AR INVESTIGATION QOF THE WOML LEGLER REACTICN

PART |
AR NVESTIGATICN OF THE CARBONYL
ABSCRPTION BAND OF A SBRIES OF
ARNDES ARD N-BRCMCAMISES
PART K
DECOMPCSITION OF AKD BROMINATION
WITH A SBRIES OF N-BROMOAMIDES

Thesis for the Degree of Bh. B,
MACHIGAN STATE URIVERSITY
John E. Regan
1857



MICHIGAN STATE UNIVERSITY

UF AGRICULTURE AND APPLIED SCIENCE

DEPARTMENT OF CHEMISTRY
EAST LANSING, MICHIGAN

R “ i, M
S T hlale
[ (P = v

‘
jaoyaere iy
el J‘-* -4




MICHIGAN STATE UNIVERSITY

OF AGRICULTURE AniD AXP.IZD SCIENCE

DEPAXTME .T OF CHEMISTRY
EAST LANSING, MICHIGAN



AN INVISTIGATION OF THT WOHL ZIZGLEL RIACTICN

PART I

AN INVESTIGATION OF THE CARBONIL ABSCRPTICN BAND
OF A SiRIZS OF AKIDES AND Ne-BRCMOAMILES

PART II

DECQRPOSITION OF AND BROMINATION WITH
A SERIES OF N-BROMOAMIDZIS

By

John F, Regan

A THESIS

Submitted to the School for Advanced Greduste Studies of Michigan
State University of Agriculture and Applied Science
in partial fulfillment of the requirenments
for the degree of

DOCTOR OF PHILOSOPHY

Department of Chemistry

1957



ACKNCWLEDQHENT

The suthce wishes to express his gratituds to
Professor Robert D, Schmets for his direction and
encouragement. throughout the course of this work,

Appreciation is also extended to Dr. Theodore
Brown and Professor James Sternberg who substantially
aided in the procurement of the infrared and ultrae
violet data and to the lMichigan Chemical Company for
financial support of this work,

This work would not have besn possidble without
thonnynmnmotthonthn'uﬂto,lm.

RN



VITA

Johm F, Regan
Candidate for the Degrse of
Doctor of Philosophy

Major Subjects Organic Chemistry
Minor Subjectst Inorganic and Analytical Chemistry

Blogresphical Datas

Date of Births Decerber 22, 1925) Boston, Nassachuscits
Fathers Jolm J. Regan
Mothers Nora Twomey Regan

Educatdons
8t. lMargaret's Elamantary School 19311939
Boston Latin High School 1939«1943
Boston College 1946-1950 B, 8. Chemistry
Miahigan State University 1950

Experience!
Undergreduate Assistant Boston College January % June 1950

Graduate Assistent Michigan State University, September,
1950 to June, 1952

Rasearch Fellow, Michigan State University, October 1952
to Septenber 1955

Professional Affiliations:
Ameriocan Chemiocal Soclety
The Soclety of Sigma Xi
The Research Society of America

The Soclety of Sigma Pi Sigme






AN INVISTIGATION C(F THE WOHL ZISGLER RACTICH

PARY 1

AN TNVESTIOATION OF THZ CARBONYL ABSORPTION BAND
OF A SiRIi3 (@ AMIIZS ARD SeROMOAMIDES

PART 1X
UECOMPOSITION OF AND ERONINATION WITR
A BERIZB OF R<iEICHOAKILES

By

Joba ¥, Regan




AZSTIAST

The infrarod spectira of & seriss of anllzs end Hebromoamicdas
ware stutied with particular ephasis on the carbonyl bdand, This
work was gerried cut o Cetormine §f scme property reavealed by the
spectrs could be related to the varying behgvior of the Hebromcaxiios
a8 broainating agonts. The carbonyl bend was chossm since any
eleotrical effects inflaencing the nuture of the mitrogon bremine bondd
due to veristions in the structure of H-bromoarides would be transe
mitted Luouzh the carbongl gioup of suck coupounds,

The following compouncs ware smdiau scztaice, chloroavetardice,
¢ichlorcacetanide, trichlervacetarids, ethogyecetanice, formanids,
triflnorocacataslie, proplorwiide, phenylacetaride, bansaudds, E-bromo
mono, &1 and trichilorcanetaides, CTarbon $etreachloride and chiorefora
wers used a3 the oolvmis,

The sbeolute integratol esorpiion intensities, pea: frequencies
and She shape of the abeorption curve of the earbonyl band vers
stadied, The spparent sbsolute intensities wure calonlatad from the
sres undar the sdsorpticn band curve and correeted to give the taue
intensity valus.

4 linsar relationship wes obtained between the absclute intensity
and pesk frefuency valuss for ths snides with the sxcoptiom of trie-
fluoroacetanicde, formamide and ethoryacotaside, In thosa cases,



other effacts bosides the electronssativity of the mubstituant groups
are progsent, This linear relations:ip wes also exhiidbitad by the
Bebrozoamddss studled, 7The Nebromsgsiles heve spproxisataly ¢the sane
carbonyl peek frequency but a much snnllar intensity than thelr
corresponcing paraent arddos.

The ebsolute iabansity veluss of the carboryl basx!, in the anides
and Sheir Nebromoderivativas, wers found ¢2 o highar and tholr poek
frequenciass lowar in ohloroformt then in carbon tstrashlorice,

The dissymmetry «;f ti9 carbonyl ahsorption curves of gone of the
sxides sugzasted that for tisne anidus rore then one form of the
normel vibration for ths carbonyl group exists. This was attriduted
%0 the pressnco of the HLulky proups on the carbon alpha to the
earbonyl group omusing a steric innlbiilon %o rotation of this alpha
carhon rosulting in certaln favorsd rotational positions of the alpha
carben with respect to tho plans of resommnce ¢f the emice proup.

FRel B & 4
2 v a

Toluena was bromtnated 4in tio dork by Hebromo mono, ¢1 and
trichloroscstanide snd browine at two temporatures, 0% and 60°G.,
using equivalont concantrations of all the resctants in eech reastion,
The Nebromoamides were prepared by adding brouine to a mixture of the
axide and silver oxide in trifluorcacetis acid. Attespts to prepare
R<brompacetenice, Nebromosthoxyscetanide and Nebromophenylacotamicde by
this method was unsuccesaful anc led to decomponition of the emids,

vi



The extant of sile chain end ring brominetion wes followed by
isolating the resction procducts asd enslyxing the mixturae, A material
balence of at losst 99 por cent of the dromine wes attained in the
reactions at 80°C, which were allowsd to oo to corploetion, A meterial
balance of 85 to 59 par cent wes attained in tie reacticns at Lo“:.
which wore allowed t¢ run fer twentyefour hours and were incomplsts.

The extent of side chrin hrordnation ot tha ¢twe teperatures
LO and 80°C, derreesed in the following ordar, bromine > Nebromomonoe
chleroacetsnice » Hebromodichloroecotardds »> Nebrorotrichloroacetanide.

In the reestions et 10°C., which wers incomplets, free bromine
was isolated in each case,

Azong the Nebremogrides the Nebromotricliloroacetanide showed tha
fastest rate of reaction end the Nbromomonochloroacatatce e
slowvest rate of reaction,

The results obtained in the therel and photochemicel dscomposition
of the N-drorowxddas were carrisd cut) wers not completely reproducadle.
However, Nebromomonccrlorcacetazice showed the fastest rats ef
decomposition and Ne<bromotrichlorcacstamide the slowest rate. The
broxine formed during the descmposition was found to de complaexed
with some other compound formed during ths decomposition, The decompow
sition resstion was also cdetermined to be sutocatalytic in nature.

A mechanism of dromination with N-bromoamides iavolving tre
homolytic and hetarclytie disscoiation of the nitrogen bromine bond
88 well as the formaticn of dromine and a bromine complex was proposed

vii
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based on tie correlstion of the infrared, decomposition and bronle

netion data.

H-bromosuccinimide and ¥, Necibromodimethylhydantoin were
allowed to react with cyclohexsns in refluxing chlorcform and carbon
tetrachloricde. In chloruform only 1,2 dibromocyclohexans was isclated,
In esrbon tetraschiloriis 3=urascuyclohexens end 1,2 ¢ibromocyolohexana
were isclatad, Tuo L-brozcsuccialvide gave 63 per ecant allylie
bromination and ¢ saeller smcunt of tarry residus than N, Nedibromoe
dimetiylhycentoln wnich gave 55 par cant allylie Lromdnation.

