CHp=CHy~0CHz., Compound A, however, would
0
dehydrate to the olefin CHz=CH=C-CH,=0CHs; = snd by analogy to
éCHa

Hennion's results, would rearrangé to l-methoxy-2-butanone, .
CHg=CHg=GC=CHp=0CHg . |

]
0
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The following mechanism has been proposed for this

rearrangement: _
o EX e
CHa-CH=?-CH2-OCH3 < > CHa-CH-ﬁ~CHz-OCH3
|
49-0}15 @0~CHsz
a b
®
H
®
CHS-CH2~?-CH2-OCHa < > CHz~CHy~C~CHy=0CHg
_ T ,
0-CHs ®@0-CH3
d . | c
+ H,0
- H
OH
i H,0
CHz=~CHgy~C~CHy~0CHg . > CHz~CHp~C~CHo~0CHg
[ n® R |
OCHg . 0
o b

The olefin can be represented by another resonance
form,‘b. Addition of a proton to b would give an ilon which
can be represented by the two resonance forms, ¢ and d. The
carbonium ion, d, 1s identlcal to the intermediate postulated
in the hydrolysis of acetals and the mechanism from that

46
point on is identical to that of the hydrolysis of acetals.



The reactions of the two bromoepoxides with sodium
ethoxide and the main reactions used in proving the struc-

ture of the products are shown beloﬁ.

@ O
CHz~CH-CH-CH,Br + Na 0C.Hsg
\/ |
0
I XITIT

\4
CHz~CH~CH=-CH~-0C Hj5 + CHz=~CH~-CH-CHy=0CH
N/ b |
0 OH OCgHg
//XIV~\\\\\\\\\\\ . XV

HIO,
LiAlH, v
' ¥
CHg=CHa~CH-CHp=00 o He CHsCHO + CgHg0~CH,CHO
: S B . >
OH X XIX
XVIII '
o HIO,

Hp (Vi)
or LiA§H4 :

CHz=CH~CH=-CHz~0CoHg + CHz~CH-CH-CHz=~0CH

\ /. B X o
0 T TOH 0C,Hg
XVl XVII
@le
CHgz~CHBr-CH-CH, + Na 0C,Hg
N/ \
0
1T XIIT

Products XIV (77.7%, 137.8 - 138.,5°) end XVI (69.5 -
83.3%, b.p. 137 - 138°) were shown by anélysis %o ﬁave the
empirical formula CgH1z0z. Compound XIV showed 95.6 - 98,L%
of the theoretical 6kirane oxygen by the hydrogen chloride
method and XVI showed 98,8 -~ 101.2% of the theoretical
by the periodate method.

25



When treated with periodic acid, both XIV and XVI vyielded |
the two aldehydes, acetaldehyde, X, and ethoxyacetéldehyde,
XIX, which were identified by mixed melting voint measurements
on their 2,l-dinitrophenylhydrazones.,

Reduction with lithium'aluminum hydride gave l-ethoxy-
2-butanol, XVIII (65.4% from XIV and 59.3% from XVI), which
was identified-by.comparison of the boiling point with an
authentic sample and by oxidation with chromic acid to the
known ketone, 1-ethoxy-2-butanone.47’48 The ketone was
identiflied by mixed melting point measurements on its 2, -
dinitrophenylhydrazone, An authentic sample of the ketone
was obtained by oxidation of a true sample of the alcohol
which was obtained by treating 1,2-epoxybutane with sodium
ethoxide.zs u

Compound XVI was reduced catalytically to the same
alcohol, XVIII (éh%), which was ldentified as described sabove
and by eleménfai anélysis of the alcohol, as well as of the
2,li-dinitrophenylhydrazone derivative.,

The structures of products XV (6.2%, b.p. 19L - 197°)
and XVII (3.9%, b.p. 190 = 195°) have not been definitely
establiéhéd but they are both belleved to be 3,h-diethoxy~-2~
butanol by analogy to the sodium methoxide reactions. An
elemental analysis showed XV to have the expected empirical

formla, CBHIBOS .
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The two bromoepoxides were treated with lithium aluminum

hydride and yielded the products as shown below:

—3 CHS-CH-?H-CHS
)
CHz~CHBr-CH-CH, + LiAlH, Br OH
\%/ XX
1T L CHS-CHQ-(‘}H-CHg
‘ OH
XXI

CHz~CH-CH~CHxBr +  LiAlH, —) CHz~CHg-CH-CHg
" \O/ . : (l)H
XXI.

From 3-bromo-1,2~epoxybutane, IT, was obtained dl-threo-
3-bromo-2-butanol, XX (51.1%, b.p. 50 - 51° at 1l mm.) and
2-butanol, XXI (Zh.l%); Both are known compounds.%g’BOk
The Z—butanolhwés identified by a mixed melting point meas-
urement on its 3,5-dinitrobenzoate., The melting point of the
3,5~-dinitrobenzoate of the dl-threo-B;bromo-2-butanol checked
the value reported in the literature.éo An elemental analysis
showed the correct empirical formula, C11Hi1NzBrOg. |

From 1-br§mo-2,3—epoxybutane, I, only oné product, 2=
butanol (15.5%) was obtained. Starting material (l1.7%)
was reco%ered.‘ |

In these reactions only enough lithium aluminum hydride
was used to reduce one function (e.g. epoxide or bromide).

Ten compounds were analyzed for oxirane oxygen by |
treatﬁent with an excess of periodic acid and determination

of the excess acid iodimetrically, The results of these runs

are glven briefly here.
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Compound Ave. % of theoretical oxirane

oxygen found

2,3-epoxybutene 99.8
1,2-epoxybutane 102.M
l-methoxy=-2,3-epoxybutane ‘ 98.0
l-ethoxy-2,3~epoxybutane 100.0
l-bromo-2,3-epoxybutane 102.8
3-bromo-1,2-epoxybutane 98.L
cyclohexene oxide 99.2
styrene oxide 93.2
1,2-3,li~diepoxybutane ol.3
3, ~epoxy~l-butene | 13,2
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DISCUSSION OF RESULTS

The results show that a neighboring group mechanism was
operative in the reactions of 3-bromo-1,2-epoxybutane; II,
with sodium methoxide, III, and with sodlum ethoxide, XIII.

@
CHz-CHBr-CH-CH, + OR —m CHa-CHBr-?H—CHz-OR
\ \ 7/
0 0@
iT o . I
..  CH3-CH-CH-CHz-OR + Br
\/
0
" However, the reactions of l-bromo-2,3-epoxybutane, I, with
the same two basés proceeds by direct simple diSplaéement of
the bromide ion by alkoxide ion. The neighboring group
© . ;
CHz~CH-CH-CH,Br + OR ——— CHz-CH-CH-CHLOR
N/ . N/
0 - 0
I
effect did ﬁot take place in the reaction of II with lithiuvm
aluminum hydride since the bromine was not diéblaced at all,
CHz~CHBr-CH-CH, +  LiAlH, ———> CHa—CH-?H-Cﬁs
. . \ / . 1 .
0 Br OH
IT
The results.of the reaction of I with lithium aluminum
hydride do not show which mechanism prevailed, ‘
CHa-QF-CH;GﬁzBr + LiAlHy <——— CHz-CH,-CH-CHg
/ {
0 OH
It is evident that both the epoxide group and the alkyl

bromide are quite reactive toward the alkoxide ion. These
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results do not show which is the more reactive, but show
rather that the whole molecule must be taken into consider—
ation in any prediction concerning the course of a reaction.
In this competition between bromide and epoxide, the function
which was on the end of the molecule was attacked first.
This indicates that steric requirements might be the dominat-
ing directive force,

These results can also be explained by an electronic
interpretation. A negatively charged base would be expected
to attack at the most positive point of the molecule, In II,

the most positive point in the molecule is the carbon aﬁom>‘

e S®
(1) (=) (3) (a)
CHz9~CH$~CHa=~CHy<=Br
. \/
0
IT

holding the bromine atom, The electronegative bromine atom
would draw electrons to it,‘leaving carbon (4) slightly
positive, This inductive effect is diminisﬂed as it is pass~
ed down a chain61 and thus the displacement of electrons from
carbon (3) toward carbon (Q) would be slight. On the other
end of the molecule, the éléctron—donating methyl groﬁp tends
to make carbon (2) negative, This effect is also diminished
as it is passed down the chain and the electron displacement
from carbon (2) to carbon (3) would be slight, Carbon at;m
(3) has electfons shifted toward it from the left and away
'from it to the right. This would leave it practically
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uncharged,
In compound I, the bromine atom and the methyl group
» Br
+
CHz--CH~CH-CH,
\/
0
I
are both attached to the same carbon atom and their effects
would tend to cancel each other, Thus, the three possible
polnts of attack would be essentially uncharged, leaving
steric effects to direct the attack alone., From this, a
terminal attack would be expected, which was found to be the
case,

