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GENERAL Dl'l'RODUCTIŒ 

T.he present investigation was undertaken with two 

objectives in view, tirstly, to study the possibility ot 

transf'orming diacylamides into N~halogen derivatives by the 

interaction with alkaline potassium hypobranite reagent, 

and secondly, to investigate the transformation ot the cyclic 

imides into f> -amino acids in the Ho:t'mann rearrangement 

reaction. Since the latter reaction may involve the torma-

tion ot H-halogen campounds as inter.mediates, it seemed 

desirable to prepare several ot the unknown ~halogen de-

rivatives or the cyclic imides. 

Investigations in recent years have shown the 

importance ot several N-halogen derivatives ot acid amides 

and cyclic imides, suoh as H-bromoacetamide and N-brano-

auccinimide, as brominating agents, espeoially in connection 

with the Wohl-Ziegler reaction. Sinoe the number ot these 

~halogen derivatives available tor these reactions is 

limited, it seemed desirable to study the preparation and 

use of' soma new related compounds. The characteristio 

teature of' compounds showing the abili ty to f'orm Il-halo 

compound a is the aoidi ty of' the hydrogen in the N;..H group, 

which is activated by the presence ot the carbonyl group • 

• 
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The N-branocompounds are @enerally prepared by 

two methods: (a) by the addition or bromine to an alkaline 

solution or the amide or imide, and (b) by the reaction or 

bramine on the silver salt or the N-H compound in an anhy-

drous madiœa. 
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HISTORICAl INTRODUCTION 

CHEMISTRY OF DIAC~IIDES AND CYCLIC IMIDES 

Diacylamides and cyclic imides contain the char-
.,..,.0 .,::::0 

acteristic group, -C -NH-C -, consisting of a nitrogen 

atom linked to two carbonyl groups:. They are in assenee 

the nitrogen analogs of acid anhydrides in the sense that 

the lacton o:x:ygen 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 • Wh en the tw o a cyl rad i cals are the sam.e, the pre fi x 

"di" is added to the monoacylamide. Thus if in acetamide, 

a hydrogen atam of the amino group is 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 derivative of the amide of the largest acyl group present, 

eg. CE)H5CONHCOOH3 is called N;_aoetylbenzamide and not N-

benzoylacetamide. 

Imides are compounds of a bivalent acid radical 

and an ~NB or substi tuted ::>NH group. They are therefore 

derivatives of ring systems. In the L.U.P.A.C. system or 

nomenclature the ending "imide 11 is added to the name or 

the hydrocarbon. However, for the law molecular weight 

imides, they are usually referred toby their common nsme. 
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As an illustration is called pentanimide 
/CH2 - CO 

CR 'NH 2 ..... 
'CH2 - CO 

under the r.u.P.A.C. system {1) although the common name 

or glutarimide is also accepted. 

The condensation of an acid amide with its corres-

ponding acid chloride is one of the most general methods 

ot formation of diacylamides {2, 3}. 

RCONH2 + RCOCl -- (RCO)~ + HCl 

The reaction is carried out in the presence of an 

organic base su ch as pyridine. The amide is usually dis-

solved in a large excess of the base. On the addition ot 

the acid chloride there is evolution or much heat and hence 

the reaction vassel must be cooled in an ice bath. This 

method affords excellent yields of the diacylamides. 

Diacylamides are also prepared by the condensation 

ot the acid with the nitrile at a temperature ot 200° {3, 4, 

5, 6). 

RCOOH + ROH -- (RCO)~ 

The mechanism in volves ad di ti on tollowed by re arrangement. 

The ad di ti on ot the ac id as Rco+ and OH- to the ni tri le is 

believed 1o oc our as follows: 

RCOOH+ RCN -__ [R-Hr 
R-C~O 

\ 
NH 

1 
R-C~ 

0 
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Evidence for the intermediate was afforded by the tact that 

anhydrides add to nitriles to give triamides. 

(RCO) 20 + RCN (RC0) 3N 

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

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

the triamide. R- c N = 
1 1 

(RCO) 2o + RCN 0 C-R (RC0)3N 
1 Il 

R- c" 0 
0 

In many cases in the preparation of diacylamides 

above, the nitrile was replaced by the corresponding amide. 

Under similar conditions of reaction with acids, diaoylamidea 

were formed in good yields. The mechanism involved was thought 

to be the ror.mation of an ammonium inter.mediate whioh when 

heated loses a proton to give a seoondary amide and water thus: 

H. 

RCO - N: + RCOOH ~ 
1 

H 

1 ~ 0 

[ 

H j+ 
RCO - re -R OH--

Reoently Polya and Tardrew (7) found an excellent 

method for preparing diacylamides, in particular diaoetamide. 

The hydroohloride salt of the amide is refluxed for a short 

time with a slight exoess of aoetio anhydride. Excellent 

yields are obtained and the product is not oontaminated by 

triamides. 
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Other methods ot tormation ot diacylamides are the 

tolloWing: Reaction ot ac1d ohlorides wi th nitriles in the 

presence ot AlC13 (g). 

C6fi~OCl+ C6H5CR 

HOH 

. üo . #0 
C 61i50"'- NRC "- Cl6H5 

iii 

The initial step in the reaction was postulated as the tor.ma-

tion ot an intermediate eomplex (1) which subsequently decom-

posed with water to regenerate the catalyst AlC13 and to give 

the enGl. torm ot the amide {11). It ot course tautomerized 

to the more stable tor.m { iii). 

Cyclic imides are usually prepared by treating the 

dibas1o aoid with concentrated aqueous ammonia and subse-

quently heating the diammonium salt tormed to 200°. 

R.- CH- COOH 
1 +~OH 

R- CH- COOH 

R-OH-CO 

R- CH- CONK4 
1 

R- CH- CONH4 

1 :Nil+ NH3 + 2R20 
R- CH- CO 

The oorresponding anhydride may also be used satistactor1ly 

in place ot the acid. 
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In many caaeg diamides were used as they lose a 

molecule or smmonia very easily on warming to give imides. 

R- CHOO ---....~... 1 -Nil + NH3 R - œco 

However, sometimes the conditions are too drastio 

and the acid decomposes, tor e:x:ample in the preparation or 

œ, e> -dihydroxysuecinim.ide 1"ran the dihydroxysuccinic 

aoid (9). SUoh imides can otten be prepared by treating 

the dimethyl ester wi th anhydrous ammonia and allowing tha 

reaction mixture to stand several days at room temperature. 

The residue whioh deposits is then war.med under reduoed 

pressure tor several hours and ammonia is evolTe.d. 'Ble imide 

whioh remains 1s reorystallized tram an appropriate solvant. 

The yields t.rom this method are generally very poor. 

Diacylamides are white orystalline solids. The 

lower membera are soluble in water while the higher moleou-

lar weight oompounds are more or less insoluble. 'fhe low 

moleoular weigbt diaoylamides when ~pure have a very dis-

agreeable odor resembling the excrement ot mica. Cyclic 

imides are ~nerally solids which are quite insoluble in 

water. 

Diaoylamides when heated to 200° or distilled, 

decompose to give a mixture ot the correaponding primary 



amide, acid, and nitrile. 

Seoondary amides hydrolyze very readily under the influence 

of alkali, giving at first the acid RCOOff and the amide 

Rc~2• The latter may hydrolyze further to the aoid. With 

mixed secondary amides the reaction could follow two courses 

giving either the acid RCOQff and the amide R'CONH2 or 
1 the acid R COOH and the amide RCONH2• In the aliphatic 

series usually a mixture of all four is obtained. The same 

mixture or products is obtained in alkaline hydrolysis or 

aromatic diacylamides, although the rate of reaction is muoh 

slower. Titherley and Stubbs (10) observed that acyl-aroyl 

secondary amides were always decomposed with alkali almost 

exolusively into the aliphatic acid and aromatic amide. They 

postulated that this was due to the tact that the aromatic 

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 aoetic acid and benzamide were obtained. 

Cyclio imides are hydrolyzed very little in aqueous 

solution, however, with alkali they form the acid amide de-

rivative of the corresponding acid. 
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CH2 - CO 
1 -NH - __ ..,. 
CH - CO 2 

If the reaction is prolonged the amide group is hydrolyzed 

further to the acid. 

If one of the hydro@en atams of ammonia is replaoed 

by an aoyl group then primary amides are produced which are 

weaker bases than water. The carbonyl group exerts an electron-

attracting affect 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 imides are there-

fore weak ac ids. 

Consequently due to the presence of the active hydrogen, 

diacylamides and oyclic imides beth reaot wi th metals to 

form salts. Like primary amides, they beth may undergo 

tautomerism as follows: 

~0 /OH ~0 
R- c R- c R- c 

...... N-R - ~N _...... 'N - - R- c ..... -- R- c~ R- C 
~0 ~0 'oH 

The metallic derivatives are usually depicted in the for.m: 
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R-
cf:.o 

c? Na+ 
R-

~ 

The sodium derivatives react with alkali iodides to give 

N- alkyl derivatives (11). Similarly treatment with diazo-
• 

methane attords N-methyl substitution products. 

R-CH2 - CO 
)NH 

R - CH2-co .. 
R-CH2 - CO 

)N- CH3 
R-~- CO 

FORMATION OF N-HALOGEN DERIVATIVES OF AMIDES AND IMIDES. 

In 1882, Hoûmann (12) prepared N-bromoamides by 

reacting equimolar quanti ties of brcmine and amide in a con-

centrated alkaline solution. Acoording to Hot.mann, bramine 

reacted with acetamide by direct substitution, torming the 

hydrate of N-bromoacetamide CH3CONHBr • H20. on warming to 

50° it lost its water of hydration giving pure N-bromoacetamide 

which melted at 106°. 

Seliwenow (13, 14) considered a11 N-braminated 

amides as derivatives of hypobromite and represented their 

decomposition by water as giving equimolar quantities or 

hypobromite and amide. Francois {15) round that Seliwenowts 

reaction was reversible and that hypobramite reacts quanti-

tatively with acetamide torming a compound which he tormulated 



11 

as the salt CH3cONH2.HBro. This compound, ot course, was 

identical with that obtained by Hormann. 

Boismenu (16) prepared a series ot N-halogen de-

rivatives ot acetamide and of severa! other monoamides 

(Table I). He established that the monochloroamides are 

colorless, crystalline compounds which were tairly 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 torm the correspon-

ding monochloroamides. The bromo and iodo derivatives tol-

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

by the reaction of nascent hypobromite with for.mamide. White 

unstable crystals deposited which melted at 87-880. Unlike 

N-bromoacetamide the compound separated without any water 

ot hydration. The N-iodoamides were secured by shaking the 

amide in an ethereal solution with small portions or iodine 

and silver oxide, until all the iodine had bean consumed. 

N-Iodotormamide was tound to be extremely unstable, decom-

posing even in vacuum or under an atmosphere ot carbon dioxide. 

They all gave with methyl acetate a grey precipitate whioh on 

treatment with dry ammonia detonated. N-Chloroaoetamide when 

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

N-01 N-Br N-I N:C12 

Formamide 
110° 

87-8° ~50 Liquid 
~cetamide 106 1 3 " 
~ropionamide 34 80 12f! " [sobutyramide 92 n 
Benzamide 16 133 " 

Eckert and his collaborators {19) treated numerous 

aliphatie diamides with alkaline hypobramite and obtained 

the corresponding diisocyanates which were to be used for 

cross linking of cellulose. During the course of the investi-
1 • 

gation they isolated the N, N -dibramo 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 ehlorofor.m suspension ot 

silver dibenzamide (21). The ~h1orod1benzam1de deposited 

as white needles which melted at 86°. 
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Although the preparation of N~halodiacylamddes 

has been almost non-existant numerous cyclic N~haloimides 

have been produced, the most important being N~bromosuccini­

mide and N-bromophthalimide. Nevertheless very tew methods 

for the formation or N-bromosuccinimide have been reported. 

Seliwenow (14) 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-Bramosuccinimide precipitated 

out and was filtered off. Ziegler (23} modified the procedure 

by brominating in an ice-cold potassium hydroxide solution of· 

tbeimide. The yield obtained was about 75-81 percent. This 

procedure has been used in nearly all cases for producing 

cyclic N-bramoimides. 

Lamchen (24) pointed out that half the bromine 

was converted into bromide and was useless for the procesa, 

also that at least one equivalent of sodium hydroxide was 

consumed. He devised a process- in which hypobromi te 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 w-as 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 a bromide 

ion_ after reaction with hydroxyl ion. ïhus, for avery 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 anod6. Consequently, 

avery bramide 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 at-pyrrolido~ 

with bromine and allowing the solution to stand several days 

in the dark. Yellow crystals of N-bramo-~-pyrrelidone separ-
o ated out which melted at 95 . When the concentration of 

alkali was increased t'rom 20 percent to 4o percent, N-bromo-

~-pyrrolidone separated out directly upon the ad di ti on of 

bromine (26). 

N-Iodoimides are usually prepared by treating the 

silver salt of the imide with iodine in an anhydrous medium. 

If the solvant is not anhydrous the yield is seriously d~in­

ished. 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 decompositi~. Djerassi and Lemke 

(2é) modified the procedure by car.cying out the reaction in 
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anhydrous acetone. In contrast to Bunge 's report, N-iodo-

succinimide was round to be a stable, colorless solid mel ting 

at 200°. 

The N-chloro derivatives were obtained by passing 

a stream of' chlorine gas through a cold alkaline solution 

ot the imide. The chlora compound which separated out was 

quickly f'iltered off and then recrystallized from an appro-

priate solvant. 

N-Haloamides have been classified as "positive 

balogen" compounds. They are characterized experimentally 

by their ability to liberate iodine from hydroiodic acid 

and are so called because they can be represented as re-

aating by heterolytic bond fission to give halogen cations, 

and imide anions. 

iv. (C4Jl402)NB r -t HI -.(C4Jl402)NH + I 2 + HBr. 

v. (C4JI402 }NBr -+(C4JI402)N:--Br+ 

ar++ 2I- ---+ Br+ I2 

Organic molecules containing strong electron-attrae-

ting groups pramote reactions of type (iv). These groups 

greatly diminish the nor.mal 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. T.heoretical calcu-

lations by Waters (29) showed that in several typical "positive 



16 

halogen" oompounds, the inductive and mesomeric effects of the 

organic substituents hardly more than neutralized the polari-

zation of the carbon-nitrogen and nitrogen-halogen bonds. 

Theretore homolytic bond fission (vi) may require far less 

activation energy than any heterolytic dissociation thus 

producing a neutral organic radical and an uncharged halogen 

a tom. 

• . . . . . . . • • vi 

Hecently Lenor.ment (30) studied the infra-red 

spectra ot amides in the region of 6~. Be found that inter-

esting resulta were obtained in connection with acetamide 

and its N-substituted derivatives. Acetamide was found to 

have characteristic infra-red absorption bands at 6.00 ~~ 

7.10 p. , and 11 ~ • However, if one of the hydrogena or 

the nitrogen was substituted by a sodium ion, then only one 

band was obtained at 6.4o ~· Similarly N-bramoacetamide 

gave a single band at 6.00 f.J'. He stated that the apparent 

anomalies of the infra-red spectra of acetamide in the region 

of 5-~ f-" could be explained by the influence of the ni trogen 

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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0 

Vii 

The participation of the excited fonn (viii }, 

calculated starting from the carbonyl frequencies are in 

accord with the value obtained fram the dipole moment. It 

amounts to about 15 percent • 

....... o 
RC... R 
~~ 
+'al 

viii 

The metallic derivatives of amides, in particular 

the sodium derivative, have an ionie structure with resonance 

almost completely between the oxygen and nitrogen atoms. 

Consequently, Lenor.ment introduced another form (ix) to 

account for this ionie structure. 

[ 
/.·

0 
]- Na+ 

R- C~- H 

ix 

N-Bromoacetamide gave only a single band at 6.00 f.,A, • 
The spectrum of this substance slightly resembled that of the 
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structure represented in figure (vii) where both hydrogena 

on the nitrogen atom have been replaoed by alkyl groups. 