Eitregen sulfids tatrabromide, N S.Bre, was prepared and allowed
to resct with cyclohsxsns., A szall smount of allylie browination
ocourred, bud mainly 1,2 dibromocyclchexans was cdbteined, FPhosphoe
mitrilis brozice was propared ani allowed to react with cyclohexsans,
Allylis brorination or bremine additien did mod ooour,
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INTRODUCTION

The Wohl Ziegler resction involves the reaction of an Nebromoe
axide or imide with an unsaturated oompound having a methyl or
nethylens groupadjmmtwthoduublohonduintolwor cyclo=
hexene to introduce a bromine atom in the allylic position. In
conneotion with making a oomparison of the brominating properties of
several Nebromoamides it seemed advisable to stucdy their structures
snd the structures of the amides from which thay were derived for the
purpose of determining how variations in the groups attached to the
carbonyl group would effect both the brominating properties and
infrared spectrs, particularly the sarbonyl band, of such compounds.

The N-bromcamides and imides are capable of allylic bromination
as well as muclear bromination, This wes esteblished by the work of
Bun=tol (1) who studied the action of Nebromosuccinimide on & wide
variety of bensene and naphthalens derivatives, notably ethers. The
dual bromimating character of N-bromoimides has more recently been
observed in thiophene (2) and its methyl derivatives (3) whers both
side chain and mclesr bromination have been observed. The reactions
of the N-bromoamides and Mdfc and the mechanism of the reaction are
wnmmumommgrm-thm-. As an aid in
an attexpt to elucidate the mechanism of the Wohl Ziegler reaction
the «ffects of variations in the structure of the brominating agent
on the resotion wers studied.



This was approached by a study of the infrared absorption of
some typloal Wohl Zisgler allylic brominating agents and their parent
amides with particular reference to the carbonyl group. The parent
amides were included in the investigation so that if a correlation
existed detween the infrared absorption spectra of the N-bromoarides
snd their brominating properties, and this correlation was exhibited
also by the parent amides, 1% would be possible from the infrared
sbeorption spectra of the amides to predict the brominating properties
of other N-dromoamide.

It vas expected that any electrical effects influenocing the
sature of the nitrogemn halogen bond due to variations in the structure
of either amides or imides would be transmitted through the ecarbonyl
group of such compounds, Thus, the relative tendencies of the
mitrogen bromine bond of the N-bromcamides or imides to undergo homo=
lytic or heterolytic dissocistion should be indicated in variations
of the infrared absorption band of the carbonyl group in such compounds.
Parther, it ws hoped that some correlation could be found between
variations in the infrared sbsorption of the carbonyl group and the
breminating activity of the allylic bromination agents, Thus, this
pars of the thesis deals with a study of the infrared absorption
spectrs, particularly the carbonyl band, of some amides and thelir
Nebyomo dorivatives. The absolute integrated absorption intensities,
pesk fregquencies and the shape of the sbeorption curve of the sarboryl
bend were studied.
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HISTORICAL

The intensity of an infrared sbsorpticn band is proportional to
the square of the oscillating dipole moment for that vibration of the
molecule giving rise to the sbsorption band (4). The dipole moment
changs (4) is given by the expression, (du/oQ), where u is the
molecular dipole moment and Q 48 the normal coordinate describing
the particular vibration., The integrated intensity for a dand has
been shewn to be proportional %o (du/d3Q) (25) with respect to the
normel coordinate of the vibration. The correlation of the latter
quantity with known or calculable molecular properties has not as yst
proven very satisfactory. Barrow (i) demonstrated the relationship
between the resonance energy and the intensities of the earbonyl
group sbsorption for & variety of compounds with such a group present.

Walf and Lidded (5,6) discussed the mitrogen-hydrogen, exygene
Iydrogen and carbon=hydrogen bond sbsorptions for a variety of oome
pounds and the manner in which the position, shape and intensity of
these abscrpticns are dependent on the neighboring groups attached
%o such bonds. The relationship between the electronegativities of
adjacent substituents and the stretching frequency of the carbonyl
group of esters, acid halides and aldehydes was shown by Esgarise (7).

There have been mumercus other instances reported in the
literature dealing with integrated intensity measurements in infrared
sbeorption spectra such as Ransay's work (8) with the ketosteroids



and the investigations of Francis on the carbon=hydrogen bond in
aliphatic hydrocarbons (9) end ketocnes (10).

No systematic investigation of the integrated intensities of the
carbonyl group of amides or N-bromoamides appears in the literature.

In fact most of the spectroscopic work carried out on the anide

group has been with protains and other biologically important com-
pounds. Considersbly lees data are svailsble on the spectra of
simpler smides, Bushwell, Rodebush and Roy (11) have conducted &
thorough spectroscople study of amice association in the near infrared
region, Recently many anicdes and Negubstituted amides have been
extensively studied in the § microm region by Lenormant (12,13,1L).
Iis results have rathar definitely esteblished the keto form as being
predominant in the solid state. Lenormant (15) has also confirmad the
previous assignment of bands in the 3} microm region %o ths nitrogene
hydrogen fundamental vibrations by substituting deuterium for the
hydrogens on the nitrogen atom and ocbserving a consequent ghift in
these bands to sround 4 microns. Richards and Thompson (16) have
oconducted the most deteiled spectroscopie study of the anmides thus
far and have bean abls ¢o0 interpret their data from a oconsideration
of the keto form and its resonance dipolar structure, Senti and
Rarker (17) have conducted an X-ray analysis of the crystal structure
of acetamide and have found it to exist only in the keto form., They
also ooncluded that the molecule was planar with respect to the
carbon, nitrogen and exygen atoms and that the molecules are associated

in ring polymers through nitrogen=hydrogene-oxygen bridges.






Recently Parl, Lacher and Tompkin (18) investigated the nitrogen
bydrogen fundsmental band, 2.93 mlcrons, of a series of alphs halogen

N<bromoamides and related the molar extinction coefficient to the
brominating sctivity of the nitrogen bromins bond,
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DISCUSSIOR

A
For molecules of the type, Ce G, the absorption band assoclated
B

vwith the carbonyl stretching is the result of a normal vibration
involving a carbon oxygen stretching and some combination of stretching
and bending of the CeA and C~B bonds (30). The actual form which the
vibration assumes for a particular molecule is dependent on the masses
of the atoms or groups A and B, and on the force constants for the
bondes C-A and C-B.

In any Anterpretation of frequency and intensity changes resulting
from structural mocifications two factors must be considered. First,
the form of the normel vibration and any chanpges in it occasioned by
structural variations, and secondly, electron distribution in the molee
eule and the way in which it is affected by changing the substituents.
These two factors are not independent, since the form of the normal
vibration is dspendent on the force constants of the bonds which in
turn are determined by the electroa distridution.

The frequency of a vibration is determined by the masses of the
vibrating atomic species and by the force constants for the bands
involved in such s vidbration. In quinones where the motion ocasn de
assumed to be all carbon oxygen stretching, the carbonyl stretching
frequency is linearly related to the calculated carbonyl bond order
(31). For a series of ring substituted acetophencnes, vwhere a mass
effect due to ring substitution is negligidble, there is a nearly linesr



relationship between the Hammett , values for substituents and the
frequency of the carbonyl band (52). From the direction of chanze it
may be inferred that the frsquency of the carbonyl stretching vibra-
tion in s series of compounds increcases with increasing elsctron
density in the carbonyl bond 4in the ground state of the molscule.
Shifts in cardonyl frsquency in terms of the electronic structurss
involved have more recently besn considered (33). For the carbonyl
group in amides where the carbonyl group is oconjugated with an elsctron
donor group the most important resonating forms are considered to de,
in addition to the ionic form inherent in the carbonyl group itself,
of the following types

A A .
)G-O and N\NC =0
B +B

(a) ()

Tius, it is to be axpected that stretching of the carbonyl bond
will lead %0 an electronio structure of the molecule with a larger
contribution from the chargs separated canonical form (b) than in the
rolecule with equilibrium bond lengths. This increase in contribution
from the ionic form will depend upon the availability of such a charge
separated electronic configuration. This effect would result in axides
having lower frsquenciss than esters and other substances in which
there is not such an evailadility of a charge separated canonical form.

Recently Koparise (7) demonstrated a linear relationship betwoen
ths ‘offootivo eleotronegativities of adjacent substituents and the
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stretching freguency of the carbenyl greup, This relationship wee
demonstrated for aldehydes, acid halides and esters.

