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Introduction

The Hofmann reaction of an amlde with a hypohalite
to give a primary amine in excellent yields is the
basis of many syntheses in organiec chemistry. This
pro jeet is concerned with the study of the action of
sodium hypobromite and sodium hypochloride on adipamide.
Isclation of reaction products, if possible, identifica-
tion of the products, and determination of the yield
of the reaction were desired. It was hoped that a
diamine, putresec ine, would result from this reaction,
and therefore the steps in isolation of the products

‘were carried out with this in view.
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In 1881, Hofmann'first prepared primery amines by
means of s reaction which bears his name. This process,
the reacticon of an amide with a hypohalite, affords
primary amines in good ylelds and free from secondary
or other amines. The reaction results in an amine with
one less carbon atom than the original amide.

Not much work has been done on the action of a hypo-
halite on & diamide to give a diamine with two less carbon

atoms. The reacticn proceeds as follows:

4 4 Na.Og',! ‘ 2 H
H:.N-c ‘@H\a)‘n- C-NH, H.N-co '(CH»)V"' c-N ]
CHLORAMIDE
A/ oH //o ’
__‘}.——9[-4/7'1_“0"/\'{\ il O:C:/\/-CH_‘_...
g [SOCYRANRTE
(n>3)

This repeats on the other end of the molecule and
the i1socyanatés are easlily hydrolyzed in the presence of
a base to the diamine by the progess of decarboxylation.
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Diaming

In 1895, V. Solonina® reported the preparation of
the higher dliamines, hexa-, hepta-, and octomethylene dil-
amine, from the respective diamides using NaOBr. Héwovcr,
no results were mentioned as to yleld of the diamine. It
is doubtful whether a large amount of the amine was formed,
because of the instability of the NaOBr at the temperature
the reaction was run, 35° G. In 1896, the preparation of
the 1,4-diaminc-3-methylbutane from the diamide of 7y methyl
adipiec acid using NaOBr wzs reported in Berichte”, but
again no data as to ylelds were reported.

The reaction of sucecinamlide with a hypohalite was dis-

4

cussed in Organiec Reactions, '~ and two products were evi-

dently forthecoming. The first and foremost was dihydrouracil,
and at a higher temperature, in the presence of an excess of
alkall, /3 alanine was obtained. RoukrnuB investigated
this reaction and obtained dlhydrouracil in small amounts.

Ne (3alanine was found. Therefore the results of this
reaction have been checked and were found in part to agree

with the existing literature. Evidently after one end of
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the molecule rearranges, ring closure takes place due ﬁé
the stability of the six membersd ring formed gZiving
dihydrouracil. It is doubtful that a stable ring compound
would be formed in the rcacﬁien'utlng adipamide. Therefore
the reaction should proceed smoothly under the correct con-
ditions to give putrescine. '

It was desired to repeat Roldkrlnl's conditions used
~in the suoe;nluidt reaction because of their general asrod-‘
ment with the available literaturn.,'3 In 1937, Hauser and
nnnrraws reported that the rate of rearrangement in a Hof-
mann reaction was proporticnal to the amount of alkali present,
the temperature of the reaction and the ease of escape of the
halogen in the halamide stage. If the rate of the reaction
could be increased in this way, giving less time for possible
hydrolysis of the amide to the acid, the yield of the final
produet should be increased. NaOCl should thoroforc be more
efficlent than NaOBr for two reasons: (1) chlorine being
more negative than bromine should therefore be bound less
strongly, and (2) because of the higher stability of the
NaOCl the temperature of the reaction ecould be increased,
thereby increasing the rate of roarrunsnunh& Thin waa born
out by Graebe and Rostoyyeff' in 1902. ~ .. =

Therefore 1@”!:: decided to investigate tﬁo results
of replacing KOBr with NaOCl. Thojrenulin seem to Justify
the conclusions reached above as the yield of the diamine

was increased over 20% by the use of the hypochlorite.
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There should be ne reason why the change of the cation
from K to Ha should have an apprecliable effect on the
reaction, anéd so HaOCl was used in place of KOC1 m
of its ready avallability as "Chlorex.”
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EXPERIMENTAL

Preparation of Adipamide.

Adipamide was prepared £rom adipic acid through the acid
chloride. Adipyl chloride was first prepared and then slowly
dropped into a concentrated ammonia soclution (28% na3). The
amlde was collected on a buchner funnel and washed with water
and dried. A very pure product was obtained. |

The acid chloride was prepared in two ways, one using
thionyl chloride® and the other using PC1s°. The first was
more officiont and gave a better yleld than the second.

TABIE I
Preparation of Adipyl Chloride

Weight Moles
Adipic Aecid 50 g 34
Thionyl Chloride 250 g 2.12
N 750 & 45

The adiple aeld and thionyl chloride were refluxed for
three hours on a water bath at 50° - 60° C. The crude acid
chloride was added directly to three liters of concentrated
ammonia (287). The yield was 19,6 graml..ntltingbgt_alsox-

220° o, eorresponding to the value gilven 1n'tho'ggggggg;;gg :
, °
Physics and Chemistry, 220 C, 39% of the theorectical yield.
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A mixed melting point determination gave a melting point
of 218° - 219° C. The adipamide used for this determins-
tion was obtalined from the Eastman Yodak Company.

