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GENERAL INTRODUCTION

The present investigation was undertaken with two
objectives in view, firstly, to study the possibility of
transforming diacylamides into N-halogen derivatives by the
interaction with alkaline potassium hypobromite reagent,
and secondly, to investigate the transformation of the cyclie
imides into { -amino acids in the Hofmenn rearrangement |
reaction. Sinee the latter reaction may involve the forma-
tion of N-halogen compounds as intermediates, it sesmed
desirable to prepare severasl of the unknown E-halogen de-
rivatives of the cyclic imides.

Investigations in recent ysars have shown the
importance of several N-halogen derivatives of acid amides
and eyclic imides, such as N-bromoacetamide and N-bromo-
sucoinimide, as brominating agents, especially imn connection
with the Wohl-Ziegler reaction. Since the number of these
H-halogen derivatives available for these reactions is
limited, it seemed desirable to study the preparation and
use of some new related compounds. The characteristie
feature of compounds showing the ability to form H-halo
compounds is the acidity of the hydrogen in the N-H group,
which is activated by the presence of the carbonyl group.




The N-bramocompounds are generally prepared by
two methods: (a) by the addition of bromine to an alkaline
solution of the amide or imide, and (b) by the reaction of
bromine on the silver salt of the N-H compound in an anhy-

drous medium.




HISTORICAl INTRODUCTION

CHEMISTRY OF DIACYLAMIDES AND CYCLIC IMIDES

Diacylamides and cyclic imides contain the char-
acteristic group, -C/O~NH-040-, consisting of a nitrogen
atom linked to two carbonyl groups. They are in essence
the nitrogen analogs of acid anhydrides in the sense that
the lacton oxygen atom of anhydrides is substituted by an

imino group.

Since diacylamides are actually secondary amides,
the same nomenclature is used as for the corresponding primary
amides. When the two acyl radicals are the same, the prefix
"di" is added to the monoacylamide. Thus if in acetamide,

a hydrogen atom of the amino group 1ls substituted by a second
acetyl radical, the compound is denoted as diacetamide. When
the two acyl groups are different, the amide is named as
the derivetive of the amide of the largest acyl group present,
eg. 06H5GONHCOGH3 is called N-acetylbenzemide and not N-

benzoylacetamide.

Imides are campounds of a bivalent acid radieal
and an >NH or substituted >NH group. They are therefore
derivatives of ring systems. In the I.U.P.A.C, system of
nomenclature the ending "imide" is added to the name of
the hydrocarbon. However, for-the low molecular weight

imides, they are usually referred to by thelir common name.
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As an Illustration CHp _NH 1s called pentanimide
\Cﬁz - CO
under the I.U.P.A.C., system (1) although the common name
of glutarimide is also accepted.
The condensation of an acid amide with its corres-
ponding acid chloride is one of the most general methods

of formation of diacylamides (2, 3).
RCONHo + RCOCL . (RCO)oNH + HCL

The reaction is carried out in the presence of an
organic base such as pyridine. The amide is usually dis-
solved in a large excess of the base. On the addition of
the acid chloride there is evolution of much heat and hence
the reaction vessel must be cooled in an ice bath. This
method affords excellent yields of the diacylamides.

Diacylamides are also prepared by the condensation
of the acid with the nitrile at a temperature of 200° (3, &4,
5, 6).

RCOOH + RCN . (RCO)2NH

The mechanism involves addition followed by rearrangement.

The addition of the acid as Rcd+and OH to the nitrile is

believed ®© occur as follouws:

R-C = N R-c”o
I | \
0 C-R NH
RCOCH+ RCN | H | — /

0 R-C
Yo




Evidence for the intermediate was afforded by the fact that
anhydrides add to nitriles to give triamides.

(RCO)2O +RCN . (RCO)jN

In such a case, acyl must add to the nitrogen atom and the

O-aryl to the carbon atam followed by rearrangement to give

the triamide. "R - -

N

|
(RCO) 50 + RON —— C-R|l_ (RCO)N

i

0

o]
'
O—-o0—aQ

Ir many cases in the preparation of diacylamides
above, the nitrile was replaced by the corresponding amide.
Under similar conditions of reaction with acids, diacylamides
were formed in good yields. The mechanism involved was thought
to be the formation of an ammonium intermediate which when
heated loses a proton to give a secondary amide and water thus:

H H +

! l
RCO - N: + RCOOH —=~ |RCO - N:C

l f

H H

A\

0
R| OH — (RCO) oNH + Ho0

Recently Polya and Tardrew (7) found an excellent
method for preparing diacylamides, in particular diacetamide.
The hydrochloride salt of the amide is refluxed for a short
time with a slight excess of acetic anhydride. Excellent

yields are obtained and the product is not contaminated by

trianides.




Qther methods of formation of diacylamides are the
following: Reaction of acid chlorides with nitriles in the

presence or'AlCl3 (4).

0
CgHgCOCL+ C@HsON  A1Cl3 [0@50““: N-0C- cgnb-]ncuf
1

HOH OH 20
——+ HCL+ Al013+ Cglg ~ = N~ €= Cgy —=
11 ~—
0 0
CgHs0"~ NHC™- CgHs
| 144

The initial step in the reaction was postulated as the forma-
tion of an intermediate eomplex (i) which subsequently decom-
posed with water to regenerate the catalyst AlGl3 and to give
the encel form of the amide (ii). It of course tautomerized
to the more stable form (iii).

Cyclic imides are usually prepared by treating the
dibasic acid with concentrated aqueous ammonia and subse=-

quently heating the diasmmonium salt formed to 200°.

R - CH - COOH R - CH - CORHy
| + SNHYOH ——s | R—
R - CH - COCH R - CH - CORH)
R - CH - CO_
| ~ NH+ NHz + 2HgO
R~ CH - CO

The corresponding enhydride may also be used satisfactorily

in place of the acid.




In many cases diamides were used a&s they lose &

molecule of ammonia very essily on werming to give imides.

R - CHCONHp R ~ CHCO_
R =~ GHCGNHa R - CHCO

However, sometimes the conditions are too drastio
end the acid decomposes, for example in the preparation of
o, 6 -dihydroxysueccinimide fram the dihydroxysueccinic
acid (9). Such imides can often be prepared by treating
the dimethyl ester with anhydrous ammonia and allowing the
reaction mixture to stand several days at room temperature.
The residue which deposits is then warmed under reduced
pressure for several hours and ammonia is evolved. The imide
which remains is recrystallized from an appropriate solvent.
The yields from this method ars generally very poor.

Diacylamides are white crystalline solids. The
lower members are soluble in water while the higher molecu-
lar weight coampounds are more or less insoluble. The low
molecular weight diacylamides when impure have a very dis-
agreeable odor resembling the excrement of miece. Cyclie
imides are generally solids which are quite insoluble in

water.

Diacylamides when heated to 200° or distilled,

decompose to give a mixture of the corresponding primary




amide, acid, and nitrile.
(RCO)2NH —» RCN + RCOCH + RCONHQ.

Secondary amides hydrolyze very readily under the influence
of alkali, giving at first the acid RCOOH and the amide
RCONHE. The latter may hydrolyze further to the acid. With
mixed secondary amides the reaction could follow two courses
giving either the acid RCOOH and the amide R'CONH2 or
the acid R'COOH end the emide RCONHo. In the aliphatic
series usually a mixture of all four is obtained. The same
mixture of products is obtained in alkaline hydrolysis of
aromafic diacylamides, although the rate of reaction is much
slower. Titherley and Stubbs (10) observed that acyl-aroyl
secondary amides were always decomposed with alkali almost
exclusively into the aliphatic acid and aromatic amide. They
postulated that this was due to the fact that the aromatiec
acyl group is so much larger than the aliphatic group that
hydrolysis across the latter is more rapid. Thus, in the
alkaline hydrolysis of N-acetylbenzamide preferential hydrol-
ysis should occur at the acetyl-nitrogen bond. Actually,
only acetic acid and benzamide were obtained.

Cyclic imides are hydrolyzed very little in agueous
solution, however, with alkali they form the acid amide de-

rivative of the corresponding acid.




CHo -~ CO CHoCOOH
e P
GH2 - CO CHoCONHg .

If the reaction is prolonged the amide group is hydrolyzed

further to the acid.

If one of the hydrogen atoms of ammonia is replaced
by an acyl group then primary amides are produced which are
weaker bases than water. The carbonyl group exerts an electron-
attracting effect which decreases the ability of the nitrogen
atom to share its unshared electron pair. With diacylamides
and cyclic imides the attraction for electrons is so great
that the remaining hydrogen atom may be removed as a proton
in strong aqueous alkaline solutions. The lmides are there-

fore weak acids.
-+
(RCO)2NH-+ NaCH ____, (Rcoz)N Na 4—H20

Consequently due to the pressnce of the active hydrogen,
diacylamides and eyeclic imides both react with metals to
form salts. ILike primary amides, they both may undergo

tautomerism as folloﬁs:

0 OH 0

R - ¢ R~ ¢ R - ¢

S~ — N — ~,
SN-H T N N

R~ 0 R-¢_ T R-(
Yo 0 OH

The metallic derivatives are usually deplcted in the form:




_ dfo
? :ﬁ N&*‘

R - C3
Yo
The sodium derivatives react with alkall iodides to give
N- alkyl derivatives (11l). Similarly treatment with diazo-
methane affords N-methyl substitution products.

R~CH, - CO CHoN R=CHo -
2 2 R-CHp - €O
>N @ — SN - CHs

R - GH2—CO UH-B-r-—D' R‘CHz - GO

FORMATION OF N-HALOGEN DERIVATIVES OF AMIDES AND IMIDES.

In 1442, Hofmann (12) preparsd N-bromoamides by
reacting equimolar quantities of bromine and amide in a con-
centrated alkaline solution. According to Hofmann, bromine
reacted with acetamide by direct substitution, forming the
hydrate of N-bromoacetamide CHBCONHBr . Ho0. On warming to
50° it lost its water of hydration giving pure N-bromoacetemide
which melted at 106°.

Seliwenow (13, 1Y) considered all N-brominated
amides as derivatives of hypobromite and represented their
decomposition by water as giving equimolar quantities of
hypobromite and amide. Francois (15) found that Seliwenow's
reaction was reversible and that hypobromite reacts quanti-

tatively with acetamide forming a compound which he formulated
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as the salt CH300N32.HBrO. This compound, of course, was
identical with that obtained by Hofmann.
Boismenu (16) prepared a series of N-halogen de-

rivatives of acetamide and of several other monoamides
(Table I). He established that the monochloroamides are
colorless, crystalline compounds which were fairly stable
when stored in a cool dry place. The dichloroamides (17)
on the other hand were extremely unstable, corrosive yellow
liquids which decomposed on standing to form the correspon-
ding monochloroamides. The bromo and iodo derivatives fol-

lowed a similar pattern. N-Bromoformamide (18) was prepared

by the reaction of nascent hypobromite with formamide. White
unstable crystals deposited which melted at &7-88°. Unlike
N-bromoacetamide the compound separated without any water

of hydration. The N-iodoamides were‘secured by shaking the
amide in an ethereal solution with small portions of iodine
and silver oxide, until all the iodine had been consumed.
N-Iodoformamide was found to be extremely uunstable, decom-

posing even in vacuum or uander an atmosphere of carbon dioxide.
They all gave with methyl acetate a grey precipitate which on
treatment with dry ammonia detonated. N-Chloroacetamide when

reacted with silver oxide was converted into acetonitrile.
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TABLE I (Melting Point)

N-ClL - N-Br N-I N=Clp
: o o
Formamide - 5 g7-8 35 Liquid
Acetamide 110 106 143 i
Propionamide 34 g0 128 "
Isobutyramide - 92 - "
Benzemide 16 133 - n

Eckert and his collaborators (19) treated numerous
aliphatic diamides with alkaline hypobromite and obtained
the corresponding diisocyanates which were to be used for
cross linking of cellulose. During the course of the investi-
gation they isolated the N, N -dibromo and N, N -dichloro
intermediates formed by the initial reaction of hypobromite

or chlorite with the diamides. The dibromo derivatives were

quite stable. The tetrahalo amides were also synthesized
in the same manner; however, they were very unstable and
the yields extremely poor.

The formation of N-halodiacylamides has never been
reported in the literature except for the preparation of
N-chlorodibenzamide (20). It was produced by passing a stream
of anhydrous chlorine gas through a chloroform suspension of
silver dibenzamide (21). The ochlorodibenzamide deposited

as white needles which melted at 86°.
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Although the preparation of N-halodiacylamides
has been almost non-existant numerous cyclic N-haloimides
have been produced, the most important being N-bromosucecini-
mide and N-bromophthalimide., Nevertheless very few methods
for the formation of N-bromosuccinimide have been reported.
Seliwenow (1%) originally prepared the N-bromo compound by
treating succinimide with N-bromoacetimide. The overall
yield was 72 percent.

In 1893, Lengfeld and Stieglitz (22) obtained the
same product by treating succinimide with bromine in an aqueous
sodium bicarbonate solution. N-Bromosuccinimide precipitated
out and was filterad off. Ziegler (23) modified the procedure
by brominating in an ice-cold potassium hydroxide solution of
the imide. The yield obtained was about 75-81 percent. This
procedure has been used in nearly all cases for producing
cyclic N-bromoimides.

Lamchen (24) pointed out that half the bromine
was converted into bromide and was useless for the process,
also that at least one equivalent of sodium hydroxide was
consumed. He devised a process in which hypobromite was
produced without the use of liquid bromine and with only a
small quantity of sodium hydroxide. An ice-cold solution
of imide and alkali was electrolyzed between platinum elec-
trodes with Just sufficient sodium hydroxide to keep the
solution colorless. Of every two bromide ions discharged
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at the anode, one again entered the solution as & bromide

ion after reaction with hydroxyl ion. Thus, for every bromine
ion discharged, one molecule of N-bromosuccinimide was formed.
Simultaneously one hydroxyl ion was produced and one molecule
of hydrogen liberated. N-Bromosuccinimide due to its low
solubility in water, separated out at the anode. Consequently,
every bromide ion was utilized and the hydroxyl ions required
were produced in the process. However, the yield was only

66 percent.
Tafel (25) prepared N-bromopyrrolidone by treating

an ice-cold 20 percent alkaline solution of OL-pyrrolidome
with bromine and allowing the solution to stand several days
in the dark. 7Yellow crystals of Nkbromo-lk-pyrrelidone separ-
ated out which melted at 950. When the concentration of
alkali was increased from 20 percent to 40 percent, N-bromo-
-pyrrolidone separated out directly upon the addition of
bromine (26).

N-Iodoimides are usually prepared by treating the
silver salt of the imide with iodine in an anhydrous medium.
If the solvent is not amhydrous the yleld is seriously dimin-
jshed. As an illustration, Bunge (27) prepared N-iodosuccini-
mide by iodination of the silver salt of succinimide in
ordinary ethyl acetate solution. He reported a yellow solid

melting at 110-135° with decomposition. Djerassi and Lemke

(28) modified the procedure by carrying out the reaction in
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anhydrous acetone. In contrast to Bunget's report, N-iodo-

succinimide was founrd to be a stable, colorless solid melting
at 200°.

The N-chloro derivatives were obtained by pessing
a stream of chlorine gas through a cold alkaline solution
of the imide. The chloro compound which separated out was
quickly filtered off and then recrystallized from an appro-~
priate solvent.

N-Haloamides have been classified as "positive
halogen® compounds. They are characterized expérimentally
by their ability to liberate iodine from hydroiodic acid
and are so called because they can be represented as re-

acting by heterolytic bond fission to give halogen cations,

and imide anions.

iv. (CyH40p)NBr +HI —»(CyHy0o)NH + I, -+ HBT.

v. (C4H)0,)NBr —+(CyHY0)N:~—Br
BI‘++ 2T~ —_ Br4-Io

Organic molecules containing strong electron-attrac-
ting groups promote reactions of type (iv). These groups
greatly diminish the normal tendency for a covalent halogen
compound to split on activation to yield a stable anion.
Nevertheless, it does not mean that bond fission like type
(v) is the only possible alternative., Theoretical calcu-

lations by Waters (29) showed that in several typical "positive
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halogen" compounds, the inductive and mesomeric effscts of the
organic substituents hardly more than neutralized the polari-
zation of the carbon-nitrogen and nitrogen-halogen bonds.
Therefore homolytic bond fission (vi) may require far less
activation energy than any heterolytic dissociation thus
producing & neutral organic radical and an uncharged halogen

atom.

(CyHyGNBr o (CYHJO2)N*4 Brs ........ eo Vi

Recently Lenormment (30) studied the infra-red
spectra of amides in the region of 6}L. He found that inter-
esting results were obtained in connection with acetamide
and its N-substituted derivatives. Acetamide was found to
have characteristic infra-red absorption bands at 6.00 M,
7.10 F” and 11 P" However, if one of the hydrogens or
the nitrogen was substituted by a sodium ion, then only one
band was obtained at 6.40 P . Similarly N-bromoacetamide
gave a single band at 6.00|J,. He stated that the apparent
anomalies of the infra-red spectra of acetamide in the region
of 5-8'L.could be explained by the influence of the nitrogen
atom on the neighbouring carbonyl group. The presence of
this atan determines the very strong tendency towards meso-

merism. He represented the molecules by the following

formula:
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vii

The participation of the excited form (viii),

calculated starting from the carbonyl frequencies are in

accord with the value obtained from the dipole moment. It

amounts to about 15 percent.

viii

The metaliic derivatives of amides, in particular
the sodium derivative, have an jionic structure with resonance
almost completely between the oxygen and nitrogen atoms,
'Consequently, Lenorment introduced another form (ix) to
account for this ionic structurs.

[R-c.:/"o C mat
W - H

ix

N-Bromoacetamide gave only a single band at 6.00 b .
The spectrum of this substance slightly resembled that of the
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structure represented in figure (vii) where both hydrogens
on the nitrogen atom have been replaced by alkyl groups.
Since its interpretation does not necessitaté any reference
to the positive ionization of the nitrogen radical, the

structure was assumed to be purely covalent.

CH. c”0
3¢y BT
_ g

X

The reason for this structure resides probably in

the relatively strong electro-negativity of bromine which
.|._

opposes the formation of a Br ion.

N-HALOGEN DERIVATIVES AS REAGENTS IN ORGANIC CHEMISTRY

In 1919, Wohl (31, 32) reported that on treatment
of an olefin with N-bromoacetamide or N-bromophthalimide,
hydrogen in the olefin was substituted by bromine in the
allyl position. For example, 2, 3-dimethyl-2 - butens gave
with N-bromoacetamide the l-bromo derivative.