In Figure I is shown a plot of the aulds carbonyl frequenciss
versus the effective electromegativities for those sarmides in Table III
wvhose effective slestronegativities were sither known or eould de
caloulated from the data of Xagarise (7). Only the values for the
R group of the RCORH, structurs were ussd. The values which were
caloulated were thoss for proplonamide and ethoxyscetamide in which
the R group had more than ome carben atem. The amides insluded in
Figure I are; a, ssetamide; b, propionamide; e, ethoxyscetanmide; ¢,
monochloroacetamide; e, formamidej £, dichlorcacetamide; g, trichloro~
sostamide; and h, triflncrescetamide.

The curve strongly suggests that thers is a lineer relationship
betwesn the omrbonyl stretching freguemcy for the amides and the
sffective slectronegativities of the sudstiteasnt growps. The three
exeoptions are formsmide, sthoxyssstamide, amd triflsoroscetarmide.
Very probebly ths ethoxyacetamide is low becanse of the elsetronsgative
ity value, 1.01, used for the ethoxy growp in the salemlation of the
effective slectronsgativity of the R group. This value is the one
used for esters where both an inductive and mesomeris effect of the
sthoxy group are possidble, Howsver, in ethexysoetemide only the
induotive effect of the ethoxy greup is presemt and the value of the
effective elsstronegativity should be higher, probsbly sppreaching
the value for chlorine. In the case of formamide wndoubtedly the
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frequency is out of order. Inspection of the frequencies shows that
the formamide frequency is higher than the frequency for the chloroe
assetanide. As a result of the inductive effecd dus to the chlorine
atom in chlorcacetanide the opposite would be anticipated, This may
be due to0 a mase effect in which it can no longer be assumed that the
motion associated with the cardbonyl vibration is dus solaly to earbon
oxygen stretching alone., Some possible explamations for the deviations
of the trifluercacetaxide will be mentioned in the discussion of
intensity values, It is of interest to note that a plot of effective
electronegativity versus froquency for the esters which eorrespond to
Ahe sbove amides with the exception of propionamide and ethoxyscetamide
showed a similar linesr relationship (7). It can be concluded with

& reasonable degree of certainty that the earbonyl stretching frequency
18 linearly related te the inductive effect of the substituent groups
for the above smides.

The integrated intensity of an infrared abscrption band is
proportional to the sguare of the esoillating dipole moment for that
vibdrstion ef the molecule giving rise to the ebsorption dand. This
dipole moment change is given by the expression (duw/éQ), whsre u is
She molecular dipols monent and Q is the normal ceordimate desoribing
Ahe particular vibratien in question (25), When the relstienship
between the nermal coordinates and the internal ecordinates are known,
the quantity, (u/aq)', for a stretohing mode and u, for a bending
mode where u is the bond eoordinate may de determined.



The correlation of the quantity, (6u/6Q)., with known or
caloulable molecular properties has not as yet proven very satise
factory. The concept that the change in dipole moment with bond
stretching might be interprated on the basis of fixed elsctronic
charges on the miclel was ifunecdlately showa to be insufficient by
the large values; that is, groatar than an electronie chargs, found
for du/dsm where /A 18 & bond langth for sertain multiple bonced
molecules (35). In faot, these mseasurematis suggest that the
fnoreased contribution of charge separated resonsnce forms, like
(b) above, would explain the high values of the change in di.poio
moment with bond stretching. Barrow (L) in recent stucdiss has
demonstrated a correlation bstween resonance energies and the intensie
ties of the carbonyl absorption band by assuaning that the rescnance
enargy cdue to carbonyl eonjugzation is s measure of the aveilability
of such a cancnical form as (b). Ramsay (8) cbserved that conjugation
in the keto steroids increased the intensity of absorption.

Figure II is a plot of ths shsolute intensity values versus the
frequency for the amides listed in the Tables YII and IV. The method
of detarsining the absolute intensity 1s outlined in the experimantal
sestion of Part I of this thesis, The compounds used in dateradning
this curve are} s, benzamices b, acetaddej ¢, propionaxicde; 4,
sthoxyacetanide; e, monochloroacetamide; £, formamidej g, dichloro-
ssotaridej h, trichlorcacsteridej and 1, trifiucroacetamicae.

There are many possible sources for error imvolved in the
determination of the sbsolute intensities. Among these are the
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frequency and intensity reproducability ef the spectrometer, the
amount of soattered light present, waighing aerrors, losses due te
evaporation, purity of the compounds, uniformity and determinstion

of the cell thickness, and tha noisa lavel of the spectrometer.

In consideration of these possible errors the acouracy of the intensity
~uluoa can only be assumed to bs good within plus or mims five por
cent. The relgiionship betwesasn the ebsolute intensity and frequency
18 reasonably good with the exception of formamide, trifinoroacetamide
and ethoxyscatanide, These are the sane thres compounds which did

not follow the linear relationship between effective electronegativity
and frequency. I% 4is felt that the mass effecd discussed previously
shifts the eardonyl vibration of formamide to & higher frequency, u,
sausing 1% to be out of order in the frequency intensity relationship.
However, no plausible explanation oan be offared for the disagresment
of the sthoxyscetanide. Trifluorcacetamide shows a rather interesting
divergence from the linear relationship dossribed sbhove. Its frequency
is high as would be expected fron the large inductive effeat of the
triflnoromethyl group. However, an examination of the plot of frequency
versus effective electronegativity, Figure I, shows that the frequency
13 not as high as wuld be expected. In fact, the trifiucroscetamide
has the highest intansity of eny of the aﬁ.dns vhereas, the opposite
would be expected. It is possible that another companeant of the
normal vibration is mich largar for the trifluoromethyl group than

for any group in the other amides. The strong incduotive effegt of the
group will produce a smch larger dipols normal to the earbonyl bond



axis than any of the other groups. For this cese a bending motion
of the groups attached to the carbonyl group, even though not a large
component of the normal vibration, nay maie & relatively mich larger
contribution to the intansity cus to a change im this dipola,
Baylise (35) obearved thet in dipolar solvents such as chlorofora the
intenslty values of certain katonos wore grsatly inoressed above
what would be expected froa a consiceration of the refractive index
of the solvent. It was olairad that in polar solvents such as chloroe
form there are two superimpoasd effactsy an electronic cowponant and
an orientation component for which no sisple thaory exists.
Considering all factors 4t sppears that there is a linasar relatione
ship between frequency and intensity for the anides investigated.
The majority of the amides can exart only an inductive affact with tha
" exception of dongamide, In benzamnlde the benzens ring is conjugzatad
with the car?iorvl group but navarthelsss 1% is in good agresment with
the frequency intensity ralationship lndicating theb conjugstion with
another group does not invalidats ths liasar relatlonship of frequoncy
and intensily. Fowsver, taxra are instancea in tha literature whars
othor effects appear 10 be opsrative. wWulf (37) reported that in the
ortho halogenatad phancls thia frequoncy of the hylroxyl group Cacrsased
a8 the intansity dizcraased, Thet 13, crtho lodophenol has the lowest
frequency and tha lowest intensity whareas orthe fluorcphsrol has the
highest intensity end hlghecet frequency. There 1s, st the presant
time, no pleusidle explsnation for this elffect,



The shape of the curves of Figures III to XV which represent
the plot of logy Io/I versus frequency for the amides show an interest-
ing relationship. The sy 1 curves are those for formamide,
bensamide, trichlorcacetamide and trifluoroscstamide. The remaiming
curves show either a splitting at the peek, a shoulder on the curve
or two distinot pesks. In discussing these it is important to con=

sider the p of the substitu groups to the carbonyl.
tion of the Hir g models of the amides showed clearly that
with the exceptions of de, trif etamide, acetamide and

bensamide steric effects ware present. Repulsion between non bonding
electrons will result in field effects and hindered rotations. The
low frequemcies and high intensities of the amides with respect to
the esters and acids indicate a much larger contribution of the charge
separated canonical form (b)

>c-o

() (2)
for the amides. It would be expected then that the group A will have
an effect on the shape of the carbonyl sbsorption curve due o the
existence of a plane of resonance for the amide forms (a) and (b).
From the models of the compounds it could be observed that steric
inhibition to the rotation of group A can exist. These effects of
group A would result in restricted rotation of the group giving rise
to certain favored rotational positions of group A with respect to the
resonance plane of the amide., For a group A which is symmetrical

A
NG 0" e

A
‘s B
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these effects would not manifest themselves in the sbsorption curve.
For exemple, trichloroasetamide shows a steric repaulsion but its
sbsorption curve is symmstrical., For the cases whers there is no
steric effact as in formemide, acetanide, benzamide and triflunoro-
soetardde the carbonyl sbsorption curves should be symmotrical.,
Howsver, of these acetamide is not symustrical, and shows two distinst
peaks. This has been attributed Yy Davies (38) to the presence of an
oquilibrium between unassociated and associated molecules of acetamide
in chloroform solution. The more intense peak at 1578 cm.d is due

to the associated form, while the less intense peak at 1702 nn."‘

4s due to the unassocisted forn. It was demonstrated by Davies that
in very dilute solution the 1702 on." pesk becomes the more intense.
A plot of the molar extinction socefficient of each pesk corrected

for sbsorption due to the adjacent pesk versus soncentration supports
the contention that the relative intensity of the pesks is reveresed

in very dilute solution.