Since its interpretation does not necessitate any reference 

to the positive ionization of the nitrogen radical, the 

structure was assumed to be purely covalent. 

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 RIUGENTS 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 bramine in the 

allyl position. For example, 2, 3-dimethyl-2- butene gave 

with N-bromoacetamide the 1-bromo derivative. 

CH 
= c _,; 3 + CH: comœr 

'CH 3 
3 

CH 
- C,.. 3 + CH CONH 
- 'CH Br 3 2 

2 

In 19~2, Ziegler (23} reported that N-bromosuccinimide 

was a more efficient reagent than N~bramoacetamide 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-Chlorosuceinimide, N~bromoglutarimide and N­

bromohexahydrophthalimide were found wholly unsatisf"actory 

and could not be used in this type of reaction. Many eam-

pounds sueh 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 (3~) concerning 

the Wahl-Ziegler reaction. 

The usual procedure adopted in carrying out the 

reaction is that developed by Ziegler and ' his collaboratora 

(23). The olefin is dissolved in an inert anhydrous solvant 

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 f'iltered off and the brome-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 bramination can coeur either by 

a tree radical or ionie mechanism. Waters (36) pointed out 

that if the reaction is of the free radical type, then halo-

~nation in the Ol-methylenic position is to be expected. 

Beth Farmer {37) and Hey (38) favoured this type of reaction 

especially 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 and the imide radical (xi). 

xi 

'!he imide radical (xi) can subsequently acquire a hydrogen 

atom from the Ol-methylenic carbon of the olefin. 

The olefin radical can therefo.re èither 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- + (C4H402)NBr -~ 

• 
xiii -CH-CH : CH- + Br• -CHBr-CH : CH-
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An attempt to demonstrate the homolytio dissociation 

of positive halogen campounds was reported by Robertson and 

Waters (4-0), who measured the catalytic effeot of auch sub-

stances on the auto-oxidation of tetralin. N-Bramosuocinimide 

was found to be a very efficient catalyst in contrast to K­

bramophthalimide and N;...bromoacetamide. As a result, reactions 

involving (a) preferentiel bromination of a carbon atom 

adjacent to the double bond and whioh are catalyzed by pero-

xides, (b) substitution reactions with various olefine, and 

(c) the reaction with OC-carbon atoms of ketones (41) oan 

all be interpreted as involving bramine atams and free radi-

cal inter.mediates. 

On the other hand, N-bromoamides and -imides react 

with aromatio hydrocarbons in the presence of anhydrous 

aluminum chloride to give ring bromination as opposed to 

side ohain substitution with peroxide catalysts (4-2). Fur-

thar, N-bromoacetamide has been reported (43) to be a source 

of bromine for acid oatalyzed olefin addition reactions in 

which a hydroxylic solvant is also involved. Suoh reactions 

are interpreted as ionie 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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Howaver, due to the strong electron-attracting power of the 

bromine at am i t would seem that reactions involving N"-halo-

imidas would faveur a homolytic fission of the nitrogen-

halogen bond rather than one in which formation of positive 

bramine ion is favoured. 

N-Iodosuccinimide showed no free radical activity 

whan ratluxed for six hours with toluene in the presence of 

benzoyl peroxide and strong light. Previously it was dis-

covared (42) that under these conditions, N-bromosuccinimide 

reacted very readily. Similarly when the iodo derivative 

was treatad with a 2-heptene-2-ol acetate with or without 

a solvant up to 82 percent of pure iodoheptanone was obtained. 

In addition, 90 percent of N-aoetylsuocinimide was isolated. 

The formation of the latter product suggested to the authors 

(44) that the reaction prooeeded by an ionie meohanism. 

Consequently they postulated 'that the reaction took place 

through an intermediate iodonium complex. 

xiv 

The only reaction of N-bramosuccinimide with an 
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eno1-acetate was the reaction wi th 3oc., 12 OIC, 20-triacetoxy-

pregnene (45). A 50 percent yield of 3o<., 12«:-diacetoxy-
16(17) 

20-keto- Â -pregnene was produced. 

The homolytic fission which occurs in N-bromosuc-

oinimide to generate a bromine atom has been attributed to 

the electronegative affect of the imide ring. Henne and 

Zimmsr (46) concluded that if this was correct, then per-

fluorination of the imide should increase the. acidic charaoter 

of the active hydrogen in succinimide and the positive chara-

ct er of bromine in perfluorinated N-bran.osuc cinimide. 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-bramo-

succinimide was shawn by the fact that iodine could be libe-

rated quantitatively from an aqueous solution of iodide, 

and bromine from an aqueous solution of bromide. In 

addition, at room temperature, toluene was brominated entirely 

in the ring with perfluorinated N~bramosuccinimide While 

N-bromosuccinimide reacted very little or not at all at 

room temperature. N-Brœnoglutarimide was ineffective as a 

brominating agent. 

Compounds which have become of same importance in 
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connection with the Wohl-Ziegler reaction are the 1, 3~ 

dichloro- and 1, 3-dibromohydantoins and their 5-aklyl 

substituted derivatives. Orazi (47) f'ound that if 1, 3-

dibromo-5, 5-dimethylhydantoin was substituted for N-

bromosuccintmide in the dehydragenation of tetrahydronaphtha-

lene, it gave an 84-87 percent yield of naphthalene. Si~­

larly it was determined (11-8) that the structure of' 1, 3-

dichloro-5, 5-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 amines, and in the detection of amino alcohols. 

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 oolor, 

whereas the oolor disappeared with secondary alcohols with 

the formation of an orange precipitate. No observable 

color change occurred with most tertiary alcohols. 

N-rodosuccinimide gave with pr~ary amines a 

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 prtmary amines did not react. 
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Amino alcohols 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 the Hofmann reaction. 

In this reaction an amide is converted to an amine of one 

less carbon atam by treatment with alkaline potassium 

hypobromite (12). 

RCœiH2 + Br2 +4KOH ..--. RNH2 + 003 + 2Br-+ 2R2o 

Hotmann {50, 51) 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, i t has become com-

monly known as the Hot.mann reaction. 

Generally the procedure usually adopted in carrying 

out the Hot.mann reaction is essentially that developed by 

Hoogewer~ and Van Dorp (52, 53, 54). T.he amide is dissolved 

in an ice cold alkaline solution of potassium hypobromite 

and the solution is subsequently warmed to 70-75° to affect 
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rearrangement. Af'ter a period of 15 minutes to one hour, 

depending on the type of amide, the reaction mixture is steam 

distilled into a slight excess of dilute hydrochloric acid. 

When the distillate is evaporated to dryness, the hydrochlo-

ride of the desired amine remains which is f'reed from im-

purities by washing with ether or chlorof'or.m. In the case 

where the amine is not volatile with steam, it may be 

removed from the reaction mixture by extraction with ether. 

It is precipitated as the hydrochloride tram the dry ethereal 

solution with gaseous hydrogen chloride and then treated 

as above. 

In order to obtain the beat yields, the amount of 

bromine used is quite critical. A large excess must be 

avoided sinoe the yield of amine may be reduced by sida 

reactions. A slight excess amounting to 10-20 percent, 

however, is necessary since even with treshly 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 hypobramite reaction works best on 

amides that contain less than seven carbon atoms. Aceta-

mide, propionamide, butyramide, valeramide, the amide of 

caproic acid, and heptanamide all reacted to give yields 

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 se ven 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 alkali reacted with the amines 

formed and produced nitriles as follows: 

,.H Br 
RCH-'R 2 

;c-·,H KOH 
RC!!!N 

KOH 

Hoogewerff (55) succeeded in preventing the formation 

of ni tri les 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. 

2RCONH2+Br2+KOH -~ RNHCONHCOR + 2KBr + 2H.20 

With increasing molecular weight of the amide, the formation 

of alkylacylurea was favoured and in the higher series, they 

were the chief product of the reaction of bromine and aqueous 

alkali with monoamides. As an illustration, Turpin (56) pre-

pared heptadecylamine by converting stearamide by means of 

aqueous potassium hypobromite into Stearylheptylurea and 

subsequently distilling the urea with lime. However, since 

half the urea molecule was consumed in preparing the amine, 

the yield obtained was neoessarily low. 



Lengfeld and Stieglitz (22) attempted to prepare 

hydroxylamines by reacting sodium methoxide with N-bromo-

acetamide according to the following equation: 

Instead a molecular rearrangement, analogous to that observed 

by Hotmann (50) oocu.rred in the course of the reaction, and 

a urethane was produced in place of the isomerie hydroxy-

lamine (57, 5~). 

CH3coNHBr + NaOCH3 ~ CHYffiCOOCH3 + NaBr 

defferys (59) extended this reaction to higher 

molecular weight amides. She tried to prepare the N-halogen 

derivatives of long chain amides but was unsu=esstul. Con-

sequently She attempted to affect rearrangement of the amides 

in an alcoholic solution without the isolation of the inter-

mediate haloamides. Urethanes 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 re arrangement united at once wi th a second 

molecule of amide to for.m urea according to: 

RCONHBr + RCONH2 + NaoCH3 --+ RCONHCONHR + NaBr + CH30H. 
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As an illustration, lauramide on treatment with 

aqueous alkaline hypobramite solution gave largely N-undecyl-

N1-laurylurea (60). But treatment of the amide in methanol 

with sodium methoxide and bromine gave a 90 percent yield 

of methylundecylcarbamate, which was conve:t:ted almost 

quantitatively to the undecylamine. 

This was also confirmed by SWartz (61) and Falin 

(62) who reacted sodium methylate with N-bromosuccrinimide 

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

tive of ure a (xv) in 3 pe rea nt yie ld. 

xv 

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, wheraas 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 gi ven by Wallis and Lane (147). 
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It was concluded that isocyanates derived tram 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 aqueous 

medium, only small amounts of the expected amines are formed. 

Although amines arise from the hydrolysis of alkylacylureas, 

they are largely oxidized to nitriles by the exeess of hypo-

bromite present. 

All amides of this type may be converted in good yields to 

urethanes by re.action in methanol. 

Phenylpropionamide for.med initially the N-chloro-

compound which reacted with alkali to give phenylpropylamine. 

The latter was converted i.m.Iœdiately into benzyl cyanide (63). 

The reaction of hypobrcmite with 0(-{4-styrylpp:enyl)-

acetamide should have given the amine but yielded instead an 

une:xpected result (64-). The products were :4-cyanostilbene 

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

principal product, while no trace of the amine was round. 
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The formation of nitriles by the oxidation of the amines 

ror.med initially in the Hofmann reaction bas 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 

a:rylaliphatic amides unless the aromatio ring contained 

hydroxyl or a similar runction. In suoh cases low yields 

resulted from side reactions involving halogenation of 

the ring. 

Alicyclic amidic aoids were converted easily to 

amine acids. For example, 3, 5-dimethyl-4-carboxybenzamide 

on treatment with hypobromite was converted in an unreported 

yield to 2, 6-dimethyl-4-aminobenzoic acid (66). 

COOH COOH 

CHJ 0 CH3 CH3 0 cn3 

CONH2 NH2 

Higher ac1d-am1des, .11ke the higher monoamides 

are best treated with sodium methoxide and bramine in methanol 

solution rather than with aqueous alkaline hypobramite. w-

Carbomethoxyaminopelargonic acid was obtained from seba-

camidic acid in 75 percent yield (67). It was subsequently 

converted in quantitative yield to w-aminopelargonic acid. 

In the case of diamides, different products were 

obtained depending on the number of carbon atoms between the 
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tlro ami di c groupa. Diamides or adipi o ac id ( 68, 69) and i ts 

highe~ homologs were rearranged to diamines without diff1-

oulty in hypohali te solution. 

n~4 

Ssolonia (70) converted auber-and decamide into 

hexa-and ootamethylenediamines respeotively. Similarly 

azelaio acid and sebacamide (71) were rearranged 1nto 1, 7-

diaminoheptane and 1, ~-diaminoootane. 

Von Baum discovered that D(+)-f>-methyladipamide 

(72) oould undergo a Hofmann rearran89ment without loss ot 

optical activity. A 70 percent yield of D(+)-~-metbyl-1, 

4-diaminobutane was seoured. 

suocinamide was eonverted not to ethylenediamine 

but to dihydrourao11, whieh was evidently rormed by the 

reaction leading to alkylaoylureas (73). If an exoess ot 

alkali was employed at a higher temperature, then ~-alanine 

was produoed. Under similar reaction conditions maleinamide 

was transformed into uraoil (74) and diethylmalonamide to 

5, 5-diethylhydantoin. 

Mathylsuocinamide with hypobro~te solution yielded 

4-methyldihydrou~aoil which on treatment with conoentrated 
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hydrochlorio aeid af'forded f> -amino butyric aoid {75). 

CK30HCORH2 
. ,NB:, 

CH3-CH CO CK3CBRH2 
1 1 1 ,.. 

1 
Cll20œH2 œ2 ,...NH 

~co 
0H2COOH 

Benzamide, naphthalamide and their homologs were 

converted smoothly by aqueous alkaline hypobromite to the 

oorresponding amines. If f'ree or methylated p}Ienolio hydroxyl 

groups were present in the aromatio amides, however, halo-

genation of' the ring occurred with serious lowering of the 

yield. This etf'eot was minimized by the use of hypochlorite 

and a large exoess of alkali. The rearrangemant was then 

rapid enough to compete f'avourably with the sida reaction 

of halogenation. 

Extensive application of the reaction has been made 

in the production of anthran1lio aoids from phthalimide and 

its substituted homologs (75}. 

One of the earl1est investigators who explored the 

Hot.mann reaction of substituted phthaltm1des was Graebe (76, 

77). He reacted hypobromite with 3, 6-diohloro- and 3, 4, 

6-trichlorophthalimide and obtained the correspond1ng 3, 6-

diohloro- and 3, 4, 6-trichloroanthranilio acids. 
Cl Cl 

Cl 

co 
' ·NH / 

co 
Cl 

COOH 



Similarly tetrachlorophthalimide was converted, 

smoothly, to tetrachloroanthranilic acid in 75 percent yield 

(78, 79). 

In 1909, Lasser and his collaborators (80) applied 

the reaction to the 4, 5-dibromo, tetrabromo, and 4, 5-

dibromo-, 3, 6-dichloro derivatives of phthalimide. All 

rearranged quite easily and substantiel yields of each amino 

acid was obtained. 

Cl(Br) Cl(Br) 

Br 0:~ BroNH2 
Br 1 / COOB 

Cl(Br) Cl(Br) 
In connection with the Hofmann rearrangement ot 

unsymmetrically substituted phthalimides, theoretically, 

certain isomerie anthranilic acids can be produced. Thus, 

in the Hof.mann reaction of 3-nitro-phthalimide, the nitro 

group by wi thdrawing electrons at position t 2 t would cause 

preferential hydrolysis at that point and therefore rearrange-

ment would occur at position '1'. It was found that over 80 

percent of 6-nitroanthranilic acid was produced. 

N02 

co 
......._NH -co 

In general it was found that one 

/' COOH 

N02 
isamer usually predominated 
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or formed exclusively. In most cases it was possible to 

prediot the formation of one product over the other knowing 

the electronic effeots of the substituents. Previously it 

was noted that in the Hof.mann rearrangement of benzamides, 

hydrolysis was greatly enhanced by substituents that withdrew 
~0 

electrons from the -c ~ N - linkage into the ring (81). .AB 

an example, a methoxyl group in the ortho position to the 
#0 
C~ N 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-dtmethoxyphthalimide, hydrolysis of 

the imide linkage would be expected to oocur at the "a" posi-

tion (xviii). Only 3, 4-dimethoxyanthranilic acid was 

obtained (82). 

xviii 

Similarly, 4-nitroanthranilic acid was the only produot 

produoed in the reaction of aqueous hypohalite with 4-nitro-

phthalimide (83, 84}. 