CH ' CH CH
= Z 3+CH300NHB1‘_.,. 3:c=c: 3 + CH;CONHj
CH3 CH3 CH3 GHQBr
In 1942, Ziegler (23) reported that N-bromosuccinimide

was a more aefficient reagent tham N-bromoacetamide used by Wohl
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for allylic bromination. The chief reason was that bromina-
tion could be carried out as a rule at a much lower tempera-
ture and that N-bromosuccinimide was very stable and readily
available. N=-Chlorosuccinimide, N-bromoglutarimide anrd N-
bromohexahydrophthalimide were found wholly unsatisfactory
and could not be used in this type of reaction. Many com-
pounds such as N-bromonaphthalimide (33) were eliminated
either because of their relatively large molecular weight
or that they were not available in any great quantity.
Djerassi has presented a thorough review (34%) concerning
the Wohl-Ziegler reaction. |

The usual procedure adopted In carrying out the
reaction is that developed by Ziegler and his collaborators
(23). The olefin is dissolved in an inert anhydrous solvent
such as carbon tetrachloride or ether. The N-bromoimide is
added and the reaction mixture refluxed. The completion
of the reaction can be ascertained by testing for the absence
of bromine with starch-iodide solution. The insoluble imide
is filtered off and the bromo-substitution product isolated
from the filtrate. In many instances it has been found
advantageous to add catalysts, the most frequently used
being benzoylperoxide and phenyldiazonium chloride. In the
bromination of unsaturated steroids (35) photocatalysis has

often been employed.
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The mechanism of the reaction is of great interest,
for it has been deduced that bromination can occur either by
a free radical or ionic mechanism. Waters (36) pointed out
that if the reaction is of the free radical type, then halo-
genation in the OL-methylenic position is to be expected.
Both Farmer (37) and Hey (38) favoured this type of reaction
especlially when photocatalysis and peroxide catalysts were
involved. N-Bromosuccinimide was depicted by Bloomfield
(39) as undergoing a thermal homolytic dissociation to pro-

duce a bromine atom end the imide radical (xi).
(CyBy0p)NBT ——  (CyHy0p)N"+ BF*
xi

The imide radical (xi) can subsequently acquire a hydrogen

atom from the o¢-methylenic carbon of the olsfin.
(CyH)0,)N*+ -CHo-CH = CH- -— (CyHYO)NH + ~CH-CH = CH-

The olefin radical can therefore éither react with another
molecule of imide to promote chain propagation (xii) or
combine with a free bromine atom to form a molecule of bromo-

substituted olefin (xiii).

xii  -CH-CH

CH=- + (045402)NBr —— -CHBr-CH = GH--%(C%H#OQ)NO

xiii -CH-CH = CH- + Bre —— -CHBr-CH = CH-
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An attempt to demonstrate the homolytiec dissociation
of positive halogen campounds was reported by Robertson and
Waters (40), who measured the catalytic effect of such sub-
stances on the auto-oxidation of tetralin., N-~Bromosuccinimide
was found to be a very efficient catalyst in contrast to N-
bromophthalimide and N-bromoacetamide. As a result, reactions
involving (&) preferential bromination of a carbon atom
ad jacent to the double band and which are catalyzed by pero-
xides, (b) substitution reactions with various olefins, and
(¢) the reaction with o -carbon atoms of ketones (41) can
all be interpreted as involving bromine atoms and free radi-
cal intermediates.

On the other hand, N-bromoamides and -imides react
with aromatic hydrocarbons in the presence of anhydrous
aluminum chloride to give ring bromination as opposed to
side chain substitution with peroxide catalysts (42). Fur-
ther, N-bromoacetamide has been reported (43) to be a source
of bromine for acid catalyied olefin addition reactions in
which a hydroxylic solvent is also involved. Such reactions
are interpreted as ionic with bramine behaving as if it were

a positive ion.

Thus, N-bromoimides seem to be capable of supplying

either bromine atoms or positive bromine. It must be remem-

bered that the conjectural thoughts on the mechanism of the

Wohl-Ziegler reaction are based on isolated examples only.
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However, due to the strong electron-attracting power of the
bromine atom it would seem that reactions involving N-halo-
imides would favour a homolytic fission of the nitrogen-
halogen bond rather than one in which formation of positive
bromine ion is favoured.

N-Iodosucecinimide showed no free radical activity
when refluxed for six hours with tolusne in the presence of
benzoyl peroxide and strong light. Previously it was dis-
covered (42) that under these conditions, N-bromosuccinimide
reacted very readily. Similarly when the iodo derivative
was treated with a 2-heptene-2-0l1 acetate with or without
a solvent up to 82 percent of pure iodoheptanane was obtained.

JOAC . 20
CHEGCE = C{ ~ — CHHGCHIC™ OHj
3

In addition, 90 percent of N-acetylsuccinimide was isolated.
The formation of the latter product suggested to the authors
(H4) that the reaction proceeded by an ionic mechanism.
Consequently they postulated that the reaction took place
through én intermediate iodonium complex.

_OAC c
04H9 c._cH3 — Guﬂgcﬂ dQA CH3 +—(C¢H402)N' —_—

xiv

0
—— CyHgCHIC™ CH; + (CyHy02)NCOCH;

The only reaction of N-bromosuccinimide with an
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enol-acetate was the reaction with 3a, 12, 20~-triacetoxy-

pregnene (45). A 50 percent yield of 3&, l2«-diacetoxy-

20-keto- A 1627)

-pregnene was produced.
GH3-C-OA0 GH;-C-O

The homolytic fission which occurs in N-bromosuc-
cinimide to generate a bromine atom has been attributed to
the electronegative effect of the imide ring. Henne and
Zimmer (46) concluded that if this was correct, then per-
fluorination of the imide should increase the acidic character
of the active hydrogen in succinimide and the positive chara-
cter of bromine in perfluorinated N-bromosuccinimide. This
was found to be correct and similar observations were made
with other perfluorinated imides such as glutarimide. The
positive character of bromine in perfluorinated N-bromo-
succinimide was shown by the fact that iodine could be libe-
rated quantitatively from an aqueous solution of iodide,
and bromine from an aqueous solution of bromide. 1In
addition, at room temperature, tolusne was brominated entirely
in the ring with perfluorinated N-bromosuccinimide while

N-bromosuccinimide reacted very little or not at all at
room temperature. N-Bromoglutarimide was ineffective as a

braminating agent.

Compounds which have become of some importance in
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connection with the Wohl-Ziegler reaction are the 1, 3-
dichloro- and 1, 3-dibromohydanteins and their H-aklyl
substituted derivatives. Orazi (47) found that if 1, 3-
dibromo-5, H-dimethylhydantoin was substituted for N-
bromosuccinimide in the dehydragenation of tetrahydronaphtha-
lene, it gave an 84~87 percent yield of naphthalene. Simi-
larly it was determined (48) that the structure of 1, 3-
dichloro-5, H-dimethylhydantain was that of an N-halogenated
amide and exhibits activity in chlorinating toluene to that
of N~-chlorosuccinimide and N-chlorophthalimide.

Kruse and his collaborators (49) reported that the
N-halo-succinimides were used in the differentiation of
alcohols and eamines, and in the detection of amino slcohols.
In general the tests were carried out in a carbon tetra-
chloride solution on a water bath at 80°. Primary alcohols
with N-bromosuccinimide gave a permanent orange color,
whereas the color disappeared with secondary alcohols with
the formation of an orange precipitate. No observable
c¢olor change occurred with most tertiary alcohols.

N-Iodosuccinimide gave with primary amines &
permanent brown colored solution, whereas the color faded
rapidly with secondary amines. Tertiary amines also gave a
brown color but could be distinguished from primary amines
as the former gave an orange precipitate with N-bromosuc-

cinimide while the primary amines did not react.
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Amino a&lcohols were also detected with N-bromo-

succinimide. A positive test for the compounds was the presence

of a brown ring floating on the top of the solution after
heating. On cooling, succinimide appeared at the top of the

solution.

HOFMANN REACTION OF AMIDES AND IMIDES

Perhaps the most interesting as well as important
reaction of amides is that known as thé Hofmann reaction.
In this reaction an amide is converted to an amine of one
less carbon atom by treatment with alkaline potassium

hypobromite (12).
RCONHp + Brp-+4KOH —p RNHp + CO3 + 2Br + 2Hg0

Hofmann (50, H5l) initially recognized the signi-
ficance and general applicability of the reaction, and since
he and his co-workers have been the initial contributors to
the detailed studies of this reaction, it has become com-

monly known as the Hofmann reaction.

Generally the procedure usually adopted in carrying
out the Hofmann reaction is essentially that developed by
Hoogewerf and Van Dorp (52, 53, 5l), The emide is dissolved
in an ice cold alkaline solution of potassium hypobromite

and the solution is subsequently warmed to 70-75° to effect
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rearrangement. After a period of 1h minutes to one hour,

depending on the type of amide, the reaction mixture is steam
distilled into a slight excess of dilute hydrochloric aeid.
When the distillate is evaporated to dryness, the hydrochlo-
ride of the desired amine remains ﬁhich is freed from im-
purities by washing with ether or chloroform. In the case
where the amine is not volatile with steam, it may be

removed from the reaction mixture by extraction with ethser.
It is preéipitated as the hydrochloride from the dry ethereal
solution with gaseous hydrogen chloride and then treated

as above,

In order to obtain the best yields, the amount of

bromine used is quite critical. A large excess must be
avoided since the yield of amine may be reduced by side
reactions. A slight excess amounting to 10-20 percent,
however, is necessary since even with freshly prepared
hypobromite solutions only 80-90 percent of the expected

activity is realized.

The Hofmann reaction of amides is one of the most
practical methods for the synthesis of amines of lower
molecular weight. The hypobromite reaction works best on
amides that contain less than seven carbon atoms. Aceta-
mide, propionamide, butyramide, valeramide, the amide of

caproi¢ acid, and heptanamide all reacted to give ylelds

of 80 percent or better of the primary amines (50, 51).
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However, it was found that as the molecular weight of the

amide was increased beyond seven carbon atoms, the yield of
amine was seriously.decreased. Thus, heptylamine was secured
in only 30 percent yield, octyl and nonylamines only in traces.
This was due particularly to two secondary reactions, in one
of which the bromine and alkeli reacted with the amines

formed and produced nitriles as follows:

0 H Br
& Y ™ g
RCHoCZ NHp 272  Rremw] BF2 | RoEoN] ___, RC=N
KOH H KOH Br “KOH

Hoogewerff (55) succeeded in preventing the formation
of nitriles in many cases by steam distilling the amine as
soon as it was formed.‘ In the other secondary reaction by
which the yield of amine was diminished, acylalkylureas

were formed.

2RCON'52+ Bro+HOH ___, RNHCONHCOR + 2KBr + 2Ho0

With increasing molecular weight of the amide, the formatiom
of alkylacylurea was favoured and in the higher series, they
were the chief product of the reaction of bromine and aqueous
alkeli with monoamides. As an illustration, Turpin (56) pre-
pared heptadecylamine by converting stearamide by meams of
aqueous potassium hypobromite into Stearylheptylurea and
subsequently distilling the urea with lime. However, since
half the ursa molecule was consumed in preparing the amine,

the yield obtained was necessarily low.
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Lengfeld and Stieglitz (22) attempted to prepare
hydroxylaemines by reacting sodium methoxide with N-bromo-

acetamide according to the following equation:

GHBCONHBI-+ NaOCH; . GH3CONHOGH3-+-NaBr.

Instead & molecular rearrangement, analogous to that observed
by Hofmenn (50) occwrred in the course of the reaction, and
a urethane was produced in place of the isomeric hydroxy-

lamine (57, 58).
GH3CONHBr-+ NaOCHB —_— GH}NHCOOCH3-+-NEBT

Jefferys (59) extended this reaction to higher
molecular weight amides. She tried to prepare the N—halogen
derivatives of long chain amides but was unsuwessful. Con-
sequently she attempted to effect rearrangement of the amides
in an alcoholic solution without the isolation of the inter-
mediate haloamides. TUrethanes were obtained in quantitative
yields. The corresponding amines were obtained on distilla-

tion of the urethanes with lime. It was stressed that to
prevent the formation of ureas, it was necessary that the
rearrangement must.take place as soon as possible. When the
reaction proceeded slowly, one molecule of the bromamide

after undergoing rearrangement united at once with a second

molecule of amide to form urea according to:

RCONHBr + RCONHy + NaOCH.3 —- RCONHCONHR -+ NaBr + CH3OH.
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As an illustration, lauramide on treatment with
aqueous alkaline hypobramite solution gave largely N-undecyl-
N'-laurylurea (60). But treatment of the amide in methanol
with sodium methoxide and bromine gave a 90 percent yield
of methylundecylcarbamate, which was converted almost

quantitatively to the undecylanine.

201132302ﬁ52-+-NaOBr-*—Hzo._———»- C11H,; CONHCONHC, 1 H

23 23

C11H23BNH2—+-NEOCHB—+-Br2 — Cy1H NHCOOCHB _—

23
Cy1HozMH,
This was also confirmed by Swartz (61) and Falin
(62) who reacted sodium methylate with N-bromosuccinimide

at 45° for ten minutes. They both obtained the same deriva-

tive of urea (xv) in 3 percent yield.

CH5C0Q CHg~CHo~NH-CO-NH-C0-CHo~CHo
| “SNBr + 2NaOC2H5—|- 02H5OH —_ |
CH,~CO CO0CoHy C2HF00C

v

When the addition of bromine was rapid, then the urethane
was produced in over 90 percent yield. In general, low
molecular weight amides and imides give poor yields of
alkylacylureas, whereas the situation is reversed with the
larger molecular weight compounds under conditions where the
addition of bromine is such that the formation of ureas
would be favoured.

A complete review of the Hofmann reaction up to the

year 1946 has been given by Wallis and Lane (147).
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It was concluded that isocyanates derived from the
higher aliphatic amides react more rapidly with the N-halo-
amides than with water and alkali. Consequently, when the
amides are subjected to the Hofmann reaction in an agueous
medium, only small amounts of the expected amines are formed.
Although emines arise from the hydrolysis of alkylacylureas,
they are largely oxidized to nitriles by the exeess of hypo-

bromite present.

RNHCONHCOR + H2O ——— RNH_,-+ RCONHo + €Oy

2

RCHgNHp + 20X ~ BON+ 2K + 2H,0

All amides of this type may be converted in good yields to
urethanes by reaction in methanol.

Phenylpropionamide formed initially the N-chloro-
compound which reacted with alkali to give phenylpropylamine.
The latter was converted immsdiately into benzyl cyanide (63).

C(H5CHoCHoOONHy —» C¢H5CHoCHpCONHCL —» CeH5CHRCHAHD
— CgHgCHaCN.

The reaction of hypobramite with o -(U-styrylphenyl)-
acetamide should have given the amine but yielded instead an
unexpected result (64). The products were Y-cyanostilbens

(xvi) and stilbene-4-carboxyamide (xvii). The latter was the

principal product, while no trace of the amine was found.

CH=CH "~ N\ CH=CH CH=CH
— —+
- CH2CONHS Yl CONHp
xvi xvii
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The formation of nitriles by the oxidation of the amines
formed initielly in the Hofmann reaction has already been
mentioned above and also occurs with acetylenic derivatives
(65). But the formation of the next lower homolog was quite

novel.

No special difficulties were encountered with
arylaliphatic amides unless the aromatic ring contained
hydroxyl or a similar function. In such casses low yields
resulted from side reactions involving halogenation of

the ring.

Alicyclic amidic acids were converted easily to
amino acids. For example, 3, 5-dimethyl-4-carboxybenzamide
on treatment with hypobromite was converted in an unreported

yield to 2, 6-dimethyl-UY-aminobenzoic acid (66).

COOH COOH
CH3 CHz CH3z CHz
——el

Higher acid-amidss, like the higher monoamides
are best treated with sodium methoxide and bromine in methanol
solution rather than with aqueous alkaline hypobromite. w -
Carbomethoxyaminopelargonic acid was obtained from seba-
camidic acid in 75 percent yield (67). It was subsequently
converted in quantitative yield to w -aminopelargomic acid.

In the case of diamides, different products were

obtained depending on the number of carbon atoms between the
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two amidie groupas. Diemides of adipic acid (68, 69) and its
higher homologs were rearranged to diamines without diffi-

culty in hypohelite solution.
NH500(CHp)pCONHy ——~ NHp(CH,) MH, n =k

Ssolonia (70) converted suber-and decamide into
hexa-and octamethylenediamines respectively. Similarly
azelaic acid and sebaceamide (71) were rearranged into 1, 7-
diaminoheptane and 1, #-diaminooctane.

Von Baum discovered that D{+)-f -msthyladipamide
(72) could undergo a Hofmann rearrangement without loss of
optical activity. A 70 percent yield of D(+)-@ -methyl-1,

4-diaminobutane was secured.

Succinamide was converted not to ethylenediemine
but to dihydrouracil, which was evidently formed by the

reaction leading to alkylacylureas (73). If an excess of
alkall was employed at a higher temperature, then § -alanine
was produced. Under similar reaction conditions maleinamide
was transformed into uracil (74) and diethylmalonamide to

5, 5-diethylhydant oin.

_CONHo (CoHp) o~ C~NH
(CoHg) 5C —_— |
52 eoonm cc
2 0%\ / Yo
N
H

Mathylsuccinaemide with hypobromite solution yielded

j-methyldihydrouracil which on treatment with concentrated




hydrochloric acid afforded P -amino butyric acid (75).
CH3CHCORHj a0 CH., CHNH
' _— I | — 3 | 2
CHoCONHo Gggcd,NH CHoCO0H

Benzamide, naphthalamide and their homologs were
converted smoothly by aqueous alkaline hypobromite to the
corresponding amines, If free or methylated phenolic hydroxyl
groups Were present in the aromatic emides, however, halo-
genation of the ring occurred with serious lowering of the
yield. This effect was minimized by the use of hypochlorite
end a large excess of alkali. The rearrangement was then
rapid enough to compete favourably with the side reactiomn
of halogenation.

BExtensive application of the reaction has been made
in the production of anthranilie acids from phthalimide and
its substituted homologs (75).

One of the earliest investigators who explored the
Hofmann reaction of substituted phthalimides was Graebe (76,
77). He reaseted hypobromite with 3, 6-dichloro- and 3, 4,
C-trichlorophthalimide and obtained the corresponding 3, 6-

dichloro- and 3, 4, 6=-trichloroanthranilic acids.

Cl Cl
(c1) 6 (0} N,
M

Cco COOH

Cl Cl
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Similarly tetrachlorophthalimide was converted,
smoothly, to tetrachloroanthranilic acid in 75 percent yileld

(78, 79).
In 1909, Lesser and his collaborators (80) applied

the reaction to the 4, 5-dibromo, tetrabromo, and 4, 5=
dibromo-, 3, 6-dichloro derivatives of phthelimide. All

rearranged quite easily and substantial yields of each amino

acid was obtained.

C1(Br) C1(Br)
Br CO\‘N'H Br NHo
- —
By co Br COOH
Cl(Br) Cl(Br)

In connection with the Hofmann rearrangement of

unsymmetrically substituted phthalimides, theoretically,
certain isameric anthranilic acids can be produced. Thus,

in the Hofmenn reaction of 3-nitro-phthalimide, the nitro
group by withdrawing electrons at position '2! would cause
preferential hydrolysis at that point and thefefore rearrange-
ment would occur at posi%ion t1', It was found that over &0

percent of 6-nitroanthranilic acid was produced.

Xy 0 NHp

\m{ —_—

co COOH
////

NO2 NOo
In general it was found that one isomer usually predominated
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or formed exclusively. In most cases it was possible to
predict the formation of one product over the other knowing
the electronic effects of the substituents. Previously it
was noted that in the Hofmann rearrangement of benzamides,
hydrolysis was greatly enhanced by substituents that withdrew
oloctrons from the ~C7Z I - linkage into the ring (41). As
an example, & methoxyl grbup in the ortho position to the
C’fQN'linkage in benzamide was found to be far less effective
in promoting hydrolysis than the same substituent in the

para position., Therefore, applying this argument to the
Hofmann reaction of 3, 4-dimethoxyphthalimide, hydrolysis of
the imide linkage would be expected to occur at the "a " posi-
tion (xviii). Only 3, 4~dimethoxyanthranilic acid was

obtained (82).

o
N COOH
JNH —
CH30 P CH30 RH,
C =0
CH30 CHz0
xviii

Similarly, 4-nitroanthranilic acid was the only product
produced in the reaction of aqueous hypohalite with Yenitro-
phthalimide (83, 84%).