The remaining smides are all unsymastrical and ahow sterio
inhidition 40 rotation as a remult of which certain rotational posi~
4ions of group A should be favored leading %o en wnsymmetrioal
carbonyl sbsorption surve. The exast location of these favored
positions is at pressnt wrknown. As & result of these favored pesie
tions of the unsymmetricel emides more than one form of the normel
vibrstion for the carbonyl group exists leading to the dissymmetry
eof the carbonyl absorption ecurve. DUespite these complisating factors
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the relationship between frequency and intensity of the ecarbonyl
band seem to depend, in the main, on the inductive effect of the
substituent groups.

A vary interesting effect is obsarved vhen a bromins atenm is
substituted on the nitrogen atom of mono, di, and trichloroscetamides.
The valus for B, the apparent integrated intensity, decreases by
spproximately 0,75 intensity unite but the frequency shows no apprecie
sble change, Otwiocusly the N-dromoamides will nmot show the sane
linear relationship between frequency and intensity of the amides.
However, as a separate group this correlation holds, The intsnsity
frequency relationship cannot be interrelated among ¢ifferent types
of compounds such as ssters, smides and N-bromoamides. Addition of
8 bromine atom in the four position of & I-ketosteroid decreasos the
intensity by 0.65 unite and incresses the frequency by 18 ea:

This is explainable by the inductive effect of the bromine atom,
In the case of the amides, however, no such change of fregquemcy is
ovident and thus an inductive effect in itself carmet oxplain the
results, In fact, no explanation of this can de offered at the
present time,

The effect of solvent is worthy of oomment. In Table I are
summrised the changes in frequency and spparent intensity in changing
from esrbon tetrachloride to chloroform for those compounds which
ware studied in both solvents.
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TABLE X

VARIATIONS IN FREQUENCY AND APPARENT INTENSITY IN CHANGING
FRQM CARBON TFETRACHLORID® TO CHLORCFCIM A3 SOLVINTS

Ethoxyacetanide -9 .21
¥~Bromomonochlorcacatamide «20 0.25
R-Bromodichlorovacetanidae -5 0..5
N-Bromotrichloroacetanids 15 0.07
Pichloroacatanide «11, 0.29

An examinaticn of Table I showa that no systeamatic change in
frequency 1s evident. The frequency decrsases wille the apparent
intensity increases in all coses. Howsver, the intensity change
for the trichlorvacetanids is quite small, Thess changes in frequency
and intensity can qualitatively bs related to changes in the rafrastive
index and dislestric constant of the medium (36), There is also cone
siderable evidance that chloroform 18 capable of hydrogem bonding
with polar groups such as the carbonyl group (39,40). Such effects
wuld b expected to lead to an inoreased intensity and decreased
frequency. The small change in intensity for the N<bromotrichloroe
scotaxide could be related to a staric inhibition to hydrogen bondling
with the chloroforam solvent.

The main object of the present work was to relate some physical
property of the K-bromo compounds or their parent amides to thelr



hemicel behavior as brominating agents., From the intemsity versus
frequency relationship which was explained on the basis of the rela~
tive inductive effects of substituent groups it can be concluded that
the larger the inductive effect of the subetituent group the more
ionic in character is the nitrogen to bromine bond. That is, the
bromine stom increases in positive character with increasing inductive
effect. A good desl more data will be needed to investigate the
posgibility of other effects being present which may influence the
mechanism of the bromination reaction, with Nebromosmides.
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Equipmant
The carbonyl sbsorption band for each of the compounds investie

gated was determined employing a Perkin Elmer model 21 double besm

infrared spectrometer equipped with a sodium chloride optical system.

A fixed 8lit width of 30 microns was employed resulting in a spestral

8114 width of epproximately 3.5 ca™ ., The sanple oell wsed had &

thickness of 0,487 om., as determined by the interference fringe method,

nit4ally developed by Siith and Miller (19) and later modified by

Sutherland and Willis (20). In using the interference fringe method

Ahe infrared transmission of the eupty oell is determined cver a

epectral region vhere clearly distinguishable maxima and minims resalt

dus 40 imterference between reflected and transmiited besns within

the esll. Thess maxima and minima are mubered serially and the

swrial mubers are plotted, ss occerdinete, against the wave mubers

tn en.” of the maxime and minina as sbecissa. Such & plot gave &

straight line having a s1ope of Lt where ¢ is the cell thickness in em.
The Perkin Klmer spectremeter was opersted imitially with the

selvant sentained in the referance cell. However, 1% wmas later found

that in a region vhere the solvent showed absorption tha$ the presemce

of solute in the sanple cell depressed the absorption due to solvent

by sn amount greater than wes expected from a consideration of the meole

fraction of the sclvent in the solution of the compound being investigated.






34

In order to correct for this phenomenon the spectrometer wvas
operated with both bcans open and employing no refarence cell interw

posed in the reference boam. Atmospheric mter bands were utilized
a8 referonce for frequency cslibration. A base lins of 0 per cent
transmisaion was used in gll of tls dotercinations.

Matorials

Crloroforz was the sclvent usad for ti.e determination of the
infrered spectrs of a1l tic corpounis stuliec. Ia aclition, with
esrtain conpounds, where tielr solaLiliiy pordtted, carbon tetrae
chloricde was used as a solvent in order to Lnvestigata effacts on tia
spectra c¢ua to the solvent. In tils frvaestization the use of bota
reagent grade and spectrophoiometric grads solvants resulted in
fdentical data witiin epariamtal error,

Acataride, benzamide and formardde were cbtainad from Zastman
Organic Chardicals. Formardce was froshly distilled each time Just
before it wes usad, Acetamide and bonzauice wsrs recrystallized
respectively from chloroform and water followed by Crying in & vacuunm
dessicator just prior to ezch tina thay were used. The preparstions
of the N<bromo mono, di, and trichloroacstanices are cescribed in
the second part of this thesls. ;l'hey worg recrystallized from carhon
Setrachlorids, dried in the absemoe of eny light undar vacuum end
smlysed (21) for bromina immedistely before being used,

All nelting points and boiling pointg are in °C and sre une

eorrected,
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Preparation of Pherylacstamide (22)

In & ons liter single neck flask, fitted with a 30 ca. vigroux
colurm and distillation head, were placed 136 g., 1.0 mole and 120
€+5 1.05 moles of ammonium carbonats followed by the additicn of
200 ml,, 3.5 moles, of glacial acetio acid. The reaction wixture
wes gradually heated until all the materials boiling below ISUDC. had
distillead, The maxirmun rate of distillation wos not allowod %0 exceed
100 mi1l1liters an hour. The residue from the reastion mixture, con~
teining the orude product was poured, while still hot, inte twice iis
volume of water and noutralised with dllute ammonium hydroxlde to a
phenolphthelein end point. The phenylacatanice was reecvered by
filtration, recrystallizec from wetar and dried at 105°C. for two
houwrs. The aaount of product obtained was L5 g., 0.63 mole, and 63
per cent yield. Its melting point wes 157-157.2°C., and that reported
(22) for tho same matarial is 1<7%.