Moore (85) determined whether the application of 

the Hof.mann reaction to substituted derivatives of phthalimide 



would serve for the preparation in quantity of certain 

substituted anthranilic acids. FUrther, he investigated 

the affect of the nature and position o'f the substituting 

group on the preparation of the two isomers produced. 4-

Chlorophthalimide yielded 63 percent of 4-chloroanthranilic 

acid and 28 percent of the 5-chloro isomer which was in the 

for.m of an anhydride. With 4-sulfophthalimide only a traoe 

of the 4-isomer was isolated and none of the 5-sulfoamino 

acid. 3-Acetylaminophthalimide was rearranged in 4o percent 

y!eld to 6-aminoanthranilic acid. Therefore, oonsidering 

substituents at position ''3", a nitro group which exerts a 

-I, -M affect and an acetylamino group which yields a -I, 

+M affect, both hydrolysis the imide ring at position a. 

R 
0 

Il 

~' NH 
b/ 
C:o 

R 

COOH 

At position 11411 we have the same situation. A 

nitro group and chlorine group both cause preferential hydro-

lysis at the same position "6". 

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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Suooessful application of the reaction has also been 

observed with sucoinimide (86) which rearranged in 45 percent 

yield to ~-alanine. 

Gaudry (87) sought to prepare 0(-amino acids by 

this method. He applied the Hormann reaction to 2-carboxy-

3-phen:ylpropionamide and obtained d, 1-~-phenylalanine in 

fairly good yield. 

On f'urther application of' the re.action to the mono-

amide 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 1n good yield. 

The amide and imide derivatives of pyridine have 

been sub,1eoted to a Hofmann rearrangement. Kirpal {~~) 

oonverted 3,4-dicarboxamide to 3-amino-4-pyridineoarboxylio 

acid. The imide of' quinolinic acid underwent a Hofmann 

rearran~ment to give two products, 2-amino-3-pyridinecar-

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

~GOOR + 
~N~2 

15~ 



Si.milarly 2-oarboxyniootinamide (89) and 4-oarboxyn.iootinamide 

(90} were rearranged to 3-amino-2-pyridinecarboxylio aoid and 

3-amino-4-pyridineoarboxylic aoid respeotively. 

(COOH) (COOH) 

O CONH 

N coœ/ 
,. ONH2 

~ COOH. 

Further, 3-carboxypyridine-2-carboxamide (91) and 3-oarboxy-

pyridine-4-carbo:x:amide (92) produced 2- and 4-aminoniootinio 

acid respeotively. 

The meohanism of the Hofm.ann rearrangement is known 

to prooeed 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: 

a. œ3coNH2 -1- Br2 + KOH 

b. CH3CONHBr + KOH 

o. [œ3-co-N:] 
d. CH3-K: C : 0+2KOH 

--:,..,.. CH 3CONHBr + KBr + H20 

---!•~ (CH3-Cû-N:]+ KBr +H20 

xix 

CH3-N : C : 0 

CH3NH2 +- K2co3 

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 s tarting mate rials are qui te different for the three- re-

arran~ments, the formation of' an isocyanate (R-N: C: O) 

inter.mediate is common to all three. 

The true mechanism of' the Ho:f'ln.ann reaction has as 

yet not been actually proven since no quantitative studies 

have ever been carried out on the rearrangement process. 

The most satisf'actory 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-shif't is usually described 

as proceeding in three distinct steps although in the actual 

rearrangement they may all occur simultaneously. 

0 0 
JI •• Il •• 

C - N: + NaBr 
1 

C-H: 
1 1 
R Br R 

xxi 
0 t 
Il .. 

O:C:N-R c ~ N: 
1 
R 

xxiii :x::x:ii 

The first step involves the formation of an unstable 

intermediate (xxi} in which the nitrogen atom has only six 

electrons (open sextet) in 1 ts valence shell. The S'econd st ep 



involves the rearran~ment itself. Since the nitrogen atam 

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 o~ 

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 inter.mediate (xxi} 

0 
Il •• 

R- C - N: 
w 1F 

R- C - N:H .. t 0 J+ Il •• 
R- C - N:H 

xxi xxiv 

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 

al te rna ti ve in te rmediate (xxv) from the neutral haloamide 

(xxiv) than that of the inter.mediate (xxi) fram the anion 

(xx). 

Since in the Ho:t'mann re arrangement, an alk.yl radical 

migrates from the carbon to the nitro03n atom, the rearrange-



ment corresponds to that which takes place in the Beckmann 

reaction (96). When an intramolecular rearran~ment takes 

place, a substituent in th~ 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 bramide had 

been replaced by an alkyl group. Also, if the hydrogen atom 

in question was attach~d to the ni trogen atom and not to the 

oxygen of one of the carbonyls. He discovered that if acety-

lamylamine was treated wi th hypochlorous ac id, N-chloroacety-

lamylamine was formed. The same compound was obtained when 

amylchloroamine was acetylated by means of acetic anhydride 

(99) thus proving that the halogen was attached to the nitro-

gan atom and not to the oxygen of one of the carbonyls. 

During the course of the Hotmann reaction it is 

possible to isolate the alkali 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 deter.mining step must be 

the release of the halide ion from the haloimide anion. The 

rearrangement, if it is a separate step, occurs very quickly 

as the molecule is stabilized. As a result, the ease of' 

rearrangament of a bromoamide with elkali would be dependent 
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upon the rate or removal or bromide ion. Hauser (lOO) made 

a quantitative study ot the rates of decomposition of the 

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

benzamides. The reaction was tound to be accelerated by the 

introduction of electron releasing substi tuants into the meta 

or para positions or the m1grating phenyl group, and retarded 

by the introduction there ot electron attracting groups. 

Thus, methyl and methoxyl groups which decrease 

the acidic strength ot the corresponding benzoic acid facili-

tate rearrangemen t , while 

# 0 ] e-N-Br 

aubstituents such as nitro and cyano groups which increase 

the acidity of the corxesponding benzoic and impedes the 

rearrangemen t. 

In 1931, Wallis (101) observed the retention of 

optical activity when the appropriate derivatives of benzyl-

propionic acid were converted by Hotmann 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 active 

compound ot the diphenyl type (102) to the Hofmann reaction, 

again obtaining an apparently optically pure amine. 



Dissociation ot the diphenyl radical from the amido group 

0 

at any stage of the re act ion would have permi tted f'ree rota-

tion and resulted in a racemic produot. It must be emphasized, 

however, that in neither 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 d, 1-compound. 

Kenyon and his collaborators (103, 1014-) from a 

study of the rearrangement of (+) - hydratropamide observed 

that the retention of' configuration or optical aotivity was 

the preservation of' asymmetry in the molecule. (+} - Hydra-

tropamide CE)H5CH(CH3 )coNH2 was prepared and submi tted to the 

Ho~ann reaction. It was selected for the following reasons: 

a) The product c(-phenylethylamine had be'en resolved by 

numerous workers (105) • 
• 

b) The radical c6H5CHCH3 would be expected to yield a 

stronger tendency to release an electron than the radi-
• • 

cals CH3CH2CHC6H5 and C6H7CKC6H3 (No2} 2• Hence, if rear-

rangement occurred by dissociation of the amide molecule 



t'ollowed by raoemization, it would be more evident in 

the rearrangement of hydratropamide than in the oases 

whioh had been reported preViously. The retention of 

configuration suggests that the migrating group does not 

become separated t'rom the molecule. 

c) Since the rotatory power of both hydratropic acid and 

0(-phenylethylamine are fairly large, any racemization 

which occurred during the reaction could be estimated 

with a great deal of accuracy. (+)-Hydratropamide was 

rearranged wi th 95 percent retention of optical activi ty 

into (-) -phenylethylamine. Although the yield was found 

not to be as high as for corresponding nuoleophilic re-

arrangements, the small amount of racemization which 

occurred could be traced to the use of aqueous alkali, 

a strong racemizing agent. 

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 

oampounds used did not allow any unqualified statement con-

cerning the stereoohemistry of the migration. Most authors 

stated that no inversion needed to be involved in the Hotmann 

rearrangement. Archer (10~) pointed out that there existed 

in the literature for some ttme, experimental evidence to 

prove that no inversion of configuration occurs in the Hot.mann 



reaction. The evidence was estab1ished by Noyes and his co-

workers {109, 110, 111, 112, 113, 114). 

Camphoric acid {xxvi) was converted to ~-camphora­

midic acid {xxvii) (ois). Treatment with hypobromite gave 

aminodihydrocampho1ytic ac id {xxviii), which, when heated for 

ten ndnutes with a solution of sodium acetate in acetic anhy-

dride gave the 1actam (xxix). The latter upon hydro1ysis 

ICH3 
Cir2 - C-COOH 

1 CHr rCH3 
CH2- CH;..COOH 

xxvi (ois) 

f3 f3 F3 
CH2 - C-CONH2 CH2 -C-NH2 CH2 -C- NH 

1 

1 1 1 
aa3-~-CH3 ~ CH3-~-CH3 ~ CH3-y-CH3 

CH2 -CR-COOH CH2 -CHCOOH CH2-CH-C. 

xxvii (ois) xxviii (ois) :xri:r 

gave the amino acid (xxviii) in optica1ly pure for.m, showing 

that no inversion took place during 1actamization. The amino 

and carboxyl groups in (xxviii) must be "ois" to each other. 

Since the starting acid (xxvi) was of' the "ois" series and 

since the only reaction wherein inversion might have occurred 

was the Hofmann rearrangement, it was conc1uded 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 serias. 

The same reactions were carried out wi th the thre.e 

isomars of p-aminocamphoramidic 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 Hof.mann rearrangement. 

In general, alkaline hypobromite solution is usually 

used in the Hof.mann rearrangement 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, resulta in distinctly higher yields of the amine 

(llg). In the following table is a list comparing the 

yields obtained with hypobromite and hypochlorite in the 

arrangement of some phthalimides to the corresponding anth-

ranilic acids. 

TABlE II 

HO Cl HO Br 

Phthalimide 95% 75'1o 
Dichloro tt 90 t~ Tri Il " 90 
Tetra " " 98 95 

When aqueous sodium hypochlorite reacts with amides 

of c(-hydroxy acids, aldehydes are obtained. Weer.man (119) 

converted mandelamide into benzaldehyde. 

o-~-CONR2 -[ o~-NH2]-0CHO+NH3 
Similarly,~-gluconamide gave a 50 percent yield of 

d-arabinose and 1-arabinosamide produced 1-erythrose in 30 

percent yield when subjected to a Hofmann rearrangement. 



DISCUSSION: 

In recent years, investigators have shawn the 

importance or several N-halogen derivatives of acid amides 

and cyclic imides as halogenating agents, particularly in 

connection with the Wahl-Ziegler reaction. Since the number 

of N-halogen derivatives available for these reactions was 

limited, it seemed desirable to study the preparation and use 

of soma new related compounds. The oharacteristic feature 

of all campounds which for.m N-halo compounds is the acidity 

of the bydrogen 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. 

R- CH-CO 
1 ::=:rm-~~ 

R-CH-CO 

R-CH~co 

1 >N-Br 
R-CH-CO 

xxxi 

The N- br omo compounds are gene rally prepar ed by two 

general methods: {a) by the addition or 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 

medium. 

The procedure generally used for preparing N-bromo-

amides by means of alkaline hypobromite was that developed 

by Oliveto and Gerold (120) for brominating acetamide. The 

hypobromite solution was prepared initially by dissolving one 

equivalent of bromine in two equivalents of an ice-cold 50 

percent solution of potassium hydroxide. 

Br 2 + 2KOH ----.~ 

one equivalent of the amide was then added to the 

cold hypobromite solution. The N-bromo derivative formad was 

simply filtered off or if it was soluble in the aqueous medium, 

it was isolated by extraction with chloroform or ether. 

RCO 
~NH+ KOBr 

RCO 

RCO 
:::::NBr + KOH 

RCO 

It the N;_bromo compound formed is 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 is separated tram it. 

_ _., >N-Br + AgBr 



REACTION OF POTASSIUM HYPOBROMITE WITH DIACETAMIDE 

One of the difficulties encountered prior to this 

investigation was in securing pure starting materia1 which 

was not contaminated by acetamide. The best procedure for 

preparing the secondary amide was the reaction of acetic 

anhydride with bisacetamide hydrochloride (121). 

The reaction mixture was fractionally distilled and diaceta-

mide was col1ected at 106°/6 mm. However, sinoe acetamide 

distil1ed 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 soma of the primary amide. It was found that fractional 

crystallization fran ligroin as reported by Polya (122) pro-

vided a good method for separating diacetamide fran acetamide. 

Initially, the same procedure for preparing N-bromo-

acetamide (120) was tried for the bromination of diacetamide. 

Diacetamide was added to an ice-oold solution of potassium 

hypobromite at 0°. Since no precipitate was formed the aqueous 

solution was extracted with chlorofor.m. The extraction with 

ohloroform produoed a strong odor of isoni tri le (i.e. CH3-Nc) 

indicating that hydrolysis had taken place. The presence ot 

isonitrile was not due to the reaction of hypobromite with 

diacetamide but it presented evidence for the formation of 

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

nitriles. 

The formation of methylamine indicated that acetamide on 

treatment with potassium hypobr-omite had undergone a Hofm.ann 

re arrangement. 

The yield of amine, however, was necessarily quite small. On 

distillation of the chlorofor.m solution no product was obtained. 

The hydrolysis of diacetamide was confir.med by the 

tact 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 acetamide and acetic acid. 

Theoretically, the reaction of hypobromite can take 

place by two mechanisms. Either the hydrolysis of the diacy-

lamide precedes the bromination (a) or else the bromination 

occurs ini tially followed by hydrolysis (b). 

CH COOK + CH CONH2 KOBr 3 3 œ3cONHBr + KOH 

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

for.med should have been N~bramoacetamide which was not the case. 
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Also the second mechanism cannot account for the formation 

of methylam.ine since all the alkali is consumed in neutralizing 

the acetic acid formed on hydrolysis. Therefore it was con-

cluded that the reaction proceeded by mechanism {a). If the 

reaction prooeeded 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. Remembering 

that the original ratio or alkali to imide was 2:1, then upon 

the addition of bromine only half of the halogen should react. 

In the preparation of hypobramite, two equivalents of alkali 

are required for avery one of brom.ine. Thus, a.n excess of 

bromine should be present in the reaction mixture and this 

was observed to be true. 

Treatment of diacetamide with two equivalents of 

hypobromite gave an excellent yield of N-bramoacetamide. 

When the reaction was repeated in the presence of 

a large excess of alkali, all the acetamide formed by the 

hydrolysis was oonverted by means of a Hofmann rearrangement 

to methylamine in 67 percent yield. 

(CH
3

co) ~ + KOH _ _.,._ 

œ3coNK2 + KOBr + 2KŒ 

CH3COOK + CH3 CONH2 

œym2 + K2co3 + KBr + H20 
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REACTION OF POTASSIUM HYPOBROMITE WITH DIBENZAMIDE 

In the reaction of hypobromite solution with di-

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 {C6H5NC) 

was detected, however, on evaporation of the chlorofor.m layer 

under reduced pressure no residue remained. On extraction 

of the a que ous reaction mixture wi th ether only benzoic ac id 

was obtained. Both cases indicated that hydrolysis of the 

diacylamide had taken place. Thus, treatment ot dibenzamide 

with hypobromite solution produced benzoic acid and benzamide. 

It was observed that if the aqueous solution was allowed to 

remain overnight at 0°, it colorized very slowly to a dark 

brown color and a reddish-black precipitate deposited. The 

latter on crystallization from water with addition of norite 

proved to be benzoic acid. 

A portion of the colored aqueous filtrate was treated 

wi th Ca(OCl) 2 and a violet color was produced indicating the 

presence of aniline. As a result, it was evident tram the 

reaction of Ca(OC1)2 and the detection of isonitrile pre-

viously that sorne 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 reaction 

mixture was extracted immediately with ether. The ether 

layer (A) was washed with alkali, and the latter was recombined 

with the original aque.ous 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 (A) left 

a white residue which was identitied as benzamide. Counting 

the aniline present as being formed due to the rearrangement 

of benzamide, the total yield of amide 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-bramodibenzamide 

oannot be prepared in this manner since dibenzamide was hy-

drolyzed into benzoic acid and benzamide. The latter 

rearranged quite easily to aniline. This was substantiated 

by the faot that N-bramobenzamide was prepared according to 

the procedure of Hoogewerff and Van Dorp (123). It was round 

to decompose quite readily in aqueous solution and in the 

presence of light and air. Rearrangement of N-bromobenzamide 

was effected qui te readily and wi thout difficulty at the 



temperature of boiling ether in the presence of an excess of 

alkali. 