Moore (85) determined whether the application of

the Hofmann reaction to substituted derivatives of phthalimide
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would serve for the preparation in quantity of certain
substituted enthranilic acids. Further, he investigated
the effect of the nature and position of the substituting
group on the preparation of the two igsomers produced. Y-
Chlorophthalimide yielded 63 percent of 4Y-chloroanthranilic
acid and 28 percent of the 5-chloro isomer which was in the
form of an anhydride. With 4-sulfophthélimide only a trace
of the lY-isomer was isolated and none of the 5-sulfoamino
acid. 3-Acetylaminophthalimide was rearranged in 40 percent
yield to 6-aminoanthranilic acid. Therefore, considering
substituents at position "3W, a nitro group which exerts a

-I, -M effect and an acetylamino group which yields a -I,
+M effect, both hydrolysis the imide ring at position a.

R R
‘f
Qa COOH
NH —— R =NO2, €1, NHCOCHz
b/ NHo
C:O

At position "Y' we have the same situation. A

nitro group and chlorine‘group both cause preferential hydro-

lysis at the same position "én,

Thus, in every case the derivative in which the
amino group takes up a meta position with respect to the

substituting group, was produced in the larger quantity,

irrespective of the nature of the group and its position.
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Successful application of the reaction has also been

observed with succinimide (86) which rearranged in 45 percent

yield to f -alanine,

CHo~CO CH o~ CHg=COCH
| SN, |
CHg=CO NH,

Gaudry (87) sought to prepare o -amino acids by
this method. He applied the Hofmann reaction to 2-carboxy-
3-phenylpropionamide and obtained 4, l-(b—phenylalanine in

fairly good yield.

CH .~ CH-COOH o=CH~COCH
2 |
CONHg ' N'Hg.

On further application of the reaction to the mono-
emide of anisylmalonic acid, he was unable to isolate any
tyrosine. The main drawback to the overall reaction was the
difficulty in obtaining the starting material in good yielad.

The amide and imide derivatives of pyridine have

been subjected to & Hofmann rearrangement. Kirpal (88)
converted 3,4-dicarboxamide to 3-amino-4-pyridinecarboxylic
acid. The imide of guinolinic acid underwent a Hofmann

rearrangement to give two products, 2-amino-3-pyridinecar-

boxylic acid and 3-amino-2-pyridinecarboxylic acid.

X100 "N\ CO0H NXMHs
| SNE —> || o+
= €0 e 27 COCH
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Similarly 2-carboxynicotinamide (89) and 4Y~carboxynicotinamide
(90) were rearranged to 3-amino-2-pyridinecarboxylic acid and

Z-gmino-4-pyridinecarboxylic acid respectively.

(COOH) (CoCH)
| "X CONE | X NH,
2 —
7 COCH 77 COCH.

Further, 3-carboxypyridine-2-carboxamide (91) and 3-carboxy-
pyridine-4~carboxamide (92) produced 2- and HY-aminonicotinic

aclid respectively.

(CONE) (NH,)
X COCH XCo0H
e, —— L

N 2 N 2

The mechanism of the Hofmann rearrangement is known
to proceed in steps, since several stages have been identified

by the isolation in certain cases of N-bromoamides and alkyl-

isocyanates whose formation is indicated below:

8. CHzOONHp + Brp+ KOH _ CH3CONHBr+ KBr -+ HpO

b. CH3zCONHBr + KOH —» [CH3-CO-H:]+ KBr +Hg0
xix

c. [GHB-CO-N:] —— CHzN=C=0

d. CH;-N = C= O+2KOH ___, CHjNH, + KpC05

The formation of the isocyanate intermediate indicated
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that the reaction involved a rearrangement quite similar

to the Curtius (93) and Lossen (94) rearrangements. Although
the starting materials are quite different for the three re-
arrangements, the formation of an isocyanate (R-N = C ; 0)
intermediate is common to all thres.

The true mechanism of the Hofmann reaction has as
yet not been actually proven since no quantitative studies
have ever been carried out on the rearrangement process.

The most seatisfactory mechanism which has been proposed up
to now is that of Whitmore (95) for reactions involving a
1, 2-shift.

For convenience, the 1, 2-shift is usually described

as proceeding in three distinct steps although in the actual

rearrangemnent they may all occur simultaneously.

0 - 0
ll X + " ']
? - N: Na' — ., (¢ - N: -+ NaBr
I |
R Br R
xx xxi
o ¥
| .
0=C=N-R “—— - ?:
R
xxiii xxil

The first step involves the formation of an unstable
intermediate (xxi) in which the nitrogen atom has only six

electrons (open sextet) in its valence shell. The second step
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involves the rearrangement itself. Since the nitrogen atom
in the intermediate contains only six electrons, considerable
instability of the molecule exists. This is partially
alleviated by the migration of the group R and its pair of
electrons forming a second intermediate (xxii). It has been
stressed vigorously by Whitmore that the electrons move
initially from the nitrogen to the carbon atom and they drag
the atom R with them. In the final step, the strain which
remains in the intermediate (xxii) is relieved and a stable

product (xxiii) is produced.

The formation of the postulated intermediate (xxi)

] i 1 F ¥
R-C - N: - C~-N: R-C~- N:H R-C - N:

.

xxi xx xxiv xXv

should take place more readily from the anion (xx) than from
the neutral N-haloamide (xxiv) since in the first reaction
only one bond must be broken while in the latter two would
have to be broken.

In addition, it is much more difficult to form the
alternative intermediate (xxv) from the neutral haloamide
(xxiv) than that of the intermediate (xxi) from the anion
(xx).

Since in the Hofmann rearrangement, an alkyl radical

migrates from the carbon to the nitrogen atom, the rearrange-
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ment corresponds to that which takes place in the Beckmann
reaction (96). When an intremolecular rearrangement takes
place, a substituent in the phenyl radical occupies the same
position before and after the rearrangement (97).

Slossen (98) determined whether the Hofmann and
Beckmann rearrangements could still proceed when the hydrogen
atom necessary for the splitting off of hydrogen bromide had
been replaced by an alkyl group. Also, if the hydrogen atom
in question was attached to the nitrogen atom and not to the
oxygen of one of the carbonyls. He discovered that if acety-
lamylamine was treated with hypochlorous acid, N-chloroacety-
lamylamine was formed. The same compound was obtained when
emylchloroamine was acetylated by means of acetic anhydride
(99) thus proving that the halogen was attached to the nitro-
gen atom and not to the oxygen of one of the carbonyls.

During the course of the Hofmann reaction it is
possible to isolate the alkall salts of certain bromobenzamides.
According to Stieglitz (58) the formation of the isocyanate
involves at first the removal of the hydrogen as a proton
followed by the release of bromide ion and rearrangement of
the molecule. Therefore, the rate determining step must be
the release of the halide ion from the hasloimide anion. The
rearrangement, 1f it is a separate step, occurs very quickly
as the molecule is stabilized. As a result, the ease of

rearrangement of a bromoamide with alkeli would be dependent
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upon the rate of removal of bromide ion. Hauser (100} made

a quantitative study of the rates of decomposition of the

sodium salts of a series of meta and para substituted N-bdromo

benzamides. The reaction was found to be acceleratéd by the

introduetion of electron releasing substituents into the meta

or para positions of the migrating phenyl group, and retarded

by the introduction there of electron attracting groups.
Thus, methyl and methoxyl groups which decrease

the acidic strength of the corresponding benzoic aecid faecili-

tate rearrangement, while

(053) 0

/
CH C-{N-BJ: K+

substituents such as nitro and cyano groups which increase
the acidity of thé corresponding benzoic and impedes the

rearrangement.

In 1931, Wallis (10l) observed the retention of
optical activity when the appropriate derivatives of benzyl-
propionic acid were converted by Hofmann rearrangement into

o{~benzylethylamines., The optical rotations observed made
it certain that the reaction proceeded with the retention
of configuration., Further, he submitted an optically sctive
compound of the diphenyl type (102) to the Hofmann reaction,

again obtaining an apparently optically pure amine,
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Dissociation of the diphenyl radical from the amido group

NOp NOs
X N
0oN | o cy 0N | _Am,
Z =
AN AN

at any stage of the reaction would have permitted free rota-
tion and resulted in a racemic product. It must be emphasized,
however, that in meither of the last two cases was a direct
evaluation of the optical purity of the resultant amine
made by comparison of its rotatory power with that of the
active amine prepared by resolution of the 4, l-compound.
Kenyon and his collaborators (103, 104) from a
study of the rearrangement of (+) - hydratropamide observed
that the retention of configuration or optical activity was
the preservation of asymmetry in the molecule. (+) - Hydra-
tropamide 0@{5GH(CH3)CONH2 was prepared and submitted to the
Hofmenn reaction., It was selected for the following reasons:
a) The product o(-phenylethylamine had been resolved by
numerous workers (105).
b) The radical CGE5éHGH3 would be expected to yield a
stronger tendency to release an electron than the radi-
cals CH3032&H06H5 and 06H7&H06H3(N02)2. Hence, if rear-

rangement occurred by dissociation of the amide molecule
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followed by racemization, it would be more evident in
the rearrangement of hydratropamide than in the cases
which had been reported previously. The retention of
configuration suggests that the migrating group does not
become separated from the molecule.

c) Since the rotatory power of both hydratropic acid and

O(-phenylethylamine are fairly large, any racemization

which occurred during the reaction could be estimated
with a great deal of accuracy. (+)-Hydratropamides was
rearranged with 95 percent retention of optical activity
into (-) -phenylethylamine. Although the yisld was found
not to be &s high as for corresponding nucleophilic re-
arrangements, the small amount of racemization which
occurred could be traced to the use of aqueous alkali,

a strong racemizing agsnt.

For many years, it was assumed that the asymmetric
carbon atom retained its configuration while undergoing the

Hofmann rearrangement (103, 106, 107). However, the type of
campounds used did not allow any unqualified statement con-
cerning the stereochemistry of the migratiom. Most authors
stated that no inversion needed to be involved in the Hofmann
rearrangement, Archer (108) pointed out that there existed
in the literature for some time, experimental evidence to

prova that no inversion of configuration occurs in the Hofmann
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reaction., The evidence was established by Noyes and his co-
workers (109, 110, 111, 112, 113, 11k).

Camphoric acid (xxvi) was converted to @ -camphora-
midic acid (xxvil) (cis). Treatment with hypobromite gave
aminodihydrocampholytic acid (xxviii), which, when heated for
ten minutes With a solution of sodium acetate in acetic anhy-

dride gave the lactam (xxix). The latter upon hydrolysis

%3 T3 3 s
CHp ———-?-COOH CHp ——-?-coNHQ CHo —?~NH2 Gﬂg—-?——-NH
CHz- C~CHz — CH3-(|3-CH3 —» |CH3-C-CHz . icn3-<l3-cﬁ3|
CHy,—— CH-COCH CHp —— CH~COCH CHp -CHCOCH  CHp—CE~—C=(f
xxvi (ocis) xxvii {cis) xxviii (eis) xxix

gave the amino acid (xxviii) in optically pure form, showing

that no inversion took place during lactamization. The amino
and carboxyl groups in (xxviii) must be "cis" to each other.
Since the starting acid (xxvi) was of the fcis" series and
since the only reaction wherein inversion might have occurred

was the Hofmann rearrangement, it was concluded that no in-

version took place when the amide (xxvii) was converted to
the amine (xxviii). If on the other hand, inversion had oc-
curred during the conversion of (xxvii) to (xxix), the latter
would have been of the trans series.

The same reactions were carried out with the three
isomers of f -eminocamphoramidic acid (115, 116, 117). Sub-

stantially the same result was obtained in each case, namely,
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that no inversion took place during the Hofmann rearrangement.
In general, alkaline hypobromite solution is usually
used in the Hofmann reaerrangement reaction. The main reason
being that bromine can be easily weighed or measured volume-
trically. However, in many instances it has been found
advantageous to use sodium hypochlorite. This reagent
usually permits a lower reaction temperature and hence,
especially with compounds containing aromatic hydroxyl
groups, results in distinetly higher yields of the amine
(118). In the following table is & list comparing the
yields obtained with hypobromite and hypochlorite in the
arrangement of some phthalimides to the corresponding anth-

ranilic acids.

TABIE IT

HOCL HOBr
%o Phthalimide 95% 75%
iehloro " 90 13
Tri " 1 90 76
Tetra " " 98 95

When aqueous sodium hypochlorite reacts with amides
of o-hydroxy acids, aldehydes are obtained. Weerman (119)

converted mandelamide into benzaldehyds.

— GH~CONE2 - CH-NHp CHO
OH — CH - +NHz

Similarly, ~-gluconamide gave a 50 percent yield of
d-arabinose and l-arabinosamide produced l-erythrose in 30

percent yield when subjected to & Hofmann rearrangement.
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DISCUSSION

In recent years, investigators have shown the
importance of several N-halogen derivatives of acid amides
and cyclic imides as halogenating agents, particularly in
connection with the Wohl-Ziegler reaction. Since the number
of N-halogen derivatives available for these reactions was
limited, 1t seemed desirable to study the preparation and use
of some new related compounds. The characteristic feature
of all compounds which form N-halo compounds is the acidity
of the hydrogen in the N-H group, which is activated by the
presence of the carbonyl group.

The present investigation was undertaken with the
possibility of transforming diacylamides into N-halogen de-
rivatives (xxx) and the preparation of several unknown N-

halogen derivatives (xxxi) of cyclic imides.

RCHoCO RCHoCO
=NH —— >N-Br
RCH2CO RCHoCO
XX
R-CH-CO R-CH-CO
| >NH —— | SN-Br
R-CH-CO R-CH-CO
xxxi

The N-bromo compounds are generally prepared by two

general methods: (a) by the addition of bromine to an alkaline
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solution of the amide or imide, and (b) by the reaction of
bromine on the silver salt of the N-H compound in an anhydrous
mediumn.

The procedure generally used for preparing K-bromo-
amides by means of alkaline hypobromite was that developed
by Oliveto and Gerold (120) for brominating acetamide. The
hypobromi te soiution was prepared initially by dissolving one
equivalent of bromine in two equivalents of an ice-cold 50

percent solution of potassium hydroxide.

Bry + 2KCH ——— KOBr -+~ KBr + Hp0

One equivalent of the amide was then added to the
cold hypobromite solution., The N-bromo derivative formed was
simply filtered off or if it was soluble in the aqusous mediunm,

it was isolated by extraction with chloroform or ether.

ROQ RCQ_
>NH + KOBr , >NBr + KOH
RCO RCO

If the N-bromo compound formed 1s quite susceptible
to hydrolysis, an alternative procedure is used in which bro-

mine is added to the silver salt of the N-H compound in an

anhydrous medium,

The silver bromide which precipitates is filtered

off and the N-bromo derivative 1s separated from it.

>N-Ag+Bry , > N-Br + AgBr




%9

REACTION OF POTASSIUM HYPOBROMITE WITH DIACETAMIDE

One of the difficulties encountered prior to this
investigation was in securing pure starting material which
was not contaminated by acetamide. The best procedure for
preparing the secondary amide was the reaction of acetic

anhydride with bisacetamide hydrochloride (1l21).
(GH3CO)2O +—(GHBCONH2)2 HCl . 2(GEBCO)QHH-+ HCl +'2H20

The reaction mixture was fractionally distilled and diaceta-
mide was collected at 106°/6 mm, However, since acetamide
distilled over at the same temperature, it was always present
in the distillate due to some decomposition of the hydro-
chloride salt. Therefore, the product was always contaminated
by some of the primary amide. It was found that fractiomal
crystallization from ligroin as reported by Polyas (122) pro-
vided a good method for separating diacetamide from acetamids.
Initially, the same procedure for preparing N-bromo-
acetamide (120) was tried for the bromination of diacetamide.
Diacetamide was added to an ilce-cold solution of potassium
hypobromite at 0°. Since no precipitate was formed the aqueous
solution was extracted with chloroform. The extraction with.
chloroform produced a strong odor of isonitrile (i.e. CH3-NC)
indicating that hydrolysis had taken place. The presence of
isonitrile was not due to the reaction of hypobromite with
diacetamide but it presented evidence for the formation of

methylamine. Amines when treated with chloroform in the
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presence of alkali are converted into the corresponding iso-

nitriles.,
CH3NH2-+-CH013—F 3K0H —_— GHBNC +—3KCl-ﬁ-3H20

The formation of methylamine indicated that acetamide on
treatment with poteassium hypobromite had undergone a Hofmann

rearraengement.
CH;CONHp + Brp+ WKOH —— CHsNHp + 2KBr + KoC0 5+ 2Hy0

The yield of amine, however, was necessarily quite small. On
distillation of the chloroform solution no product was obtained.
The hydrolysis of diacetamide was confirmed by the
fact that on evaporation of the aqueous solution a sizeable
quantity of acetamide was obtained. Thus, it was concluded
that diacetamide when treated with hypobromite solution was

hydrolyzed to acetgmide and acetic acid.

Theoretically, the reaction of hypobromite can take

place by two mechanisms, Either the hydrolysis of the dlacy-
lamide precedes the bromination (a) or else the bromination

occurs initially followed by hydrolysis (b).
a) (CH3C0) NH -+ KOH —» CH3COOK + CH;CONHp Z0BY, (H3zCONHBr +KCOH
b) (CEH3C0)oNE+KOBr — - (CH3CO) Q¥Bx o CH5COOK -+ CHzCONHBT

If the reaction proceeded by mechanism "% then the main product

formed should have been N—bromoacetamide which was not the case.




51

Also the second mechanism cannot account for the formation
of methylemine since all the alkali is consumed in neutraliziﬁg
the acetic acid formed on hydrolysis. Therefore it was con-
cluded that the reaction proceeded by mechanism (a). If the
reaction proceeded by the former mechanism, then on the
formation of the potassium salt of acetic acid, one equivalent
of alkali was consumed in neutralizing the acid. Remembsring
that the original ratio of alkali to imide was 2:1, then upon
the addition of bromine only half of the halogen should react.
In the preparation of hypobromite, two equivalents of alkall
are required for every one of bromine. Thus, an excess of
bromine should be present in the reaction mixture amnd this
was observed to be true.

Treatment of diacetamide with two equivalent; of
hypobromite gave an excellent yield of N-bromoacetamide.

When the reaction was repeated in the presence of
a large excess of alkali, all the acetamide formed by the
hydrolysis was converted by'meéns of a Hofmann rearrangement

to methylamine in 67 percent yield.

(CHBCO)zNH-I- KOE s CH3zCOO0K —+ GHSCONHQ

CH,CONHo -+ KOBr + 2KOH . CH3NHp -+ KpC03 + KBr + Hp0

3
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REACTION OF POTASSIUM HYPOBROMITE WITH DIBENZAMIDE

In the reaction of hypobromite solution with d4i-
benzamide the same procedure was used as in the preparation
of N-bromoacetamide. On subsequent extraction of the reaction
mixture with chloroform a strong odor of isonitrile (CéH5NC)
was detected, however, on svaporation of the chloroform layer
under reduced pressure no residue remained. On extraction
of the aqueous reaction mixture with ether only benzoic acid
was obtained. Both céses indicated that hydrolysis of the
diacylamide had taken place. Thus, treatment of dibenzamide

with hypobromite solution produced benzoic acid and benzamide.
(06H500)2NH —— CgH5CO0H + CgHsCONH,

It was observed that if the aqueous solution was allowed to
remain overnight at O°, it colorized very slowly to a dark
brown color and a reddish-black precipitate deposited. The

latter on crystallization from water with addition of noprite

proved to be benzoic acid.