Prevaration of Prooicnarida (23)

Into a half liter single mock flasl: equipped with a 30 em. vigreux
colunn and distillation head were placod 120 g., 1.C0 mclss, of
smonium cerbonate and 1.5 g., 1.95 moles, of propionic acid. The
teperature of the reaction wixture was graduvally raisad until 811
the matarial beiling balow 200%C. had beea distilled et a rate of
distillation not 1n excoss of 1C0 ml, per hour, Ths erude preduct
ramaining in the distilling flask solicifiod on cocling and was

reorystallizad from benzone followsd b drying 4n a vacvum dessicator



over prrefiin wex. The encunt of profuct obtained was 93 g., 1.27
moles, a 65 par cent yleld. Its melting point was 81.3-61.5°C. and
thed reported (23) for the sams meterial is 81.0°C,

Prsperation of Trifluorescetonica (2);)

Tnto a half liter two neck flask, tho quantitiss, 1, g., 1.26
moleg, of triflvorcacetic acid end 14.2 g., C.1 mole, of anhy'rous
sodiun sulfete wore placed, To this 2 mdrture of 178 ml., 2.C3 mcles,
of abaolute ethrmol endt 5° rl., 1.03 mclne, of concentrated sulfurde
acid was addsd elowly which ceused sufficient evolution of heet so
that the reaction rixture had to be cooled. Following tha addition
of the alcohol acld mixture the reacticn rmirture wes set asils for
nine hours and thon éistilled on 2 steanm bath. Ths fraction boiling
in the rance £5-£4%C, wrs collected, wastad with 170 rl, of eold 5
per cent eodiun carbonatse and dried ovar 25 g. of calcium chlerice
at 0°C. This erude procuct wes than redistillad from phosphorous
pentoxide and the fraction boiling in the renrs 61-41.5°C, was
eollected, dissolved in 100 ml, of anviydrous ethyl ether and then
emenia pas wag bubbled repidly through this solution until no further
precipitetion of product wes observed. The solid wes f£iltarad,
rocrystaliiged from ethyl ether gnd dried by meens of a vacuun purp
to give a 70 per cent yield of pure product with & melting point of
73+7.%C. Its reported molting point 48 75°C. (24).
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Preparation of Sthoxyacotamide (25)
In a one liter thres neck flask fitted with a stirrer, reflux

condenser and dropping fumnel were placed cne liter, 17.1 moles, of
absolute ethancl to whioh was edded LS g., 2.0 moles, of metallic
sodiun in small porticns. When all of the sodium had reacted the
stirred resction mixture was myported in an ice bath end 223 g.,
1.82 moles, of orude ethyl chlorcscetate wes added dropwise over & two
hour pericd, Stirring of the reaction mixture was continred for an
sdditiong)l four hours following the addition of the haloester after
which the sodium chloride was removed by filtration. The sodium
chloride was washed with several small portions of ether which were
combined with the filtrate, Following removal of the ether and alcohol
on a stemm bath the resicdue wms fractionally distilled and the product
boiling at 152-153°C. was collected. The product, ethyl ethoxyscetate,
ws added in modersts portioss t0 & well stirred 200 ml. quantity of
ecmoentrated msonium hydroxide, through which smonis gas was being
passed, Wher the exothermic reaction had coased the precipitate wms
£1ltered, recrystallized from bensens and dried in a vaouun dessiocator
over strips of paraffin wax. The quantity of pure smide oblaianed wes
93.8 g.p 0.91 mele, » 50 por cant yield based on the ethyl schlorcasetsts.
The sxide melted at 80,8+82,0°C, The reported melting poimt for this
ssmpound 18 80-82°C. (27).

Rreparetion of Chlorescetamide (20)
Imto a half liter single meck flask, were placed 85 g., 0.69 mole,
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ef chloroacetio asid and 138 g., 3.00 moles, of absolute ethanol,
The mixture was refluxed for twe hours after which it was slewly
déistilled and the ethyl chloroacetate boiling in the range 1.3-1L1°.
was collested. The chloroester was added %0 150 ml. of concentrated
smmoniun hydroxide snd was shaken until no further precipitation
ocourred, The selid amide was filtered, recrystallised from water
and dried by heating under vacumm for seversl hours. The weight of
exide was L2 g., 0.L5 mole, and corresponded %0 a 50 per emt yield
based en the chloroacetic acid. It melted ab 119-120°C. The reported
melting point for this compound is 119-120°C. (28).

The dichloreoacetamide and the trichloroacetamide were prepared
from the eorresponding dichloro and trichlorocesetic acids by employing
axaolly the same experimental procecure as that previcusly described
for shloreacetamide.

The dishloroesetamide was obtained in a 25 per cemd yileld after
recrystallisation first fron water and them from bensens., 7The reported
melting point for the materisl is 98°C, while that cbeerved for the
product prepared in this work was 57.5+98°%.

The trishlereacetamicde was obtained in a 70 per cent yield froa
the acid after a single recrystallisation from water. IV had @ melting
peimt of 139+139.5%C., while thad reported for the same eompound is
Wo-11°C.

Experimenta) Conditicns

It should be noted that the infrared sbsorption data obtained
ware independent of the solvent used for the recrystallisation of the
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ssvaral anides. That is, while for a given amide different solvents
were used for its recrystallization just prior to uss, the infrared
sbsorption results wsre not affected,

The amide saxples wers resrystallized, dried, weighed out and
immecdiately transferred to a volunmetric flask and dissolved in chloroe
form or carbon tetrechloride,

The sample c¢ell was then rinsaed saveral times with the solvent
being used, after which it was filled with the same solvent, Ths
cell was them placsd in the sazple bsam and ths base line was adjusted
to 90 per cent transmission, The par cent transmission of the solvent
was moasured over a range of sufficient dreadth to includs an area
50 cm.“ on either side of the earbonyl band maximum of the amide
being investigated. The wave length of the light source was controlled
ramually in such a manmner that the pointer would eoms to equilibrium
and an acourate reading of the per cent transmission could be made.
Readings of per cent t{ransmimsion ware taken every 0.0l micron over
this rangs. This procedure was then repeatod for the amide solution,
the per cent transmmission and wave langth wers recorded, utilizing a
base line set at 90 per cont transmission. From the per cent transe
minsion readings the valune of log, I,/I was calculated for both the
solvent and the solution. The value of log, Io/I for the solvent
was subtracted from the value of log, Io/I for the sclution at sach
reading to give the net value of log, Io/I due to the carbomyl group
of the amide or N<bromoaxide.
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A typical set of infrared absorption cata, for formamide, is
shom in Table II. The similar dats for the other amides and the
Nebromoamides investigated in the present study are in an appendix
at the end of the second part of this thesis, Tables XIII to XIVI.

dathod of Ob Ad te ensit

The net value of log, Io,/I due solely to the carbonyl group of
the anide wvas plotted against the frequancy in wave nmumbers.
A digtance of 50 cu."m marked off on each side of the carbdbonyl
band maximmm. 7The area under the curve of the carbonyl absorption
band was then determined by cutting out the curve to a distance of
%0 n..‘ on each side of the band maximum and comparing its weight
to the weight of the same paper of known area. However, 1t was found
that both more sccurate and reprocducable results were obtained for
the ares determination under sbsorption bands by using an *Ott® compen=
sating planimeter and consequently it was employed in such area
determinations for the msjority of the absorption curves.

"The integrated absorption intensity of each smide and its N<bromo-
amide derivative was calculated from the areas obtained by the above
method, Howsver, due to the use of a finite #lit of 30 miorons in
the pressat work the radiation was not monochrematio in charscter
resalting in values for the absorption intensity, caloulated from the
arees under the absorptiea curve representing only the apparent inte~
grated absorption intensity, B. Its value is given by the equation,
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TABLE IX
INFRARED ABSCRPTION DATA FOR FORMAMIDE
R
Solvent CHC14-0.01133K, Base Lins 90 Psr Cent of Transmission
Wave Laength Solvent Solution Net Carbonyl

u V 21 loglo/T10° ST loglo110°  log, Io/T 10°
§.680 1161 89 n 87.5 28 17
5.690 1757 89 n 87 33 22
5.700 1754 89 a 84.5 30 29
5.710 1751 8¢ 11 86 L6 35
5.720 1748 89 ph 86.5 Lo 29
5.730 175 B89 n 86 L6 | 35
S.7uC 142 89 u 86 k6 35
.750 173y 89 1 85.5 52 1
$.750 17136 89 1 8L 69 58
S.770 1733 89 1 83 80 69
$.780 1730 8% 1 80 117 106
S.790 1727 89 11 76 168 157
5.800 1724 89 1 7 237 226
5,810 1721 88 22 63 357 335
§.820 1718 88 22 55 Lol LT72
5.830 1715 89 1 L1 786 T75
$.8,0 172 89 n 32 1035 102
5.850 1709 89 n 30 1099 1088
5.860 1706 89 -1 36 916 905
5.870 1704 89 1 L3 738 727
§.880 1701 89 n (1. L4 L6563
§.890 1698 89 1 65 325 314
§.900 1695 69 11 72.% a6 205
5.910 1692 89 11 1 168 157
8.920 1689 89 n 78 U2 131
5.930 1635 89 n 79 130 19
$.9L40 1684 89.5 6 84 69 63
$.956 1681 89 n 8L 67 58
5.960 16786 88.5 17 84 69 52
5.970 1675 69.5 6 84 69 63
5.960 1672 89.5 é 8y 69 63
5.990 1669 89.5 6 86.5 LO 34
6.000 1667 89.S 6 86.5 Lo 34
6.010 1884 89.5 6 86.5 Lo 34
6.020 1681 B89.5 é 86.5 ho 34
6.030 1656 89 n 86. Lo 29
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whare C is the concantration in wmoles par nm,l is the pala langth
in eentimeters, T, and T sre the incident and transmitted radiation
when the specirometer is oot at a frequency of \r’ (29).