The reason that a neighboring group effect does not
teke élace in the reaction of the terminal epoxide, IT,with
lithium aluminum hydride is probably because of the pfesence
of the aluminum atom. Trevoy and Brown24 have postulated
that the attacking group in lithium eluminum hydride reactions
is a series of aluminohydride ions, Alﬁi{ AlHE%, Alﬁi&z and

L)

A1lHX 3y where X denotes an alkoxide lon to which the aluminum

atdm is coordinated.

o
IO 0=-AlHgH
&) N \ / \ ‘/
AlH_‘l + /C-C\ - /CH-C\ <
0 . 0-A1H,-0OR
S I\

AlHz=0-R  + C-¢{ — :CH-C|2\’
If an alumihum atom were coordinated with the epoxide oxygen
at the time of the attack, it could prevent the second step
of the reaction, the neighboring group effect, from taking

place,
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The reaction of the methoxy epoxide (IV and VI) with
snother mole of methoxide ion to give B,h-dimethoxy~2-bﬁtanol
can be explained easily by an electronic interpretation.

This molecule is very gimilar electronically to the corr-

8@ S®
(1) (=) (3) (2)
CHg~CH+~CHa~CHpy9~0CH;
\0/

sponding bromoepoxide. Again carbon (2) would be the:most
negative and carbon (4) the most positive. The attack comes
at carbon (3), probabi&, because that position, even though
not positiﬁély charged, is less negative than carbon (2).
Carbon atoms (=) and (3) are the only possible points of
attack. h o

The methoxyepoxides IV and VI and also the ethoxyepoxides,
X1V aﬁd XVI, which were proved to have the same carbon
skeleton, may not be identical.

As will be pointed out later in this section, the 3~
bromo~1,2-epoxybutane, II, was pro&ed to be of the threo
configuration. However; from the method of its preparation,av
it must be assuméd that the l-bromo-2,3-epoxybutane, I, was
a‘mixture of two pair of racemates., The meﬁhyl viny1 carbi£o1

from which it was prepared was obtained by hydrolysis of

crotyl bromide with dilute sodium carbonate solution.

° CHz-CH-CH=CH,

OH i

CHz~CH-CH=CH, + H,0 OH
Br CHa~CH=CH-CH,OH
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Under these conditions, the Syl or carbonium ion mechanlsm
prevails.9 Thus the methyl vinyl carbinol undoubtedly was a
racemic mixture of two possible stereoisomers., The next step,
addition of bromine to the double bond, would have given two

sets of racemates by the accepted mechanism for this type of

reaction.ls’l4 The last step, which involves removal of a
g\Br CHBBr ‘ CHzBr
Br Br4‘b>f{
HO HO{‘ H
CHs
racemic pair f racemlc pair racemic pair

proton from the OH group, with subsequent intramolecular
displacement of the neighboring bromine atom by the oxide
ion,%“'ﬁ would cause an. inversion of the configuration of the
carbon atom from which the bromine is displaced. Thuf the
bromoepoxide would consist of two pair of racemates which
probably could not be separated by distillation,

The other bromoepoxide, II, was prepared by the same
reactions starting with crotyl alcohol which was obtained
along with the methyl vinyl carbinol by hydrolysis ofAcrotyi
bromide. Crotyl alecohol does not contain san asymmetric
carbon atom as does its isomer but it can exist in cis and

i
1

trans forms, When converted to the bromoevoxide, both the

CH5 CH,0H CHz H
. \
C=2¢C C=2¢
/ \ / \
H H H CH,0H
cis trans .
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cis and trans would produce a pair of racemates. It has beeﬂ
shown, however, that only that pair which would be formed
from the trans isomer was actually obtained,

When tfeated with sodium methoxide or sodium ethoxide,
IT, by the neighboring group mechanism, undergoes an inver=-
sion at the carbon atom from which the bromine is displaced.
However, the final product is still of only one configura-
tion. The products of I with alkoxides still would be two
pair of‘racemates whidh-probably would have very similar
physical properties. This may be the réason that the boiling
points and refractive indices of the alkoxyepoxides (IV and
VI, XIV and XVI) did not check exactly. E

The resulfs of the reactions of lithium aluminum hydride
seem'fo show that steric hindrance is more important than
electronic effects in these reactions., In the reactions with
the 'alkoxyepoxides, the attack was at carbon (=), the most

$o 5@ B

(1) (=) (3) ()
GHa%‘ CH"’"CH‘)‘CHQ%OR + L1A1H4 -_— CHs"CHg"C':H“(‘:Hg

\/ |
0 : OH OR
negative point in the molecule., Thils may have been caused by
steric hindrance of the alkoxy grbup. The attacking group as
postulated by Trevoy and Brownzé is 1arge.and model studies
show that a meﬁhoxy group is large enough to block an attack

on an adjacent'carbon atom if swung around to the correct

attack HGC\O
CHz=-CH~-CH-CH,
\/ A
0
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' 28
position, The work of Prins, which was discussed in the

introduction, shows that the methoxy group is effective in
this role, However, since the methoxy group is free to
rotate about a single bond, it is difficult to see why it
should spend all of its time in the one particular position
necegsary to block this attack.

These results indicate that this attacking group is
largef than the methoxide ion, since methoxide ion did attack
at carbon (3),.

In thé reaction of II with lithium aluminum hydride,
the terminal, less hinderéd carbon atom of the epoxide was
attacked first. The bromine apparently was not displaced
until all of the epoxide had rescted. This tends to substane
tiate the steric hindrance idesa.. .

The fact that essentially pure dl-threo-3-bromo-2-
butanol was obtained from this reaction is of great signifi-
cance, Since there would be no change of configuration in
going from the bromoepoxide to the bromohydrin (no bonds are
broken at asymmetric carbon atoms), the bromoepdxide also
must have been of the threo configuration., This means that
the crotyl alcohol, from which the bromoepoxide was prepared,
must have been the trans isomer. This 1s in agreement with
Raman spectra data which shows that normal crotyl alcohol
is at least 95% the trans isomer;65 Cis crotyl alcohol

would have given the erythro bromoepoxide and bromohydrin,
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KOH

mirror image '
/CHQ

Br.H

! and
mirror image

CHz

dl erythro o - 41 threo
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Not much can be deduced from the results of the analo-
gous reaction with I, Botﬁ'the terminal bromide and the non-
terminal evoxide were attacked and there is nothing ﬁo indie
cate which was attacked first,

Looking at both reactibns‘together, it 1s quite clear
that primary bromides are reduced easier than secondary
bromides. !This has been observed previousl'j.62

Catalytic redﬁction of the alkoxy epoxides gave ﬁhe
same products as were obtained with lithium alumiﬁum hydride.
From these results and those reported in the literature for
éatalytic reduction of epoxldes, no general deductions can

be made, Newmanas found that terminal evoxides, when reduced
| catalyticaily With\Raney'hickel, gave primary alcohols in

neutral solutioﬁs but when traces of either acid or baée were
present, he obtained predominantly secondary aleohols., With
lithium aluminum'hydridé he also obtalned secondary alcohols,
Grignards3 states that catalytic hydrogenation of non~terminal
epoxides produces alcohols in which the hydroxy function

appears either on the least substltuted or the moét negative

carbon atom, This is born out by three reactions reported

. K 54
by Weill and Kayser.
0 | OH
/ N\ reduced |
CGHB"CH‘G(CGHs)z — CeHs“CH"CH(Csﬂs)z
o R NiCOg , S
/0\ reduced ?H
PCHz0CgHg~CH-C(CgHg ) —_— pCHz0CgHg~CH=-CH(CgHs ) 5
: o L NiCO03 e
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0 : 0H
/ \ reduced | :
PCHsCoHg=CH~CHCoHy $  DCHeCqHg=CH-CH,-CqHg
~ NiGCO0g

27
However, Plattner, Heusser and Feuer, obtained a

tertiary alcohol from the catalytic reduction of alpha-
cholesterol acetate in which the epoxide lies between
secondary and tertiary carbon atoms, In this case the results
were the same as with lithium aluminum.hydride (see page 15).
Wielll and Kayser state that the rupture of fhe carbon-
oxygen bridge is the opprosite of that found on isomerization
with heat and it may depénd on the conditions under which
the reductioh is carried out and the nature of the catalyst.
Prins,28 on reduction of the methyl-2,3 anhydropyranoside,
as shown, obtained the 2-desoxy sugar (3-carbinol) no matter
whiéh side of the ring the epoxide funétion was on, Lithium
aluminum hydride gave the 3-desoxy (2-carbinol) vhen the

methoxy and epoxy groups were on opposite sides of the ring

(see page 16).