A portion of the colored aqueous filtrate was treated
with Ca(0Cl), and a violet color was produced indicating the
presence of aniline. As a result, it was evident from the

reaction of Ca(0Cl)o and the detection of isonitrile pre-
viously that some of the dibenzamide, formed on hydrolysis,

had undergone a Hofmann rearrangement and was converted to
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aniline.

The procedure was repeated, however, the Ireaction
mixture was extracted immediately with ether. The ether
layer (A) was washed with alkali, and the latter was recombined
with the original aqueous solution (B). Acidification of (B)
gave benzoic acid in 65 percent of the theoretical yield.
The ethereal solution (A) was then washed with 5 percent
hydrochloric acid to remove any aniline present. Neutrali-
zation of the acidic extract liberated free aniline in a yield
of 6 percent. Distillation of the ether solution (4) left
a white residue which was identified as benzamide. Counting
the aniline present as being formed due to the rearrangement
of benzamide, the total yield of emide obtained was 72.5 percent.

When the reaction was carried out as above in the
presence of a large excess of alkali all the benzamide was
converted to aniline.

Thus, it was concluded that N-bromodibenzemide
cannot be prepared in this manner sinece dibenzamide was hy-
drolyzed into benzoic acid and benzamide. The latter
rearranged qQuite easily to aniline. This was substantiated
by the fact that N-bromobenzamide was preparsd according to
the procedure of Hoogewerff and Van Dorp (123). It was found
to decompose quite readily in aqueous solution and in the
presence of light and air. Rearrangement of N-bromobenzamide

was effected quite readily and without difficulty at the
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temperature of boiling ether in the presence of an exeess of
alkali.

Analogous to the hydrolysis and bromination of
diacetamide, potassium hypobromite can react with dibenzamide
in one of two ways. BEither the hydrolysis of the diacylamide
precedes the bromination (a), or the bromination occurs

initially followed by hydrolysis (b).

(a) (CgH,CO);NH —s G H5COOH + C@H5CONHp —,. C@HCONHBr

(b) (CgHsCO)NH . (GHACO)NBr — ~ OgHRCOOH + CgH5CONHBr

xxxii xxxiii

If the reaction proceeded by the former mechanism
as was the case with diacetamide then the reaction mixture
should'contain an excess of bromine. However, this was not
the case. Consequently mechanism (b) seemed more likely with
the formation of the unstable haloamide (xxxii) which subse-
quently hydrolyzed to the N-haloamide (xxxiii) and the cor-
responding acid. The second mechanism was also supported by
the fact that on the extraction of the hypobromite solution
with ether, free benzoic acid was obtained which would not
be the case if the reaction proceeded by mechanism (a). It
was concluded that dibenzamide was quite stable in alkaline
solution at 0°. This was verified by the work of Barth (21)
who first prepared the sodium salt of the diacylamide by

shaking a suspension of dibenzamide in a solution of sodium




25

hydroxide and filtering off the excess amide. If the aqueous
solution was carefully evaporated to dryness under reduced
pressure, sodium dibenzamide could be isolated. Therefore
it was concluded that the hydrolysis of dibenzamide proceeded
slowly in alkaline solution and at 0° at which temperature the
halogenation was attempted, the speed of hydrolysis would be
even slower.

The ease of inversion of N-bromobenzamide was shown
to some extent by Brummer (124) who attempbted to prepare di-
benzylhydrazine by the reaction of N-brpmobenzamide with sodium

benzamlide.,

CGHSCONHBT + NaHNCOC6H5 —_— 06E500NHNHCOCGH5

Instead of the expected hydrazine, however, he obtained a
substituted urea.

Consequently, the formation of N-bromodibenzamide
cannot be realized by means of potassium hypobromite which was
80 successful when applied to primary amides and a few cyeclic
imides.

As a result, an alternative route was tried in which
the bromination was undertaken in an anhydrous medium. Pre-
viously Stieglitz and Earle (20) had prepared N-chlorodiben-
zamide by passing a stream of dry chlorine gas through an
anhydrous suspension of silver dibenzamide. The N-chloro
compound isolated was found to be easily hydrolzed by water
and also decomposed guite readily in the presence of light

and air.
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The silver derivative was prepared by two methods.
Initially, the method of Barth (21), mentioned above, was
used in which the sodium salt of the diacylamide was treated
with 5 percent AgNOB and the silver salt was deposited. A
more satisfactory method for preparing the sodium derivative
was by refluxing a suspension of sodium metal and dibenzamide
in a dry ethereal solution. This method gave much better

yields, however, the reaction was much slower,

Upon the addition of an equimolar quantity of bromine
under anhydrous conditions, silver bromide deposited immedi-
ately and was filtered off. The filtrate, usually chloroform
or ethyl acetate solution turned from light yellow color to
a deep red indicating that decomposition or liberation of
bromine had taken place. Attempts to precipitate out the
derivative with solvents such as n-hexane proved fruitless.
The solution was evaporated to dryness under reduced pressure
in a nitrogen atmosphere. Red crystals remained, which were
highly impure and could not be recrystallized. Only diben-
zamide and decomposition products could be obtained.

Therefore, whersas the N-chloro derivative was quite
stable, N-bromodibenzamide was extremely unstable. This is
somewhat analogous to the results obtained by Slossen (125)
who sought to prepare N—bfamoalkyla:oylamides. He found
that the N-chloro compounds were fairly stable but that the
corresponding N-bromo derivatives decomposed immediately upon

formation.
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PREPARATION OF ALKYL- AND ARYLSUBSTITUTED SUCCINIC ACIDS AND

IMIDES

The alkyl- and arylsuccinic acids with exception
of methylsuccinic acid were prepared by modified procedures
that were developed initially by Lapworth and McRae (126).
Methylsuccinic acid was prepared by treatment of ethyl cro-
tonate with potassium cyanide to give the P -cyanoester which

was subsequently hydrolyzed with barium hydroxide to the

dibasic aecid (127). Acidification of the reaction mixture

- +
cnﬁﬂ KON [033?5-030000235] K CH z~CHCOOH

CHGOOCgﬂﬁ CN CHoCO0H

with concentrated nitric acid gave the free methylsuccinic
acid which was extracted with large quantities of ether and
benzene. Although the procedure gave relatively large yields
(70%} of methylsuccinic acid, 1t required considerable time
for completion. This was due particularly to the fact that
on the addition of barium hydroxide, the reaction mixture
was concentrated under reduced pressure to a thick paste.
The distillation was accompanied by frothing and as a result
was carried out very slowly in order to prevent bumping.

The addition of reagents to increase the surface tension of
the solution d4id little to alleviate this condition. Subse~
quently, the synthesis was repeated as before except that on

the addition of barium hydroxide the distillation of the
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alkaline solution was carried out on a water bath at atmospheric
pressure., It was found that the distillation was accompanied

by very little decomposition and therefore the vacuum distil-
lation was abandoned. The residue contained a mixture of
inorganic salts and methylsucciniq acid in the form of its
barium salt. The authors (127) acidified the residue with
excess concentrated nitric acid and once more evaporated the
solution to drynmess under reduced pressure. It was found that
this distillation could also be carried out at atmospheric
pressure with very little decomposition.

It was difficult also to secure complete separation
of the free dibasic acid from the inorganic material by nume-
rous exbtractions with ether and benzene respectively. As a
result, it was found more convenient and advantageous to
undertake the extraction in a Soxhlet extractor. The guantity
of solvent used was greatly reduced and a more thorough ex-
traction was obtained. This was confirmed by the increase in
yield to over 80 percent. These slight modifications in the
procedure cut the reaction time almost in half.

2,2-Dimethylsuccinic and phenylsuccinic acids were
prepared by the reaction of the appropiate alkylidenecyano-
acetate with alcoholic potassium cyanide to give the inter-
mediate (128) dicyano derivative. Subsequent hydrolysis of
the intermediate with concentrated hydrochloric acid converted

the dicyano ester to the corresponding dibasic acid.
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R_ R, _ + R_
G = (')-COOCEH5 KCN R/? -?- COO0CgH5{ K R/?-Cﬁzcooﬁ
CN CN CN CO0H

R

The alkylidenecyanoacetates themselves were easily secured
by the condensation of ethyl cyanoacetate with the suitable
aldehyde or ketone in the presence of a piperidine catalyst.

It was essentially a Knoevengal reaction.

R CHpCOOC H R

N ~
C=0+ | —_— Cz C - COOCZH
4 oN r{ &N S

The preparation of phenylsuccinic acid was accom-
plished directly as reported by the authors (129), however,
the procedure for 2,2-dimethylsuccinimide gave yields of only
50 percent (128). The low yield was attributed to the incom-
plete extraction of the acid from the reaction mixture.
whereas phenylsuccinic acid is insoluble in acidic solution
and precipitates on cooling, dimethylsuccinic acid on the
other hand is quite soluble. Normally, it was isolated by
saturating the aqueous solution with ammonium sulfate and
extraction with ether. It was found preferable to evaporate
the acidic solution to dryness and extract the dibasic acid
from the inorganic material in a Soxhlet extractor. This
method afforded a more complete separation and gave better
yields.

2,3~Dimethylsuccinic acid was prepared by the

procedure as outlined by Bo8schen and Ven der Want (130).
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Ethyl bromopropionate was condensed with ethyl
cyanoacetate in the presence of am alcoholic solution of

sodium methoxide.

VHB?Hcooc 2H,

Br CN CoHg00C CN

4+ CHgCOOCoHg —» CH3?H-('}HCOOCZH5
l

Treatment of the cyano ester with methyl iodide gave diethyl
2-cyano-2,3-dimethylsuccinate which was hydrolyzed to the

dibasic acid.

CHz
CH3 - ?H—?H - ?N CH3 - ?H-? - CN CH3 - ?H-?H - CH5
CgHz00C COOCzh5 02H5000 COOCZH5 HOGC COOH

The imides were prepared by treatment of the corres-
ponding acids with concentrated aqueous ammonia and subseguent

heating of the diammonium salts to 200o as follows:

R-CHCOOH o R-CH-QS
l LH40H R—CHCOONH4 200 ‘ /}EI%—NHS-FZHBO
Ry -CHCOOH Rl-CHCOONH4 Rl-CH-CO

It was Tound that the general method for obtaining pure imides
by distillation of succinimides at atmospheric pressure was
accompanied by decomposition and as a result the yields were
low. Much better results were obtained by sublimation of the
imides under a pressure of 1 mm. The sublimation temperature was

maintained 2° higher than the melting point of the imide being
sublimed. In the preparation of 2,3-dimethylsucecinic acid, both

meso=-2,3-dimethylsucecinic acid and DL-2,3~dimethylsuceinic acid
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were obtained. Both isomers, when treated with ammonia as
o)

above, gave the same imide which melted at 109-110 . It

was designated as being the DL isomer, since on hydrolysis

it was converied solely to DL-2,8-dimethylsuccinic acid (148).

N-HALQGEN DERIVATIVES OF ALKYL~ AND ARYLSUCCINIMIDES

Contrary to the fact that the N-bromo derivatives
of diacylamides could nod¥ be isolated as stable products, the
N~halogen derivatives of C-alkylsuccinimides were obtained

guite readily.

R~-CHCO R-CHCQ
| >NH+ Brg+ 2KOH — | >NBr+KOH+KBr+H,0
Ry~-CHCO Ry -CHCO

The N=-bromo derivatives of methylsuccinimide,
2,2-dimethylsuccinimide, and DL-2,3-dimethylsuccinimide
were all prepared by the same method as that used for N-
bromosucecinimide. The imides were dissolved in a cold concen-
trated solution of alkali and an eguivalent amount of bromine
was added guickly with rapid stirring. The N=-bromoimides
precipitated, were filtered off immediately, and washed
thoroughly with cold water to remove any inorganic salts.
They were all recrystallized rapidly from water. The pro-

cedure found to be most effective was dissolving the impure




62

bromo derivative in an equivalent amount of preheated water
and filtering rapidly through a fluted filter paper into a
recelver which was surrounded by an ice~bath. The loss of meteri-
al was very smell when the recrystallization was carried out by
this method. When dry and kept at Oo, the bromo compounds were
stable for several weeks.

N-Bromomethylsuccinimide when treated with methyl-

crotonate gave a good yield of methyl ¥-bromocrotonate.

CH.CH-CO CH,CH = CHCOQOCH CH,CH = CHCOOCH CH_CH-CO
3' > NBr 4 3 83— 2 3_#_H3' Sy
CH,CO Br ~ CH,CO

The reactivity of N-bromomethylsueccinimide in this Wohl-Ziegler
type reaction was comparable to that of N-bromosuccinimide.

The N-chloro derivatives of the imides were produced
by passing a stream of chlorine gas through an ice-cold alkaline
solution of the imide. It was necessary, however, to add an
equivalent amount of ice to the reaction mixture as the chlo-
rination was accompanied by a great evolution of heat. In
general it was preferable to keep the external ice bath at
-—lOO rather than at Oo. N-Chloromethylsuceinimide, N-chloro-
2,2~dimethylsuccinimide, and N-chloro-DL-2,3-dimethyl-
succinimide were all white crystalline solids.

N-Iodo-2-methylsucecinimide, N-iodo-2,2-dimethyl-
succinimide, and DL-2,3-dimethylsuccinimide were prepared

by treatment of the silver salts of the respective imides with
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fodine in an anhydrous solvent such as ethyl acetate or chloro-
form. Great care must be taken that the iodine and imide are
in equimolar gquantities since when a slight excess of iodine
was present, great difficulty was encountered in the purifi-
cation of the iodo derivatives. When pure the iodo compounds
are all white cerystalline solids.

N-Chlorophenylsuccinimide was prepared quite readily
by the same procedure as was used above. However, the bromo
derivative could not be isolated. Bromination with hypobromite
produced an orange compound which melted at about 115-120°, how-
ever, it could not be crystallized. Recrystallization attempts
always produced a small yield of phenylsuccinimide and decom-

position products.

HOFMANK REARRANGEMENT OF CYCLIC IMIDES INTO & -AMINO ACIDS

In regard to the Hofmann rearrangement of c¢yclic
imides into e»—amino acids, extensive application of the reaction
has been made in the production of anthranilic acids from
phthalimide and its substituted homologs (75). Thus, phthali-

mide since it contains a five membered imide ring will rearranges

to produce a @>—amino acid.

Cco COOH
SNH ———s-
co , Nﬂé

Similarly succinimide and its derivatives should also rearrange

into @;-amino acids, However, only the parent compound, suc-
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cinimide, had been subjected to a Hofmann rearrangement (86).
Consequently, an investigation was undertaken in
which substituted succinimides were subjected to a Hofmann
rearrangement with the following points in mind:
(1) Although both phthalimide and succinimide give @ -amino
acids, there is a fundamental difference in the type of £ -
amino acid formed. Thus, the former compound gives an amino
acid in which the amino and acid groups are obtained as 1, 2-
substituents on a benzene rihg (xxxiv) whereas with succinimide,

@ -alanine (xxxv) is produced.

Co0H CH2-COOH
NH2 CHQ—NH2
xxxiv XXXV

As a result, with substituted succinimides, substituted @-
alanines would be expected as products. |

(2) It is important to remember that in the Hofmann rearrange-
ment of unsymmetrically substituted succinimides, certain
isomeric 6-alanines can be theoretically produced. Thus,

in the rearrangement of methylsuccinimide two products are
theoretically possible, 3-aminobutyric acid (xxxvii) and 3-
aminoisobutyric acid (xxxviii), depending on whether the

ring opens at position "a" or "b" respectively.

CHz-CH-CO _y, (a) CHz-CH-CHpCOCH  (b) CHz~CH-COCH
~

| —wm | —+

CHo~CO™ @ NHp CHoNHo

xxxvi xxxvii xxxviii
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However, with unsymmetrically substituted phthalimides, it
was found (85) that one isomer usually predominated or formed
exclusively. In most cases 1t was possible to predict the
formation of one product over the other knowing the electronic
effects of the substituents. But, this is not the case with
succinimide since it presents a non-conjugated system and the
formation of one isomer predominating over the other cannot
be freely predicted.

Initially, in the attempted rearrangement of alkyl
substituted succinimides, the seme procedure was followed as
was used for succinimide (86). Suceinimide was dissolved in
an ice-cold solution of potassium hypobromite. The reaction
mixture was warmed to 60-65° for several hours to effect re-
arrangement, then acidified with concentrated hydrochloric

acid +to Congo red. ZEvaporation of the solution to dryness

CH,~CQ KOBr/OH™ CHp-COOK HCl CH5COO0H
| & S g — ]
CHy-CO 60-65 CEto~NH,, CHoNHo. HCL

and extraction of the residue with absolute alcohol separated
the amino aclid from the inorganic salts. Since the amino

acid was in the form of its hydrochloride salt, treatment with
silver oxide produced free @»-alanine (xxxix) which was isolated

CHoCOOH AgCl Ho0
+ g0 y HE

GHgMHQ.HCl GHQNﬁg
xxxix

2 (H2C00H
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by concentrating down the aqueous solution to a small volume.
The overall yield was approximately U45-50 percent of theory.
However, it must be remembered that with mono
alkylsubstituted succinimides two isomeric amino acids are
theorstically possible. For this reason, methylsuccinimide
was chosen initially for study, since both possible products,
3-aminobutyric acid (xxxvii) and 3-aminoisobutyriec aeid
(xxxviii), had already been reported by Babliano (131) and
Fischer (132) respectively. Although the literature concerning.
the two substances is rather limited, from a knowledge of their
properties a method of separation could be formulated if both
were produced by the Hofmann rearrangement of methylsuccinimide.
An ice-cold alkaline solution of methylsuccinimide

and potassium hypobromite was warmed to 60-65o for several
hours, then cooled, and acidified to Congo red. Extraction

of the dry residue with absolute alcohol produced a yellow

oil (D) which was very soluble in water and alcohol, but
insoluble in most organic solvents. Since the extraction
with absolute alcohol may have caused partial esterification
of the expected amino acids the oil (D) was refluxed with a
small quantity of water for two hours. On cooling, the
aqueous solution was extracted with ether. On distillation

of the ether a yellow oil (B) remained. Analysis of (RE)
indicated that it was an acid. It was esterified with ethanol
and distilled under reduced pressure as a colorless liquid (F)

boiling at 105°/16 mm. The ester did not contain any nitrogen
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and analysis for carbon and hydrogen indicated that (F)} was
diethyl methylsuccinate. Its structure was confirmed by
hydrolysis with dilute hydrochloric acid to methylsuccinic
acid (XL) which must have been the prime constituent of the
yellow oil (D).

As a result the main product obtained by the re-~
action of potassium hypobromite with methylsuccinimide at

60-65° was methylsucecinic acid.

GHBfHC?:NH. KOBr/OE ™ GHS?H-COQH
—_—_—
CHoCO 609 CHo~COOH
XL

Therefore it was evident that under the above re-
action conditions no Hofmann rearrangement took place, but
instead the imide was hydrolyzed to the dibasic acid., From
the knowledge that methylsuecinimide forms an N-~bromo deriva-
tive it can be assumed with certainty that the initial step
in the reaction was the formation of the N-bromo compound

(XILI), The hydrolysis probably took place in two steps

CH.,CH-C CH GH-GQ~ ) CH.CH-C00™ GHBGHCOOH
3' %NH — 3‘ —~NBP 3' —
CHoCO GH200 CHoCONHBr CH5COCH
XLI XLIT

forming initially the intermediate N-bromo-3-methylsuccinamic

acid (XILII) which subsequently hydrolyzed further to methyl-

succinie acid. In the latter steps, at 60-65° the rate of
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hydrolysis was probably much greater than the rate of re-
arrangement. Finally, it was oconcluded that the temperature
at which Clarke and Behr (86) carried out the rearrangement
of succinimide was too high for the methyl derivative. There-
fore the temperasture of the reaction was lowered to 55° and
the reaction repeated.