The results of thé calculations are listed in Tadle III.

The corrections which sust be spplied to B, the apparent inte-
grated adsorption intensity, in order to obtain the true integrated
absorption intensity, A, have been discussed by Ramsay (29).

' The method employed to convert B to A depends on the band shape,
the relation of the slit function to the extent of the wing sorrection,
and the slope of the extrapolation. Since no concentration effect was
discernible for any of tae coi;onndo in the concentration range employed
in the present investigation no extrapolation to sero ooncentration or
path length was necessary. The values cbtained for the apparent
integrated absorption intensity, B, diffcrbrmn the true valus, A, by
the so=called “wing" correction, If the band is considered to extend
indefinitely the residual area under ths "wings® may be an appreciable
fraction of the total area of the band, for while the sbsorption is
small the frequency interval by which it is multiplied is very large.
This "wing” correction wes spplied by dividing the frequency range
50 “..:. on both sides of the band center by one half of the band
width at half intensity. Teble IV shows the corrections which were
spplied 40 the apparent integrated absorption intensities, B, to get
the true value of the integrated sbsorption intensities, A.



TARLE IIX

APPARTNT INTEGRATZD ABSORPTION INTENSITIES FOR SOME AMIDES

A2 TIUZIR NeZRQIO D

RIVATIVIS

Apparasnt
: Integrated Average
Compound Frequency concentration Intensity Value of
Vo (en™)  Holes/liter B,1n" e~ B
Acetamide 1677,1702 0.009%2 4.28x10% L .21x10440,03
1678,1703 0.02979 Lh.21x10¢
1678,1703 0.00930 L.21x104
1677,1702 0.01419 h.16x10¢
Chloroe 1698 0.01106 3.92x10¢
acetemide 1695 0.01024 3.95x104 3.95x10440,02
1695 0.01783 3.97x10¢
Dichloro- 1717 0.01172 3.79x10¢
scetamicde 1715 0.01011 3.73x10¢ 3.76410%40.02
17y 0.01530 3.77x10¢
Trichloro= 1732 0.01,85 3.37x10¢
ecetamide 1733 0.00743 3.35x10¢ 3,37x10440.02
1730 0.01032 3.41x10®
1731 0.00869 3.36x10¢
Ethoxye 1691 0,01358 L.19x10%
acetanide 1691 0.01157 4.21x10¢ L.19x10440.01
1570 0.01L455 L,18x10%
Ethoxye 1498 0.01437 3.9L4x104
scetamide 1499 0.00719 4.00x10¢ 3.98x10%0.03
in CCl, 1699 0.C1524 4.,01x104
1700 0.01455 3.96x10¢
Formamide 1709 0.01133 l;.,20x10¢
1709 0.007¢5 L.2lxdC*  4.22x10440.01
1710 0.009L5 4.22x10¢
Triflnore~ 17L9 0.01627 k.02x10%
scetanide 1751 0 0008113 h .01.:.10‘ h .0&110‘:".0 01
1750 0.00515 L4 .06x10¢
1750 0.01082 4.05x10%
Propiom= 1488 0.00896 3.89x10¢
amide 1687 0.01177 3.8ux10¢  3.35x10%0.03
1687 0.01338 3.83x10¢

Contimed



Compound Frequency Concentratioa

SALE IIT S.Comtimmed

Intezrated Averaze
Intensity Value of

Vonax( en™’)  Moles/liter B,lu'lcm.' B
Phenyle 1679 0.01020 h.L7x10%
acetauide 1679 0.0C510 L.53x10*  L..8x1C440.03
1679 0.01099 hL5x10%
Bangamids 1478 0.0083% 4 .02x10¢ b4 .06x10440,02
1678 C.CCLL L.Cox10¢
1679 0.00763 4 .06x10¢
Dichloroe 1726 €.C0835 3.47x10¢  3.47x10¢
acetamlde
in CCiy
NeBroxomono= 1690 0.01095 3.22x10%
chlorce 1592 0.c054.8 3.20x10¢ 3.15x10440,02
NeBromomono~ 1711 0.00948 2.96x10¢
ohloroe= 1712 0,00933 2.96x104 2.9!ix10440.03
scetamide in 1712 0.00656 2.86x10¢
Clly
K-Bromodie~ 1718 C.C10&9 3.14x104 3.14x10¢
chloroe
acetaaide
K-Bromodie 1725 0.00822 2,65x1Ce 2,69:10¢
ghloroe
acetaside in
ccly
H-Bromotrie 1728 0.01077 2.59x10¢
chloroe 1728 0.00539 2.5%x10¢ 2.61x104%0,02
acetamide 1727 0.00898 2.63x10%
1726 €.004.9 2.62x104
1728 0.02007 2.684x10¢
HeBromotrie 1742 0.00820 2.58x10¢
acetamide 1743 0.00789 2.55x10¢

in <ol




TARLE IV

TRUS INTEGRATED ABSORPTION INTENSITIES FOR SCME AMIDES

AND TileIx NeBi0s0 DGIVATIVES

A o e~ ——-i

Aty s e A - S 6+

Compound Bxlg‘ ya Vg Correction A xllo" Solvent
1m, o=, om. Fer Cent ls, om.

Acetamide L.21 10,0 L.63 CHC1,

Chloro= '

acetanide 3.95 13 12.8 L6 cEn

Dichloroe=

acetanide 3.76 20 liaks 4.30 Cioly

Trichloro=

ecetamide 3 037 211 17 os 3 .96 CHC].‘

Ethoxye

scetanide L9 20 .4 L.79 CHCly

Ethoxye

acetanide 3.98 20 16.0 4.62 cCl,

Formsmide L.22 15 10.5 4.66 CHCl,

Trifluoro«

acetanice L.Ob 25 18.5 4.79 cnol,

Proplone

amde 3.85 26.8 20,2 4463 Chidly

“enzamde L.06 3l 15.2 L.68 CHOl,

uichloroe

acetanide 3.47 18 12.8 3.91 CClg

Phanyle

acotardde bou8 CHCl,

Nellromonono=

chloroe ‘

acetaxide 2 ogh 25 19.4 3 .ﬂ CCJ.‘

NeBromodie

chloroe=

acatamide 2.63 17 12.0 3.15 ccly

H-Bromotrie

chloroe

acotamide 2.55 17 12.0 2.99 CCl,




us

Due to the nature of the acetanide curve a correction of ten par
cent was applied, which is the sverage correction indicated by the
work of Ramsay (29) for the frequency rangs covered in the investie-
gation of this compound in the present work. The value of B for
pheaylacetamide was not corrected since the shape of its sbsorption
curve suggested there was additionsl sbsorption besides that due to
the earbonyl group. The values of B for the chloroform solutions of

_the N-Bromo derivatives of mono, di, and trichloroacetamide were not
ocorrected as a consequence of the breadth of these sbsorption dands
and the tendency for these compounds t0 liberate free bromine in their
chloroforn solution. .

The curves obtained from the plots of log .x,/x versus frequency
for ¢he several amides and their corresponding Nebromo derivatives
studied in this investigation are shown 4in Figures III to XV,



SUIGIARY
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SUARY

The sbsolute integrated absorpticn intensities of a series of
anides and N-bromcamides were determinaed,

The sbsolute intemnsity is related linearly to the carbonyl
frequency and the effective eleotronegativity of the swbstituent
groups in the smides and E<bromoaxides.

The shape of the carbonyl sbsorption curve has been discussed
in tersms of the steric effect of the substitments.

The higher the sbeolute intensity and the lower the frequency
of the carbonyl the lees ionic is the nitrogen bromine bend,
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PART II

BROMINATION AND DECCMPOSITION REACTIONS
OF SOME N-BROMOAMIDES




INTROLUYCTICN
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LiTRCOUCTION

The Wohl Ziegler reaction is a general method for the introe
duction of a bromine atonm in the allylioc position of an olefin,
that is

RCONHBr ¢ «CH » CHCHy < «CH ®» CHCHBr~ ¢ RCONH,,

by the use of an N-bromoamide or imide under anhydrous sonditions.