TABLE II
Preparation of Adipyl Chloride

Height Moles
Adipic aecid 60 g ‘ 41
FC1 73 & 27
B o e A B M A B e G e e
NH3 . 750 g 45

Adipic acid and 7613 were refluxed for three hours on
a water bath at 50° - 60° ¢. One reaction product, phosphor-
ous acid, HBPOB’ collected in the bottom of the flask. The
adipyl chloride was decanted from the 313?03 and dropped into
thres liters of ammonia (28%). The adipamide was collected
as above. The yleld here was only 12 grams, 20% of the
theorectical amount, melting point 218° - 220° ¢.

The loss in these reactions probably resulted from the
readiness of the acid chloride to hydrolyze to the acid even
in the presence of a large excess of ammonia. Coneerning
the reaction using 2013, whitnoro9 stated that much of the
PCl, was hydrolyzed to HCl, and the formatién of adipyl
c¢hlordde was not quantitative 1n any sense.



In any case, neither of the above preparations were
very satisfactory. However, only small amounts of adipamlde

were réquirod for the reactlons_studlod.

Hofmann React ions:

TABLE III

Heofmann Reaction

Run A Weight Molecular lioles Mole
. Weight Ratios
Br, 11 g 159.8 «069 2
KOH 8.7 & 56.1 154 4.5
Adipamide 5 g 146 <035 ) |
KOH 6.8 g 56.1 «121 5.5
H,0 18.7 g 18 1.04 30
Run B
NaOCl 4.6 g T4 064 2
KOH 8.1 & 56.1 154 . 4.5
Adipamide 5 & 146 035 1
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TABLE IIIX
(cont inued)
Run C Weight Wolecular Moles Mole
Weight Ratios
320 95 g 18 S5e3 151
Adipamide 5 8 146 «035 1
320 18.7 18 1.04 30

o —

There were four rune made, two using KCBr and two with

NaOCl. The method followed for a typieal run is given below.

ror runs A and C:

The alkali and water were placed in a 500 ec three necked
flask, fitted with a mechanical stirrer. Crushed ice was added
and the whole flaask placed in a brine and ice bath. The bromine
was added slowly, with stirring, by means of a dropping funned,
to the alkall water sclution. n:king sure the temperature was
at -5° C or below, the adipamide was added slowly, and the
mixture allowed to react at -5° ¢ for forty minutes. At the
end of that time the remalnder of the alkali was added and the
solution allowed to rise to room temperature. The reaction
was completed by heating in a water bath teo 80' - 85' ¢ for
approximately 10 minutes.
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This procedure was the same as that followed by Rose-
Kranl.s and the sane phenomena were noted: namely, the orange
eolor and the percipitation of the KOBr and the clearing af
the solution upon heating. An anjmal-like ammoniacal odor

was noted in the reaction mixture after heat ing.

For run B: (Two runs performed)

For this run the procedure was essentially the same, Qxcopt
that the source of the NaOCl was ordinary commercizl "Chlorex",
5.25% NaOCl. The adipamide was added directly to the 106 ce
of Ghlorox with stirring. At the second stage of the reaction,
before heating, the sclution was elear with a faint yellowish
tinge. Upon heating the color changed to brown. The edor
wag very ponntﬁating. and resembled that of piperadine, char-
acteristic of putrescine or cadaverine.

The temperature of these runs was not ;n carefully econ-
trolled because of the greatsr stability of the NaOOl as stated

earlier. However, it was not allowed toc rise above 5° Co

Preparation of the Derivative:
It was desired to 1lsolate the pure diamine from the

reaction mixture, but difficulties presented themselves due
to the affinity of putrescine for water. Extraction with
ether was attempted with no visible results. OCne ressocn for
failure here was probably that the amine wss present in

comparatively small amounts, not over 4% by volume.
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An alternate method was tried, §§lcrihod by V. solonina,a
but no results were forthcoming. It was finally decided %o
remove the putrescine from the reaction mixture by forming
a derivative and thesreby try to obtain information concerning
the yileld of the product. It wae decided to prepare the
dibenzoyl derivative of puufpscino éircetlg from the reaction
" mixbure, by the addition sf benzeyl shlorids.

The reaction mixtures from all four runs were treated
similorly. The mixture was {iltered from any foreighnmatter
and warmed slighily. While still warm, benzoyl chlorids was
added in small amounts with vigorous shaking, and & small
heat effect was noted. A whlte percipitate came &awn at
once. The process was continued until about 7 grams of
benzoyl chloride had been added. The mixture was tlested
with litmus from time to time tc make sure 1t remained alk-
allne.