Analogous to the hydrolysis and bromination of 

diaoetamide, potassium hypobromite oan react with dibenzamide 

in one of two ways. Either the hydrolysis of the diacylamide 

precedes the bromination (a), or the bromination occurs 

initially followed by hydrolysis {b). 

(a) (C6H5co) 2 NH --~~ c6H
5

cooH + C6fi5CONH2 C()H
5

CONHBr 

(b) (CE)H5CO) ~ ~gl5CO)NBr C6ff5COOH + C6ff5CONHBr 

xxxii mi ii 

If the reaction proceeded by the for.mer mechanism 

as was the case with diacetamide then the reaction mixture 

should oontain 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 tact 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 o0
• 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 
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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 sorne extent by Brummer (124) who attempted to prepare di-

benzylhydrazine by the reaction of N-brpmobenzamide with sodium 

benzamide. 

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 

so suecessful when applied to primary amides and a few cyclic 

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 ~uite readily in the presence of light 

and air. 



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 A~o3 and the silver salt was deposited. A 

more satisfactory method for préparing 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 solvants 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, whereas the N-chloro derivative was quite 

stable, N-bromodibenzamide was extremely uns table. This is 

somewhat analogous to the results obtained by Slossen (125) 

who sought to prepare N-bran.oalkylaroylamides. He round 

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 or ethyl cro-

tonate wi th potassium cyanide to give the f> -cyanoester whi ch 

was subsequently hydrolyzed with barium hydroxide to the 

dibasic acid (127). Acidification of the reaction mixture 

KCN 

with concentrated nitric acid gave the free methylsuccinic 

ac id which was extracted wi th large quanti ties of ether and 

benzene. Although the procedure gave relatively large yields 

(701t) of methylsuccinic acid, it required considerable time 

for completion. This was due particularly to the tact that 

on the addition of barium hydroxide, the re~ction mixture 

was concentrated under reduced pressure to a thick paste. 

The distillation was accompanied by trothing and as a result 

was carried out ~ery slowly in order to prevent bumping. 

The addition of reagents to increase the surface tension of 

the solution did little to alleviate this condition. SUbse-

quently, the synthesis was repeated as before except that on 

the addition of barium hydroxide the di stillation of the 
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alkaline solution was carried out on a water bath at atmospheric 

pressure. It was round 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 methylsuccinic 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 dryness 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 materiel by numa-

rous extractions with ether and benzene respectively. As a 

resul·t, 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 eut the reaction time almost in half. 

2,2-Dimethylsuccinic and phenylsuccinio aoids 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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+ 
KCN~ K ~ 

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. 

The preparation of phenylsuccinic acid was accom-

plished directly as reported by the authors (129), however, 

the procedure for 2,2-dimethylsuccinimiàe gave yields of only 

50 percent (128). The low yield was attributed to the incom-

plete extraction of the acid from the reaction mixture. 

~nereas 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 materiel 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 Boeschen and Van der Want (130). 
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Ethyl bromopropionate was condensed with ethyl 

cyanoacetate in the presence of an alcoholic solution of 

sodiurr' methoxide. 

___. cH3~H-yacooczH5 
C2H500C CN 

Treatment of the cyano ester with methyl iodide gave diethyl 

2-cyano-2,3-dimethylsuccinate which was hydrolyzed to the 

dibasic acid. 
CH3 
1 

CH - CH-C - CN CH - CH-CH - CH 3 11 _.,. 3
11 3 

C2H
5

00C COOC2H
5 

HOOC COOH 

The imides were prepared by treatment of the corres-

ponding acids with concentrated a~ueous ammonia and subsequent 

heating of the diammonium salts to 200° as follows: 

R-CHCOOH 

1 

R-CH-CO 
1 )NH + NH3 +2H20 

R1-CHCOOH R -CH-CO 1 

It was round 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-dimethylsuccinic acid, both 

meso-2,3-dimethylsuccinic acid and DL-2,3-dimethylsuccinic acid 
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were obtained. Both isomers, when treated with ammonia as 

above, gave the same imide which me1ted at 109-110°. It 

was designated as being the DL isomer, since on hydrolysis 

it was conver~ed sole1y to DL-2,S-dimethylsuccinic acid (148). 

N-HALOGEN DERIVATIVES OF ALKYL- ~~ ARYLSUCCINIMIDES 

Contrary to the fact that the N-bromo derivatives 

of diacylamides could no) be isolated as stable products, the 

N-halogen derivatives of c-alky1succini~ides were obtained 

quite readily. 

R-CHCO 
1 >NH+ Br2+ 2KOH ---+ 

R1-CHCO 

R-CHCO 
1 >NBr+K0H+KBr+H 20 

R1-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-

bro~osuccinimide. The imides were dissolved in a oo1d concen-

trated solution of alkali and an equivalent amount of bromine 

was added quickly 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 
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bromo derivative in an equivalent amount of preheated water 

and filtering rapidly through a fluted filter paper into a 

reeeiver which was surrounded by an ice-bath. The loss of materi-

al was very small when the recrystallization was carried out by 
0 this method. When dry and kept at 0 , the broruo compounds were 

stable for several weeks. 

N-Bromomethylsuceinimide when treated with methyl-

crotonate gave a good yield of methyl ~-bromocrotonate. 

CHCOOCH3 __. ra2cH = 
Br 

CHCOOCH~ CELCH-CO 
ù ~~ :>NH + . CH

2
co 

The reactivity of N-bromomethylsuccinimide in this Wohl-Ziegler 

type reaction was comparable to that of N-bromosuccinimide. 

The N-chloro derivatives or the imides were produced 

by passing a stream or ehlorine 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 aceompanied by a great evolution of heat. In 

general it was preferable to keep the external ice bath at 
0 0 -10 rather than at 0 • N-Chloromethylsucoinimide, N-chloro-

2,2-dimethylsuccinimide, and N-chloro-DL-2,3-dimethyl-

succinimide were all white crystalline solids. 

N-Iodo-2-methylsuceinimide, N-iodo-2,2-dimethyl-

succinimide, and DL-2,3-dimethylsuccinimide were prepared 

by treatment of the silver salts of the respective imides with 



iodine in an anhydrous solvent such as ethyl acetate or ohloro-

torm.. Great oare must be talœn that the iodine and imide are 

in equimolar quantities sinoe when a slight exoess or iodine 

was present, great diffioulty was ancountered in the puriti-

cation of the iodo derivatives. When pure the iodo campounda 

are all white orystalline solids. 

N-Chlorophenylsuocinimide was prepared quite readily 

by the same procedure as was used above. However, the bromo 

derivative oould not be isolated. Bramination with hypobramite 

produced an orange compound which melted at about 115-120°, how-

ever, it could not be crystal1ized. Recrysta1lization attempts 

always produced a small yie1d of phenylsuccintmide and decom-

position produots. 

HO l'MANN REARRANGEMENT OF CYCLI C IMIDES INTO e> -AMINO AC IDS 

In regard to the Hotmann re arrangement of cycli c 

imides into ~ -amino acids, extensive application of the reaction 

has been made in the production of anthranilic aeids from 

phthalimide and its substituted homo1ogs (75). Thus, phtha11-

mide since it contains a fiYe m.embered imide ring will rearrange 

to produce a ~-amino acid. 

Oc~--+ 
co .o

~COOir 

,?~ 

Similarly sucoinimide and its derivatives should a1so rearrange 

into ~ -amino acids. However, only the parent compound, suc-
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oinimide, had been subjeoted to a Hofmann rearrangement (86). 

Consequently, an investigation was undertaken in 

which substituted suocinimides were subjected to a Hof:mann 

rearrangement with the following points in mind: 

(ll Although both phthalimide and succinimide give ~ -amino 

acids, there is a fundamental difference in the type of ~ -

amino acid for.med. Thus, the former compound gives an amino 

aoid in which the amino and acid groups are obtained as 1, 2-

substituents on a benzene rihg (xxxiv) whereas with succinimide, 

~ -alanine (xxxv) is prod uced. 

O COOH 

NH2 

xxxiv 

As a result, with substituted succinimides, substituted {3-

alanines would be expected as products. 

(2) It is important to remember that in the Hot.mann rearrange-

ment of unsymmetrically substituted succinimides, certain 

isomerie e> -alanines can be theoret ically produced. 'l'hus, 

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. 

aa3-CH-CO b (a) 

1 """" ·NH ~ 
~ CH2-co a 

xxxvi 

c.a3-CH-CH2COOH (b) 

1 + 
NH2 

xxxvii 

CH3-CH-COOH 

1 
CH2NH2 

mviii 



However, with unsymmetrically substituted phthalimides, it 

was round (85) that one isomer usually predominated or formed 

exclusively. In most cases it was possible to predict the 

formation of one product over the other knowing the electronic 

affects 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 same procedure was followed as 

was used for succinimide (86). Succinimide was dissolved in 

an ice-cold solution of potassium hypobromite. The reaction 

mixture was warmed to 60-65° for several hours to affect re-

arrangement, then acidified with concentrated hydrochloric 

acid to Congo red. Evaporation of the solution to dryness 

CH -co 
J 2 ~NH 
œ2-co 

HCl 

and extraction of the residue with absolute alcohol separated 

the amino acid from the inorganic salts. Since the amino 

acid was in the tor.m of its hydrochloride salt, treatment with 

silver oxide produced rree f' -alanine (xxxix) which was isolated 

2 fH2COOH + Ag20 

CH2NJI2•HCl 
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by concentrating down the aqueous solution to a small volume. 

The overall yield was approximately 45-50 percent or theory. 

However, it must be remembered that withmono 

alkylsubstituted succinimides two isomerie amino acids are 

theoretically possible. For this reason, methylsuccinimide 

was chosen initially for study, since both possible products, 

3-aminobutyric acid (xxxvii) and 3-aminoisobutyrio acid 

(xxxviii), had already been reported by Babliano (131) and 

Fischer (132) respectively. Although the literature concerning 

the two substances is rather 1imited, fram a knowledge of their 

properties a method of separation could be rormu1ated it both 

were produced by the Hofmann rearrangement of methylsuccinimide • 

.An ice-cold alkaline solution or methylsuccinimide 

and potassium hypobromite was war.med to 60-6~ for several 

hours, then cooled, and acidified to Congo red. Extraction 

of the dry residus with absolute alcohol produced a yellow 

oil (D) which was very soluble in water and alcohol, but 

insoluble in most organic solvants. Since the extraction 

with absolute alcohol may have caused partial esterification 

of the expected amino acids the oil (D} was refluxad with a 

small quantity of water for two hours. On cooling , the 

aqueous solution was extracted with ether. On dis tillation 

of the ether a yellow oil {E} remained. Analysis of (E) 

indicated that it was an acid. It was esteriried with ethanol 

and distilled under reduced pressure as a colorles s 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 contirmed 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 methylsuccinic acid. 

CK3r-cooH 

CH~COOH 

XL 

Therefore i t was evident that under the above re-

action conditions no Hof.mann rearrangement took place, but 

instead the imide was hydrolyzed to the dibasic acid. From 

the knowledge that methylsuccinimide forma an N-bramo deriva-

tive it can be assumed with certainty that the initial step 

in the reaction was the formation of the N-bromo compound 

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

CH3œ;..CQ... . CH
3

œ;..coo- CH3CHCOOH 

' ,.....NBr ___. ' --+ ' CH2CO CH2CONHBr CH2COQff 

XLI XLII 

forming initially the intermediate N-bromo-3-methylsuccinamio 

a cid (XLII) whi ch subse quently hydrolyzed further to me thyl-

succinic acid. In the latter steps, at 60-65° the rate of 



hydrolys is wu pro ba bly much gre a ter than the rate or re-

arrangement. Finally, it was ooncluded that the temperature 

at whioh Clarke and Behr (~6) oarried out the rearrangement 

o~ succinimide was too high tor the methyl derivative. There-

to:re the temperature o-r the reaction was lowered to 55° and 

the reaction repeated. 

Easentially, the same procedure was tollowed as 

above. The alcoholio ertraot on evaporation to dryness gave 

a yellow oil (G} which was then treated with silver oxide. 

SUbsequent evaporation of the aqueous solution produced a 

dark oily yellow residue Oi). The oil (H) was traetionally 

distil1ed under reduoed pressure and the traction which passed 

over at ;;-6o0 /2 JDil. was oolleoted. On cooling 1 t crystallized 

as white plates mel ting at 72°. It deoolorized both 2 percent 

permanganate solution and a. solution or- bromine in carbon 

tetraohloride. Amoleoular weight determination tentatively 

identified the compound as crotonic aoid. !his inference 

was oonfirmed by a mixed melting point with reage~t orotonio 

ac id. 

~e residua from the distillation was esterified 

and distilled. A colorless liquid was obta1ned which was 

identified as diethyl methylsuccinate. The tormation of the 

dibasio acid indicated that the reaction temperature was still 

too high. This was confir.med by the presence of crotonic aeid 



as one of the products. The formation of the latter also 

furnished concrete evidence that same rearran@3ment of methyl-

succinimide had taken place. 

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

in an alkaline solution they losa quite easily the elements of 

gmmonia which is reminiscent of the behaviour o~ ~ -hydroxyacids. 

This was similar to the resulta obtained by King 

and hia coworke.rs (132) who undertook a Hofmann reaction wi th 

'lr -pheno:x:ypropylsuccinimide (XLIII). The imide was subjected 

to a rearrangement at a temperature or 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 1( -phenoxypropylsuccinio 

aoid (XLVI. ) 

XLVI 

XLIII 

XLV n.rv 
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'nle 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) wi th silver oxide could be avoided. As e 

result, extraction of' the ester from an alkaline solution, 

would provide the amino acid in the rorm 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°/3~ mm. which was identified 

as ethyl crotonate by its subsequent hydrolysis to crotonie 

acid. The yellow viscous residus (I) from the distillation 

was neutralized wi th 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 (~) which 

could not be purified. aowever, it did form a oopper complex 

with copper carbonate indicating the presence or 3-aminobutyric 

a cid. 
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'lhe 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). 

CH3-CH-CO 

1 :imr 
CH2co 
XLVII 

The failure to isolate any ethyl methacrylate or ethyl 3-amino-

isobutyric aoid showed that the ring was opened in only one 

position with hypobromite and that only one amino acid was 

formed in the re arrangement. Thus, a similari ty could be 

drawn wi th the work of Moore (86) who found that in the Hof-

mann rearrangement of substituted phtbalimides to the corres-

ponding anthranilic acids, one isomer always predominated, or 

formed exclusively. 

Finally, the rearrangement was attempted at a 

temperature of approximately 4o-45°. Fram the alcoholic 

extract a sizeable quanti ty of a yellow oil (K} was obtained 

whioh did not contain any methylsuccinio 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 (134) had noticed that ethyl 3-aminobutyrate 

hydrochloride was insoluble to a great extent in absolute 

ethanol. Since it can be safely a·ssumad that the seme amino 

acid was formed in our experimenta, it is conceivable that 

soma esterification took place during the extraction wi th 

absolute alcohol and that the insoluble ethyl 3-aminobutyrate 

hydrochloride was formed. As a result, the reactions were 

repeated using hydrobromic acid instead m neutralize the al-

kaline solution. It was thought that the use of hydrobromic 

acid would have a two-fold advanta~. Initially, the hydro-

bromide salt of the ester may be more sélubla in alcohol than 

the hydrochloride and secondly, the formation of a mixture of 

salts would be avoided. It was also decided at this stage 

to neutralize the amine acid only to the vicinity of its 

isoelectric point thereby reducing the amount of hydrobromide 

salt formed. Although the isoelectric points of f> -amino aaids 

have not be en reported, i t was assumed that they should corres-

pond closely to those of the corresponding 0(-amino acids. 

Consequently, the solution was carerully titrated with ~ 

hydrobromic acid and the course or the neutralization plotted. 