—
‘H-é-OCHS F-C-0CHs
] |
H-C CHg
- |)o . Ha(mi) |
H-C —> CHOH
l |
H-C- . H~C~0
| \\\ | \\\‘\
H-?- —0H-C4Hs | H-C-0— CH-CeHs

7 I

CHz«0 CHz-0
both cis end trans
The results of the oxirane oxygen determination with

periodic acid are generally good. The extremely high results
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obtained with 3,l-epoxy-l-butens are probably due to the
formation of the unsaturated aldehyde which may react further
with periodic acid. The low results on styrene oxide are,
however, better‘ﬁhan those obtained by Swern31 by the hydrogen
chloride method, No reason can be offered for the low results
on diepoxybutane, The average precision on two identical runs
was about 2%, This methodrappears satisfactory for any
epoxide which does not have other functions which will react
with periodic acid. Some of fhese functions are 1,2 glycols,
alphahydroxy aldehydes and ketones, 1l,2-diketones and alpha-

' 38

hydroxy acids, For water-insoluble compounds, dioxane

solutions may be used.,
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SUGGESTIONS FOR FUTURE WORK

In order to shed mbre light on the relative reactivitles
of bromide and epoxide with basic reagents, reactions of bases
with the following epoxide (R = ethyl or larger) should be run,

CHz~CH-CH~CH~R
i \/
Br O
In this compound, all possible points of attack are secondary
and thus the sterlic factors would be identical. Also, the
two different mechanisms could be distinguished by the products
obtained., A neighboring group mechanism would give
CHz-CE~CH~-CH-R
i N7 b
o] OR
while a simple direct displacémenb would give
CHz~CH-CH~CH=-R
i N/
OR O
These products could be identified by the same methods used
in the present work,

A method of preparing this type of compound is given by

56
Helferich and Bester. It consists of the addition of
bromine to crotonaldehyde to give 2,3~dibromocrotonaldehyde,
the condensation of the dibromoaldehyde with a Grignard
reagent to gilve a dibromochydrin and distillation of the

dibromohydrin from concentrated potassium hydroxide to produce

the final alphabromoepoxide,
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EXPERIMENTAL

PART I
The Reaction of l-Bromo-2,3-epoxybutane with Sodium Methoxide

and Reactions Used in Proving the Structure of the Products

Reaction of l1l-Bromo-2,3-epoxybutane
with Sodium Methoxide

~— CHz~CH-CH-CH,~0CH5 (102)
\/ .

0
69 g. (0.676 m.) 67.6%

| ®o -
CHS-QS-CH-CHQBr + Na OCHz —— CHa’?H‘?H‘CHe“OCHa (13&)
/ . , S
0 OH OCHg
151 g. (1 m.) 1 m, 22 g. (0,164 m.) 16.h%
— NaBr (103)

99.5 g+ (0.966 m.) 96.6%

To a stirred refluxing solution of 151 g. (1 mole) of 1~
bromo;2,3-epoxybutane in 150 ml, of absolute meﬁhanol in a
500 mi, flask,‘a solution of 23 g. (1 mole) of sodium in 250
'ml. of methanol was added over a 3 ﬁr. period. Sodium brom-
ide began to precipitate after 20 - 25 min., After 12 hr.,
most of the methanol was distilled off at atmospheric pres-
sure. The remaining liquid was decanted from the solid

sodium bromide, which was then extracted 3 times with 50 ml.
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portions of absolute ether, ‘The combined ligquids were
distilled at a reduced pressure giving two products; 69 Se
(67.6%) of l-methoxy-2, 3-eboxybutane, «Ps 53.5 - Sh.5°
(55 rmm.) and 121 - 122° (730 mm.), mD 1.l.096, I\D 1.l.045,
d o oli10 ena 22 g, (16 L; 7} of 3,li~dimethoxy-2-butanol, b.p.
93.5 - 9h° (55 mm,) and 168 - 170° (730 mm.), Ny 1.12L8,
I\TD4 1.200, d4 0. 98u9 and 10 g. (6 7%) of the starting
material 1-bromo-2 3-epoyybutane. The yields, based on
starting material not recovered, were 72.5 and 17.6% respec-
tively. The sodium bromide, after an ether washing and dry-
ing, weighed 99.5 g. (96.6%). When an excess of sodium
methoxide was used or ﬁhen the solution was refluxed for a
longer period of time, larger yields of the dimethoxy butanol
were obtained.

Anglysis of l-methoxy~2,B-epoxybutane;
Calculated for CsHi00-.: C, 58.80; H, 9,80

Found: C, 58.68; H, 9.65

Analysis of 3,l-dimethoxy-2-butanol:

Calculated for CgHi1,0s: C, 53.71; H, 10.Lh
Found: ¢, 53.67; H, 10,15

The higher boiling fraction, 3,li-dimethoxy-2-butanol,
gave a positive iodoform test, indicating the presence of the
CHs-éOH- function and a Zelsel determination showed the
pfesenée of two methoxy groups.
Analysiss Qalculafed for 2 CHz0 groups: UI6.3%

Found s h5.9%
The structures of these two products, were proved by

the féllowing reactions,
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Determination of Oxirane OXygen
a

in 1-Methoxy-2,3-epoxybutens (HC1 Method)

CHz=-CH-CH-CH,-0CHs + HCl1l (excess) ——> a chlorohydrin

\/ -

0

This test was run according to the general method out-
lined'by Swern.51 It consists of treating the epoxide with
an excess of anhydrous hydrogen chloride in ether and tltrat-
ing the excess with standard sodium hydroxide. The percent
of oxirane oxygen in the compound was calculated by the

following equation:

, . B-(T-28) xNx0.016x 100
% oxirane oxygen = . ; 7

Wheré B = ml, of NaOH used in a blank run containing no

epoxide.

L]
]

ml., of NaOH used in back titration.
A = acid content of the sample expressed in ml., of
NaOH required to neutralize the acid in W grams of
éam@le.
N = normality of NaOH.
W = weight of sample in grams.

The sample of l-methoxy-2,3-epoxybutane was weighed
accurately into an erlemmeyer flask fitted with a light
‘weight glass stopper, and 25 ml, of anhydrous hydrogen chlor-
1de in ether (0.2 - 0.3 XN) was added by means of a pipette,

a, All of the l-methoxy=-2,3~epoxybutane and 3,lL-
dimethoxybutanclused in the reactions of PART I are
the products of the first reaction described in
this part. The organization of all other parts
of this chapter is analagous,
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After the stopper was wired in position, the flask was
swirled a few times and allowed to stand 3 hr. Fifty ml.
of 95% ethanol was added and the excess hydrogen chloride
was titrated with standard sodium hydroxide rapidly to the
first phenolphthalein end point. The acid content was

determined by titrating a sample directly with sodium

hydroxide.
N = 0.0963
W = 0.,6991
A = negligible
B = 109.38
T = 10,52

% oxirane 0= 15,11

theoretical 0 = 15,7
96,3

The oxirane oxygen content of this compound was also

H

% purity

determined by the periodate method. The results and details

of the method are given in a separate section.