Wohl (l1,42) in 1921 investigated the reastions of N<bromoe
acetamide with olefins under cold, snhydrous conditions. However,
from 1921 to 1941 only a few (2,43,44) additional reports on the use
of N-bromoacetamide appearsd in the litersture. It was not until
1942 tha$ the generality of this reaction wms pointed cut by ﬁoglar
(LS) and his ocollaborators. They reported on a detailed empirical
stucdy which indicated that N<bromosuccinimide was the best availadble
brominating agent. They further reported that N-bromophthalimide
which had already beem examined by Wohl (L2) was fairly sstisfactory
while such compounds as N-bromoglutarimide and N-bromchexanydrophthale
ixide were not very useful in this type of reastion.

Since that time the Wohl Ziegler reaction has been widely em=
ployed by erganic chemists., The discovery of the catalytic effect
of peroxides (46), which made possidle the bromination of earbenmyl
compounds and alkyl chaias attached to aryl groups, broadened still
farther the seope of the reastion. The wide interest in the
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Nebromoamides and imides hes been occasioned by both tholr pasradexdically
clemn cut specificity and diverse reactivity. Thus under mild but
different conditions the H<bromoamides and imicdes react to substitute
bromine in the allyl position (L5) or to add hypobromous acid (L7,L8)
or bromine (L9,50) across the doubls bond.

Steroid chedsts (51,52,53) in particular have utilized the
N<bromosmides and iaides. Sohmids (5L) and Karrer employsd the reaction
for the bromination of polyolefins, syclic ketones and the side ohain
bromination of alkyl arcwmatic hydrecarbons. In addition to thelr
varied but specific reactions as brominating agents the K-bromoamices
end imides also serve as selective oxidizing agents (55,56) of varying
power and specifiocity.

Buu~Hoi (1) investigatsd the reaction of N-bromosuccinimide with
8 wide variety of bensene and naphthalene derivatives, notably ethers,
and odserved that bromination of both ring axd side chain occurred.
This cdual bromimating character of N-bromosuccinimide has more recently
been ebserved in thiophene (2) and in the methy)l derivatives of
thiophene (3) where doth side ohain and muclear brominations have been
sbserved., In many eases, at least, the desired direction of resction
(57) ean be eomtrolled by cstalysts or conditions.

The fast thad the N-bromoamides and imides attack olefins at the
same position a8 reagente generally believed to reast through a free
redical mechanism strongly suggests such a mechanisn for the Wohl
Ziegler resction (58,59,60). Howsver, since muolear bromination of
beth arcmatic and heterccyclic compounds has been observed (1,2) it



is very probable that an ionic mechanisa is also operstive in this
reaction. Thus a plural mechanisnm is perhape a better desoription
of the mechanistic processes involved in this reaction, since it is
likely that N-bromoamides and imides like Nebromcacetamide and
Hebromosuccinimide may reasct by several mechanismg resulting from
homolytic as well as hetarolytic disscclation of the reagent. Thus,
any acceptabls mechanistie conospt of the Wohl Ziegler resction must
account for the bromination of olefins in the allylic position,
addition of bromine and hypobromous acid to the doubls bond in alkenes,
side chain and ring brominations eof sromatio and heterocyclic compounds.
Further, it must also scoount for the sbnormal resctions such as vinyl
substitution (61) and introduction of the amide or imide muoleus (462)
inte the product. Finally, any such mechanistic consept should account
for the considersble differences in resctivity of euch brominating
agents as N-dbromosuccinimide, Nebromophthalimide, N-bromoglutarimide
and Nebrowohexahydrophthalimide in the allylic substitution reaction,
The pressnt investigation wes undertaken to gain further infore
mation concerning the mature of the mechanisa of the Wohl Ziegler
reaction., A study was made of the effsots of structural variation of
the brominating egent on the amount of allylis bromination. This was
spproached by a study of the bromination of tolusns, as this material
s eapable of both eide chein and miclear bromination, under comparable
oonditions devoid as far &8s possidle from any catalyltic effect.
Particular emphasis was placed on the development of analytical methods
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Which would permit a total accounting of all the bromine in the
Products of the resction when the original bromine is introduced
into the reaction system in the form of the brominating agent.
Both the photo and thermal decompositions of Nebromoamides and
imides were briefly investigated since changing semnsitivity, due to
veristions in the structure, of this type of brominating ageat, to

such decompositions could materially effect the nature of the products
4in the Wohl Ziegler resction.
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HISTORICAL

Several methods for the preperation of N-bromoamides and iices
have been desoribed. The method (43) most wicdely used involves the
resotion of the amide with bromine in aqueous alkaline medium. Another
method (64) involves the reaction of the amide with bromine and silver
oxide in ethylacetats ae a solvent, A third msthod (65) involves the
reaction of bromine with the mesrcury salt of ths amide dissolved in
chloroform. The method (55) employed in the present work inmvolved
the reaction of the amide with silvar oxide and brorine im trifluorce
acetic acid as a reaction medium,

The bromination of t%oluene by N-bromoarides and imides has deen
recorded several times im the literature. Schmidt and Karrer (5L)
reported that with E<bromosuccinimide a sixty=four per sent yleld of
bengyl bromide was obtained when bensoyl peroxide was added to the
brominating wixture. Whea aluximma chloride was utilised as the
catalyst bensyl bromide was not isoclated but a seventy-one per cent
Yield of a mixturs of monobrominated toluenes was realized. In the
sbsence of a catalyst, Schmidt anc Karrer reported that brominstion
did not ococur, Bum-Hoi (1) also reported that no brominstion ocourred
without added catalysts., Hemne (56) prepared N<bromoperfluoroe
succininide and N-bremoperflunoroglutarimide. When these compounds
were allowed to react with toluens, only ring bromination occurred.
However, by increasing the reaction temperature to ninety degrees
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Centigrade both bensyl bromide and bromo toluenes could be Lsolated.
Park (67) and his co-workers prepared the N<bromo momochlere, dichlore,
trichloro, monoflmore, difluore and trifluoroacetamides and allowed
then t0 roact with tolusne. These investigators report both ring

and side chsln bromination and that tha railo of ring to eide chain
brominetion depended on the nature of the brominating agent. The
effect of the structure of the brominating agent on the results of

the bromination reaction as reported by both Henne (66) and Park (67)
was attributed to the electronagetivitias of the substitusnts on the
e« carbons which in tuarn enhanced the positive character e¢f the bromine
ator resulting in miclear bromination. Park (57) suggested a concerted
type of mechanism to describe the side chain bromination of tulmene,
Bloonfisld (6C) proposed a frae radical mechanism for the allylio
bromination and pointed cut that allylic rearrangsments could be
sxpected i{n the resction. The work of Schmidt (54) in which Lewis
type acid catalysts were used suggested that muclear brominaticn
resuilted from an fonie mechanism, Recently Balley and Belloe (57)
demonstrated the effect of salts soprecipitated with the brominating
agent on the mechanism of the bromination reastion, They found that
thesse salts csused an almost exclusive sddition of brominej whareas,
added salts did not exert to0o great an effech. Howsver, if thess co=
precipitated salts are removed an almost exclusive substitution of
bromine ocours.
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No investigation of the photochemical or thermal decomposition
of the Nebromoamides or imides has been reported in the chemical

1t up to the p time,



DISCUSSION
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DISCUSSION

The major part of the work carried out in this study was cone
ocarned with an investigation into the mechanism of the Wohl Ziegler
reaction, The experimental approach followed three main avemues,
the exsmination of the cark reaction of the N-bromoamides with tcluene,
a study of the infrared spectrum of the N=bromoamides and their parent
axides with particular «phasis en the carbonyl dand, and an investi~
gation of the photochemical and thermal decomposition of the Nebromoe
axides.

In the dark resctiocn of the N-bromoamidss with toluene it was
hoped %o cbtain, the length of time for reasticm, the total conversion
% moncbrominated produet, the ratie of side chain to ring bromimation,
and the effect of tempersturse. ‘

From the infrared spectrum of the N-bromoamides and their parest
amides 1% was hoped %o cbtain two facts. First, the position of the
peaks for the sarbonyl band, Sesondly, the sbsolute integrated
sbeerption intensities and to relate these to the quality of the
compounds as & brominating agents. This, it was anticipated, would
give the effect of veriatioms in structure on the compound ss s
brominating agent.

The photochamical and thermal decomposition of the N<bromosuides
was carried out with three cbjectives in mind, Initially, %o study
the relative rates of formation of bromine from which the relative
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rates of desomposition of the N-bromsamides could de odtained.