A point of inflection was observed at a pH 5.~. 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 amine acid (K) could not be crystallized 

nor distilled directly. With copper carbonate a copper salt 
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formed which decomposed at 215-217°. Treatment of the amino 

acid with picric acid gave a picrate which melted at 230-232°. 

Purification of (K) was attempted by preparing the 

acyl derivative which in turn could be subsequently hydrolyze-d 

back to the amino acid. Formylation was tried initially since, 

in general, for.myl derivatives are more easily hydrolyzed. 

However, on formylation using the method of Stieger {135) 

only an oil was obtained which started to crystallize only 
0 after standing several months at 0 • 

Treatment of the amino acid with benzoyl chloride 

gave the. N-benzoyl derivative in excellent yield. Since the 

reaction of benzoyl chloride with the amino acid was very slow, 

the usual methodsbr preparing N-benzoyl derivatives could 

not be used. It was found that method used by Stieger (136) 

for benzoylating o( -amino ac ids worked equally well wi th 3-

aminobutyric acid. The m.p. of 154-155° and carbon, hydrogen, 

and nitrogen analysis were in agreement with that reported 

in the literature (137) for N-benzoyl-3-aminobutyric acid. 

Prolonged boiling with sodium hydroxide and diazo-

tation of the amino acid to give crotonic 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 Hotmann re-

arran@9ment of methylsuccinimide. 

When the attempted rearrangement was carried out 

at room temperature (25°), the only product obtained was 
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3-methylsuccinic a cid (XLVIII) • 

CH3CH-CO 
1 >NH 
CH2CO 

KOBr~OH-
25 • 

CH3 CHCONH2 
1 
CH2COOH 

XLVIII 

Thus, the temperature was not high enough to produce rearrange-

ment. At 25°, the rate of hydrolysis was greater than the rate 

of rearrangement. 

REACTION OF POT ASSIUiv.I HYPOBROIVIITE WITH 2, 2-DDv.IErHYLSUCCINIMIDE 

In the Hofmann rearrangement of 2,2-dimethylsuccinim.ide 

two products can be expected, 3-amino-2,2-dimethylpropionic 

acid (XLIX) or 3-amino-3-methylbutyric acid (L) depending 

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

respectively. 

CH 
(a) ~C-COOH 

CH3 1 + 
CH2NH2 
XLIX 

(b) 
CH 3'c-NH 
CH,..., 2 

3 CH2COOH 

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 lN 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 amine acid was obtained by three 

crystallizations from a 50 percent solution of methanol and 

ether. It deposited in small white needles which melted at 
0 216-216.5 • It gave with benzoyl chloride an N-benzoyl deriv-

ative which was recrystallized from water. The N-benzoyl 

derivative melted at 140-141°. 7he 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 

confir.med by hydrolysis of the amino acid with dilute alkali 

to 3-methylcrotonic acid (LI) • 

.. 

The absence of the second isomer, 3-amino-2,2-

dimethylpropionic acid (LII) was established by the same re-

action. The yellow oil 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 runmonia, remains unchanged. 
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CH3 1 
CH - C - COOH 

3 1 
CH#fl 2 
LII 

Prolonged boiling with alkali ~roduced an olefinic acid which 

melted at 69-69.5°. It was identical to 3-methylcrotonic acid 

(LI). The residue did not contain any trace of 3-amino-2,2-

dimethyl~ropionic acid. 

Thus, 2,2-dimethylsuccinimide undergoes a Hofmann 

rearrangement when treated with alkaline hypobromite solution 

at 40° to give only one product, 3-amino-3-methylbutyric acid. 

This result was completely analogous to that obtained by the 

Hofmann rearrang0ment of methylsuccinimide. 

ifuen the reaction of hypobromite was repeated above 
0 at 50 , the main products obtained were 3-methylcrotonic acid 

and a smaller quantity of 3-amino-3-methylbutyric acid. Above 
0 

60 , only 2,2-diruethylsuccinic acid was ~roduced. 

REACTION OF POTASSIUM HYPOBROMITE WITH DL-2,3-DDviETHYL-

SUCCINIMIDE 

DL-2,3,-Dimethylsuccinimide upon treatment with 

alkaline potassium hypobromite should undergo a Hofmann 

rearrangement to yield 3-amino-2-methylbutyric acid. Since the 

amino acid has DL- configuration, the expected product will be 

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

ac id. 



H 
1 

CH -e-co 3 
1 :::: NH 

H-e-co 
1 
CH3 

! 
H 
1 

CH -0-COOH 
3 1 
H-C-NH 

1 2 
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DL-2,3-Dimethyl-
succinimide 

H 
1 

OC-C-CH 
HNC 1 3 

OC-C-H 
1 

CH3 

! 
H 
1 

HOOC-C-CH 
1 3 

H N-C-H 
2 1 

CH3 DL-eryth~o-3-amino-
2-methylbutyric acid 

CH3 

The same procedure was used as in the previous two 

cases, in which the alkaline hypobromite solution of the imide 

was warmed to 40-45°. hvaporation of the alcoholic extract 

afforded white crystals of the amine 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 

231-232°. li.Ilalysis of the substance and formation of a copper 

complex confirmed the structure as being that of BL-erythro-

3-amino-2-meth~/lbutyric acid. 

Treatment of the amino acid 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-NH 
3 1 2 

CH3- CH- COOH 

H-C- CH 
Il 3 + 

CH -c- COOH 
3 

LIV 

CH -C-H 
3 Il 

CH - C - COOH 
3 

LV 

When the reaction with alkaline hypobromite and 

2,3-dimethylsuccinimide was carried out at temperatures above 

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

REACTION OF POTASSIUM HYPOBROMITE WITH SUCCINIIvaDE 

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 ~-alanine amounted 

to only about 45-50 percent of theory. This poor yield was 

attributed to the following factors: (1) the rearrangement at 
0 

55-60 was always accompanied by some decomposition of the 

amino acid and (2) treatment of the alcoholic extract with 

silver oxide rollowed 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 procedure 

was applied to succinimide. 

The hypobromite solution of the imide was warmed to 
0 

40-45 , acidified to pH 6, and then evaporated to dryness. 
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Extraction with alcohol gave a yellow oil which on benzoyla-

tion was converted to N-benzoyl-3-amino propionio acid. The 

yellow oil i tself was impure amino ac id. The total yield 

based on starting mate rial was never less than 5g pereent. 

The reaction was advantageous apart tram the slightly inoreased 

yield in that it required only half the usual time for com-

pletion. 

REACTION OF POTASSIUM HYPOBROMITE WITH PHENYLSUCCINIMIDE 

Theoretioally, the reaction of potassium hypobromite 

with phenylsuccinimide in a Hofmann type reaction can yield 

two products: 3-amino-2-phenylpropionic acid (LVI), and 3-

amino-3-phenylpropionio acid (LVII). 

C6li5CH -NH2 
+ 1 

CH2COOH 

LVII 

Phenylsuocinimide was selected for two reasons, 

firstly, beoause it is the f'"irst member of the series of 

arylsubstituted succinimides, and secondly both amino acids 

(LVI) and (LVII) have been reported in the literature. Posner 

(14o} had synthesized both 2-phenyl- and 3-phenyl-2-amino-

propionic acid by the reaction of an alcoholic solution of 

hydroxylamine with atropio and cinnamic acid respectively. 

Thus, knowing the properties of the two amino acids, in case 

both are formed by the Hormann rearrangement of phenylsucoini-

mide, a method of separation of the two isomers 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 J-phenylsuccinamic 

ac id (LVIII). 

c6H5fH - c~NH _....,._., CGH5rcoNH2 
CH2CO aa2COOff 

LVIII 

The formation of 3-phenylsuccinamic acid can be 

postulated as occurring in one of two ways: (a) Thé imide 

simply hydrolyzed to the amide without any reaction involving 

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

(b) c6~CHCO 1 :>NBr 
CH2CO 

LIX 

C6H5CHCONHBr 
1 
C:S:2COOH 

LX 

forming the N-bromo derivative (LIX), followed by ring opening 

to yield the intermediate N-bromo-3-phenylsuccinamic acid {LX). 

At a temperature of 4o0 the intermediate simply hydrolyzed to 

3-phenylsuccinam.ic 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 



imide was added ta a solution ar potassium hypabramite at the 

same temperature none of the starting material was recovered. 

However, the formation ar the N-bramo derivative (Lir) cauld 

not be veriried since attempts to prepare and isolate N-bramo-

phenylsuccinimide could not be accomplished. The formation 

or 3-phenylsuccinamic acid fran the inter.mediate (LX) was 

probably due to the fact that the temperature or 40-45° was 

not high enough to errect rearrangement. 

Treatment or 3-phenylsuccinamic acid with potassium 

hypobromite at 6o9 for a period of four hours gave a good yield 

or 3-amino-3-phenylpropionic acid (LXI). 

The reaction of potassium hypabromite with phenyl-

suce1nimide was repeated at a temperature of 60-65°. The 

aqueous solution on evaporation to dryness and extraction with 

methanol afforded a yellow oil which when treated with 50 per-

cent ethanol deposited long white needles or 3-cyano-3-phenyl-

propionic acid (LXII). Ita structure was verified by hydrolysis 

with (a) concentrated R~o4 to 3-phenylsuocinamic acid and (b) 

with dilute alkali ta phenylsuccinic acid. 

C6H5CHCN 
ba2coœ 

LXII ! H~04 
C6H5ÇHCONH2 

bH2COOH 



Evaporation o~ the alaoholic filtrate produced a 

yellow oil which upon crystallization ~rom concentrated hydro-

ohloric acid gave phenylsuccinic acid which was the main pro-

duct or the reaction. Thus, at a temperature or 60° treatment 

or pheny1succinimide with alkaline potassium hypobromite gave 

mainly phenylsuccinic ac id and a sma11er quanti ty o~ 3-cyano-

3-pheny~propionic acid. 

I~ the reaction was carried out at temperatures 

greater than 65°, the imide was converted completely to the 

di basic acid. 

As a result, it was concluded that phenylsuccinimide 

would not undergo a Hofm.ann rearrangement in a one step process 

as was the case with alky1substi tuted succinimides. It was 

necessary to isolate the inter.mediate 3-phenylsuccinémic acid 

whioh 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 McRae and his 

collaborators (141. 142, 143, 144) who did an extensiv~ inves-

tigation on the reaction of potassium hypobromite with phenyl-

and sym-diphenylsuccinamides. The abject of their research 

was to secure the uraoil inter.mediates which were produced 

with methylsuccinamide and succinamide (75). They observed 

that phenylsuccinamide was not converted to the uracil but 

gave instead 3-ureido -3-phenylpropionic aoid (LXIII). 

CGH5fH-CH2COOH 

NHCONH2 
LXIII 



Symmetri cal d1phan.ylsuoo1nam1de gave an unusual 

reaction in whioh i t was converted in 90 percent yield to 

diphenylac-etio ac1d. Symmetrioal diphenylsuooin1m1de simply 

hydrolyzed to d1phenylsucc1namic acid. 
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ANALYSIS 

Jl1 solid materials to be analyzed were recrystal-

lized two to three. times tram. an appropriate sol vent and 

dried under reduoed pressure over phosphorous pentortde for a 

period ot twenty-tour hours. 

Carbon, hydrogen and ni trogen analyses were per-

rormsd on a mioro seale as single determinations by the 

Schwarzkop:t lücroanalytieal Laboratory, Ioodaide, l'lin York. 

Balogen and oopper were deter.mined by the iodometric 

method as outlined by KOlthott and sandel1 {145). !he deri-

vative waa diasolved in rK aoid solution in the presence ot 

an excess of potassium iodide. The iodine libere.ted was 

titrated with standard sodium thiosultate solution using a 

ataroh indioator. 

~ purity ot the amino aoida and their derivatives 

were determined by neutralizat1on 111 th standard sodium hydro-

rlde. 

All mel ting points report ad are unoorreeted. 

PBEPARA.TIOH OF DIACET.OODE 

1'1to hundred grams ot acetamide wu dissolved in 

1000 ml. ot a 50 percent mixture ot ether and ethanol. Dry 



hydrogen chloride gaa was pa.ssed through the solution whioh 

soon solidiried to a crystal mass. !be residue was tiltered 

and washed several times with anhydrous ether. !he hydroohlo-

ride was til te red and washed se veral times wi th anhydrous 

ether. It was recrystallized tran ethanol, depositing as 

white needles which me1ted at 132-135°. 

Seventy grams ot the aoetamide hydrochloride was 

retluxed wi th 90.~ ga. o:r treshly distill.ed acetio anhydride 

tor 30 minutes. Fractions up to 125° were removed and the 

residue was distilled under reduoed pressure. 'flle traction 

distilllng at 104-106°/6 mm. was co1lected and dissolved in 

ether. Dry hydrogen chloride gas was passe.d through the 

solution to ramove any aoetamide as the hydrochloride. !he 

ethere al solution was shaken thoroughly wi th 10 gDt. ar barium 

carbonate f'ollowed by 10 gm.. o:r potassium carbonate. On 

remoTal ot the ether, diaoetamide was traotiona1ly crystallized 

t:rom 11gro1n. 'l'he produot was heated wi th 12 parts. ot petro-

leum ether, decanted, and al1owed to cool slowly. Diaoetamide 

deposited as white needles melting at ~o-~0.5°. 

IŒA.CTION OF POTASSIUM HYPOBRCNITE WITR DI.ACET.AMIDE 

(molar ratio 1:1) 

In a lOO ml. tlask, 5.00 ~· (0.05 mole) ot diaceta-

mide was added to an ioe-cold solution ot 50 percent potassium 

hydroxide (10.92 gm.). Right grams (0.05 mole) ot bromine was 



added at suoh a rate that the temperature ot the hypobromite 
0 solution remained at 0 • ~e Bolution waa stirred ror two 

minutes, 4 gm. ot salt waa added, and the reaction mixture 

was extracted wi th 30 m.l. ot chlorotorm. ib.e ohlorot'orm layer 

was decanted ort and the extraction repeated twice with 20 

ml. portions. 'flle chlorotorm extracts were combined and 

dried over anhydrous sodium sulphate. The solution evolved 

a very strong odor resembl1ng that ot isonitrile. On evapo-

ration ot the ohlorotorm., however, no residue remained. 

!he aqueous solution was evaporated to dryness under 

reduced pressure and the residue was extracted with alcohol. 

Evaporation ot the alcohol under reduced pressure lett a 

white residue which upon aeveral reerystallizations tram a 

50 percent mixture or ether and aloohol m.elted at gl-~1.;0 • 

!he product waa identitied as acetamide. A mixed melting 

with ressent .acetamide gave no appreciable decrease in melting 

point (~o.;-f!l0 ). 

BEACTION Ol!" POTASSIUM HYPOBROMITE WITB: DIACETAMIDE 

tmolar ratio 2:1) 

!he s~e reaction conditions were uaed aa mentioned 

above with the exception that the quantity ot hypobromite used 

was doubled. Upon the addition of. diacetamide, the solution 

was stirred tor an additional tive minutes and then extraoted 

with 30 ml. ot chlorotor.m. !he chlorotor.m layer was dried 



and t'11tered by gravity through a tluted t11ter paper. An 

equal am.ount o-r n-hexane •as added and the solution was coo1ed 

to 0° tor 12 hours. crystals or K-branoacetamide deposi ted 

which melted at lo4-105°. Yie1d 3"·49 p. (52 ~). 

Anal. Calcd. tor C,ti40RBr: Br, 57.91 ~. 

lround: ~' 57. 7~ ~. 

REACTION OF AI.J{AI,INE HYPOBRCW:TE WITH DIA.CET.AMIDE 

A 100 ml. threa-necked tlask was titted with a 

ret1ux condenser, a nitrogen inlet tube, and a separatory 

tunDel. T.be condenser was oonneoted to a trap containing IR 

hydrochloric aoid. In the tlaak, 21.f!4. g~n.. or 50 percent 

potassium hydroxide solution was placed and oooled to 0°. 