Essentially, the same procedure was followed as
above. The aleoholic extract on evaporation to dryness gave
a yellow oil (G) which was then treated with silver oxige.
Subsequent evaporation of the aqueous solution produced a
dark oily yellow residue (H). The oil (H) was fractionally
distilled under reduced pressure and the fraction which passed
over at 55~609/2 m. was collected. On cooling it crystallized
as white plates melting at 720. It decolorized both 2 peresnt
permanganate solution and a solution of bromine in carbon
tetrachloride. A molecular weight determination tentatively
identified the compound as corotonic acid. This inference
was confirmed by a mixed melting point with reagent cerotonic
acid.

The residue from the distillation was esterified
and distilled. A colorless liguid was obtained which was
identified as diethyl methylsuccinate. The formation of the
dibasic acid indicated that the reaction temperature was still

too high. This was confirmed by the presence of erotonic acid
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as one of the products. The formation of the latter also
furnished concrete sevidence that some rearrangement of methyl-

succinimide had taken place.
Cﬂ3m- COCH

CEo-COOH

ca*3cm~m2 —_ 3
CHgCO cncoon

A well known characteristic of @ -amino acids is that on heating

-

CH5CHCOQ . KOBr/OH™ [aﬂ3cacom:j
CH,CO 559

A S —
CHoCOOH

in an alkaline solution they lose quite easily the elements of

emmonia which is reminiscent of the behaviour of @ -hydroxyacids.

HOCHoCHoCOOH o, CHo = CHCOOCH.,
This was similar to the results obtained by King
and his coworkers (132) who undertook & Hofmenn reaction with
¥ -phenoxypropylsuccinimide (XLIII). The imide was subjected
to & rearrangement at a temperature of 60°. They obtained a
small quantity of 6-phenoxyhydrosorbic acid (XLIV), but were

unable to isolate any of the intermediate amino acid (XLV).

The main product from the reaction was ¥ -phenoxypropylsuccinic

acid (XLVI.) CH-0(CH,)zCHCOOH
> 6H5 2 3@20003
CHCQ XLVL
C6H.5O(CH2) SNH —
CI-I co c6550(CH2)3?H-NH2 —_ 05H50(C:E[2)3GE
XLIII CHoCO GHCOOH

LV LIV
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The temperature of the rearrangement was lowered
another—5° and the procedure was repeated once more. The
residue, obtained on evaporation of the alcoholic extract,
was redissolved in absolute ethanol and dry hydrogen chloride
gas was passed through the solution. It was hoped that by
esterification the standard procedure of treating the amino
acid (if formed) with silver oxide could be avoided. As a
result, extraction of the ester from an alkaline solution,
would provide the amino acid in the form of its ethyl ester.
The alcoholic solution was poured into water, extracted with
ether, and fractionally distilled under reduced pressure.

A fraction was collected at 125-130°/38 mm. which was identified
as ethyl crotonate by 1its subsequent hydrolysis to crotonie
acid. The yellow viscous residue (I) from the distillation

was neutralized with 33 percent sodium hydroxide and extracted
with ether. Distillation of the ethereal solution yielded a
colorless liquid which came over at 64-65°/15 mm. It was
identified as ethyl 3-aminobutyrate. Hydrolysis with dilute
hydrochloric acid produced a yellow oily residue (J) which

could not be purified. However, it did form a copper complex

with copper carbonate indicating the presence of 3-aminobutyrie

aciqd.

p,
CH,~CH-NHp. _0C-CHp
| /,CLL |
CH:FO ' HolN CH~-CH

0

3
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The conclusion which was drawn from the last reaction
was that the formation of ethyl 3-aminobutyrate clearly indi-
cated that hydrolysis of the imide ring had occurred at posi-

tion "b" (XLVII).

GHB-GH-GO
\\Q‘NH
e

CH5CO
XLVII

The failure to isolate any ethyl methacrylate or ethyl 3-amino-
isobutyrie acid showed that the ring was opened in only one
position with hypobromite and that only one amino acid was
formed in the rearrangement. Thus, a similarity could be

drawn with the work of Moore (86) who found that in the Hof-
mann rearrangement of substituted phthalimides to the corres-
ponding anthranilic acids, one isomer always predominated, or
formed exclusively.

Finally, the rearrangement was attempted at a
temperature of approximately 40-45°, From the alcoholic
extract a sizeable quantity of a yellow oil (K) was obtained
which did not contain any methylsuccinic or crotonic acid but
did possess a considerable quantity of 3-aminobutyric acid by
its formation of a copper complex with copper carbonate.

Nevertheless, it was found that the amount of impure
amino acid obtained was rather small and that a sizeable quan-

tity of the product always remained with the inorganic residue.
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Previously Fischer (13%) had noticed that ethyl 3-aminobutyrate
hydrochloride was insoluble to & great extent im absolute
ethanol. Since it can be safely assumed that the seme amino
acid was formed in our experiments, it is conceivable that
some esterification took place during the extraction with
absolute alcohol and that the insoluble ethyl 3-aminobutyrate
hydrochloride was formed. As a result, the reactions were
repeated using hydrobromic acid instead ®© neutralize the al-
kaline solution., It was thought that the use of hydrobromic
acld would have a two-fold advantage. Initially, the hydro-
bromide salt of the ester may be more soluble in salcohol than
the hydrochloride and secondly, the formation of a mixture of
salts would be avoided. It was also decided at this stags
to neutralize the amino acid only to the vicinity of its
iscelectric point thereby reducing the amount of hydrobromide
salt formed. Although the lsocelectric points of P -amina scids
have not been reported, it was assumed that they should corres-
pond closely to those of the corresponding o(-amino acids.
Consequently, the solution was carefully titrated with 1N
hydrobromic acid and the course of the neutralization plotted.
A point of inflection was observed at a pH 5.8. When the
reaction was repeated using the modifications in the procedure
mentioned above, it was observed that on extraction with
absolute alcohol, no nitrogeneous material was detected in
the inorganic residue.

The impure amino acid (K) could not be crystallized

nor distilled directly. With copper carbonate a copper salt
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formed which decomposed at 215-2170. Treatment of the amino
acid with pieric acid gave a picrate which mslted at 230-2320.

Purification of (K) was attempted by prepafing the
acyl derivative which in turn could be subsequertly hydrolyzed
back to the amino acid. Formylation was tried initially since,
in general, formyl derivatives are more easily hydrolyzed.
However, on formylation using the method of Stieger (135)
only an oil was obtained which started to crystallize only
after standing several months at Oo.

Treatment of the amino acid with benzoyl chloride
gave the N-benzoyl deri#ative in excellent yield. Since the
reaction of benzoyl chloride with the amino acid was very slow,
the usual methods Hr preparing N-benzoyl derivatives could
not be used. It was found that method used by Stieger (136)
for benzoylating o -amino acids worked equelly well with 3-
aminobutyric acid. The m.p. of 154-1550 and carbon, hydrogen,
and nitrogen analysis were in agreement with that reported
in the literature (137) for N-bemzoyl-3-aminobutyric acid.

Prolonged.boiling with sodium hydroxide and diazo-
tation of the amino acid to give c¢rotonic acid and 3-hydroxy-
butyric acid confirmed its structure as being that of 3-amino-
butyric acid. The absence of methacrylic acid and 3-hydroxy-
isobutyric acid in the latter two reactions indicated that
no 3-aminoisobutyric acid was produced in the Hofmann re-
arrangement of methylsuccinimide.

When the attempted rearrangement was carried out

at room temperature (250), the only product obtained was
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3-methylsucecinic acid (XLVIII).

CH3zCH~CO KOBréOH CHyCHCONH,,

| _>NH 25 |
CH5CO CH,COO0H
XLVITI

Thus, the temperature was not high enough to produce rearrange-
ment. At 259, the rate of hydrolysis was greater than the rate

of rearrangement,

REACTION OF POTASSIUM HYPOBROMITE WITH £,2-DIMETHYLSUCCINIMIDE

In the Hofmann rearrangement of 2,2-dimethylsuccinimide
two products can be expected, 3-amino-2,2-dimethylpropionic
acld (XLIX) or 3-emino-3-methylbutyric acid (L) depending

on whether thevimide ring opened at position ™a" or "b"

respectively,
oH CH cH
5>c|:- 0Qq (a) 5;<|3-GOOH (b) 3;(|3-NH2
CH o CH CH
° cHpc® 0 T 3 Cugnm, T 3 CH,CO0H
XLIX L

It was decided to follow the method used for methyl-
succinimide above rather than that outlined by Clarke and Behr
for succinimide (86). Consequently the reaction mixture of
potassium hypobromite and 2,2-dimethylsuccinimide was warmed
to 40-45° for three hours and acidified to pH 6 with 1N hydro-

bromic acid. Evaporation of the aqueous solution to dryness
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and extraction with absolute methanol gave a yellow, viscous
oil. It contained a substantial quantity of amino acid which
was indicated by its formation of a copper complex salt with
copper carbonate. The pure eamino acid was obtained by three
crystallizations from a 50 percent solution of methanol and
ether., It deposited in small white needles which melted at
216-216.50. It gave with benzoyl chloride an N-benzoyl deriv-
ative which was recrystallized from water. The N-benzoyl
derivative melted at 140-141°, The agreement of melting points
with that reported in the literature (138) indicated that the
amino acid formed by the Hofmann rearrangement of 2,2-dimethyl-
succinimide was 3-amino-3-methylbutyric acid (XLIX). This was
confirmed by hydrolysis of the amino acid with dilute alkali

to 3-methylcrotonic acid (LI).

CHz_ CHz_
~C - CHgCOCH + KOH C = CHCOOK + NHz + HgpO
CHy | > CHy

NHso LI

The absence of the second isomer, 3-amino-2,2-
dimethylpropionic acid (LII) was established by the same re-
action. The yellow o0ll obtained from the alcoholic extraction
above was treated with sodium hydroxide and refluxed for several
hours. 3~Amino-3-methylbutyric acid (XLIX) should hydrolyze
to the olefinic acid (LI), whereas 3-amino-2,2-dimethyl-
propionic acid (L) since it possesses no alpha hydrogen atom

and cannot lose a molecule of ammonia, remains unchanged.
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o

CH.— C — ¢00H
S |

CHNE,,

LI

Prolonged boiling with alkall produced an olefinic acld which
melted at 69-69.5°. It was identical to 3-methylerotonic acid
(LI). The residue did not contain any trace of 3-amino-2,2-
dimethylpropionic acid.

Thus, &8,2~dimethylsuceinimide undergoes a Hofmann
rearrangement when treated with alkaline hypobromite solution
at 400 to give only one product, 3-amino-3-methylbutyric acid.
This result was completely analogous to that obtained by the
Eofmenn rearrangement of metiylsuccinimide,

When the reaction of hypobromite was repeated above
at 500, the main products obtained were 3-methylcrotonic acid
and a smaller quantity of 3-amino-3-methylbutyric acid. Above

o
60 , only 2,2-dimethylsuccinic acld was produced.

REACTION OF POTASSIUM HYPOBROMITE WITH DL-2,3-DIMETHYL-~

SUCCINIMIDE

DL-2,3,-Dimethylsuceinimide upon treatment with
alkaline potassium hypobromite should undergo a Hofmann
rearrangenent to yield 3-amino-2-methylbutyric acid. Since the
amino acid has DL- configuration, the expected product will be

the palr of enantiomorphs of DL-erythro-3-amino-2-methylbutyric

acid,
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f H
| |
CH,~C-CO 0C-C-CH

°1 >nu HNZ
H-C-C0 0c-C-H

l |

CH CH,

3  pL-2,3-Dimethyl-

l succinimide 1

H H

| |

CH_~ C—COOH HOOC-C-CH

3 | ' 3
H—?—NHz HzN—?—H

CH,, CH,,

DL-erythéo-S-amino-
2-methylbutyric acid

The same procedure was used as in the previous two
cases, in which the alkaline hypobromite solution of the imide
was warmed to 40-450. Evaporation of the alcoholie extract
afforded white crystals of the amino acid which gradually
separated out as the solution was concentrated. The white
residue was recrystallized several times from a 50 percent
mixture of methanol and ether to a constant melting point of
231-2329, inalysis of the substance and formation of a copper
complex confirmed the structure as being that of BL-erythro-
3-amino-2-methyibutyric acid.

Treatment of the amino aclid with benzoyl chloride
gave N-benzoyl-3-amino-2-methylbutyric acid which was recryst-
allized three times from water. It was completely insoluble in
ether and as a result was separated very easily from any benz-

oic acid formed during the course of the benzoylation.

Prolonged boiling with alkali converted 3-amino-2-
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butyric and to tiglic acid (LIV) and some angelic acid (LV) .

CH_— CH—INH H—C — CH CH —C—H
5 2 __, I S + 3 |l
CHa—'CH"COOH CHS"C — COOH CHZ'— C — COOH
LIV Lv

When the reaction with alkaline hypobromite and
2,3~dimethylsuccinimide was carried out at temperatures above

55° only 2,3-dimethylsuccinic acid was obtained.

REACTION OF POTASSIUM HYPOBROMITE WITH SUCCINIMIDE

The reaction of potassium hypobromite with succini-
mide giving @ -alanine was first reported by Hoogewerff and Van
Dorp (13). The procedure of Clark and Behr (86) mentioned
above is in essence a modification of that original preparation.
However, in both procedures the yield of P -alanine amounted
to only about 45-50 percent of theory. This poor yield was
attributed to the following factors: (1) the rearrangement at
55-60o was always accompanied by some decomposition of the
amino acid and (2) treatment of the alcoholic extract with
silver oxide followed by hydrogen sulfide always produced a
loss of the product. Since in the preparation used for the
rearrangement of methylsuccinimide a lower temperature was
used and the last step completely avoided, the same procedurs
was applied to suceinimide.

The hypobromite solution of the imide was warmed to

o
40-45 , acidified to pH 6, and then evaporated to dryness.
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Extraction with alcohol gave a yellow o0il which on benzoyla-
tion was converted to N-benzoyl-3-amino propionic acid. The
yellow oil itself was impure amino acid. The total yield

based on starting material was never less than 58 percent.

The reaction was advantageous apart from the slightly increased
yield in that it required only half the usual time for com-
pletion.

REACTION OF POTASSIUM HYPOBROMITE WITH PHENYLSUCCINIMIDE

Theoretically, the reaction of potassium hypobromite
with phenylsuccinimide in a Hofmann type reaction can yield
two products: 3-smino-2-phenylpropionic acid (LVI), and 3~
amino-3~-phenylpropionic acid (LVII).

c - CH - CO c CH-COOH c CH -NH
&5 | >NH —> 6H5| + 5 | :
CH,CO CHoNH,, CH5COO0H

LVI LVII

Phenylsuccinimide was selected for two reasons,
firstly, because it is the first member of the serises of
arylsubstituted succinimides, and secondly both amino acids
(LVI) and (LVII) have been reported in the literature. Posner
(140) hed synthesized both 2-phenyl- and 3-phenyl-2-amino -
propionic acid by the reaction of an alcoholic solution of
hydroxylamine with atropic and cinnamic acid respectively.
Thus, knowing the properties of the two amino acids, in case
both are formed by the Hofmann rearrangement of phenylsuccini-

mide, a method of separation of the two ilsomers could be formu-

lated.
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Initially, the same procedure was followed as was used
for the rearrangement of methylsuccinimide. On evaporation of
the alcoholic extract, a white residue deposited which upon
recrystallization from water was identified as 3-phenylsuccinamie

acid (LVIII).

cH_CH - CO c CHCONH
CHoCO CHoCOOH
LVIII

The formation of 3-phenylsuccinamic acid can be
postulated as ocecurring in one of two ways: (a) The imide
simply hydrolyzed to the amide without any reaction involving

hypobromite, or (b) the hypobromite reacted with the imide

C6H5?H -c% - (a) 0635?1{001&{2
CHo~C0 CHoCOOH
L (b) CLHSCHGCO COHR/CHCORHBr
CHoCO CHoCOOH
LIX X

forming the N-bromo derivative (LIX), followed by ring opening
to yield the intermediate N-bromo-3-phenylsuccinamic acid (LX).
At a temperature of 40° the intermediate simply hydrolyzed to
3-phenylsuccinamic acid.

The first mechanism was eliminated on the basis that
on treatment of phenylsuccinimide with dilute potassium hydro-

xide at 0° very little hydrolysis took place. But when the
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imide was added to & solution of potassium hypobromite at the
same temperature none of the starting material was recovered.
However, the formation of the N-bromo derivative (LIX) could
not be verified since attempts to prepare and isolate N-bromo-
phenylsuccinimide could not be accomplished. The formation
of 3-phenylsuccinamic acid fram the intermediate (LX) was
probably due to the fact that the temperature of 40-45° was
not high enough to effect rearrangement.

Treatment of 3-phenylsuccinamic acid with potassium
hypobromite at 60° for a period of four hours gave a good yield

of 3-~amino-3-phenylpropionic acid (LXI).

oo, & [oospeoms)___ sy,

—
CHoCOOH 5COCH CHoCOOH
IXI

The reaction of potassium hypobromite with phenyl-
succinimide was repeated at a temperature of 60-650. The
aqueous solution on evaporation to dryness and extraction with
methenol afforded a yellow oil which when treated with 50 per-
cent ethanol deposited long white needles of 3-cyano-3-phenyl-
propionic acid (LXII). Its structure was verified by hydrolysis
with (a) concentrated H2804 to 3-phenylsuccinamic acid and (b)

with dilute alkali to phenylsuccinic acid.

CEHSUHOO _ ypy KOBE  CHSGHON O CHCOCH
CHoCO 0 bHocoH _OH CH5COOH
H
IXII l 2504
CedscrCONHS

2CO0H
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Evaporation of the alecoholie filtrate produced a
yellow oil which upon erystallization from concentrated hydro-
ochloric acid gave phenylsuccinic acid which was the main pro-
duct of the reaction. Thus, at a temperature of 60° treatment
of phemylsuccinimide with &lkaline potassium hypobromite gave
mainly phenylsuccinic acid and & smaller quantity of 3-cyano-
3-phenylpropionic acid.

If the reaction was carried out at temperatures
greater than 650, the imide was converted completely to the
dibasic acid.

As a result, it was concluded that phenylsuccinimide
would not undergo a Hofmann rearrangement in a one step process
s was the case with‘alkylsubstituted succinimides. It was
necessary to isolate the intermediate 3-phénylsuccinamic acid
whioch was subsequently rearranged to the corresponding 3-amino-
3-phenylpropionic acid. The failure to obtain the amino acid
directly was similar to the results obtained by McRase and his
collaborators (141, 142, 143, 144) who did an extensive inves-
tigation on the reaction of potassium hypobromite with phenyl-
and sym-diphenylsucecinamides. The object of their ressarch
was to secure the uracil intermediates which were produced
with methylsuccinamide and succinamide (75). They observed
that phenylsuccinamide was not converted to the uracil but

'gave instead 3-wreido -3-phenylpropionic acid (LXIII).