~Reaction of l-Methoxy-2,3-epoxybutane
with Periodic Acid
g®@

CHz~-CH-CH~-CH,-0CH + HIO, —> CHzCHO + CHzOCHZCHO

\/ |
- Two ml, ofk1fmethoxy~2,B-epoxybutane‘was added tp'a‘
solution of 5 g. of paraperiodic acild (HsIOg) in 10 ml, of
Water‘containihgkO.B*ﬁl.‘qf concentrated.sulfuric‘acid, ipra
50 ml. suction flask, The top of the suction flask was gtopQ
pered and a rubber tube was attached to the side arm. As
the reactipn proceeded @he mixturgvbecame quite(warm;&nd
acetaldehyde boiled off, The temperature was kept below 39?v
by cooling in a_water bath.. Theracetaldehyde was passed into
a solution of 2,h—d;nitrophenylhydrazine prepared according
to thé method of Shriner and Fuson = and the yellow 2,li-
@initrOphenylhydrazong formed was reorys?allized 5 times
from 75 - 80% othanol. It melted at 16)..5 - 166°. The melt-
ing point of a mixture of this and an authentic sample (m.pe
166 - 168°, accepted ﬁalue, 168°67) was 16l - 166°, |

When acetaldehyde no longer boiled off spontaneously;
the sﬁction flask was attached to an aspirator and as mpch
es possible of the remaining acetaldehyde was removed by _
’bqiling the solution for 20 - 30 min. at 20° under 10 - &5 mm.
prégsure. To the remaining 1iquid was added a solution of
S-g, of silver nitrate in 5 ml, of water. The precipitated
silver iodate and silver periodate were filtered off by

suction. To remove the excess silver ion from solution; lge.
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of sodium dhloride»was added énd the precipitated silver
chloride was filtered off, The solution was then mixed with

a 2,hfdinitrophenylhydrazine solution56 and the resulting
precipitate wes purified by regrystgllizing from 75% ethanol.
It yielded orange needles, m.p. 118.5 - 125°, The me;t;ng
point kaa mixture of this and an authentic sample_(m.p,_lZS-_
125°, accepted value, 125°58) was 122.5 - 125° The authentic
sample of methoxyacetaldehyde‘was optained by oxidation of

Bo
methyl cellosolve with chromic acid.

Reduction of l-Methoxy-2,3-epoxybutane
with Lithium Aluminum Hydride

CHz~CH-CH-CH,-0CH; +  LiAlH, — CHz=~CHy~CH~CH,-0CHS
Y s

oo ey (38 oy
30 g. (o.zéﬁ. m.) h~ g. (0,105 m.) 25 g. (0.2 m.) 81,6%

A solution of 30 g. (0.29& mole) of l-methoxy-2,3-epoxy=-
butane in 50 ml. of_absolute ether was added dropwlise to a
soiut;on of Il go (0.105 mole) of lithium sluminum hydride in
50 ml. of ether in a 250 ml. erlenmeyer flask fitted with a
magnetic stirrer, a reflux condenser and a dropping funnel, ,
The solution refluxed vigorously during the addition (BO‘min.)
and was kept at the boi}ing point for 3 hr, longer. At the
end of this time, 20 ml, of water was added to hydrolyze the
exéess 1ithium aluminum hydride and the alcoholate forméd in

the reaction. This gave rise to a pasty mass assumed to be
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aluminum hydroxide. The solid was filfered off and washed 3

times with 15 ml, portions of ether and the combined ether

solutions were dried over magnesium sulfate and distilled at

atmgsphefic pressure, The only pro@uct obtained was 25vg?

(81.6%)A0£ l-mqﬁhoxy-e-butanol; b.p._l}h - 135° (7h.0 mm.),

N{;‘"’ 1.4115 (reported, b .pe 133 - 133.6°, ND 1 13106) ~In

another reaction, in which the refluxing period was only 15

min., the yield was only 32% ‘ |

A 3,5-dinitrobenzoate (m.p. 85 - 88;?) was prenared from

the'product and compared with the{same»derivative (m,p._go -

91°, reported, 91°é9) made from aniauthentig semple ofglf

methpznyebutanol.obtained f?om the reaction or.l?Z-epoxy-

putgpe Withasqdiu@ methogidg. The melting point of a mixture

of the two was 88.3»-‘89.8°. '

Analysis of 1-methoxy72-bu§an91: . _
Caleulated for CsHig0z: C, 57,66; H, 11,61
N Found: C, 57.68L; H, 11,51
~ Anelysis of the 3, S-dinitrobenzoate.h o _ ,

Calculated for CizHiaN20-: C, U8.32; H, Lh.73; ¥, 9.39

Found: C, U8.53; H, L.u7; N, 9.15
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Preparation of l=Methoxy-2-butanol

from 1,2-Epoxybutane

‘CHS“CHz‘CH'CHz + N§?8333 — CHp=CH,-CH-CH;~0CH3
| \/ _ (\)H
(72) (10h)
245 go (0.3h m.)  0.35 m. 15 g. (0.1l m.) L2.5%

Sodium (8 g. or 0.35 mole) was dissolved in 100 ml. of
absolute metﬁanol and to this solution was added ZM.SFgQ
(0.3 mole) of 1,2-epoxybutane, The mixture was refluxed for
8‘hr. and éllowed to stand for 18 hr. at room temperature.
Water (20 ml,) was added to hydrolyze the alcoholate and the
mixturé was extracted 3 times with 100 ml, pbrtions of ether,
After a preliminary distillation at 200 mm., to remove any
traces of sodium hydroxide, the solution was dried over an-
hydrous potassium carbonate and distilled at atmosvheric
pressure. The distillation ylelded 6 g. of an azeotropic
mixture of i-methoxy-z-butanol and water, b.p. 93 =~ 9h°; and
15 g. of pure product, b.p., 13l.8 ~ 135.8° (70 mm. ),

n;"’ 1.4110 (revorted, b.p. 133 - 133.6, fo 11.1;106).‘3’9 A 3,5-
dinitrobenzoéte, m.pe. 90 - 91° (reported, 91°)39 was prepared.,

Anaiysis of the 3,5-dinitroﬁenzoate: '
Calculated for CizHi4N20,: C, L8.32; H, L.73; N, 9.39

Found: C, 48.29; H, L.69; N, 9.35



Preparation of l-Methoxy-2-butanone

. o) Efj
CHa=CHp=CH-CH,-0CHy + (Cr,0; — CHz-CH,-C~CH,~0CHg
b T

This reaction was run according to the general method
outlined by Iucas and Pressman.eo

Five grams (0,048 mole) of l-methoxy~-2-butanol, prepared
from 1,2—epoxybuﬁane, was added to a cooled solution of»6 nl,
of concentrated sulfuric acid in 15 ml, of water. While the
mixture was kept below L0° by cooling in a water bath, sodium
dichromate (Lo.6 g. or 0.017 mole in 5 mi, of water) was added
slowly. Afger all of the reagent was added, the mixture was
allowed to stand until it attained the dark‘green color of
chromic ion (about 10 min.), 10 ml., of water was added and.
the solution Qas distilled. An azeotropic mixture (5 -~ 6 g.)
of l-methoxy-2-butanone and water, b.p. 90 - 97° (réported, ”
90°)fo-was collected. From this was prepared a 2,E-dinitro-

; ‘ 42
phenlyhydrazone, m.pe. 197 = 198° (reported, 198 - 198.5°),

49



Catalytic Reduction of l-Methoxy-2,3-epoxybutane

CHz~CH-CH-CHo=0CHs; + H, __fﬁ;a CHg=CHp-CH-CH,-0CHs
v | on
(102) (10l)

20 g. (6.196 m. ) 12,5 g. (0.12 m.) 61.4%

Twenty grams (0,196 mole) of 1-methoxy-2,3-epoxybutane
was dissolved in EO‘ml. of sbsolute methenol, 2.5 g. of Raney
nickel was added and the mixturé was hydrogenated for a
period of 3 hr. at 900 psig. and 130°, The catalyst was
filtered off and the liquid distilled, giving 10 g. of only
one major frection, l-methoxy-2-butanol, b.p. 13L - 136°,

g 1.4123 (reported, b.p. 133 - 133.6°, N 1.4106). "
Another fraétion, (2.5 g.)s b.p. 132,5 - 13°, N§° 1.4110,
was essentially puré l-methoxy-2-butanol., The two fractions
together represented a yield of 61.h%, A 3;5-dinitrobenzoate
was made of each fraction, and both melted at 89 - 90°, The
melting point of a mixture of these and an authentic deriva-
tive (m.p. 90 - 91°) melted at 89 - 91° (reported, 91°).39

A 2.5 g. sample of the alcohol was oxidized to 1-methoxy-
2=butanone exactly as described previously and a Z,M-dinitro-‘
‘phenylhydrazone (m.p., 197 = 198°, reported, 198 - 198.541)
was prepared., A'ﬁixed melting point determination with the

authentic derivative (m.p. 197 - 198°) showed no depression,
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Preparstion of l-Methoxy-2,3-epoxybutane

from Crotyl Alcohol

CHz~CH=CH-CH,O0H + (CHg)aS0, fff (Hy=CH=CH-CH,-0CH,
(72) (126) (86)
-T2 g.J(l m, ) 189 g; (1.5 m.) 32 g (0.372vm.) 37.2%
—> CHz-CH~CH=-CHo~0CHz
CHg-CH=CH~CHo=0CHs; + HOClL e (‘JH (lil |
| (86) end, or
60 g. (0.70 m.) — CHg~CH-CH-CH,-0CH;z
' (‘31 o