Ni trogen was bubbled through the alkaline solution at a very 

slow rate and 2.~ ml. ot bromine was added dropwise tollowed 

by ,5 .. 122 gm. ot diaoetamide·. !'he reaction mixture waa stirred 

tor an addi tional tive minutes. The temperature ot the solu-
o 

tion was raised slowly to 65-70 and maintained tor two hours. 

fiLe acid solution 1n the trap was then caretully evaporated 

to dryness on a steem. bath and the residue was thoroughly 

dried in a vacuun dessicator. !be product waa recrystallized 

twioe tram aloohol depositing as leatlets melting at 225-

2260. Yield 1.09 ~· Heutralization ot the product with 

standard sodium hydroxide oontir.med its identitioation as 

methylamine hydroohloride. 



Anal. Cal cd. tor Œ611Cl: K. W., 67.52 

lround: K. tr., 67 .51. 

PBBPARATION OF DIBENZAMIDlf 

In a 1-liter tlask, 121 gm. (1.0 mole} or benza-

mide was dissolved 1n 6o5 p. ot pure pyridine and oooled to 

0°. Benzoyl chloride (l4o.; gm. ) was added to the pyridine 

solution at such a rate that the temperature ot the reaction 

mixture did not rise above 5°. !he resulting deep red solution 

which gradually deposited crystals ot pyridine hydrochloride 

was lett in an tee-bath tor eight hours. ~e solution waa 

shaken with J to 4 t~es ita volume ot water in order to 

remove most ot the pyridine. An oil separated which was 

e:rtracted wi th 150 ml. or ether. 'l'he ethereal extract waa 

washed several times w1 th 50 ml. portions ot 2H H~4 to 

remove the final traces ot pyridine. White needles ot diben-

zamide separated out and were til te red ott·. !ha excess ether 

was distilled and an oily residue remained which soon cry-

atallized yielding more dibenzamide. The original aqueous 

solution on standing deposited also a turther crop ot dibenza-

mide. !he total quantity reoovered was nearly equivalent to 

the theoretical yield. Tbe pure dibenzamide malted at 1~0• 

SILVER SALT OF DIBimZAMIDE 

TWenty-tive grams. (O.llmole) ot dibenzamide waa 



added to an ice-cold 50 ml. solution conta1ning 4.0 gm. (0.1 

mole) ot sodium hydroride. '!!le mixture •as shaken until most 

ot the dibenzamide had d1ssolved, then the exoess waa tiltered 

ott. On treatment with a slight excess or 5 percent silver 

nitrate, a grey-white preeipitate ot silver dibenzamide de-

posited which was collected at the suction pump. It waa 

tb.Droughly dried overnight at 100°. 

REACTION OF BROMINE liiTH SILVER DIBENZŒI.Dlf 

Sixteen grama (O.o48 mole) ot the silver aalt was 

suspended in 150 ml. ot anhydroua ohloro!"orm and oooled to 

0°. !0 the cold solution, 7.7 ~· (O.o48 mole} ot bramine 

was added dropwise. An immediate preoipitate ot silver 

bromide was obtained and tiltered ott". !he chlorotor.m 

solution was pale yellow in color but rapidly turnad dark 

red. On distillation ot the excess chlorotor.m under reduoed 

pressure in a ni trogen atmosphere red orystals remained which 

immediately decamposed with the evolution ot bromine. 

REACTION OF POTASSIUM HYPOBROMITE WITH DIBENZAMIDE AT 0° 

!P1ve grams (0.022 mole) ot dibenzamide was dia-

solved in an ice-oold solution ot 13 8Dl· ot 10 percent potas-

sium hydroxide. TO the alkaline solution, 3.5 gm. (0.022 

mole) ot bromine was added dropwise over a pe~iod ot tan 
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minutes. !he reaction mixture was stirred ~or an additional 

two minutes until the solution became clear. The aqueous 

solution was e::rtracted wi th threa 25 ml. portions ot ether 

and then was kept at 0° overnight. 

'!!le ether layer was dried and the excess ether 

distilled ott. '!he residue, on recrystallization trom water, 

deposited white needles of benzoic acid melting at 12o-1~1°. 

The aquaous layer turned dark brown in color and 

the dark precipitate which settled out was tiltered ott. 

It was identitied atter purification as more benzoic acid. 

~e aqueous tiltrate gave a violet color with Ca(Oat)2 
indicating aniline or an aniline derivative. SUbsequent 

extraction with ether gave benzamide (m. p. 129°) and only 

a te-w m1111grams ot aniline. 

REACTION OF POTASSIUM HYPOBRWITE WITH DIBENZAMIDE AT 4o0 

~ a lOO ml. tlaak was placed 22.5 ~· (0.1 mole) 

ot d~benzamide and 56 gm. ot ~0 percent potassium hydrox1de. 
. 0 

The solution was cooled to 0 and 16 gm. (0.1 mole) ot bro-

mine was added dropwise with rapid stirring. !he reaction 

mixture became yellow in color and was extracted continuouslT 

with ether tor one hour. fhe ethereal layer turned dark red 

as the extraction prooeeded. !he layers were separated and 

the ether layer (Â) was washed with two 15 ml. portions ot 

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

Aeiditication ot the aqueous solution {B) with 5 

percent HCl deposi ted benzoic acid which was ttltered ott 

and reerystallized from water. Yield 7•~9 gm. 

The ethereal solution (A) above waa washed with 

three 15 ml. portions ot 5 percent HCl. The acidic washingB' 

were combined, neutralized with alkali, and extraeted with 

ether {0). !he ethereal solution {C) was distilled and 

aniline was collected at 1S2-lg4°. Yield 0.54 gm. (6~). 

Distillation ot the ether solution {.1) lett a white 

residue whioh was identitied as benzamide. It was reory*-

tallized tram a mixture or petroleum ether and benzene 

depositing as white needles melting at 129-130°. Yield 

8.04 gm. (66.5~). 

The reaction above was repeated once more in the 

presence ot a tive told excess ot 10 percent potassium 

hydro:z:1de and the time ot the ether extraction was increaaed 

to three hours. The ether layer was separated ott and the 

aqueous solution was war.med to 70° tor 20 minutes. It waa 

extracted with 50 ml. ot ether and the ethereal solutions 

were eombined and dried over magnesiun sulphate. The exeeaa 

ether waa distilled ott and the residue was d1st1lled at at-

aospheric pressure. The aniline traction was èollected at 

184-185°. Yield 7.62 gœ. (82~). 

!he aqueous layer was aoiditied with 5 percent 

HCl and benzoic aeid deposited in a yield ot 11.1 gm. (91~). 
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MET.HYLSUOCINIC ~CID 

To 114 gms. (1.0 mole) or ethyl crotonate in 

460 ml. of 95 percent ethanol was added a solution ot ;4 
gm. (1.06 mole) ot 95 percent sodium oyanide in 12~ ml. ot 

water. !be solution was retluxed under stirring tor five 

hours. A suspension ot 150 gm. ot barium hydroxide oeta-

hydrate in 2g6 ml. ot hot water was added and the reaction 

mixture concentrated under re~uèed pressure to a volume ot 

4oo ml. 'l'he mixture was a.gain retl \Œed for tiTe hours on a 

a~eam bath, then poured into a large poroelain evaporating 

dish and evaporated on a ste~ bath to a thick paste. ~· 

residue was oooled, dissolved in 171 ml. ot nitric acid, 

(a.g. 1.4) and the resulting solution, under constant agi-

tation, was evaporated to dryness. The residue waa ground 

up fine and extracted in a Soxhlet extraeto~ with 500 ml. 

ot ether tor se veral hours. Benzene (lOO ml. ) •as added 

to the ethereal solution, and the excesa ether distilled 

o~. On cooling, methylsuccinic aoid crystallized out ot 

the benzeDB solution. The acid was filtered by suction, 

washed with lOO ml. ot chlorotor.m, and dried in air. !he 

yield ot methylsuooinic acid was 112 gm. and it melted at 

1.10-111°. 
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MTI.'THYLS UC CLiiMIDE 

A mixture of 20 gm. of methyls.uccinic acid and 20 

gm. of concentrated aqueous ammonia solution was heated on 

an oil bath to 100°, until all the excess ammonia solution 

had been evaporated. The residue was heated to 210° until 

all fumes of ammonia had ceased to be evolved. The reaction 

mixture was cooled and extracted with 25 ml. of absolute 

alcohol. The alcoholio 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-D~~HYLSUCCINIC 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-

danser. 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 lOO ml. of ether and 

washed with lOO 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 

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

Forty grams of the ester was dissolved in lOO 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 residus and the whole mixture 

was refluxed until all the residus had dissolved (12 hours). 

The acidic solution was evaporated to dryness. The residus 

was ground up fine and placed in a Soxhlet extractor. It 

was extracted with ether for several hours. Subsequent 

distillation of the ether solution left a white reidue of 

2,2-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 
0 

141-142 • 

2, 2-DIMErHYLSUCCINIMIDE 

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 
0 

106 • Yield 21.1 gm. (84.4%). 

2,j-DIMETh~SUCCINIC ACID 

To a solution of sodium ethoxide prepared from 

27.6 gm. of sodium and 337 gm. of absolute alcohol was added 

137 gm. of ethyl cyanoacetate. Ethyl «-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. Atter cooling, it was 

diluted with 800 ml. of water and the oil which separated 

was extracted with ether. The ethereal solution was washed 

with sodium hydroxide and dried over magnesium sulphate. 

The diethyl <X-cyano-~ -methylsuccinate was distilled 

under reduced pressure and collected at 160°/22 mm. Yield 

224 gm. 

128.5 gm. of the .r:>roduct v1as dis sol ved in 180 gm. 

of absolute methanol. To the alcoho1ic solution, 5.75 gm. 

of sodium was added dropwise with strong externa1 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 pressur e. The aqueous 

sol uti on was extracted with three lOO ml. portions of ethe r 
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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 
0 2-cyano-2,3-dimethylsuccinate, distil1ed at 172 /40 mm. 

Yield 121 gm. 

The substituted succinate was placed in a two liter 

flask and refluxed with 1280 gm. of concentrated hydrochloric 

acid for 12 hours. A little decolorizing charcoal was added 

and the hot solution was filtered at the vacuum pump. On 

cooling white needles of DL-2,3-dimethylsuccinic acid 

deposited. The acid was filtered off and recrystal1ized 
0 twice from water, m.p. 208.5-209 • The acid filtrate was 

evaporated to dryness on a steam bath and the residue recry-

stallized from eoncentrated hydrochloric acid. White needles 

of meso-2,3-dimethylsuccinic acid crystallized out which 

melted after two further recrystallizations from benzene 
0 at 127-127.5 • 

DL-2,3-DDvŒTHYLSUCCINIMIDE 

Thirty grams of the high melting dibasic acid was 

dissolved in 75 ml. of concentrated aqueous ammonia and the 

excess water and ~wonia distilled off. The residual am-

monium salt was heated to 210° until a11 fuming ceased. On 

cooling, the residue was extracted with 20 ml. of methanol 

containing a little decolorizing charcoal. The alcohol 
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soluti~n was filtered and the excess methanol distilled 

off on a steam batp. The residue was sublimed and the imide 

was collected at 110-115°/1 mm. The sublimate melted at 

85-8?0 • On recrystallization from water, 23.3 gm. of 2,3-

dimethylsuccinimide was obtained which melted at 109-110°. 

The low melting meso-2,3-dimethylsuccinic acid was 

treated with ammonia as above under the same reaction con-

ditions. The imide which was formed was identical to the 

product obtaiaed from DL-2,3-dimethylsuccinic 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. 

(l mole) of benzaldehyde followed by 3 ml. of piperidine. 

During the addition the temperature of the solution slowly 
0 

rose to 60 • When the reaction mixture had cooled to room 
0 temperature (25 ), it was diluted with lOO 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 hydrochloric acid. The acidic 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, 

fil te red hot, and allowed to cool slowly. ~l'hi te nee dl es 
0 

(163.7 gm.) of phenylsuccinic acid melting at 167 deposited 

and was filtered at the suction pump. 

PHENYLSUCC INilViiDE 

A mixture of 100 gm. of phenylsuccinic acid and 

150 gm. of concentrated aqueous ammonia solution was heated 

on an oil bath to 100°, 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 recr~stallized from 1500 ml. of water containing 

20 ml. of acetic acid. Vfuite needles of phenylsuccinimide 

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

N-CHLOR0-2-MErHYI..SUCCINThiiDE 

Methylsuccinimide (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 did 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 P2o5• The dry N-chloro-

succinimide was recrystallized twice from a mixture of chloro-

form and n-hexane, depositing as fine wg1te needles melting 

at lo6-107°. Yield 1.7 gm. 

Cl, 24.02~& . 

Found: Cl, 23.89%. 

N-BROM0-2-METHYLSUCCINIMIDE 

A solution of 3.9 gm. sodium hydroxide in 16 ml. 

of water was placed in a lOO ml. flask and oooled 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 cont inued 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 inorganic material. It was recrystallized 

twice from 4 ml. of water, depositing as white needles which 

melted sharply at 145.5°. Yield 6.51 gm. 

Br, 41.66%. 

Found: Br, 41.52%. 
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SILVER SALT OF 2-M:&."THYLSUCCINIMIDE 

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 and the reaction mixture 

was filtered at the suction pump. The filtrate was cooled 

to 0° and white crystals of silver 2-methyls.uccinimide de-

posited. Yield 9.3 gm. 

N-IOD0-2-MErHYLSUCCINDdiDE 

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 0° 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 134-135°. 

Yield 2.8 gm. 

Anal. Calcd. for c5H
6

02NI: I, 53.10%. 

Found: I, 52.96%. 

Solubility 

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

Decomposes in water, alcohol, and hot ethyl acetate. 

REACTION OF N-BROM0-2-11ETHYLSUCCINIMIDE WITH METHYL CROTONATE 

In a 50 ml. round-bottom flask, fitted with a reflux 

condenser, was placed 1.9? gm. (0.01 mole) of N-bromo-2-

methylsuccinimide in 10 ml. of pure anhydrous carbon tetra-

chloride. To the mixture, 1.15 gm. (0.01 mole) of methyl 

crotonate was added and the solution was refluxed for six 

hours on a stewn 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 ~-bromocrotonate was collected at 86-8?0 /15 mm. 

Yield 1.6 gm. 

N -CHLORO- 2, 2-DDlETHYLSUCCINUŒIDE 

In a lOO ml. flask, 12.6 gm. (0.1 mole) of 2,2-

dimethylsuccinimide was dissolved in a solution containing 

11.2 gm. (0.20 mole) of potassium hydroxide dissolved in 
0 

30 ml. of water. The alkaline solution was cooled to 0 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 suction pump and washed with 12 ml. of cold 
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water. The residue was recrysta1lized twice from 5 ~1. of 

hot water. On immediate strong coo1ing, white needles of 

N-ch1oro-2,2-dimethy1succinimide deposited which melted 
0 

when pure at 109-110 • Yield 2.62 gm. 

Anal. Calcd. for c6H8o2NC1: Cl, 21.94%. 

Found: Cl, 21.8?~~. 

N-BROM0-2,2-DIMETifYLSUCCINIMIDE 

In a 25 ml. flask containing 8 ml. of water was 

placed 1.8 gm (0.032 mole) of potassium hydroxide followed 

by 2 gm. (0.016 mole) of 2,2-dimethylsuccinimide. The 

alkaline solution was cooled to 0°, 2.56 gm. (0.016 mole) 

of bromine was quickly added, and the resulting mixture was 

stirred for an additional two rdnutes. The solution, which 

had become a pale yellow s1ush, 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. Calcd. for c6H802NBr: Br, 38.83%. 

Found: Br, 38.65%. 
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SILVER SALT OF 2, 2-DIMETHYLSUCCINIMIDE 

An excess of freshly prepared silver oxide (6.5 

gm.) was added to a solution of 50 ml. of boiling water con-

taining 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 

P2o5 in a vacuum dessicator. Yield g.l gm. 

N-IOD0-2,2-D~ŒTHYLSUCCINIMIDE 

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 iodine and 15 ml. of anhydroua 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 we re combined and evaporated to dryness 

under reduced pressure. A white residue remained which was 

recrystallized from benzene. The N-iodo-2,2-dimethylsuccin-

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

all organic solvents. 
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I, 50.1?%. 