C B CH~CHaCO0R
NHCONH,
IXIII
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Symmetrical diphenylsuccinamide gave an unusual
reaction in which it was converted in 90 percent yield to
diphenylacetic acid. Symmetrical diphenylsuccinimide .simply
hydrolyzed to diphenylsuccinamio acid.
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EXPERINMENTAL

ANALYSIS

All solid materials to be analyzed were recrystal-
lized two to three times from an appropriate solvent and
dried under reduced pressure over phosphorous pentoxide for a
period of twenty-four hours.

Carbon, hydrogen snd nitrogen analyses were per-
formed on a micro scale as single determinations by the
Schwarzkopf Microanalytical Laboratory, Woodside, New York.

Halogen and copper were determined by the iodometrie
method as outlined by Kolthoff and Sandell (145)., The deri-
vative was dissolved in 1K aclid solution in the presence of
an excess of potassium iodide. The iodine liberated was
titrated with standard sodium thiosulfate solution using a
starch indicator.

The purity of the amino acids and their derivatives
were determined by neutralization with standard sodium hydro-

xide.
All melting points reported are uncorrected.

PREPARATION OF DIACETAMIDE

Two hundred grams of acetamide was dissolwved in

1000 m1, of & 50 percent mixture of ether and ethanol. Dry
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hydrogen chloride gas was passed through the solution which
soon solidified %0 a crystal mass. The residus was filtered
and washed several times with anhydrous ether. The hydrochlo~
ride was filtered and washed several times with anhydrous
ether. It was recrystallized from ethanol, depositing as
white needles which melted at 132-135°.

Seventy grams of the acetamide hydrochloride was
refluxed with 90.8 gm. of freshly distilled asetic anhydride
for 30 minutes. Fractions up to 125° were removed and the
residue was distilled undexr reduced pressure. The fraction
distilling at 104-106°/6 mm. was collected and dissolved in
ether. Dry hydrogen chloride gas was passed through the
solution to remove any acetamide as the hydrochloride. The
ethereal solution was shaken thoroughly with 10 gm. of barium
carbonate followed by 10 gm, of potassium carbonste. Om
removal of the ether, diacetamide was fractionally erystallized
from ligroin., The product was heated with 12 parts of petro-
leum ether, decanted, and allowed to e¢ool slowly. Diacetamide

deposited as white needles melting at do-80.5°.

REACTION OF POTASSIUM HYPOBRMMITE WITH DIACETAMIDRE

(molar ratio l:l)

In a 100 ml. flask, 5.00 gn. (0.05 mole) of diseeta-
mide was added to an ice-cold solution of 5Q perceht potassium

hydroxide (10.92 gm.). Eight grams (0.05 mole) of bromine was
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added at such a rate that the temperature of the hypobromite
solution remained at 0°. The solution was stirred for two
minutes, % gm. of salt was added, and the reaction mixture

was extracted with 30 ml. of chloroform. The chloroform layer
was decanted off and the extraction repeated twice with 20

ml. portions. The chloroform extracts were combined and

dried over anhydrous sodium sulphate. The solution evolved

a very strong odor resembling that of isonitrile., On evapo-
ration of the chloroform, however, no residue remained.

The aquaous solution was evaporated to dryness under
redueced pressure and the residue was extracted with aleohol.
Evaporation of the alecohol under reduced pressure left a
white residue which upon several recrystallizations from a
50 percent mixture of ether and alcohol melted at 81-841.5°.
The product was identified as acetamide. A mixed melting

with reagent ascetamide gave no appreciable decrease in melting

point (80.5-81°%),

REACTION OF POTASSIUM HYPOBROMITE WITH DIACETAMIDE
{molar ratio 2:1)

The same reaction conditions were used as mentioned
above with the exception that the quantity of hypobromite used
was doubled. Upon the addition of diacetamide, the solution
was stirred for an additional five minutes and then extracted

with 30 ml. of chloroform. The chlorcform layer was dried
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and filtered by gravity through a fluted filter paper. An
equal amount of n-hexane was added and the solution was cooled
to 0° for 12 hours. Crystals of N-bramoscetamide deposited
which melted at 104-105°. TYield 3.49 gu. (52 %).
Anal,. Caled. for OéHuQNBr: Br, 57.91 %.

Found: Br, 57.78 %.

REACTION OF ALKALINE HYPOBRMITE WITH DIACETAMIDE

4 100 ml, three-necked flask was fitted with a
reflux condenser, a nitrogen inlet tube, and a separatory
funnel. The condanser was connected to a trap containing 1IN
hydrochloric acid. In the flask, 21.84 gm. of 50 persent
potaasium hydroxide solution was placed and cooled to 0°.
Nitrogen was bubbled through the alkaline solution at a very
slow rate and 2.64% ml. of bromine was added dropwise followed
by 5.122 gm. of diacetemide. ‘The reaction mixture was stirred
for an additional five minutes. The temperature of the solu-
tion was raised slowly to 65-700 and maintained for two hours.,
The acid solution in the trap was then carefully evaporated
to dryness on a steam bath and the residue was thoroughly
dried in a vacuum dessicator. The product was recrystallized
twice from alcohol depositing as leaflets melting at 225~
226°, Yield 1.09 gn. Neutralization of the product with
standard sodium hydroxide confirmed its identification as

methylamine hydrochloride.
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Anal. Caled. for CHgNCl: M,W., 67.52
Found: M.W., 67.51.

PREPARATION OF DIBENZAMIDE

In a l-liter flask, 121 gm. (1.0 mole} of benza-
mide was dissolved in 605 gm. of pure pyridine and cooled %o
0%. Benzoyl chloride (140.5 gm.) was added to the pyridine
golution at such a rate that the temperature of the reaction
mixture did not rise above 5°. The resulting deep red solution
which gradually deposited crystals of pyridine hydrochloride
wag left in an i1ee-bath for eight hours. The solution was
shaken with 3 to 4 times its volume of water in order to
remove most of the pyridine. An oil separated which was
extracted with 150 ml. of ether. The ethersal extract was
washed several times with 50 ml. portions or‘ZK'ston to
remove the final traces of pyridine. White needles of diben-
zamide separated out and were filtered off. The excess ether
was distilled and an oily residue remained which soon cry-
stallized yielding more dibenzamide. The original aqueous
solution on standing deposited also a further crop of dibenzea~
mide. The total quantity recovered was nearly equivalent to

the theoretical yield. The pure dibenzemide melted at 14&°.

SILVER SALT OF DIBERZAMIDE

Twenty-£ive grams (0.1l mole) of dibenzamide was
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added to an ice-cold 50 ml. solution conteining 4.0 gm. (0.1
mole) of sodium hydroxide. The mixture was shaken until most
of the dibenzamide had dissolved, then the excess was filtered
off. O(n treatment with a slight excess of 5 percent silver
nitrate, a grey-white preeipitate of silver dibenzamide de-~
posited Ihiehrwas collected at the suction pump. It was
thoroughly dried overnight at 100°.

REACTION OF BROMINE WITH SILVER DIBENZAMIDE

Sixteen grams (0.048 mole) of the silver salt was
suspended in 150 ml. of anhydrous chloroform and cooled to
0°. To the cold solutiom, 7.7 @m. (0.048 mole)} of bromine
was added dropwise. An immediaste precipitate of silver
bromide was obtained and filtered off. The chloroform
solution wag pale yellow in color but rapidly turned dark
red. On distillation of the excess chloroform under reduced
pressure in a nitrogen atmosphere red crystals remained which

immediately decomposed with the evolution of bromine.

0
REACTION OF POTASSIUM HYPOBROMITE WITH DIBENZAMIDE AT O

Five grams (0.022 mole) of dibenzamide was dis-
solved in an ice~cold solution of 13 gm. of 10 percent potas-
gium hydroxide. To the alkaline solution, 3.5 gm. (0.022

mole)] of bromine was added dropwise over a period of ten
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minutes, The reaction mixture was stirred for an additional
two minutes until the solution became clear. The aqueous
solution was extracted with three 25 ml. portions of ether
and then was kept at 0° overnight.

The ether layer was dried and the excess ether
distilled off. The residue, on recrystallization from water,
deposited white needles of benzoic acid melting at 120-1£1°.

The aqueous layer turned dark brown in color and
the dark precipitate which settled out was filtered off.

It was identified after purification as more benzoic acid.
The aqueous filtrate gave a violet color with 0&(001)2
indicating aniline or an aniline derivative. Subsequent
extraction with ether gave benzamide (m. p. 129°) and only
a few milligrams of aniline.

REACTION OF POTASSIUM HYPOBROMITE WITH DIBENZAMIDE AT 40°

In a 100 ml, flask was placed 22,5 gn. (0.1 mole)
of dibenzamide and 56 gm. of 1.0 percent potassium hydroxide.
The solution was cooled to Oo and 16 gn. (0.1l mole) of bro-
mine was added dropwise with rapid stirring. The reaction
mixture became yellow in color and was extracted continuously
with ether for one hour. The etherseal layer turned dark red
as the extraction proceeded. The layers were separated and
the ether layer (A) was washed with two 15 ml. portions of

5 percent sodium hydroxide which were subsequently combined
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with the original aqueous solution (B).

Acidification of the aqueous solution (B) with 5
percent HCl deposited benzoic acid which was filtered off
and reerystallized from water. Yield 7.89 gm.

The ethereal solution (A) above was washed with
three 15 ml. portions of 5 percent HCl. The acidic washings
were combined, neutralized with alkali, and extraeted with
ether (C). The ethereal solution (C) was distilled and
aniline was oollected at 182-184°. TYield 0.5% gm. (6%).

Distillation of the ether solution (A) left a white
residue which was identified as benzamide. It was recrys-
tallized from & mixture of petroleum ether and benzene
depositing as white needles melting at 129-130°. Yield
8.0% gm. (66.5%).

The reacotion above was repeated once more in the
presence of a five fold excess of 10 percent potassium
hydroxide and the time of the ether extrastion was increased
to three hours. The ether layer was separated orf'aﬁd the
aqueous solution was warmed to 70° for 20 minutes. It was
extracted with 50 ml, of ether and the ethereal solutions
were combined and dried over magnesium sulphate. The excess
ether was distilled off and the residue was distilled at at-
mospheric pressure., The aniline fraction was c¢ollected at
184-165°, Yield 7.62 gm. (82%).

The aqueous layer was acidified with 5 pereent
HC1 and benzoic acid deposited in a yield of 11.1 gm. (91%]).
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METHYLSUCCINIC ACID

To 114 gms. (1.0 mole) of ethyl erotonate in
460 ml. of 95 percent ethanol was added a solution of 54
gn., (1.06 mole) of 95 percent sodium cyeanide in 128 ml. of
water. The solution was refluxed under stirring for five
hours. A suspension of 150 gm. of barium hydroxide octa-
hydrate in 286 ml, of hot water was asdded and the reaction
mixture eoncentrated under redueed pressure to & volume of
400 ml. The mixture was again refluxed for five hours on a
steam bath, then poured into a large porecelain evaporating
dish and evaporated on a steam bath to a thick paste. The
residue was c¢ooled, dissolved in 171 ml. of nitric acid,
(8.g. 1.4) and the resulting solution, under constant agi-
tation, was evaporated to dryness. The residue was ground
up fine and extracted in a Soxhlet extraector with 500 ml.
of ether for several hours. Benzene (100 ml.) was added
to the ethereal solution, and the excess ether distilled
off, On c¢ooling, methylsuoccinic acid crystallized out of
the benzene solution. The acid was filtered by suction,
washed with lOO ml. of chloroform, and dried in air. The
yield of methylsuccinic acid was 112 gm, and it melted At
110-111°,
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METHYLSUCCI:.IMIDE

A mixture of 20 gm. of methylsuccinic acid and 20
gm. of concentrated aqueous ammonia solution was heated on
an oil bath to lOO°, until all the excess ammonia solution
had been evaeporated. The residue was heated to 210o until
all fumes of emmonia had ceased to be evolved. The reaction
mixture was cooled and extracted with 25 ml. of absolute
alcohol. The alcoholic solution was filtered and the excess
alcohol distilled off. The solid residue was sublimed at
70-75°/3 mm., White needles of pure methylsuccinimide was
obtained, melting at 66°. Yield 15.5 gm.

2,2=-DIMETHYLSUCCINIC ACID

Fifty grams (63 ml.) of pure dry acetone, 50 gm.
(47 ml.) of ethyl cyanoacetate, and 0.5 gm. of piperidine
were placed in a 500 ml. flask provided with a reflux con-
denser. The reaction mixture was allowed to stand 60 hours
at room temperature and then was heated on a steam bath for
2 hours. The solution became dark brown in color. The
cold reaction mixture was treated with 100 ml. of ether and
washed with 100 ml. of 2N hydrochloric acid, followed by two
50 ml. portions of water. The ethereal solution was dried
over anhydrous magnesium sulfate. It was distilled under

reduced pressure and the ethyl isopropylidenecyanocacetate
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collected at 114-116/14 mm. in a 55 gm. yield.

Forty grams of the ester was dissolved in 100 ml.
of alcohol and intimately mixed with 40 ml. of water contain-
ing 19.2 gm. of potassium cyanide. The reaction mixture was
allowed to stand 48 hours at the end of which time the excess
alcohol was distilled off. Concentrated hydrochloric acid
(600 ml.) was added to the residue and the whole mixture
was refluxed until all the residue had dissolved (12 hours).
The acidic solution was evaporated to dryness. The residue
was ground up fine and placed in a Soxhlet extractor. It
was extracted with ether for several hours. Subseguent
distillation of the ether solution left a white reidue of
2,8~dimethylsuccinic acid which was recrystallized from
concentrated hydrochloric acid. On cooling 17.3 gm. of the

dibasic acid deposited as white needles which melted at

o
141-142 .

2,2=-DIMETHYLSUCCINIMIDE

Twenty-five grams of 2,2-dimethylsuccinic acid
was dissolved in 150 ml. of concentrated aqueous ammonia
and the resulting solution was evaporated to dryness. The
white residue was heated to 210° until all the ammonia had
been driven off. The black residue was extracted with 10
ml. of absolute methanol and filtered. The methanol was

evaporated off on a steam bath. The residue which sublimed
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at 106-107° was collected and recrystallized from water.
The imide crystallized in white needles which melted at

o]
106 . Yield 21.1 gm. (84.4%).

2,9=-DIMETHYLSUCCINIC ACID

To a solution of sodium ethoxide prepared from
287.6 gm. of sodium and 337 gm. of absolute alcohol was added
137 gm. of ethyl cyanoacetate. Ethyl X-bromopropionate
(202 gm.) was added dropwise to the mixture with vigorous
stirring. The reaction mixture was heated for one hour
on a steam bath during which time sodium bromide precipi-
tated out of the alcoholic solution. After cooling, it was
diluted with 800 ml. of water and the o0il which separated
was extracted with ether. The ethereal solution was washed
with sodium hydroxide and dried over magnesium sulphate,
The diethyl -cyano-@ -methylsuccinate was distilled
under reduced pressure and collected at 1600/22 mm. Yield
224 gm.

128.5 gm. of the product was dissolved in 180 gm.
of absolute methanol. To the alcoholic solution, 5.75 gm.
of sodium was added dropwise with strong external cooling.
The resulting solution was heated on a water bath for one
hour, cooled, diluted with 300 ml. of water, and the excess
alcohol distilled off under reduced pressure., The aqueous

solution was extracted with three 100 ml. portions of ether
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and the ether extract was subsequently washed with 5 percent
thiosulfate and 5 percent sodium bicarbonate solutions
respectively. It was dried over magnesium sulfate. The
excess ether was distilled off and the residue, diethyl
2-cyano-2,3-dimethylsuccinate, distilled at 172°/40 mm.
Yield 121 gnm.

The substituted succinate was placed in a two liter
flask and refluxed with 1280 gm. of concentrated hydrochloric
aeid for 12 hours. A little decolorizing charcoal was added
and the hot solution was filtered at the vacuum pump. On
¢ooling white needles of DL-2,3-dimethylsuccinic acid
deposited. The acid was filtered off and recrystallized
twice from water, m.p. 208.5-2090. The acid filtrate was
evaporated to dryness on a steam bath and the residue recry-
stallized from econcentrated hydrochloric acid. White needles
of meso-2,3-dimethylsuccinic acid crystallized out which
melted after two further recrystallizations from benzene

at 127-127.5°.

DL-2,3=-DIMETHYLSUCCINIMIDE

Thirty grams of the high melting dibasic acid was
dissolved in 75 ml. of concentrated aqueous ammonia and the
excess water and ammonia distilled off. The residual am-
monium salt was heated to 210o until all fuming ceased. On
cooling, the residue was extracted with 20 ml. of methanol

containing a little decolorizing charcoal. The alcohol
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solution was filtered and the excess methanol distilled
off on a steam bat@. The residue was sublimed and the imide
weas collected atv llO-llSo/l mm. The sublimate melted at
85-87°. On recrystallization from water, 23.3 gm. of 2,3-
dimethylsuccinimide was obtained which melted at 109-110°.
The low melting meso-2,3-dimethylsuceinie acid was
treated with ammonia as above under the same reaction con-
ditions. The imide which was formed was identical to the

product obteined from DL-2,3-dimethylsuceinic acid.

PHENYLSUCCINIC ACID

To a solution of 113 gm. (1 mole) of ethyl cyano-
acetate in 275 ml. of 60 percent ethanol was added 106 gm.
(1 mole) of benzaldehyde followed by 3 ml. of piperidine.
During the addition the temperature of the solution slowly
rose to 600. When the reaction mixture had cooled to room
temperature (250), it was diluted with 100 ml. of water,
and 56 gm. of potassium cyanide was added portionwise over
a period of twenty minutes. Stirring was continued until a
clear deep red solution was obtained. After dilution with
800 ml. of water, the mixture was acidified to Congo red
with concentrated hydrochlorie acid. The acidiec solution
was stirred until all the oil which had separated on acidi-

fication had solidified. The aqueous solution was decanted
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and the residue taken up in 1600 ml. of concentrated hydro-
chloric acid. The acidic solution was refluxed for 12 hours,
filtered hot, and allowed to cool slowly. White needles
(163.7 gm.) of phenylsuccinic acid melting at 16'7o deposited

and was filtered at the suction pump.

PHENYLSUCCINIMIDE

A mixtﬁre of 100 gm. of phenylsucciniec acid and
150 gm. of concentrated agqueous ammonia solution was heated
on an 9il bath to 1000, until all the excess ammonia solution
had been evaporated. The residue was heated to 215° until
all fumes of ammonia had ceased. On cooling, the residue
was extracted with 25 ml. of absolute ethanol. The excess
ethanol was distilled off on a steam bath and the solid
reidue recrystallized from 1500 ml. of water containing
20 ml. of acetic acid. White needles of phenylsuccinimide

deposited melting at 90.5-91°. Yield 44.5 gm.

N-CHLORO-2-METHYLSUCCINIMIDE

Methylsucecinimide (2.0 gm.) was added to an ice=-
cold solution of 1.56 gm. of sodium hydroxide in 10 ml. of
distilled water; 15 gm. of crushed ice was added and 1.38
gm. of chlorine gas was passed through the solution at such

a rate that the temperature of the reaction mixture 4id not
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rise above 5°, The precipitate which formed was filtered off
and washed with 5 ml. of cold water. It was dried thor-
oughly in a vacuum dessicator over P205. The dry N-chloro-
succinimide was recrystallized twice from a mixture of chloro-
form and n-hexane, depositing as fine wlite needles melting
at 106-107°. Yield 1.7 gm.
Anal, Calecd. for CSHGOBNGl: Cl, 24.02%.

Found : Cl, 23.89%.