CHa-CH-CH-CHz 0CHsg + KOH  ——y CHg-cia-/c:H-CHz-'ocH?,
. ;

OH C1 o 0

and, or (102)
OHg=CH=CH-CHy=0CHz 6.5 g. (0.061; m.) 9.15%
, é’l (am | L ,,

The first reaction was run according to the general
'proceaure given by Hiers and Hager.61 Seventy-two g. (l mole)
of crotyl alcohol was mixed with a cold solution of 80 Se
(2 mole) of sodium hydroxide in 200 ml, of water in a 1
iiter, S-necked, round-bottom flask fitted with a stirrer, a
thermometer extending into the liquld and a dropping funnel,
The two-phased mixture was kept homogeneous by vigorous
étirfing at 15 - 25° by cooling in a water bath while 189 g.
(1 5 mole) of dimethyl sulfate was added (2 hr.). Cooling

and stirrlng were continued for b additioral hours, After
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this time, the top lajer was taken off by means of a separa-
tory funnel and dried for 12 hr. over potassium carbonate,
Distillation gave 32 g. (0.372 mole) of methyl crotyl ether,
b.p. 79° (reported, 79°)',42 and 20 g. of crotyl alcohol, The
yield, baséd on crotyl alechol not recovered, was 51.7%.

The addition of hypochlorous acid to this olefinic
ether was carried out according to the general method describ-
ed by Donshoe and Vander ‘@!er:ﬁ‘.qz:5 Sixty g. (0.697 mole) of
olefin and proportional quantities of urea,acalcium carbonate,
chlorine and water were used and the exact procedure was
followed except that the final product was not purified., A
mixture of two chlorohydrins was expected and since both
would give the same epoxide, no attempt was made to separate
them,

The formation of the epoxide was brought about by
distiiling the chlorohydrin from hot concentrated potassium
hydroxide.a? The crude chlorohydrin was added dropwise to a
solution of 188 g, of potassium hydroxide in 50 ml. of water
heated to 140 - 160° in a 500 ml. 3-necked round-bottom flask
equlipped with an efficient stirrer, s dropping funnel and a
condenser get downward for distillation, The product distill-"
ed out as the chlorohydrin was added; It was dried for 12 hr.
over potassium carbonate and distilled, yielding 30 g. (0.35
mole) of the olefin and 6,5 ge (0.06l mole) of lﬁmeﬁhoxy-Z 3-
epoxybutane, bep. 121 = 122° (731 mm,), NF® 1.1053. The
overall yield for the last tw§ reactions, based on starting

material not recovered was 18,39,
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Analysis of l-methoxy-Z,3-epoxybutane;

Caleculated for CgHy,0.,: C, 58.80; H, G.87
Found: €, 58.52; H, 9.63

This epoxide was cleaved with periodic acid exactly as
described previously. Acetaldehyde and methoxyacetaldehyde
were isolated in the form of 2,lil-dinitrovhenylhydrazones ( m.p;
16l ~ 166° and 120 - 12l°). Mixed melting point neasurements
with authentic derivatives (m.p. 166 - 168° and 123 - 125°)
showed no depression, | _
_ This product was analyzed for oxlrane oxygen by the
hydrogen chloride method as descfibed on pagelL3 and by the
periodate method, the results and description of which are
given in a seperate section.

Data for the hydrogen chloride method:

Sample I I

N 0.1203 0.1203
W 0.6320 0.6568
A negligible negligible
B 68.00 | 68.00
T | 19.30 15.90

% oxirane O 15.15 15,23

theoretical 15.7

% purity 96.0 97.0
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Reaction of 1-Methoxy~-2,3~epoxybutane
with Sodium Methoxide

CHg~CH-CH-CH,-0CHs;  + Ng?gzﬂs ——»  CHy=CH-CH-CH,~0CHj
\b/' éH <‘)CH3
(102) (13l)

20 g. (0,196 m.) 0.2 m. 21 g. (0.157 m.) 80%

Sodium (4.6 g. or 0.2 mole) was dissolved in 100 ml. of
absolute metﬁanol and to this solution was added 20 g;
(0.196 mole) of l-methoxy~-2,3-epoxybutane, The mixture was
réfluxed for I hr, and allowed to stand without heating fof
an additional 18 hr, Water (15 ml.) was added to hydrolyze
the alcoholate and the mixtufe was extracted 5 times with 50
ml, portions of ether, The mixture was distilled from an
ordinary distilling flask at 210 mm. into a receiver cooled
in dry ice and after drying l. hr. over anhydrous potassium
carbonate, it was distilled again at 55 mm. giving 21 g.
(80%) of 3,li-dimethoxy-2-butanol, b.p. 93 - 94° (55 m.),
Np' 1.1208. | |
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Formation of l-Methoxy=~2-butanone
from 3,li-Dimethoxy=-2-butanol
CHz~CH-CH-CHz-0CH; + HzS0,(50%) —y CHyz~CHp=C-CHo-0CHs
b b - ;

Ten g. of 3,li-dimethoxy=-2-butenocl and 10 ml. of 50%
sulfufic acid were placed in a 100 ml, flask and distilled.
By the time 10 ml, of liquid had distilled, the material in
the stillpot was completely charred and distillation was
stopped. The distillate was dried over potassium carbonate
and redistilled at LS mm., ylelding 1.5 ml. of methanol,
b.p. 63 - 65°, and 1.5 ml, of an azeotropic mixture of water
and l-methoxy-2-butanone, b,p.»85 - 90° (reported, 90°).40

The higher boiling fraction reduced.Tollens' reagént
to giﬁe a good silver mirror, This phenomenon has been
reported for several ketones of the type GHSO-CHQ-S-R; where

0

R is an alkyl group.62 A 2,h-dinitrophenylhydrazone was
prepared which, after 1 crystallization from an ethanole
ethyl acetate mixture, melted at 197.5 - 198.5° (reported for
l-methoxy~-2-butanone, 198 - 198, 5). ** The melting point of

a mixture of this and the true derivative (m.p. 197 - 198°)
melted at 197 - 198°, |

~ Analysis of the 2,li-dinitrophenylhydrazone: }

Calculated for C;3;H1,N,0s: C, L6.81; H, 5.00; N, 19.86

\

Found: €, L6.7h; H, 5.07; N, 19.21
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a
PART IT

The Reaction of 3-Bromo-l,2-epoxybutane with Sodium Methoxide

and Reactions Used in Proving the Structure of the Products

Reaction of 3-Bromo-l,2-epoxybutane

with Sodium Methoxlde

—> CHz-CH-CH=-CH,~-0CHs (102)
- \/ c
0

]l}‘ e (00138 mo) h-z%

CH5-CHBr-Q§;9Hz + ﬁg %ﬁHs —t CHa-?H~?H-CH2-OCHa (13+)
0 OH OCHs
(151) 15 g. (0.112 m.) 34%
50 g.)(0.33 m.) 0.33 m, ﬂ |

_— NaBr (103)
30,5 g. (0.296 m.) 90%

Distillation yielded 1 g. (l2%) of l-methoxy-2,3-epoxy-
butane, b.p. 53° (50 mm.), and 122 - 124° (745 mm.),
13 21,6 : : »
Np 1.4207, ¥p ° 1.1077, and 15 g. (34%) of 3,li-dimethoxy-2-
butanol, b.p. 90 - 9l.° (50 m,) and 165 - 170° (730 mm.),
ND 1.h21l.,
Another reaction gave 5L% of the first product. The

higher boiling fraction was lost.

a. The reactions in the rest of this section, which
are not given in detail here, were run in exactly
the same manner as the analogous reactions in
PART I.
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Analysis of l-methoxy-E;B-epoxybutane:

Calculated for CgHio0s: C, 58.80; H, 9.87;
Found: C, 58f27; H, 9.73;
C, 58.50; H, 9.69;

The 3,li~-dimethoxy-2-butanol gave a positive iodoform
test énd, when distilled from a 50% sulfuric acid mixture,
gave l-methoxy-2-butanone which formed a 2,li~dinitrophenyl-
hydrazéne (mepe. 197 ~ 198°, reported, 198 - 198.5°)41 A
mixture of'fhis and a true derivative (m.p. 197.5 = 198.5°)
melted at 197 - 198°, |