Found: I, 50.04%. 

N-CRLORO-DL-2,3-DIMEI'HYLSUCCINIMIDE 

In a 50 ml. flask, 6.3 gm. (0.05 mole) of DL-2,3-

dimethylsuccinimide was 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 0°, 

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-dimethylsuccinimide 

deposited which melted at 124-l25o. 

Anal. Calcd. for c6Hs02NC1: Cl, 21.94%. 

Found: Cl, 21.81)6. 

N-BROMO-DL-2, 3-DIMETHYLSUCCINThiiDE 

Bromine (2.52 gm.) was added quickly to an ice-

cold aqueous solution containing 1.?8 (0.03 mole) of potassium 

hydroxide and 2.0 gm. (0.015 mole) of 2,3-dimethylsuccinimide. 

The solution was stirred for s everal 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. 

Anal. Calcd. for C5Hs02NBr: 

Found: Br, 38.?1%. 

SILVER SALT OF DL-2, 3-DDIETHYLSUCCINIMIDE 

Five grams of 2,3-dimethylsuccinimide 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 s.o gm. 

N-IODO-DL-2,3-DIWillTHYLSUCCINIMIDE 

Two grams of iodine 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-dimethylsuccinimide was added 

carefully s o that the temperature remained constant. The 

reaction 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 iode derivative was 

recrystallized twice from benzene de,Positing as white needles 

which melted at 181-182°. Yield 2.01 gm. 

Anal. Galcd. for c6H8o2NI: . of. I, 50.17 iO• 

Found: I, 50.07)G. 

N-CHLOR0-2-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 .Phenylsuecinimide. The 

flask was surrounded by an ice-bath so as to maintain the 

tem,Perature of the solution at 0°. A stream of chlorine gas 

was ,Passed through the solution and the precipitate which 

deposited was filtered at the suction pum.J?. The residue was 

washed with 25 ml. of cold water and dried in a vacuum des-

sicator over P2o5 • It was recrystallized twice from a 50 

percent mixture of chloroform and n-hexane. N-Chloro-2-

.Phenylsuccinimide deposited as white needles melting at 

105-106°. Yield 2.6 gm. 

Anal. Calcd. for c10H8o2Ncl: 

Found: Cl, 16.72%. 

Soluble in chloroform and benzene. Insoluble in n-hexane. 
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N-BROI~:o-2-PEENYLSUCCINIMIDE 

To 14 ml. of a 10 percent solution of potassium 

hydroxide containing 4 gm. of 2-phenylsuccinimide, 3.6 gm. 

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 

1~so4 . The excess chloroform was distilled off under reduced 

pressure and a yellow semi-crystalline sùbstance remained 

which me1ted at 115-120°. All attempts to crystallize it 

failed. It liberated iodine from an acidic solution of 

potassium iodide. On standing in air, the brome derivative 

rapidly decomposed. 

Soluble in alcohol, benzene, chlorof orm, acetone end dioxane. 

Insoluble in water and petroleum ether. 

REACTION OF POT .ASSIUI'Yl HYPOBROMI'l'E WITH l'IIETHYLSUCCINIMIDE 

AT 60-65° 

In a one-liter three-necked fl ask fitted with a 

mechanical stirrer was cp1aced 15.1 gm. of potassium hydroxide 
0 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 auch a rate that the tem-
o 

perature ot the solution did not riae abov-e ; • 'rhe mixture 

was stirred until all the tmide had dissolved and then was 

slowly warmed to 6o-6;0 t'or two hours. The sol ut ion was 

cooled to roam temperature and aciditied to Congo red with 

oonoentrated hydroohloric acid Cs .g.l.l~). The acidio aolu-

tion waa evaporated to dryness under reduoed pressure. ~e 

residue was extraoted with g3 ml. ot' war.m 95 percent ethanol, 

tiltered, and the undissolved 1norgan1c salts washed with 

17 ml. ot cold 95 percent ethanol. 'l'he alcoholio tiltrates 

were combined and evaporated to dryness under reduced pres-

aure. ~e residue onoe more was extraoted with 15 ml. ot 

warm absolute ethanol, tiltered, and the ethanol solution 

evaporated to drynesa under reduoed pres sure. A. yellow oil 

(D) remained. It was dissolved in 16 ml. ot water and retluxad 

tor two hours. on oooling another yellow oil (E) separated 

whioh was extraoted trom the aqueous solution with ether. 

The ethereal solution was dried over MgS04 and the exoess 

ether distilled ott. The residual oil was esteritied with 

20 ml. ot absolute ethanol in the presence ot 0.5 gm. ot' 

concentrated H2304 (9~j). The solution was heated on a 

water bath tor two hours, then poured 1nto 4a ml. ot water. 

The ester was extracted with three 10 ml. portions ot ether 

and dried over MgSO}t• The exoess ether was distilled ott and 

the residue distilled under reduoed pressure. T.he tracti~ {Y) 
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distilllng at 10~/16 mm. waa collected and identi:f'ied as 

diethyl methysuccinate. Y1eld 3.7 gm. 

Anal. Ca1cd. ~or C9B1604: C, 57.42; H, S.57J. 
round: o, 57.63; H, 8.48~. 

D1ethyl methysuce1nate was hydrolyzed w1th dilute 

hydrochlor1e ae1d and methylsuccinie ac1d was obtained, m.p. 

ll.Q-111 °. 
The aqueous solution from the ether extraction 

above was d1luted to êo ml.. and a suspension of ~reshly pre-

pared silTer oxide was added. It was stirred well and allowed 

to stand overnight. The silver salt was f1ltered and washed 

with water. Hydrogen sulphide was bubble4 through the aqueoua 

~iltrate until al1 the silver sulphide had precipitated. It 

was filtere.d ott and the aqueous layer concentrated down on 

a steam bath to a volume ot 16 ml. Oharcoal was added and 

the mixture tiltered. Evaporation ot the aqueous solution 

produeed a yellow viscous oil which eould not be distilled 

nor crystallized. Yield 212 mg. 

REACTION 0"1 POTASSIUM HYPOBROMITE WITH ME'l'liYLSUOCINIMIDE 

AT 55;..6o0 

'flle same quanti ties or bromine, imide and base 

were used as in the pre.vioua experiment. The solution was. 

warmed to 55-6o0 tor two hours. It was then cooled to room 
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temperature and aciditied to Congo red with conaentrated 

hydroohloric acid. !he aqueous solution was evaporated to 

dryness under reduced pressure. T.he residue wa~ extraoted 

with go ml. ot war.m 95 percent ethanol, tiltered, aad the 

alcoholic solution was evaporated to dryness under reduoed 

pressure. A yellow oil (G) remained which was dissolved in 

15 ml. ot water and retluxed tor one hour. i'he solution was 

diluted to g3 ml., an excess ot treshly preparad silver oxide 

was added and the reaction mixture was allowed to stand 

overnight. Tbe preoipitated silver chloride was tiltered 

ott and washed with 25 ml. ot water. The aqueous solution 

was saturated w1th hydrogea sulphide and tiltered. !he ril-

trate was ooncentrated dawn under reduced pressure. A dark 

yellow oil (H) remained which was tractionally distilled 

under reduoed pressure. !he ~raotion boiling at 55-6o0/2mm. 

was oollected. It deoolorized permanganate ·and soliditied 

on oooling. It melted at 72° on reorystall1zation trom 

1igroin and was 1dent1t1ed as crotonic aoid. Yield 2.1 gm. 

The residue trom the distillation was dissolved in 

20 al. ot absolute ethanol and dry bydrogen ohloride gas was 

passed through the solution. The reaction mixture was poured 

into 50 ml. ot water and extracted with ether. !he ether 

layer was dried and distilled under reduced pressure. D1-

ethyl methylsuccinate distilled over at 105°/16 Dm4 Yield 

1.3 gpl. 
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Rb.CTION OF POTASSIUM HYPOBROMI'l'E WITH METHYLSUCCINIMIDE" 

.A.T 50-55° 

The same quantities ot starting materials were used 

as in the previous experimenta. !he solution, however, was 

only warmed to 5Q-55° "tor two hours and on cooling was acidi-

fied to p.H. 3 with concentra~ed hydrochlor1c acid. 1he 

solution was evaporated to dryness under reduced pressure. 

~e residue was extracted with 80 ml. ot ethanol and evapor-

ated to dryness. The residue trom the alooholic ertraetion 

was dissolYed in 50 ml. ot abaolute ethanol and dry hydrogen 

chloride gas passed tbrough the S'Olution. !he e:x:cess aleohol 

was distil~ed ott and a colorless liquid distilled over at 

125-130°/38 mm. which was charaoterized as ethyl crotonate. 

A yellow viseous oil (I) remained wbioh was dissolved 

Ln 5 ml. ot water, oooled to 0°, and ne.utralized to p.~ 5.~ 

with 33 percent sodium hydroxide. !be solution was ertracted 

wi th three 10 ml. portions ot ether. The ether e:x:tracts were 

oombined and dried over KgB04. ~e ether was distilled otr 

and the res idue distilled UD.der reduced pressure. A oolor-

less liquid (0.81 ~.) was oolleoted at 64-65°/15 mm. which 

was 1dentitied as ethy~ p -aminobutyrate. 

The ester was hydrolyzed •1th dilute hydrochloric 

aoid and a yellow oil (J) was isolated which could not be 

crystallized nor distilled. It d1d, however, torm a copper 

canple:x: Wi th CUC03 indioating the presence Ot f' -am1nobutyrio 

aoid. 



112 

RnCTICil 07 POTASSIUlrf HYPOBRWITE WITH METHYLSUCCINIMIDE 

A'r 4o-~ {HOl.'!WIN REARRANGEI.ŒNT} 

In a 200 ml. three-necked tlask, titted with a 

mechanioal stirrer, was placed 3.33 gm. (0.072 mole} ot 

potassium hydroxide in 90 ml. ot water. !he solution was 

cooled to 0° and 1.9~ gm. (0.01~ mole) ot bromine was added 

dropwise. 'l'llo grem.s. ot methylsuooinimide was added portion-

wise and the reaction was stirred until all the tmide had 

gone into solution. 'lhe mixture was warœd to 4o0 tor two 

hours until a negative test was given tor the presence ot 

hypobromite. !he solution was oooled and titrated with rK 

hydrobromic acid to pH 5.~2. 'l'he solution was evaporated to 

dryness under reduced pressure and the dry residus was ex-

tracted with 25 ml. ot war.m methanol. The alcoholio solution 

Wf48 tiltered, the residue washed with 5 ml. ot cold methanol, 

and the methanolio solution was evaporated to dryness under 

reduced pressure. A yellow oil (K) remained mixed with a 

little potassium bromide. The oil was taken up tn 15 ml. 

or methanol, tilterad, and the residue washed with 5 ml. or 
oold methanol. On evaporation ot the methanol, 1.52 gm. ot 

~pure 3-aminobutyric acid remained as a yellow viscous oil 

(K) • 
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COPPER SALT Olr 3-AMINOBUTYRIC A.CID 

A t'ew mg. of the ye1low oi1 (K) was disso1 ved in 

3 ml. of water and a slight e:z:cess of t'resh1y prepared copper 

carbonate was added. The solution was thoroughly shaken, 

heated tor two minutes on a steam bath, eooled, and tiltered. 

The blue fi1trate was evaporated to dryness under redueed 

pressure. A blue residue remained whioh was crystalllzed 

t'rom ~5 percent ethanol. On rapid beating, it decomposed 

at 215-217°. 

Anal. Calod. tor OeRt60~2 • 2H20: c, 31.62; H, 6.63; :tr, 

9.22; Cu, 19.0~~. 

lbund: C, 32.01; H, 6.24; X, 9.12; cu, 19.02~. 

B-B!NZOYL-3-AMINOBUTYRIC ACID 

A. solution ot 48.5 ml. ot l& sodium hydroxide was 

plaoed in a 250 ml. three-necked tlask fitted with a meohanical 

stirrer and two separa tory tunnels. IJhe alkaline sol ut ion 

was cooled to 0° and 5 ga. ot 3-sminobutyric acid was added 

portionwise aver a period of tive minutes. In one separatory 

:tunnel was placed ;. 6 ml. of pure benzoyl chloride and in 

the second tunnel 24.25 ml. ot 2N llaOH. '!he stirrer was rtm 

at such a speed that the solution splashed violently on the 

aides ot the tlask. The sodium hydroxide was added to the 

reaction mixture at a rate tour times as tast as the benzoy1 
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chloride over a period or at least two hours. The solution 

was stirred tor an additional titteen minutes, then aciditied 

with 5N hydrochlorie acid (9.7 m1.) to Congo red. The tem-

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

addition of the acid. ~e benzoyl derivative deposited as 

a yellow oil and was separated of~. The aqueous layer was 

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

ether extracts were combined and dried over JlgS04. '!he ether 

was distilled ott and the residue crystallized twice tram 

JO ml. ot water. H-Benzoyl-3-aminobutyric acid deposited 

in tine whi ta needles which mel ted at 154-155°. Yield 8.52 ga. 

Anal. Caled. ~or c1oBi303H: C, 63.76; H, 6.37; H, 6.71~. 

Pbund: a, 64.02; R, 6.05; N, 6.6g~ 

lleutral. Equi v. : Cale. 207; tound 207 • 

._T'mMPTED RESOLUTION OJr N-BBNZOYL-3-AMINOBUTYRIC ACID WIT.H: 

a) d-Kethylbenzylamine 

In 2 ~. ot water, 0.9921 ga. (0.00~ mole) ot the 

benzoyl derivative and 0.6050 gm. (0.0048 mole) ot d-methyl-

benzylamine were added and warmed to 90°. !he elear solution 

was allowed to cool slowly to rocm temperature, however, no 

crystallization occurred. The solution was concentrated down 

0.25 ml. at a t~e but at each volume no crystallization took 

place. ~white crystalline residue remained on evaporation 

to dryness which melted at 139-14o0 • 
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~her traetionel erystallizations were attempted 

using as sol vent: ethanol, methanol, acetone, dioxane, and 

ethyl acetate. In avery case the same result as ~or water 

was obtained. 

b) d-Bruoine 

In 5 ml. or water, 2.5023 gm. (o.oo;4 mole) o~ 

d-brueine and 1.1971 gm. (0.0054 mole) ot the benzoyl deriva-

tive were disaolvecl by gentle warming on a steam bath. nte 

solution was oooled to roœn temperature, however, no crystal-

lization oocurred. The solvent was reduced 0.25 ml. at a 

time without any crystallization. On complete evaporation 

o-r the water, a yellow oil ramaine.d. .Àttempts were aade to 

-rractionally crystallize it tran ethanol, methanol, dioxane, 

acetone, and ethyl acetate, but negative resulta were seoured 

in every ease.. 

o) d-Cinchonine 

'l'he same procedure was used as above. d-Cinchonine 

(1.4720 gm.) and 1.0293 gm. ot benzoyl derivative were dia-

aolTed in 5 ml. o~ boiling water. !he solution was cooled 

slowly ta room temperature, but once again no orystallization 

took place. Once more the solution was ooncentrated aa above. 

At a volume ot 1.25 ml. a solid solution ot the substance 

was obtained. Attempts were made to -rractionate the two 
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isomers from the fol1owing solvents: acetone, dioxane, ethyl 

acetate, ethanol, and methanol. However, in all cases it was 

not possible to fractionally crystallize them. The dry 
0 

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 0°, 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 lN 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 gm.) 

deposited in long white needles melting at 119.5-120°. 

Neutra!. Equiv. Calcd. for c5Hg03N: 131.1 

Found: 131.0 

HOFMANN REA.RRANGEMENT OF 2, 2-DII".ŒTHYLSUCCINIMIDE 

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.? gm. {0.023 mole) of bromine was added 
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slowly with vigorous stirring. 2,2-Dimethylsuccinimide (2.9) 

was added portionwisé at such a rate that the temperature 
0 

of the solution did not rise above 5 • The resulting solution 

was stirred for an additional fifteen minutes, then slowly 
0 

warmed to 40 • The temperature was maintained at 40-45° for 

three hours. On cooling to room temperatur e, the reaction 

mixture was acidified to pH 6 with lN hydrobromic acid. The 

solution 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 wer·e collected at the suction pump. The amino acid was 

recrystallized twice from a mixture of methanol and ether 

(1:2) depositing as white needles melting at 216-216.5°. 