N-BROMO~-2-METHYLSUCCINIMIDE

A solution of 3.9 gm. sodium hydroxide in 16 ml.
of water was placed in a 100 ml. flask and cooled to 0°.
Five grams of methylsuccinimide was carefully added followed
by 1.75 gm. of bromine. The solution was stirred rapidly
during the addition and qontinued for two minutes more. The
reaction mixture was filtered immediately and the precipitate
of N-bromo-2-~ methylsuccinimide was washed with 15 ml. of cold
water to remove any inorganiec material. It was recrystallized
twice from 4 mi. of wéter, depositing as white needles which
melted sharply at 145.5%. Vield 6.51 gme
Anal. Caled. for C.H_O_NBr: Br, 41.66%.

976 2
Found: Br, 4lL.58%.
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SILVER SALT OF 2-METHYLSUCCINIMIDE

2-Methylsuccinimide (5 gm.) was dissolved in 250
ml. of boiling water. To the hot solution, 6.25 gm. of fresh-
ly prepared silver oxide was added eand the reaction mixture
was filtered at the suction pump. The filtrate was cooled
to 0° ana white crystals of silver 2-methylsuceinimide de-

posited. Yield 9.3 gm.

N-I0DO-2-METHYLSUCCINIMIDE

In a 50 ml. flask, surrounded by an ice-bath and
fitted with a mechanical stirrer, 3.4 gm. (0.132 mole) of
iodine was dissolved in 25 ml, of anhydrous ethyl acetate.

To the cold solution, 3 gm. (0.136 mole) of silver 2-methyl-
succinimide was added portionwise and the stirring was con-
tinued at Oo for 30 minutes. The solution turned pale yellow
and the silver iodide which deposited was filtered off. The
excess ethyl acetate was distilled off and the yellow residue
containing N-iodo-2-methylsuccinimide was recrystallized three
times from benzene as fine white needles melting at 134-1550.
Yield 2.8 gm.

inal. Calcd. for ¢_H O _NI: I, 53.10%.

96 2
Found: I, 52.96%.

Solubility

Soluble in dioxane, chloroform, carbon tetrachloride and acetone.
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Insoluble in hexsane, cyclohexane, and benzene.

Decomposes in water, alcohol, and hot ethyl acetate.

REACTION OF N-BROMO=-2-METHYLSUCCINIMIDE WITH METHYL CROTONATE

In a 50 ml. round-bottom flask, fitted with a reflux
condenser, was piaced 1.97 gm. (0.0l mole) of N-bromo-2-
methylsuceinimide in 10 ml. of pure anhydrous carbon tetra-
chloride. To the mixture, 1.15 gm. (0.0l mole) of methyl
crotonate was added and the solution was refluxed for six
hours on a steam bath. As the reaction proceeded, methyl-
succinimide precipitated out of the solution. The reaction
mixture was cooled and filtered. The excess carbon tetra-
chloride was distilled off and the residual ester was distilled,
Methyl J-bromocrotonate was collected at 86-87°/15 mm.

Yield 1.6 gm.

N-CHLORO=-2, 2=DIMETHYLSUCCINIMIDE

In a 100 ml. flask, 1l2.6 gm. (0.l mole) of 2,2~
dimethylsuccinimide was dissolved in a solution containing
11.2 gm. (0.20 mole) of potassium hydroxide dlssolved in
30 ml. of water. The alkaline solution was cooled %o OO and
7.1 gm. of chlorine gas was passed through the reaction mix-
ture. A white frothy precipitate formed which was filtered

immediately at the suctlon pump and washed with 12 ml. of cold
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water. The residue was recrystallized twice from 5 ml. of
hot water. On immediate strong cooling, white needles of
N-chloro-2,2-dimethylsuccinimide deposited which melted
when pure at 109-1100. Yield 2.62 gm.

Anal. Caled. for C,H O _NCl: (Cl, 21.94%.

682
Found: Cl, 21.87%.

N-BROMO-2, 2-DIMETHYLSUCCINIMIDE

In a 25 ml. flask conteining 8 ml. of water was
placed 1.8 gm (0.032 mole) of potassium hydroxide followed
by 2 gn. (0.016 mole) of 2,2-dimethylsuccinimide. The
alkaline solution was cooled to 09, 2.56 gm. (0.016 mole)
of bromine was quickly added, and the resulting mixture was
stirred for an additional two minutes. The solution, which
had become a pale yellow slush, was filtered and the residue
washed with two 10 ml. portions of cold water. The residue
was dissolved in a 50 ml. solution of boiling water which
was then immediately filtered and cooled in an ice-bath,
White needles of N-bromo-2,2-dimethylsuccinimide separated
out melting at 164-164.5°. Yield 2.45 gm.

Anal. GCalcd. for CgHgOpNBr: Br, 38.83%.
Found: Br, 38.65%.
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SILVER SALT OF 2,2-DIMETHYLSUGCCINIMIDE

An excess of freshly prepared silver oxide (6.5
gn.) was added to a solution of 50 ml. of boiling water con-
talning 5 gm. of 2,2-dimethylsuccinimide. The solution
was filtered hot at the suction pump and kept at 0° for
forty-eight hours. Crystals of the silver salt deposited
and were filtered off. The salt was thoroughly dried over

P50g in a vacuum dessicator. Yield 9.1 gm.

N-I0DO-2, 2=-DIMETHYLSUCCINIMIDE

In a 50 ml. flask surrounded by an ice-bath and
fitted with a mechanical stirrer was placed 1.76 gm. (0.007
mole) of lodine and 15 ml. of anhydrous ethyl acetate. To
the iodine solution, 1.17 gm. (0.007 mole) of the silver
salt of 2,2-dimethylsuccinimide was added carefully so that
the temperature remained constant and the entire mixture
was stirred for an additional 60 minutes. The solution
was filtered by gravity through a fluted filter paper and
the residue was washed with 5 ml. of ethyl acetate. The
acetate solutions were combined and evaporated to dryness
under reduced pressure. A white residue remained which was
recrystallized from benzene. The N-iodo-2,2-dimethylsuccin-

o .
imide melted when pure at 163-165 and was soluble in nearly

all organic solvents.
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Angl., Calcd. for GGHBOéNI: I, 50.17%.

Found: I, 50.04%.

N-CHLORC-DL~2, 3-DIMETHYLSUCCINIMIDE

In a 50 ml., flask, 6.3 gm. (0.05 mole) of DL-2,3-
dimethylsuccinimideﬂwas added to a solution containing
5.6 gm. (0.10 mole) of potassium hydroxide dissolved in
15 ml., of distilled water. The solution was cooled to O°,
15 gm. of crushed ice was added and 3.6 gm. of chlorine gas
was passed through the reaction mixture. The precipitate
which formed was filtered off and washed with 5 ml. of cold
water. It was dried in a vacuum dessicator then recrystal-
lized twice from 5 ml. of hot water. On immediate strong
cooling, 2.4 gm. of N-chloro-DL-2,3~-dimethylsucecinimide
deposited which melted at 124-125°.
inal. Caled. for CgHgOpNCLl: Cl, 21.94%.

Found: Cl, 21l.81%.

N-BROMO-DL-2, 3-DIMETHYLSUCCINIMIDE

Bromine (2.52 gm.) was added gquickly to an ice-
cold agueous solution containing 1.78 (0.03 mole) of potassium
hydroxide and 2.0 gm. (0.015 mole) of 2,3-dimethylsuccinimide.

The solution was stirred for several minutes. An orange pre-

cipitate deposited which was filtered off and washed with
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25 ml. of cold water. The N-bromo derivative was recrystal-
lized twice from water as very pale yellow needles melting
at 160-161.5°. Yield 1.96 gm.

fnal. Caled. for CgHgOgNBr: Br, 38.83%.

Found: Br, 38.71%.

SILVER SALT OF DL-2,3-DIMETHYLSUCCINIMIDE

Five grams of 2,3-dimethylsucecinimide was dissolved
in 100 ml. of boiling water. An excess of silver oxide (6.5
gm.) was added and the solution was filtered. The filtrate
was cooled to 0° for twenty-four hours and white crystals of

silver 2,3-dimethylsuccinimide deposited. Yield 8.0 gm.

N-I0DO-DL-2, 3~-DIMETHYLSUCCINIMIDE

Two grams of lodine was dissolved in 15 ml. of
anhydrous ethyl acetate and the solution was placed in a
50 ml. flask which was surrounded by an ice-bath and fitted
with a mechanical stirrer. To the cold solution, 1.30 gm.
of the silver salt of 2,3-dimethylsuecinimide was added
carefully so that the temperature remained constant. The
reactlion mixture was stirred for sixty minutes and filtered.
The residue was washed with 10 ml. of ethyl acetate. The

ethyl acetate solutions were combined and evaporated to
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dryness under reduced pressure. The iodo derivative was
recrystallized twice from benzene depositing as white needles
which melted at 181-182°., Yield 2.01 gm.

Anal. Caled. for CgHgOCNI: I, 50.17%.

Found: I, 50.07%.

N-CHLORO-2-PHENYLSUCCINIMIDE

In a 100 ml. flask was placed 2.1 gm. (0.038 mole)
of potassium hydroxide in 10 ml. of water, 15 gm. of crushed
ice, and 3.4 gm. {0,019 mole ) of phenylsuccinimide. The
flask was surrounded by an ice-bath so as to maintain the
temperature of the solution at 0°. 4 stream of chlorine gas
was passed through the solution and the precipitaete whiech
deposited was filtered at the suction pump. The residue was
washed with 25 ml. of co0ld water and dried in a vacuum des-
sicator over Pg0gz. It was recrystallized twice from a 50
percent mixture of chloroform and n-hexane. N-Chloro-é-
phenylsuccinimide deposited as white needles melting at
105-106°. Yield 2.6 gm.

Anal. OCaled. for CgHgO,NCl: Cl, 16.92%.
Found: Cl, 16.72%.

Soluble in chloroform and benzene. Insoluble in n-hexane.




107

N-BROL:O~-Z2-PHENYLSUCCINIMIDE

To 14 ml. of a 10 percent solution of potassium
hydroxide conteining 4 gm. of 2-phenylsuccinimide, 3.6 gnm.
of bromine was added with vigorous stirring. The agitation
was continued for five minutes more and the solution was
filtered at the suction pump. The aqueous solution was
extracted with chloroform and the latter layer was dried over
Mg804. The excess chloroform was distilled off under reduced
pressure and & yellow seml-crystalline stbstance remained
which melted at 115-120°. 41l attempts to erystallize it
failed., It liberated iodine from an acidic solution of
potassium iodide. On standing in air, the bromo derivative
rapidly decomposed.
Soluble in alcohol, benzene, chloroform, acetone and dioxane.

Insoluble in water and petroleum ether.

REACTION OF POTASSIUN HYPOBROMITE WITH METHYLSUCCINIMIDE

o
LT 60-65

In a one-liter three-necked flask fitted with a
mechanical stirrer wascplaced 15.1 gm. of potassium hydroxide
and 225 ml. of water. The solution was cooled to 0° and 2.56
ml. of bromine was added dropwise with rapid stirring. To

the cold hypobromite solution, 5.7 gm. of pure methylsuccini-
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mide was introduced portionwise at such a rate that the tenm-
perature of the solution did not rise above 50. The mixture
was stirred until all the imide had dissolved and then was
slowly warmed to 60-65° for two hours., The solution was
cooled to room temperature and acidified to Congo red with
concentrated hydrochloric acid (s.g.l.18). The acidie solu-
tion was evaporated to dryness under reduced pressure., The
residue was extracted with 83 ml. of warm 95 percent ethanol,
filtered, and the undissolved inorganie salts washed with

17 ml., of eold 95 percent ethamnol., The aleoholie filtrates
were combined and evaporated to dryness under reduced pres-
sure., The residue once more was extracted with 15 ml, of
warm absolute ethanol, filtered, and the ethanol solution
evaporated to dryness under reduced pressure. A yellow oil
(D) remained. It was dissolved in 16 ml. of water and refluxed
for two hours. On cooling another yellow oil (E) separated
which was extracted from the agueous solution with ether,

The ethereal solution was dried over M SOy and the excess
ether distilled off, The residual oil was esterified with
20 ml. of absolute ethanol in the presence of 0.5 gm. of
concentrated HoS0y (98%). The solution was heated on &
water bath for two hours, them poured into #Q ml. of water,
The ester was extracted with three 10 ml. portions of ether
and dried over MgSOy. The excess ether was distilled off and

the residue distilled under reduced pressure. The fraction (F)
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distilling at 105°/16 mm. was collected and identified as
diethyl methysuccinate. Yield 3.7 agm.
Anal., Caled. for CgHygOy: C, 57.42; H, 8.57%.
Found: C, 57.63; H, 8.43%.
Diethyl methysucecinate was hydrolyzed with dilute
hydrochlorie acid and methylsuccinie acid was obtained, m.p.

110-111°,

The aqueous solution from the ether extrasction

above was diluted to 8Q ml. end a suspension of freshly pre-
pared silver oxide was added. It was stirred well and allowed
to stand overnight. The silver salt was filtered and washed
with water. Hydrogen sulphide was bubbled through the agueous
filtrate until all the silver sulphide had precipitated. It
was filtered off and the aqueous layer concentrated down on

a steam bath to a volume of 16 ml. Charcoal was added and

the mixture filtered. Evaporation of the aqueous solution
produced a yellow viscous oil which eould not be distilled

nor crystallized. Yield 212 mg.

REACTION OF POTASSIUM HYPOBROMITE WITH METHYLSUCCINIMIDE

AT 55-60°

The same quantities of bromine, imide and base

were used as in the previous experiment. The solution was

warmed to 55-60° for two hours. It was them cooled to room
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temperature and acidified to Congo red with concentrated
hydrochloric acid. The aqueous solution was evaporated to
dryness under reduced pressure. The residue was extracted
with 80 ml, of warm 95 percent ethanol, filtered, amd the
aleoholic solution was evaporated to dryness under reduced
pressure. A yellow oil (G) remained which was dissolved in
15 ml. of water and refluxed for one hour. The solution was
diluted to 83 ml., an excess of freshly prepared silver oxide
was added and the reaction mixture was allowed to stand
overnight. The precipitated silver chloride was filtered
off and washed with 25 ml. of water. = The aqueous solution
was saturated with hydrogem sulphide and filtered. The fil-
trate was concentrated down under reduced pressure. A dark
yellow oil (EH) remained which was fractionally distilled
under reduced pressure. The fraction boiling at 55—60°/2nm.
was collected. It decolorized permanganate ‘and solidified
on cooling. It melted at 72° on recrystallization from
ligroin and was identified as crotonic acid. Yield 2.1 gm.
The residue from the distillation was dissolved in
20 ml1. of absolute ethanol and dry hydrogen chloride gas was
passed through the solution. The reaetion mixture was poured
into 50 ml. of water and extracted with ether. The ether
layer was dried and distilled under reduced pressure, Di-

ethyl methylsuccinate distilled over at 105°/16 mm, Yield

1.3 gn.
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REACTION OF POTASSIUM HYPOBROMITE WITH METHYILSUCCINIMIDE
AT 50-55°

The seme quantities of starting materials were used
as in the previous experiments. The solution, however, was
only warmed to 50-55° for two hours and or cooling was acidi-
fied to p.H. 3 with concentrated hydrochloriec acid. The
solution was evaporated to dryness under reduced pressure.
The residue was extracted with 80 ml. of ethanol and evapor-
ated to dryness, The residue from the alecoholic extraetion
was dissolved in 50 ml. of absolute ethanol and dry hydrogen
chloride gas passed through the solution. The excess aleohol
was distilled off and a colorless liquid distilled over at
 125-130°/34 mm. which was characterized as ethyl crotonate.

A yellow viscous oil (I) remained which was dissolved

in 5 ml. of water, cooled to 0%, and neutralized to p.H. 5.8
uith,33 percent sodium hydroxide. The solution waa extracted
with three 10 ml. portions of ether. The ether extracts were
combined and dried over Mg30y. The ether was distilled off
and the residue distilled under redueed pressure. A solor-
less ligquid (0.8l gn.) was colleeted et 64-65°/15 mm. which
was identified as ethyl p ~aminobutyrate.

The ester was hydrolyzed with dilute hydroechloric
acid and a yellow oil (J) was isolated which could not be
orystallized nor distilled. It 4id, however, form a copper
eonplex with cu€:03 indicating the presence of p—aminobutyrie
acid.
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REACTION OF POTASSIUM HYPOBRCMITE WITH METHYLSUCCINIMIDE
AT 40-85° (HOPMMANN REARRANGEMENT)

In a 200 ml. three-necked flask, fitted with a
mechanical stirrer, was placed 3.33% gm. (0.072 mole) of
potassium hydroxide in 90 ml, of water. The solution was
cooled to O° and 1,98 gm., (0.018 mole) of bromine was added
dropwise., Two grams of methylsuccinimide was added portion-
wise and the reaction was stirred until all the imide had
gone into solution. The mixture was warmed to 40° for two
hours until a2 negative test was given for the presence of
hypobromite. The solution was cooled and titrated with 1N
hydrobromic acid to pH 5.52} The solution was evaporated to
dryness under reduced pressure and the dry residue was ex~
tracted with 25 ml., of warm methanol. The &leoholic solution
was filtered, the residue washed with 5 ml., of cold methanol,
and the methanolic solution was evaporated to dryness under
reduced pressure. A yellow oil (K) remsined mixed with a
little potassium bromide. The o0il was taken up in 15 ml.
of methanol, filtered, and the residue washed with 5 ml. of
cold methanol. On evaporation of the methanol, 1.52 gm. of

impure 3-aminobutyric acid remsined as & yellow viscous oil

(K).
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COFFER SALT OF 3-AMINOBUTYRIC ACID

A few mg. of the yellow oil (K) was dissolved in

3 ml, of water and a slight excess of freshly prepared copper
carbonate was added. The solution was thoroughly shaken,
heated for two minutes on a steam bath, cooled, and filtered.
The blue filtrate was evaporated to drymess under reduced
pressure. A blue residue remained which was crystallized
trom 85 percent ethanol. On rapid heating, it decomposed

at 215-217°.

Anal. Caled. for CgHjgOyN, . 2Ho0: C,31.62; H, 6.63; N,

9.22; Cu, 19.08%.
Found: C, 32.01; H, 6.24; N, 9.12; cu, 19.02%.

N-BENZOYL-3-AMINOBUTYRIC ACID

A solution of 48.5 ml. of 1N sodium hydroxide was
placed in a 250 ml. three-necked flask fitted with 2 mechanieal
stirrer and two separatory funnels. The alkaline solution
was cooled to 0° and 5 gn. of 3-aminobutyric aeid was added
portionwise over a period of five minutes. In one separatory
funnel was placed 5.6 ml. of pure benzoyl chloride end in
the second funnel 24.25 ml. of 2N NaOH. The stirrer was rum

at such a speed that the solution splashed violently on the

sides of the flask. The sodium hydroxide was added to the

reaction mixture at a rate four times as fast a&s the benzoyl
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chloride over & period of at least two hours. The solution

was stirred for an additional fifteen minutes, then aeidifised

with 5N hydrochlorie acid (9.7 ml.) to Congo red. The tem-

perature of the reaction mixture was kept at 0° during the

addition of the acid. The benzoyl derivative deposited as

a yellow oil and was separated off. The aqueous layer was

extracted with three 15 ml. portions of ether. The oil and

ether extracts were combined and dried over MgSOy. The ether

was distilled off and the residue crystallized twice from

30 ml., of water. N-Benzoyl-3-aminobutyric acid deposited

in fine white needles which melted at 154-155°. Yield 8.52 gn.

insl. Caled. for CigH, 0sN: C, 63.76; H, 6.37; N, 6.71%.
Found: C, 64.02; H, 6.05; N, 6,68%

KReutral. Equiv.: Cale. 207; found 207.