Oxirane Oxygen Test on l-Methoxy-2,3-epoxybutane
~ (HC1 Method)

Semple I 1T

N 0.1203 0.1203
W  0.99h2 0,921l
A | negligible negligible
B 71.97 71.97
T  0.50 3,00

% oxirane O 13,8l i1

ﬁheoreticéi 15,67

% purity 88.5 92.2
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Reaction of l-Methoxy-2,3-epoxybutane

with Periodic Acid

The two aldehydes, acetaldehyde and methoxyacetaldehyde
were isolated in the form of 2,A—dinitrophenyihydrazones as
before. The acetaldehyde derivative melted at 163 - 166°,
an authentic derivative at 166 - 168° and a mixture of the
two at 163.5 - 167°, The methoxyacetaldehyde derivative
melted at 117 - 12l°, an authentic derivative at 123 - 125°
and a mixture of the two at 122 - 12l.°,

Reduction of l-HMethoxy~-2,3~epoxybutane

with Lithium Aluminum Hydride

CHs-qs:?H-CHg-OCHa + LiAlH% - — CHS-CHQ-?H-CHZ-OCHa
0 ‘ OH
(102) (38) (10ly)

L.5 g. (0.0kh m.) 2 g. (0,053 m.) 3.7 g. (0.03% m.) 8%

The epoxide (L.5 g. or 0,0l mole) was added dropwilse

to a éolutiOn of é g. of lithium aluminum hydride in 12 ml.
of ether and the mixture was refluxed for 1 hr. After hydrol~
ysis and drying, as before, the ethereal solution was distilled
through a semimicro column, yielding 3.7 g.-(817) of one main
fraction, 1~methoxy-2-butanol b.p. 139°, ND 1. h125 (reported,

b.p. 133 - 133.6°, ND 1. 1106) A 3,5-dinitrobenzoate (m.p.
89 - 90°, reported, 91° ) was prepared and a mixed melting
proint determination with an suthentic sample showed no

depression,
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PART III
The Reaction of 3~Bromo-l;2-epoxybutane with Sodium Ethoxide

and Reactions Used in Proving the Structure of the Products

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

‘ CHs~-CH-CH~CH, (116)
—> | .3 \/ | 2 | ’
0  0C,Hg
L6 g. (o;h m;) 83.3%
@0
CHa-GHBr-QS;pﬂz + Na 0CxHs —) GHg-CH-CH-CHQ-OCQHs (162)
B |  OH 0C,Hs
(131) 3 g. (0,0185 m.) 3.9%
72 g. (0,176 m.) 0.178 m. |
. , — NaBr (103)

b6 g. (0.4L6 m.) 93.9%

Thls reaction was run in exactly the same manner as the

analogous reaction’with sodium methoxide except that the
time of addition and refluxing amounted to only 30 min,
Distillation gave 16 g. (83.3%) of a main product, l-ethoxy-
2, 3~epoxybutare, bepe 6° (80 mm.) and 137 - 138° (731 mm.),
ND 1.1100 and 3 g. (3.9%) of a minor product believed to be

,u-dlethoxy-2~butanol, b.p. 190 = 195° (727 mm.),ND 1.h302.

; Anaiysis of l-ethoxy-Z,3—epoxybutan§: 7 —
Calculated for CgHy,0.: €, 62.04; H, 10.h1

Found: C, 61.69; H, 10.1l

The results of an oxirane oxygen determination on 1=
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ethoxy-2,3-epoxybutane by the periodate method are given in

PART VI of this section.

Reaction of l-Ethoxy=-2,3-epoxybutane

with Periodic Acid

This epoxide was treated with periodic acid under the
samé éonditions described for l—methoxyé2,3-epoxybutane and
two aldehydes, acetaldehyde and ethoxyacetaldehyde were
isolated in the form of 2,h-dinitrophenylhydrazones, The
acetaldehyde derivative melted at 165 -~ 167°, an authentic
sample at 166 - 168° and a mixture of the two at 165 - 167°,
The ethoxyacetaldehyde derivative melted at 116 - 117°
(reported, 116 - 117°).58 An authentic sample and a mixture
6f the two also melted‘at this temperature,

Anelysis of the 2,li-dinitrophenylhydrazone of ethoxyacet-
aldehyde:

Calculated for CioHipNeOs: €, Lbh.78; H, L.51; N, 20.90
| Found: G, bLl.92; H, l.ll; m, 21,20
The authentic sémple of ethoxyacetaidehyde was obtained

) 69
by oxidation of ethyl cellosolve,

60



Catalytic Reduction of l-Ethoxy-2,3-epoxybutane

CHa-Qg:?H-?Hz +  Hy __ff; CH3-0H2~?H-CH2-OCQH5
0  0CpHs OH
(116) (118)

20 g.:(O.iTZ . ) 11 g. (6.093 m.) 5h%

- Twenty g. of l-ethoxy-2,3-epoxybutane and 2.5 g. of
Raney nickel catalyst were mixed with 75 ml, of absolute
methanol and placed in a high pressure hydrogenator. During
2 hr. at 500 psig., 1 hr., at 850 psig. and 1 hr. at 1200
psig. at 30°, no appreciable absorption of hydrogen was
observed, Heat was then applied and the mixture was hydro-
genated for-B hr, while the pressure rose to 1500 psig. and
the temperature rose to 170°., Subsequent cooling of the mix-
ture brought about a considerable pressure drop, indicating
that reduction had taken place. The catalyst was filtered
off and the liquid distilled, giving 11@. (5&%) of l-ethoxy~
2-butanol, b.p. 145 - 1h7° (7h0 m.), ND 1 11135 (authentic
sample, b,p, 15 - 1h7° at 7h0 mm, , ND 1.h135). An attempt
to prepare a 3,5-dinitrobenzoate of this product gave an oil
which solidified at 0 -~ 10°,

Analysis of l-ethoxy-2~butanol:
Calculated for GgHis0z: C, 61,005 H, 11.87
' Found: ©, 61,22; H, 12.21

This alcohol was identified by oxidation to the corre-
5ponding ketone with chromic acid, Three ml. of .the ethoxy~-

butanol gave about 5 ml, of an azeotfopic mixture of the
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ketone and water (b.p. 9l°). Separation of the two immiscible
layers and drying fhe top layer over potassium carbonate,
gave 1,5 ml, of l-ethoxy-2-butanone, b.p. 110 - 1L7°
(reported, 116 - 1L3_7°).48 A 2,b~dinitrophenylhydrazone melt~
od at ) - 1h6° (reported, lh6°)47 and a mixture of this and
an authentic samplé (m.é; U < 146°) also melted at 1y =
w6, | |

Analysis of the 2;h-dinitrophenylhydrazone of l-ethoxy-
2-butanone: _ | ‘
Calculated for CizHigNs0s: €, L8.6Lh; H, 5.hl; W, 18.91
" |  Found: C, L8.80; H, 5.33; N, 19.10

The authentic sémple of 1-ethoxy—2-butanol was obtalned
by tréating 1;2-epoijutane with sodium ethoxide according
to the procedure outlined previously for the analogous reac-
tion with sodium methoxide, Beginning with 10 g. (0.122
mole) of epoxide, a yield of 10 g. (69.5%) of l-etﬁoxy-Z-
butaﬁol (bop. 115 - 117° at TAO.mm.; N;o 1.11135) was obtained.
A small sémple of this (2.5 g.) was oxidized with chromlc
acid to the ketone;_1~efhoxy-2-butanone, b.p; of azeotropic“
mixture,’9h°, m.p. of 2,li-dinitrophenylhydrazone, 1hl. - 1l16°
(reported, ZLLL6°)..~4'7 |
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Reduction of 1l-Ethoxy-2,3-epoxybutane
with Lithium Aluminum Hydride

CHa-QF:SH-?Hz + LiAlH, — CHa-CHz-?H~?HQ
0 0C,Hg OH OC:Hg
(116) (38) (118)

10 g.'(0.686 m.). 2 g, (0.0526 m, ) 6 g (o.osi m.) 59.3%

- The reaction was run in the same manner as the analogous
.reaction with l-methoxy—2;3~epoxybutane. Distillation gave
6 g. (59.3%) of one major fraction, l-ethoxy-2-butanol, b.p.
5 - 1h7°, ND 1 h135 (authentic semple, b.p. 145 - 17° at
7h0 rm,, ND ».h135). |
~ Three ml, of this compound was oxldized fo the corre-

sponding ketone with chromic acid, Distillation gave about
I ml., of an azeotropic mixture of the ketone and water (b.p.
9li°) which separated into 2 layers., From this was brepéred
a2 h—dinitrophenylhydrazone, m.p. W - 16° (reported,

+6°). A mixture of this and an authentic sample (m.p. 1)y~
1u6°) also melted at 1Ll - 1l6°,
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PART IV

The Reaction of l-Bromo-2,3-epoxybutane with Sodium Ethoxide

and Reactions Used in Proving the Structure of the Products

Reaction of 1-Bromo-2,3-epoxybutane

CHg=CH~CH~CHoBr
\/
0

(151)
75.5 g. (0.5 m,)

+

with Sodium Ethoxide

®e
Ha OCoHs —

~» CHy=-CH-CH-CHo~0C,Hgs (116)
\7s I
0

L5 g. (0.39 m,) 77.7%

13 CHp-CH-CH=-CH,~0C Hg (162)
T P .
OH 0C.Hg
5 g. (0.031 m.) 6.2%

- 0.5 m.