Yield 2 .ll grn. ( 78?f ) • 

Anal. Calcd. for c5H11o2N: C, 51.26; H, 9.47; N, 11.96%. 

Found: C, 51.20; H, 9.51; N, 11.94%. 

Neutral. E~uiv: Calcd. 117; found 117. 

COPPER SALT OF 3-M/~0-3-~illœHYLBUTYRIC ACID 

One gram of the amino acid was dissolved in 5 ml. of 

water and treated with an excess of copper carbonate. The 

blue solution was filtered and evaporated to dryness under 
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reduoed pressure over P2o5 in a vacuum dessioator. A blue 

residue remained Whioh was dissolved in a little methanol 

and the methanol was allowed to evaporate slowly in a vacuum 

dessioator. The oopper salt ot 3-amino-3-mathylbutyrio aoid 

remained as blue orystals whioh deoomposed on heating above 

215°. 

Anal. Calod. tor c loli2002'f 2cu. 2R20: c, 4o. 6o; H, 6.~1; 

li, 9.4-7; cu, 21.4-lf~. 

Found: c, 4-0.4-7; H, 6.~~; N, 9 .. 48; cu, 21.23~· 

N;..BENzOYL-3-.AMINo-3-METHYLBUTYRIC ACID 

In a 250 mJ.. three-neoked flask fi tted wi th a meohan-

ioal stirrer and two separatory tunnels was plaoed 13 ml. 

(0.013 mole) of IR sodium hydroxide. The alkaline solution 

was oooled to 0° and 5 gn. of 3-amino-3-methylbutyrio aoid 

was oaretully added so that the temperature ot the solution 

remained at 0°. In one separatory tunnel was placed 1.48 

ml. ot pure benzoyl ohloride and in the second tunnel 6.5 ml. 

ot 2& sodium hydroxide. The alkali and benzoyl chloride 

were added with vigorous stirring over a period of two hours. 

'l'he. sodium hydroxide was run in at a rate t'our times as fast 

as that of the benzoyl chloride. The solution was stirred 

tor an additional fifteen minutes, then aeidif'ied with 5R 

hydroehlorio aoid 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 vacuum dessicator, then recrystallized 

twice from water. It deposited as white needles melting 

140-141°. 

C, 65.13; H, 6.83; N, 6.33%. 

Found: C, 65.00; H, 6.88; N, 6.37%. 

Neutral. Equiv.: Calcd. 221.2; found 221.0 

HOFNiANN REARRANGEMENT OF DL-2,3-DIMETHYLSUCCINIMIDE 

Three grams (0.023 mole} of DL-2,3-dimethylsucc-

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 solution 

was warmed to 40° for three hours, cooled, and acidified with 

lN 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. 

quantities 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 methane~ and on the addition of 5 ml. of ether, 

crystals of 3-amino-2-methylbutyric acid deposited. It gave 

a melting point of 231-232° after three recrystallizations 
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:rrom a mixture ot methanol and ether. Yield 2. 23 gm. 

Anal. Calod. tor C~O~: O, 51.25; H, 9.47; N, l~.96j. 

~ound:C, 51.20; H, 9.51; H, 11.94~. 

lieu tral. E·qu1 -v. : Cale. 117.1; :round, 1~7. 0. 

COPPER SALT o:r· J-A.MINo-2-MEmYLBU'l'YRIC ACID 

An exoess or oopper carbonate was added to an aqueous 

aolution containing 200 mg. ot the amine acid. !he reaction 

mixture was heated on a steam bath tor several minutes and 

the blue solution tormed was tiltered. i'he tiltrate was 

evaporated to dryness Under reduoed pressure in a vacuum 

dessioator. ~e blue residue was dissolved in a little 

methanol and allowed to evaporate slowly to dryneas in a 

vacuum dessioator over P2o5• Blue orystals o:r the oopper 

salt remained. 

J.Dal. calcd. tor c10H20o~2eu. ~o: c, 4o.6o; H., 6.81; If, 

9.47; eu, 21.4-g~. 

:r-ound: C, 4o.l7; R., 6.9t§; ll, 9.45; CU, 2l.Jlj. 

ll-BmZOYL-3-.lMIHG-2-METHYLBUTYRI C ACID 

Dl a lOO ml. three-necked tlask titted with a mechan-

ical stirrer and two separatory tunnels was placed ~ ml. ot' 

lJI sodium. hydroxide. The alkaline solution was oooled to 0° 

and 1 gm. {0.008 mole) ot 3-amino-2-mathylbutyric aoid was 

oaretull.y added. In one ot the separat ory tunnels waa plaoed 
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4 ml. ot 2R sodium hydroxide and 1n the other 0.9 ml. (o.oog 
mole) o~ benzoyl ohlor1de. fhe solution was agitated by a 

high speed stirrer and the sodium hydroxide was added at a 

rate four times as fast as the benzoyl ohloride- over a per1od. 

ot V.o hours. The solution was stir.red for an additional 

titteen minutes- and aeiditied to Congo red wi th 5H hydrochlo-

rie aeid. The temperature or the solution waa kept at 0° 

during the acidification. The benzoyl derivative whioh 

deposited was t1ltered otr- and washed llith a little ether 

to remove any benzoic aoid whioh may contaminate the der1Ya-

tive. N-Benzoyl-3-emino-2-m.ethylbutyrie ac id was recrystal-

lized twioe trom. 10 ml. ot water deposi ting 1n. tine wh1 te 

need1es wh1ch melted at 16o-161°. Y1eld 5.3 gm. 

Anal. Celcd. tor CaK15o3N: c, 65.13; R~ 6.1JJ; N, 6.33j. 

Jbund: C, 65.01, B. 6.65; H, 6.29~. 

lleutral. E.qu1T.: calcd. 221.2; f'ound 220.~. 

HO'NI.RN REA.RRANGEMENT OF SUCCINIMIDE A.T 4o.0 

~nty grams of' sueo1nimide wa& dissolved in an 

ice-cold solution containing 5. 6 grn.. KŒ 1n 6oo •1· ot water. 

To the alkaline solution 10.3 ml. of' bromine was added and 

the reaction mixture waa stirred tor an additional t1tteen 

minutes. The solution was warmed to 4o0 tor one hour and 

torty-tive minutes and then acidif'ied to pR 6 wi th lll hydro-

bramio aoid. The acidio aolution was evaporated to dryness. 

1'he residue was extraeted w1 th 50 ml. hot methanol, tiltered, 
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and then washed with tRo 10 m1. portions o~ cold methanol. 

'!be alooholi c solutions were oombined and evaporated t o dry-

ne-sa unde-r reduc:ed pressure. A yellow oil :remained (15.2 gm.) 

whioh tor.med a copper salt. 

!Welve grams ot the oil was dissolve.d in llO ml. 

ot lll llaOR and the solution was oooled tÇ) 0°. -ra the alkaline 

solution 12.76 gm.. or 'benzoyl chlorida and 55 ml. ot 211 lfe.OB 

were added over a period ot two hours. !ha solution waa 

stirred tor an additional titteen minutes then aaidit1ed to 

Congo red with conoentrated hydroohlorio aoid. !he •-benzoyl-

3-aminopropionio acid was tiltered ott and reorystallized 

trom water. I:t deposited aa white needles whioh melted at 

ll9.5-120°. Yield 25.2 gpL. (58S). 

RlUCTION OF PO'f.ASSIUM HYPOBROMI!E WI'm PBENYLSUOCINIMIDE 

A'f 4oo 

l'our grams (0.025 mole) ot bromine waa added drop-

nee to an ioe· oold solution or 11.6 gm.. ot potassiua hydro-

xide, in 105 ml. ot water. Phenylsuooinimide (4.0 8111.) was 

added portionwise oTer a period ot t"itteen minutes and tbe 

mixture was then warmed to 4o-45'0 tor tour hours. 1'he solu-

tion was oooled to roam temperature and aoiditied to pH 6.0 
1f1 th m hydrobromio a cid. !he aqueous solution was en.pora-

ted to dryness under reduced pressura md the residua e:rtracted 

with 25 ml. ot hot methanol. ~er tiltration, the mathanolic 
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t1ltrate was evaporated to dryness under reduced pressure. 

The white residue was recrystallized twice from water and 

was obtained as tine white needles melting at 15~-15~.;0 • 

Yield 4.3 gm. It did not tor.m a oopper salt with oopper 

aarbonate. It did give a picrate which when recrystallized 

from alcohol melted above 300°. ~lysis and reference to 

the literature {146) charaeterized the white reaidue as 3-

phenylsuccinamic acid. 

J.nal. Calod. tor c10B13o~: C, 62.16; H, 5.~1; H, 7.21~. 

round: c, 62.24; H, 5.54; N, 7.12~. 

Ieutral. Equiv.: Calcd. 193.2; tound 193.1. 

HOl'MANN REABR.ANGEMEN'l' OF 3-P:mœYLSUCCm.AMI.C ACID 

To a aoluti~ or 1.3 gm. (0.022 mole} or potassium 

hydro:rtde in 50 ml. or water at 0° waa added 0.46 gm. (0.003 

mole) ot brcmine rol1owed by 0.56 gm. (0.003 mole) ot phenyl-

suoeinamic aoid. When al1 tha aoid-amide had dissolved, the 

solution was warmed slowly to 6o0 tor tour hours. !he color-

le.ss reaction mixture was neutralized, when cool, with lN 

hydrobromic aoid to pH 6 and then evaporated to dryness under 

reduced pressure. The residue was ertracted w.ith 10 ml. or 

cold water and tiltered. Crystallization ot the undiasolved 

residua tram 1.5 ml. ot water gave 0.306 gm. ot 3-amino-3-

phanylpropionic acid whioh melted on rapid heating at 230-

2310. 
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.lnal. Calcd. -ror C~n 0~: llautral. Equiv., 165.2; -rotmd: 164.9. 

~atment or the amino acid with J.g2o gave a silver salt which 

melted at 239°. 

Reaction or J-amtno-3-phenylpropionic acid •ith 

copper carbonate gave a copper oamplex salt • 

.Anal • 

.RhCfiON OF" POTASSIUM HYPOBROMITE WITH PHKNll.SUCCIHDm>E 

A~ 6o-65° 

A 10 percent solution (90 ~.) ot potassiua hydro-

xide waa placed in a 250 ml. rlask and cooled to 0°. 1'o the 

cold alkallne solution, 4. ~ gm. (0.03 mole} ot branine waa 

added dropwise with rapid stirring, tollowed by 6 gm. (0.03 

mola) ot phenylsuceinimide. !he solution waa atirred at 0° 

tor an additional twenty minutes then sloaly war.med to 6o-65° 

tor tour hours. !he reaction mixture was oooled to room 

temperature and acidiried to pR 6 with ~ hydrobraœic acid. 

T.he solution was evaporated to dryness under reduced pressure 

and the residue ertraeted wi th !5 Jill.. or hot methanol. Evapo-

ration or the metbanolic solution produced a yellow oil which 

was subsequently redissolved in 50 percent ethanol aDd a 

little norite was added. ~e alcoholie solution was warmed 

tor several minutes and tiltered. Upon remaining severa! 

days at 0°, white needlea or 3-oyano-3-phenylpropionic acid 

deposited which melted atter two recrystallizations tram 



5 percent alcohol at 149-150°. 

Evaporation o~ the original alooholio tiltrate 

gave a residue which was identified as phenylsuooinio acid, 

m .• p. 1670. 

one gram of 3-cyano-J-phenylpropionio aoid was 

dissolved in 5 ml. (o} yo4 (9g~) and allowed to stand 

several days at roam temperature. The solution was poured 

1nto 15 gm. ot crushed ic~ and extracted with three 10 ml. 

portions ot ether. The excass ether was distilled ott and 

the residus reerystallized tram water. lbite naedlss of 

3-phenylsuooinamio aoid deposited melting at 15~0 • 

!reatment with dilute alkali converted 3-cyano-

3-phenylpropionic acid to phenylauooinic acid, m.p. 167°. 
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SUMMARY AND CONTRIBUTION TO KNOWLEDGE 

In aqueous solution, diacetsmide hydrolyzed Tery 

eas:ily even at 0° to aoetam.ide and aoetic aoid. In a 

solution ot potaSsium hypobromite the rat& ot hydrolysia 

of diaoetamide was :round to be more rapid than bromina-

tion, oonsequently, no N-bromo interm.ediate was tormed. 

On treatment of dibenzamide with potassium hypobromite, 

the Jl-brano derivative was tormed which hydrolyzsd imme-

diately to benzoio acid and benzamide. The difterenoe 

in the reactivity ot diaoetamide and dibenzamide with 

potassium hypobromite was attributed to the relativ• 

unstability ot the former in aqueous solution. The 

reaction ot bromine with silver dibenzamide under anhy-

drous conditions produced only decomposition produots. 

Theretore, i t was ooncluded that the N-bromo derivative 

ot dibenzamide is relatively unstable and oannot be iso-

lated as a stable product. 

T.he procedures for preparing methylsucoinio aoid 

and 2, 2-dimethylsucoinic aoid wera moditied to obtain 

higher yields of the dibasic aoids. The oorresponding 

imides of alkyl substituted succinio aeids were obtained 

in almost quantitative yields. In the purification ot 

the imides, it was tound advantageous to sublime them, 

rather than follow the normal procedure or distillation 
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under atmospheric conditi8ns. 

3. The N-chloro and N-bromo derivatives of a1ky1 

substituted succinimides were prepared by treatment of 

the imides at 0° with agueous potassium hypochlorite and 

potassium hypobromite, respective1y. The ha1ogen deriva-

tives which precipitated were fi1tered off and recrystal-

1ized from the appropriate solvents. 

The iodo derivatives were obtained 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 fol1owing N-ha1ogen succinimides were prepared 

for the first time. 

N-Ch1oromethylsucoinimide, m.p. 106-b07° 
N-Bromomethy1succinimide, m.p. 145.5 
N-Iodomethy1succinimide, m.p. 134-135° 

N~Ch1oro-2,2-dimethylsuccinimide, m.p. 109-110° 
N-Bromo-2,2-dimethylsuccinimide, m.p. 164-164.5° 
N-Iodo-2,2-dimethylsuccinimide, m.p. 163-165° 

N-Chloro-DL-2,3-dimethylsuccinimide, m.p. 124-125° 
N-Bromo-DL-2,3-dimethylsuccinimide, m.p. 160-16è.5° 
N-Iodo-DL-2,3-dimethylsuccinimide, m.p. 181-182 

N-Chloro-2-pheny1succinimide, m.p. 105-106° 

4. A general method has been found for the Hofmann re-

arrangement of methyl substituted succinimides into the 

corresponding ~-amino acids. The characteristics of the 

method invo1ve the addition of the imide to an ice-cold 

alka1ine solution of potassium hypobromite. The solution 
0 

is then warmed to 40-45 for severa! hours in order to 
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effect rearrangement and acidified to pH 6 with lN hydro-

bromic acid. The aqueous solution is evaporated to dryness 

under reduced pressure and the amine acid is extracted 

from the residue with absolute methanol. 

hlethylsucoinimide, 2,2-dimethylsucoinimide, 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-dimethylsuccinimide 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. 

5. DL-erythro-3-amino-2-methylbutyric acid, its benzoyl 

6. 

derivative and copper salt were all prepared for the first 

time. 

Phenylsuccinimide would not undergo a Hofmann re-

arrangement to give the expected ~-amine acid in a single 

step . Failure t o obtain the N-bromo and N-iodo derivatives 

was attributed to the relatively large size of the phenyl 

group in comparison to the imide ring leading probably 

to s teric hindrance. 

However, the rearrangement was aceomplished by 

initially hydrolyzing the imide to 3-phenylsuccinamic 

acid which in turn was smoothly converted to 3-amino-3-

phenylpropionic acià. 
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