ATTEMPTED RESOLUTION OF N-BENZOYL-3-AMINOBUTYRIC ACID WITH:

a) d-Methylbenzylamine

In 2 ml, of water, 0.9921 gm. (0.0048 mole) of the
benzoyl derivetive and 0.6050 gm. (0.0048 mole) of d-methyl-
benzylamine were added and warmed to 90°. The clear solutiom
was allowed to cool slowly to room temperature, however, no
ocrystallization occurred. The solution was conecentrated down
0.25 ml. at a time but at each volume no erystallization took
place. A white crystalline residue remained on evaporation

%o dryness which melted at 139-140°,




115

Further fractional orystallizations were attempted
using as solvent: ethanol, methanol, acetonse, dioxans, and
ethyl acetate. In every case the same result as for water

was obtained.
b) d-Brucine

In 5 ml. of water, 2.5023 gm. (0.0054% mole) of
d-brucine and 1.1971 gm. (0.0054 mole) of the benzoyl deriva-
tive were dissolved by gentle warming on a steam bath. The
solution was cooled to room temperature, however, no erystal-~
lization oceurred. The solvent was reduced 0.25 ml. at a
time without any crystallization. On complete evaporation
of the water, a yellow oil remained. Attempts were made to
fractionally orystallize it from ethanol, methanol, dioxane,
acetone, and ethyl acetate, but negative results were secured

in every case.

¢} d-Cinchonine

The same procedure was used as abovea. d-Cinchonine
(1.4720 gn.) and 1.0293 gm. of benzoyl derivative were dis-
golved in 5 ml. of boiling water. The solution was ecooled
glowly to room temperature, but onee again no crystallization
took place. Once more the solution was concentrated as above.
At a volume of 1.25 ml. a solid solution of the substanee

was obtained. Attempts were made to fractionats fhe two
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isomers from the following solvents: acetone, dioxane, ethyl
acetate, ethanol, and methanol. Howsver, in all cases it was
not possible to fractionally crystallize them. The dry

o
mixture of salts melted at 62-64 .

REACTION OF POTASSIUM HYPOBROMITE WITH METHYLSUCCINIMIDE

at 25°

The same quantities of starting materials were used
as in the preceding experiments. Upon the addition of hypo-
bromite at O°, the solution was warmed slowly to room tem-
perature and maintained between 23-25° for four hours. The
reaction mixture was acidified to Congo red with 1N hydro-
bromic acid and evaporated to dryness under reduced pressure.
The residue was extracted with 25 ml. of methanol, filtered,
and the excess methanol was distilled off under reduced
pressure. The alcoholic reidue was recrystallized from 25 ml.
of distilled water. 3-Methylsuccinamic acid (4.15 g, )
deposited in long white needles melting at 119.5-120°.
Neutral. Zquiv. Calcd. for CglgOzN: 131.1

Found: 131.0

HOFMANN REARRANGEMENT OF 2,2-DIMETHYLSUCCINIMIDE

In a 500 ml, flask was placed 10 gm. of potassium
hydroxide in 210 ml. of water. The solution was cooled to 0°

in an ice bath and 3.7 gn. (0.023 mole) of bromine was added
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slowly with vigorous stirring. 2,2-Dimethylsuccinimide (2.9)
was added portionwise at such a rate that the temperature
of the solution did not rise above 50. The resulting solution
was stirred for an additional fifteen minutes, then slowly
warmed to 400. The temperature was maintained at 40-45° for
three hours. On cooling to room temperature, the reaction
mixture was acidified to pH 6 with 1N hydrobromic acid. The
solutlion was evaporated to dryness under reduced pressure.
The residue was extracted with two 30 ml., portions of hot
methanol, filtered, and washed with two 5 ml. portions of
cold methanol. The methanolic solution was evaporated to
dryness under reduced pressure. The oily residue was dissol-
ved in 10 ml. cold methanol and a large excess of ether was
added. Crystals of 3-amino-3~ methylbutyric acid separated
out and were collected at the suction pump. The amino acid was
recrystallized twice from a mixture of methanol and ether
(L:2) depositing as white needles melting at 216-216.5°.
Yield 2.11 gm. (78%).
Anal., Calcd. for CgHy4,0pN: C, 51.26; H, 9.47; N, 11.96%.
Found: €, 51.20; H, 9.51; N, 11.94%.

Neutral. Equiv: Calecd. 117; found 117.

COPPER S4LT OF 3-AMINO-3-METHYLBUTYRIC ACID

One gram of the amino acid was dissolved in 5 ml, of
water and treated with an excess of copper carbonate. The

blue solutlon was filtered and evaporated to dryness under
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reduced pressure over P205 in a vacuum dessicator. A blue
residue remained which was dissolved in a little methanol
and the methanol was allowed to evaborate slowly in a vacuum
dessiocator. The copper salt of 3-amino-3-methylbutyric aeid
remained as blue crystals which decomposed on heating above
215°. |
Anal. Calod. for CygHpnO0gNoCu. 2Ho0: C, 40.60; H, 6.81;
N, 9.47; cu, 21,48%.
Found: €, 40.47; H, 6.88; N, 9.48; cu, 21.23%.

N-BENZOYL~-3-AMINO-3-METHYLBUTYRIC ACID

In a 250 ml., three-necked flask fitted with a mechan-
ical stirrer and two separatory funnels was placed 13 ml.
(0.013 mole) of 1N sodium hydroxide. The alkaline solution
was cooled to 0° and 5 gm. of 3-amino-3-methylbutyric acid
was carefully added so that the temperature of the selution
remained at 0°. In one separatory funnel was placed 1.48
ml., of pure benzoyl chloride and in the second funnel 6.5 ml.
of 2N sodium hydroxide. The alkali and benzoyl chloride
were added with vigorous stirring over a period of two hours.
The - sodium hydroxide was run in at a rate four times as fast
as that of the benzoyl chloride. The solution was stirred
for an additional fifteen minutes, then acidified with 5N

hydroehloric acid to Congo red. The benzoyl derivative
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deposited as a gummy semi-solid and was filtered off. The
crude N-benzoyl-3-amino-3-methylbutyric acid was dried under
reduced pressure in a vecuum dessicator, then recrystallized
twice from water. It deposited as white needles melting
140-141°,
dnal. Calcd. for CjgoH;504N: C, 65.13; H, 6.83; N, 6.33%.
Found: C, 65.00; E, 6.88; N, 6.37%.
Neutral. Equiv.: Caled. 221.2; found 221.0

HOFMANN REARRANGELENT OF DL-2,3-DIMETHYLSUCCINIMIDE

Three grams (0.023 mole) of DL-2,3-dimethylsucec-
inimide was added to a cold solution of 9.8 gm. potassium
hydroxide in 200 ml. of distilled water. 1.28 gm. (0.023
mole) of bromine was added with vigorous stirring and the
agitation was continued for fifteen minutes. The solutlon
was warmed to 40° for three hours, cooled, and acidified with
1N HBr to pH 6. The reaction mixture was evaporated to
dryness under reduced pressure. The residue was extracted
with 20 ml,., of warm absolute methanol and filtered. The
undissolved portion of the residue was washed with two 5 ml.
guantities of cold absolute methanol. The filtrates were
combined and evaporated to dryness under reduced pressure.
A yellow oily semi-solid product remained. It was taken up
in 5 ml. of methanol and on the addition of 5 ml. of ether,
crystals of 3-amino-2-methylbutyric acid deposited. It gave

. . o
a melting point of 231-232" after three recrystallizations
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from a mixture of methanol and ether. Yield 2.23 gnm.

Anal, Caled. for c5au02u: C, 51.25; H, 9.47; N, 11,96%.
Found:C, 51.20; H, 9.51; N, 11.94%.
Reutral. Equiv.: Cale, 117.l1; found, 117.60.

COPFPER SALT OF 3-AMINO-2-METHYLBUTYRIC ACID

An excess of copper carbonate was added to an aqueous
solution containing 200 mg. of the amino acid. The reaction
mixture was heated on & steam bath for several minutes and
the blue solution formed was filtered. The filtrate was
evaporated to dryness under reduced pressure in a vacuum
deasicator. The blue residue was dissolved in a little
methanol and allowed to evaporate slowly to dryness in a
vacuum dessieator over P205. Blue orystals of the eopper
salt remained.
inal. Caled. for € HpgO.N Cu. 2Hp0: G, 40.60; H, 6.81; X,

9.47; cu, 21,489,
Found: C, 40.17; H, 6.98; N, 9.45; Cu, 21.31%.

N~BENZOYL~3-AMINO-2-METEYLBUTYRIC ACID

In a 100 ml. three-necked flask fitted with a meschan-
jeal stirrer and two separatory funnels was plaeed & ml. of
1N sodium hydroxide. The alkaline solution was cooled to 0°
and 1 gm. (0.008 mole) of 3F-amino-2-methylbutyric acid was

carefully added. In one of the separatory funnels was placed
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4 ml, of 2W sodium hydroxide and in the other 0.9 ml. (0.008
mole) of benzoyl chloride. The solution was agitated by a
high speed stirrer and the sodium hydroxide was added at a
rate four times as fast as the benzoyl chloride over a period
of two hours. The solution was stirred for an additionel
fifteen minutes and aeidified to Congo red with SN hydrochlo-
ric acid. The temperature of the solution was kept at 0°
during the acidification. The benzoyl derivative which
deposited was filtered off and washed with a little ether
to remove any benzoie¢ acid which mey contaminate the deriva-
tive. N-Benzoyl-3-anmino-2-methylbutyrie acid was recrystal-
l1ized twice from 10 ml. of water depositing in fine white
needles which melted at 160-161°. Yield 5.3 gm.
Anal. Caled. for G oHy50sN: €, 65.13; H, 6.83; N, 6.33%.
Found: ¢, 65.01, H, 6.65; N, 6.29%.
Neutral, Equiv.: Caled. 221.2; found 220,48,

HOMIANN REARRANGEMENT OF SUCCINIMIDE AT 4%0°

T™wenty grams of suceinimide wes dissolved in an
iee-co0ld solution containing 5.6 gn. KOH in 600 m). of water.
To the alkaline solution 10.3 ml. of bromine was added and
the reaction mixture was stirred for an additional fifteen
minutes. The solution was warmed to 40° for one hour and
forty-five minutes and then acidified to pH 6 with 1¥ hydro-
bromic aeid. The acidic solution was evaporated to dryness.

The residue was extracted with 50 ml. hot methanol, filtered,
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and then washed with two 10 ml, portions of eold methanol.
The alcoholiec solutioms were combined and svaporated to dry-
ness under redueced pressure, A yellow oil remained (15.2 gm.)
which formed a copper salt.

Twelve grams of the oil was dissolved in 110 ml.
of 1N NaOH and the solution was cooled to 6°. To the alkaline
solution 12.76 gm. of benzoyl chloride and 55 ml. of 2K KaOH
wore added over a period of two hours. The solution was
atirred for an additional fifteen minutes then acidifisd to
Congo red with concentrated hydrochloric acid. The N-benzoyl-
3-eminopropionic acid was filtered off and recrystallized
from water. It deposited as white needles which melted at
119.5-120°, Yield 25.2 gm. (58%).

REACTION OF POTASSIUM HYPOBROMITE WITH PHENYLSUCCINIMIDE
| AT 40°

Pour grams (0.025 mole] of bromine was added drop-
wise to an iee cold solution of 11.6 gm, of potassium hydro-
xide in 105 ml. of water. Phenylsuccinimide (4.0 gm.) was
added portionwise over a period of fifteen minutes and the
mixture was then warmed to 40-45° for four hours. The solu-
tion was cooled to room temperature and acidified to pH 6.0
with 1N hydrobromic acid. The aqueous solution was evapora-
ted to dryness under reduced pressure and the residue extracted

with 25 ml. of hot methanol. After filtration, the methanolie

/

|
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filtrate was evaporated to dryness under reduced pressure.
The white residue was recrystallized twice from water and
was obtained as fine white needles melting at 158-158.50.
Yield 4.3 gn. It did not form a copper salt with copper
carbonate. It 4id give a picrate which when recrystéllized
from alcohol melted above 300°. Analysis and reference to
the literature (146) charaecterized the white residues as 3-
phenylsuecinamic acid.
Anal, Caled. for cm313°3n‘ ¢, 62,16; H, 5.81; N, T.21%.
Found: €, 62.24; H, 5.54; W, 7.12%.
Neutral., Equiv.: Caled. 193.2; found 193.1.

HOFMANN REARRANGEMENT OF 3-PHERYLSUCCINAMIC ACID

Po a gsolution of 1.3 gm. (0.022 mole) of potassium
hydroxide in 50 ml. of water at 0° was added 0.46 gm. (0.003
mole) of bromine followed by 0.56 gm. (0.003 mole) of phenyl-
suceinamic.acid. When all the acid-amide had dissolved, the
solution was warmed slowly to 60° for four hours. The c¢olor-
less reaction mixture was neutralizead, when cool, with 1IN
hydrobromic acid to pH 6 and then evaporated to dryness under
reduced pressure. The residue was extracted with 10 ml. of
¢old water and filtered. Crystallization of the undissolved
residue from 1.5 ml., of water gave 0.306 gm. of 3-amino-3-
phenylpropionic acid which melted on rapid heating at 230-

2319,




124

Anal. Caled. for céalloénz Neutral. Equiv., 165.2§ found: 164.9,
Treatment of the amino acid 1ith.1g20 gave a silver salt which
melted at 239°.

Reaction of 3-amino-3-phenylpropionic acid with
copper carbonate gave a copper complex salt.

Anal, Caled. for G, Hon0NoCu: Cu, 16.21%. Found: Cu, 16.09%.

REACTION OF POTASSIUM HYPOBROMITE WITH PHENYLSUCCINIMIDE
AT 60-65°

A 10 percent solutior (90 gn.) of potassium hydro-
xide was placed in a 250 ml. flask and cooled to 0°. To the
cold alkaline solution, 4.4 gm. (0.03 mole) of bromine was
added dropwise with rapid stirring, followed by 6 gm. (0.03
mole) of phenylsuccinimide. The solution was stirred at 0°
for an additional twenty minutes then slowly warmed to 60-65°
for four hours. The reaction mixture was cooled to room
temperature and acidified to pH 6 with 1N hydrobramiec acid.
The solution was evaporated to dryness under reduced pressure
and the residue extracted with 25 ml. of hot methanol. Evapo-
ration of the methanolic solution produced a yellow oll which
was subsequently redissolved in 50 perceni sthanol and &
little norite was added. The alcoholic solution was warmed
for several minutes and filtered. Upon remaining several
days at 0°, white needles of 3-oyano-3-phenylpropionic acid
deposited which melted after two recrystallizations from
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5 percent slechol at 149-150°.

Evaporation of the original aleoholiec filtrate
gave a residue which was identified as phenylsuceinic aeid,
m.p. 1670.

One gram of 3-cyano-3-phanylpropionic acid was
dissolved in 5 ml. (¢) HySOy (98%) and allowed to stamd
several days at room temperature. The solution was poured
into 15 gm. of erushed ice and extracted with three 10 ml.
portions of ether. The excess ether was distilled off and
the residue recrystallized from water. White needles of
3-phenylsucoinamic acid deposited melting at 158°.

Treatment with dilute alkali converted 3-~cyano-

3-phenylpropionic acid to phenylsuccinic aoid, m,P. 161°.
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SUMMARY AND CONTRIBUTION TO KNOWLEDGE

In aqueous solution, diacetemide hydrolyzed very
easily even at 0° to acetamide and acetic acid, In a
solution of potassium hypobromite the rate of hydrolysis
of diacetamide was found to be more rapid than bromina-
tion, consequently, no H-bromo intermediate was formed.
On treatment of dibenzeamide with potassium hypobromite,
the H-bramo derivative was formed which hydrolyzed imme-
diately to benzoie acid and benzamide. The difference
in the reactivity of diacetamide and dibenzamide with

potassium hypobromite was attributed to the rselative

unstability of the former in aqueous solution. The
reaction of bromine with silver dibenzamide under anhy-
drous conditions produced only decomposition products.
Therefore, it was concluded that the N-bromo derivative
of dibenzamide is relatively unstable andreannot be iso-
lated as a stable produect.

The proeedures for preparing methylsuccinic acid
and 2, 2-dimethylsuceinic ascid were modified to obtain
higher yields of the dibasic acids. The corresponding
imides of alkyl substituted suecinic acids were obtained
in almost quantitative ylelds. In the purification of
the imides, it was found advantageous to sublime them,

rather than follow the normal procedure of distillation
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under atmospheric conditions.

The N-chloro and N-bromo derivatives of alkyl

substituted succinimides were prepared by treatment of

the imldes at 0° with agueous potassium hypochlorite and
potassium hypobromite, respectively. The halogen deriva-
tives which precipitated were filtered off and recrystal-

lized from the appropriate solvents.

The iodo derivatives were obtaeined by the reaction

of iodine with the silver salts of the imides in an anhy-

drous solvent such as carbon tetrachloride or ethyl acetate.

The following N~halogen succinimides were prepared

for the first time.

N-Chloromethylsuceinimide, m.p. 106-£07°
N-Bromomethylsuecinimide, m.p. 145.5
N-Iodomethylsuccinimide, m.p. 134-135°

N-Chloro-2,2-dimethylsuecinimide, m.p. 109-110°
N-Bromo~2,8-dimethylsuceinimide, m.pe. 164-164.5°
N-Iodo-2,8~dimethylsuccinimide, m.p. 163-165°
N-Chloro-DL-2,3-dimethylsuccinimide, m.p., 124-125°
N-Bromo-DL-2,3-dimethylsuceinimide, m.p. 160-16%.5°
N-Iodo-DL~2,3~-dimethylsuccinimide, m.p. 181-182

N-Chloro-2-phenylsuceinimide, m.p. 105-106°

A general method has been found for the Hofmann re-

arrangement of methyl substituted succinimideé into the
corresponding @-amino acids. The characteristics of the
method involve the addition of the imide to an ice-cold
alkaline solution of potassium hypobromite. The solution

is then warmed to 40—450 for several hours in order %o
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effect rearrangement and acidified to pH 6 with 1N hydro-
bromic acid. The aqueous solution is evaporated to dryness
under reduced pressure and the amino acid is extracted
from the residue with ab§olute methanol.,

Methylsucecinimide, £2,2-dimethylsuccinimide, and
DL-2,3-dimethylsuccinimide were rearranged to 3-amino-
butyric acid, 3-amino-3-methylbutyric acid, and 3-amino-
2-methylbutyric acid, respectively. It was observed that,
although in the rearrangement of methylsuccinimide and
2,2-dimethylsuceinimide two products were theoretically
indicated, only a single product was obtained. Hydrolysis
of the imide ring always occurred preferentially at the
C-N bond farthest from the substituted carbon atom.

S. DL-erythro-3-amino-2-methylbutyric acid, its benzoyl
derivative and copper salt were ail prepared for the first
time.

6o Phenylsuccinimide would not undergo a Hofmann re-
arrangement to give the expected @ -amino acid in a single
step. Fallure to obtain the N-bromo and N-iodo derivatives
was attributed to the relatively large size of the phenyl
group in comparison to thé imide ring leading probably
to steric hindrance.

HFowever, the rearrangement was acecomplished by
initially hydrolyzing the imide to 3-phenylsuccinamic
acid which in turn was smoothly converted to 3-amino-3-

phenylpropionic acid.
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