— NaBr (103)
51 g. (0.L95 m.) 99%

This reaction was run in exactly the same msnner as the

analogous reaction with sodium methoxide except that the

addition and refluxing period amounted to only 30 - 110 min,

The solvent, ethanol; was taken off at reduced pressure

because excessive heating caused it to react further to givé

larger yields of the minor product and correspondingly smalle-

er yields of the major product.

Distillation of the products

at atmospheric pressure gave L5 g. (77.7%) of l-ethoxy-2,3-

epoxybutane, b.p, 137.8 -~ 138,5°(7L7 mm.), NES 1.11073 and 5 g.

(6.2%) of 3,h-dié%hoxy-2-butanq1,'b.p. 9L - 197° (747 mm.),

N5* 1.L2L8,
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Analysis of l-ethoxy-2,3-epoxybutane:
Calculated for‘CSHIQOZ: c, 62.04; H, 10.41
Pound: C, 62.27; H, 10.37
Analysis of 3,l-diethoxy-2-butanocl:
Calculated for CgHigOs: €, 59.23; H, 11.19
Found: €, 58.97; H, 10.90

Oxirane Oxygen Determinsastion

on l-Ethoxy-2,3-epoxybutane

Sample I
N 0.1203
W 10.6088
A negligible
B 68.02
K 26,72
4 oxirane 0 13,17
theoretical 13.77
% purity 95.6%

Reaction of 1l-Ethoxy-2,3~-epoxybutane

with Periodic Acid

II
0.1203
0,65l46

negligible
68.02
122,00
13.53
13.77
- 98.0L%

As in PART III, the two aldehydes, acetaldehyde and

ethox?acetaldehydé; were isolated in the form 2,li-dinitro-

phenylhydrazones., The acetaldehyde derivative melted at

16l - 166.5°, an suthentic sample at 166 - 168° and a mixture
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of the two at 16l - 166.5°, The ethoxyacetaldehyde deriva-
68

tive melted at 116 - 117° (reported, 116 - 117°), An

authentic sample and a mixture of the two also melted at

this temperature,

Reduction of l~Ethoxy-2,3-epvoxybutane
with Lithium Aluminum Hydride

CHz-CH-CH-CH, + LiAlH, — CHg=CHgy=CH~CHp=0C 5 H
\b/ éCzHS B éH,
(116) | (38) (118)

9 g. (0,078 m.) 3 g. (0.079 m.) 6 g. (0,051 m.) 65.4%

Carried out as described previously, the reaction yleld-
ed 6 g. (65.11%) of one product, l-ethoxy-2-butanol, b.p. 145 =-
1h7°, Ngq 1.4135. A 2 g. sample was oxidized with chromic
acld to give l-ethoxy-2-butanone whose Z,h-dinitrophenyl-

47

hydrazone melted at 11,5 - 116° (reported, 116°) An

authentic derivative and a mixture of the two both melted at

b - 1h6°,
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"PART V
The Reactlon of the Bromoepoxides
with Lithium Aluminum Hydride

3~Bromo-1l,2~epoxybutane

— CH3-$H-?HFCH3 (153)
Br OH
CHS-?H-QE;pH + LiA1H, 22 g. (o.iuu mo;e) 51.h%
Br O
(151) (38) S

o , » OH

h2 g. RQ.EB m.? 3 ge (0.078 m.? 5 g (0.06754m.) 2.1

- To a solution of 3 g. (0.078 mole) of lithium aluminum
hydride in 30 ml. of ether ih a 200 ml; erlenmeyer flask
fitted with a magnetic stirrer, a reflux condenser and a drop-
ping funnel was added, dropwise, a solution of L2 g. (0.28
mole) of 3-bromo-l,2-epoxybutane in 30 ml, of absolute’ether.
The mixture refluxed vigorously as each dropkwas added. About
30 min. were required for the addition, after which the solu-
tion was refluxed for 2 hr. A small amount of white precipi-
tate formedQ After the refluxing period, the mixture was
cooled in an ice bath and 30 ml, of water were added. A
rasty solid, which was believed to be aluminum hydroxide,
formed. The ether solution was decanted and the pasty mass
was extracted 3 times with‘ZO - 25 ml, portions of ether.,
After drying for 12 hr, over anhydrous magnesium sulfate, the

combined ether solutions were distilled under reduced pressure,
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The ether was colleéted in a dry ice trap and redistilled
later to check for the presence of volatile products, none

of which were found, Distillation of the higher boiling
material gave 5 g. (th) of 2-butanol, b.p. 50 = 55° (100 mm.),
HD 1.3915 (reported, ePe 99.5° at 760 mm., ND 1.39’49),49

17 g. (39 7%) of dl-threo-3-bromo-2-butanol, b.p. 50 = 51°

(1L . ), Nb 1.L750 (reported, b.p. 50.5° at 13 .,

ND 1 u756) and 5 g. (11 7%) of a fraction, b.pe. 47 - 50°

(lh T, ), ND 14735, which was essentlally dl-threo-3-bromo~
2-butanol.

Solid 3,5-dini£robenzoates were prepared from all three
fractions. That from the 2-butanol melted at 75° (reported,
75°)-4 and the melting point of a mixture of this and an
euthentic sample (m.p. 75°) also melted at 75°, The deriva-
tives of the last two fractions melted at 108 - 109°
(repdrted, 109°)50-and the melting point of a mixture of the
two melted at 108 - 109°.

Analysis of the 3,5-dinitrobenzoate of dl-threo-3-bromo-
2-butanol:

Calculated for Cp3:H;iNaBrO4s: G, 38.66; H, 3.19
l N, 8.07; Br, 23.02
Found: C, 38.30; H, 3.31
N, 8.00; Br, 22.8
| The properties of d1-erythro-3-bromo-2~butanol are:
D.pe 53.1° (13 mm,), N%f 1.1767, m.p. of the 3,5-dinitro-

" Bo
benzoate, 85°,
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l1-Bromo~2,3~epoxybutane

CH5-QF:9H~CH2Br + LiAlH, = — CHS-CHQ-?H-Cﬂa
o OH
(151) (38) (7h)

36 g.’(0.238 m.) 2.5 g.’(0.066 m, ) 8 g. (0,108 ﬁ.) L5.5%

Thirty-six g. (0.238 mole) of l-bromo-2,3-epoxybutane
was added dropvise fo a stirred refluxing solution of 2.5 g.
of lithium aluminum hydride in 50 ml. of absolute ether. At
first the mixture refluxed vigorously when each drop WasAadded
but during the last half of the addition, no reaction appear-
ed to take place. After the mixture had refluxed for 3 hr.,
it was cooled to 0° in an ice bath and 25 ml, of water was
added. The pasty solid material was filtered off and washed
3 times with 25 ml, portions of ether., The combined ether
solutions were dried for & hr. over anhydrous magnesium sulfate
- and distilled at a pressure of 1h mm,

All of the volatile products were collected in a dry ice
trap. The only fraction collected was 15 g. (41.7%) of start-
ing material, l-bromo-2,3-epoxybutane, b,p. hd - b1° (1L mm,),
Ny * 14730 (reported, b.p. 5.5 - 55° at 25 mm., W 1.4736).°