The mixture was filtered and the percipitate washed with
dilute alkall and then with water te remove auy benzoyl
chloride. It was dried and weighed. From run "A" three
grams of white powder were obtained, melting at 165° - 170° ¢.
Upon recrystallization from alechol and water, white needles
were obtained which melted at 175° - 177° C. The value of
the melting point of the N, N' dibenzoyl derivative of putres-

clne in Heilbron: Dictionary of Organie Compounds was given

as 177°%C.
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Art?r gtanding & day, the original réaction mixture
was agaln heated, and about Lwo grame of aduitional benzoyl
chloride were added. A small amount of the derivative was
cbtained, 1 gram, making a totai yield of 4 grams of 39%
of the theorectieal amount. After separatigpm of this last
 bateh, nc more ammeniacal odor was noted on standing. It
wes assumed that all the putrescine had been removed.

The results of the remaining runs are tabulated in

Table IV.
TABLE IV
Reactlon Results

Theorestical ~ Theorectical Actual /% of
Run Hypochallte yield of , yield of yield derl-

putrescine derivative vative
A KOBr 3.1 g 10.1 g 4 g 39.6%
By NaCCl 3.1 8 10.1 g 9.1 g 90%
B, NaoCl 3.1 g 10.1 g 9.5 g 94%
¢ HOBr 3.1 8 10.1 g T-3 g 72.28

8inee further identification of the derivative was desired,
a nitrogen determination was run using the Hengar semlmicro
process. The results established the identity of ths com-

pountd as the N, N' derivative of putrescine.
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TABLE V
Nitrogen Determlnation

Sample Determined 7 Actual
of Nitrogen by welght
2 9.45 Q.45

Experimental Resultis:

1. Adipamide was prepared from adipic acid, using thionyl
chloride and asmonia. A yicld of 397 was obtained. Aes an

alternate reaction PCl, was used in placc of the thionyl

3
chloride, and the yield was only 20%._

2., Putrescine, or tetramethylene diam ne, was prepared by
the Hofmann reaction of KOBr with adipamide. The ylield of
the dibenzoyl derivative from run "A" was 39.6%. Increasing
the amount of water in run"C", gave a yield of 72.2%, nearly
double that of run "A"., The increase in yield was attributed
to the faster and more aonpl;to solution of the adipamide
and hence the shortening of the reaction time.

3. 3. Putrescine was also prepared by the action of
NaOCl on adipamide. Two Puna."Bl“and“Bé“varo made as checks.
The ylelds obtained were 9074 and 94% re:pnctiveiy This
inerease in yield over runs"A"a d”ﬂ" iaa in ngroenont with

the findings of Graebe and Rnstovycfr,7 who stated that
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¥sOCl was more vaiuable than NaCBr ia the Hofmann reaction
because of its greater stability, and the greater ease of
rearrangemsent of the chloramide over the bromanmide.

A. The N, N' dlbensoyl derivative of putreseine was
prepared by adding benzoyl chloride direetly t¢ the reastion
wixture. This smaterial was identified by its melting point
and sn analysis for anitrogen.

In reviewing the work done on the resstiocn of a dlaside
with & hypohalite to give & diasine, it is discovered that
only & few of the dlamides have been investigated and that
there has been no good method develioped for isclating the
sure diazine, if foraed.

It was found in 19@53, and checked by mms. that
the resction of succinaamide and NaOBr dld not glve ethylene
diamine, but rather dihydrouracil or (3alaaine, depending
on resction conditions. Solonima® found that the Hofmann
reaction with sebacamide, etc., gzave dlamines, but nc datas
are availhble concerning the Hofmann resction with glutarsaide.
It would be interesting tc see what the products of this
reaction would be.

As to the isclation of the diamine, one suggestion
hae besn to prepare the carbobenzoxy derivative rather than
the bensoyl chloride derlivative, using earbobengoxychloride,
and then reducing the derivative with hydrogen over a palladium
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‘eatalyst. The barbobenzoxychloride could be prepared by

the condensation of benzyl alcohol and phosgene. The products

of the reduction 68 the derivative would be CQ,, toluene,

and the amine.

(. H-CH, O

o)

~ +

()
[ ooty C M CMIC el + HCE

CARBOBENZOX Y CHLORIPE

P H
C‘HJC/HL-O'C"N"C/HL"'

H. , A
s 4

It appears that the Hofmann reaction applied to diamides

is a general reaction except for suceinamide. It remains

for glutaramide to be investigated. The Hofmann reaction

with glutaramide should give 1,3-dlaminopropane.

HoN-CH, -+ 100, + ClsCHy



SUMMARY:

1{ Putrescine was prepared by the Hofmann degradation of
‘adipamide with XOBr and NaOCl. NeCCl gave a greater yleld

of the diamine.

- 2. The N, K' dibenzoyl derivative of putrescine was pre-
pared directly from the reaction mixture by the addition of
benzoyl chloride. The compound was dsntiified by means of
the melting point and a nitrogen analysis.
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