The matefial collected in the dry ice trap was dried
again'over magnesium sulfate (12 hr,) and distilled at
atmospheric pressure, It yielded 8 g, (Ii5,5%) of 2-butanol,
bepe 95 = 100° at T7Lh2 mm. (revorted, 99.S° at 760 mm.)..é‘9 A
3,5-dinitrobenzoate (mepe ?5°, reported, 75°49) was prepared,
A mixture of this an&.an authentic sample (m.p. 75°) also
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melted at 75°,
The recovered l-bromo-2,3-epoxybutane was analysed for
oxirane oxygen content by the periodate method, 7
‘% oxirane oxygen found: 10.25
Calculated: 10,52
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PART VI
The Determination of Oxirane oxygen

with Periodic Acid

| @

N y AN 7/
C—C{ + Ha0 —> Ce=C

VA 10

0. OH OH

7/

/‘clz--?\ + HIO, -—> 2-CHO + HIO,

OH OH (excess) .

| " “ . NaHCOg

NaI0, + 2KI + H,0 ——) TalO0s + I, + 2 KOH
HAS0® + I, + Ha0 —HAsO® + 212 + 21®

This method of determining oxirane oxygen has been
appliéd to ethylene oxide by Eagtham and,Latremouille.sz It
has been extended here to 9 other epoxideé. All of the F
reactions involved are well known.aé,ss,se The epoxide was
first hydrolyzed to a glycol by water in the‘presence of acid.
This glycol was then cleaved by periodic acid to give two
éldehydes and the excess periodate was reduced to lodate in
neutrsl solution by reaction with potassium iodidé. It was
mandatory that the solution be neutral or slightly baéic in
this step since, in acid solution, iodate reacts with lodide
to give free iodine65 and in strongly basic solution, iodine
reacts with hydroxl ions.éi Since it 1s an equilibrium reac=-
tion, an excess of arsenite was added along with the potas-

sium iodide to remove the iodine as it was formed and shift

the equilibrium to the right. The excess arsenite was then
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titrated with standard iodine solution using a starch

indicator.

The per cent oxirane oxygen was calculated by the

following equation:

(P - A+ TI)x16
1000 x 2 X W

% oxirane 0 =

where P milliequivalents of periodic acid used,
A = milliequivalents of sodium arsenite used,
I = milliequivalents of iodine used,
W = weight of sample in grams.
For 1,2-3,l-diepoxybutene, a factor of 2/3 was inserted
becauée,it requires 3 moles of periodate per mole of epoxide

and each mole of epoxide contains two moles of oxirane

OXygen.

Preparation of Standard Solutions
Sodium Arsenite Solution

The approximately 0.1N sodium arsenlite solution was
prepaﬁed from primery standard arsenic trioxide (Asz03).
About L,.700 g. was weighed accurately and dissolved in Lo ml,
of 1 N sodium hydroxide, The solution was carefully neutral-
ized with 1 H hydrochloric'acid, buffered with 20 g, of
sodium bicarbonate and diluted to 1 liter in a volumetric

flask. The exact normality was calculated,
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Todine Solution

About 12.7 g. of reagent grade iodine and L0 g. of
potassium iodide were dissolved in 25 ml, of water and
diluted to 1 liter. The approximately 0,1 N solution was

standardized against the standard arsenite solution.

Periodice Acid Solution

A 1,0 N solution of periodic acid was prepared by
dissolving 125 g. of paraperiodic acid (HSIOG) in 1 liter of
water., It was standardlzed as follows: A 2 ml., sample of
the periodic acid solution was pipetted into an erlenmeyer
flask containing 10 ml. of water. The solution was neutral-
ized with sodium bicarbonate (1.5 g. ,) and an excess (usually
25 ml,) of 0.1 N sodium arsenite solution was added followed
by 1 ml. of 20% aqueous potassium iodide.. After standing
at room temperature for 15 min., the excess arsenite was
titrated with standard iodine solution using starch as the
indicator.

Three days‘after making up, the s olution began to smell

of ozone and after 2 weeks 1t gave low results,
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Analytical Procedure

The sample of epoxide (about 0,008 mole) was weighed
acburately into an erlenmeyef flask, To thls was added
quickly 25 ml, of standard periodic acid solution and 0.t ml,
of 70%:perchloric acida by means of pipettes.b The flask
was stoppered, swirled a few times and allowed to stand for
3 - 5 hr, At the end of this time, the solution was neutral-
ized with sodium bicarbonate (1.5 g.) and the excess periodate
was determined by the same pr&cedure used in standardizing
the periodic acid solution.

All compounds used were distilled personally before use
except 1,2-epoxybutane, cyclohexene oxide and 1,2-3,l-diepoxy-
butane. The first’two‘were prepared and purified by other

students.ﬂ The latter compound was bought from the Eastman

Kodak Gompahy and used as received,

a., DBastham and Latremouille - found that perchloric
acld increased the rate of the reaction more than
sulfuriec, v

b.  In the case of styrene oxide, 25 ml. of dioxane was
also added to bring the reactants into solution.
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Run

N

17
18

TABLE I

Data from Oxirane Oxygen Determinations

N of Ip = 0.0995

Compound

2,3-epoxy~-

butane

1,2-epoxy=-

butane

l-methoxy-

243=-epoxy-

butane ’

l-ethoxy=-
2,3-epoxy~

butane

l-bromo-
243=epoxy-

butane

3-bromo=~
l,2~epoxy=-

butane

cyclohexene

oxide

W

0.L755
0.5020

0.ly753
0.6490

0.9263
1.0563
0.5550

0.5329
0.6l1.89

1.1551
1.6818
0.9250

1.3668

1,037
0.9200

0.712l
0.8l33

N of HIO, = 0.871

N of
Ars,
0.1278
0.1278

0,1055
0.12L6

0.0951

0.0948
0.1055

0.0951
0.1055
0.1055

0.0951
0.091.8
0.1055

0.0951
0.1278
0.,1278

- 0.12446
0.1278

75

ml, of
Ars,
87.13
6lL.91

T7.41
197

62.20
16,55
109.57

72,78
121,03
89.76

99.00
93.85
85,80

129.75
69.73
88,90

59.88
19,67

ml. Ig

26.31
3.09

1.59
26,22

6.03
6.00

57

3.50
6.01
.62

70.97
73
0038

8.03
T.25
.19

6.29
17.28



19
20

21
22

23

styrene
oxide
1,2-3,l-

diepoxy-
butane

3 9}+" 8POXy~-
l=-butene

vTABLE I continued

0.6595
0.7583

0.5h4o
0.11598

0,5150

0.1358
0.1358

0.1358
0.1358

0.1055

91.31
79.8L

79.61
99.23

i9.60

5.85
5.8

27.7h
2.05

55.65

Qe
be
Ce

The normality of the iodine solution was 0,0080,

The normelity of the HIO, solution was 0.953.
The normality of the HIO, solution was 0,791,
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Run

n

Fow

11
12
13

15
16

17
18

Results of Oxirane Oxygen Determinations

Compound

24 3=epoxy-

butane

1l,2-epoxy-

butane

1l-methoxy~
2,3=epoxy-

butane

l-ethoxy~-
25 3~epoxy-

butane

l=-bromo-
2, 3"epOA b

butane

3~bromo~
1,2-epoxy~

butane

cyclohexene

oxide

Time
(hr.)

i
I

3.5
3.5

TABLE II

% oxirane oxygen

Found
22.32
22.00

23.10
22,10

12.50

15,15

15,50

11.77

13.93
13.62

9.56

10,61

11.02

.82
10,10
10.30

16.77
16,28

7

Calculated

22.22

22.22

15.67

13.78

10,52

10,52

16,67

g purity

100.M
99.2

10,0
100.8

7909
96.8

99.2

85.11
101.2
98.8

91.0
100.9
10,7

| L5.8

98.9
97.8

100.,6
9708



19
20

21
22

23

TABLE II continued

styrene
oxide
1’2‘39h‘

diepoxy-
butane

39h“ep°xy" 3
l-butene

12.10
12.10

3k.90
35.20

32,80

13.10

37.20

22.90

93.2
93,2

93.9
ol..7

3.2

a. Prepared from crotyl alcohol via methyl crotyl éther.

b. From the reaction of l-bromo-2,3-epoxybutane and

sodium methoxide.,

c. From the reaction of 3-bromo-1l1,2-epoxybutane and

sodium ethoxide.

d. In 25 ml., of dloxane.

e, One ml, of sulfuric acid used in place of perchloric

acid,
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12.

13.
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