Next, %0 exaxine the effect of {ree bremine en thess rates of deconpo~
sition, and finally %o investigate the posaidility of eomplex forsmation
a8 & step in the mechanism of the brominstien reactism.

The minor part of this work was conserned with a study of the
oomparative reactions of N-bromosuocoinimide and N, N!'dibromodimethyle
hydantoin with gyclohexeme. These reastions were carrisd eut in
carbon tetrashloride and chleroform solvents. In earben tetrechloride
both reagents gave allylio bromimation, )-bromoayolohexems, end poly-
brominated oyclohexens, The N-bromosucoinimide gave 63 per cent allylie
bromination while the N, N'edibromodimethylhydentoin gave 55 per sent
allylie broxination, The R-bromosuceinimide cmsed a mmller ameunt
of tarry residus %o be obtained in isolating the producis from the
resction mixture than did N, N'«dibromodimethylhydantoin. Whem ehloroe
wWas used a9 & resction solvent no allylis brominsted product, J-brompe
eyclohexeme, could be isclated from the ressticn mixture of either of
the broxinating agmnts. Only pelybrominated materials were iselated,
This 1s a good exaxple of the role s selvent playe in oartain reastions.
In the lees polar carbon tetrschleride solvent allylis bromination
occurred presumedbly by a free radical type of mechanism. Folybrowimsted
materials were alee isclated which are assuned 40 have formed threugh
sa ionio type of mechanism,

0f the two bromimating agents the N, N'~dibromodimethylhydantoin
ressted more vigoreusly under the eonditions used in the experiment,
namely the reflux texperature of the resction sclvent, osrbon
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tetrachlorids or chloroform. It also contains the higher percentage
of active bromine, 55.5 per eent, as compared %o L..7 per cent for
the Nebromoswocinimice.

In a search for a new and novel dXrominating agent tam inerganio
bromine containing compounds wers prepared, nitreogen sulfide tetrae
bromide, N ScBry, and phosphonitrilichromide, (FNBrg), op o The
nitrogen sulftde tetradromide was prepared ia @ 20 per cemt yicld,
from the reaction of sulfur momochlorids with ammonis followed by
bromination of the initial reaction product. This compound wais
allowed to react several times with oyclohexens in carbom tetra=-
chloride., However, mainly polybromimated eyslohaxens eould de isoe
lsted and only & small smownt, 12.5 per cent of allylie bromination
seourred. The phosphonitrilichromide prepared from phosphorous
pentsdronmide and gmoniun bromide was sllowed %0 reast with cyoloe
. haxens in and in the sbsence ef carbon tetrachloride ss a selvemt.
During the attenpted iselation of the procucts frem this resstion
sixture a strong desompesition occurred. No organie bromine preducte
mummmamum‘mmmm
end cyelchexens ms discontimed, |

As was mentioned previously, the majer part ef the work reported
mmdmmuum.mm“ofthommotﬂmm
Z4ogler venstion. IS has beem knewn for ever a desade, gince the
wrk of Bameiiol (1), that the dyplcal N-bremdamides and isides ned
enly are espadble of allylic brominstion but can alse serve as miclear
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brominating agents. The work of Schmidt end Karrer (5.) demonstrated
the effact of paroxides on the reaction. The use of peroxides in

the reaction between l-bromonocizﬂ.ﬁido and toluene resulted in side
chain bromination, Peroxides also bring ebout the allylis bromination
of olafins such as cyclohexens (60). It has been fairly well estede
lished that reactions induced by peroxide, ultra violet light and high
temperature procead through a free radtical mechanisn. It wes
demonstrated by Pari (&£7) that the pressnce of Lewis type acids in
the resction between N-bromosuccinimide and tolusna caused ring bromie
nation to ococur rather readily. The presence of occluded salts in
the brominating agent has recently been shown (57) to ceuse ring
bromination, Lewis acids are ionic type catalysts and as such promots
an ionie mechanism,

The fact that N-bromoamides anxd imides can attack the allyliec
position of olefins end the side chain of toluene, the positions
generally believed to react through a free radical mechanism suggests
strongly such a mechanism for the Wohl Ziegler reaction (60). However,
since the sddition of bromine across an olefinic double bond (L9,62)
and miclear substitution (67) with N<dromoamides have bean observed
it 43 very probable that an ionic mchanin is also operative in this
reaction. Thus & plural mechanism is perhaps a better description of
the processes involved in this reaction since it is likely that the
E-bromoanides and imides may react by several mechanisws, resulting
from homolytic as well as heterolytic dissociation of the reagent.
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Any oorrect mechanistic concept will account for all the procducts
obtained from the resction. Thus, the true mechanism of the Wohl
Ziegler reaction must account for allylic bromdnation of olsfins,
sddition ef bromine across e double bond, allylie shifts and introe
duciion of the exide or imide mucleus onto an olefinic carbon and
substitution of bromine into the aromatic muoleus. Further, the
spparently considerabls differences in resctivity of such brominating
agents as N-dromomuccinimide, N-bromogluteriwide, N-bromophthalimide
and Nebromohsxahydrophthalimide in the allylic type of reaction should
be accounted for in the mechanistic scheme. .

Thus, the study of the infrared absorption spectra of some typical
Wohl Ziegler allylie brominating egents, with particular reference
to the carbonyl group, was undertaken, It was expected that any
slsctrical effects influencing the mature of the nitrogen bromine bond
due %0 varistions in the structure of the brominating agent er ite
- parent amide or imide would be transmitted through the carbonyl group
of such oompounds., It was hoped to correlate the sbsolute integrated
absorption intensities, or the frequency, or the molar extension ¢o-
officient of the carbonyl band with the menner in which the N<bromoe
amides or imides function as brominating agents.

The photochemical and thermal decomposition was expected to give
some measurs of the relative tendencies of the N<bromoamides or imides
tovards howslytie dissociation of the nitrogsn to bromine bond. Such
ultre vislet light induced decompositions are known to procesd through
& fres radica) meshanism,
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The third phase of the investigalion iato tis machanisa of tis
Wohl Ziegler reaction involved the cark bromination of toluens at
different temperatures. It was hoped to be eble to correlate the
amound of side chain bromination with the results ¢f both the photo-
chemical decomposition and the investigstion of the infrared spectrum
of the Nebromoamides snd imides.

The investigation of the inf{rared sbsorption spactra of the
H=bromoamides and their parent amides constitutes Part I of thls
thesis. However, any posalble ocorrelsation betwsen those stuclas and
the results of the bromdnation of toluens has been retainod for this
part of the thesis., It wes found for the E-bromommices and also their
parent amides that a linear relationship existed botwesn the frequency
of the carbonyl band and the absolute intsgrated absorption intensity.
Further, 1% was found that a linear relationship existed between the
effective electronegativity of the R group in the two molecules
R-(zgli, and ac"p-mmr, and both the carbonyl fresquancies and the sbsolute
integrated absorption intensities of the amide and N-bromoamide.

It was expscted that any electrical affscts influsncing ths nature of
the nitrogen bromine bond due to variations in the structure of
either amides or imides would be transmitted through the carbogl
group of such compounds. Thus, a8 the carbonyl frequensy of the amice
or N<bromoamide shifted toward shorter wave lengths, and the sbsolunis
integrated ebserption intensity decreasod, and the effective electroe
negativity of the R group in the RC’O-m{Br structure increased, due
to variations in the structure of the N<bromoamide, the tendency of
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the nitrogen dromine bond t0 undergo hetarolytic cleavage should
incresse. m,uwmnmaom,m.o?ummcn.mn
HBr the effective clestronegativity of the R group decreases in
the order

o°

CCly= > CHClge > CHoCle

and both the wave length of the cmrboxyl freguency and the sbsolute
integrated sbecrption intensity valunes decrease in ths reverse erder

CH'C].‘ > Cﬂﬂl,- > CC].,' .

If these msamurensnts omn be faken a9 & trwe measure of the
relative ‘endemcy for heterolytic dissocistion of the nitrogem to
bromine bond then 4¢ would be expected that the N<bromotrichloero-
acetamide would give the greatest anount of ring bromination with
toluene ad N-browomonoehloreacetamide the least. The results of the
brominaticm of tolnens in the dark at 40°C. and 80°C. demonstrated
that this ws a very reasonsble interpretation. A¢ both temperstures
the sbeve srder was obearved. Tho results are listed im Tadle V.

TARLE V*

AMOUNT OF SILE cwlmamomaglmwgtmmsmu
 THE N~BROMOAMIDES AT 10° AND 80°C,

—-_-.———-—-—-—-———-—-——W——-——-

BSrominating Agent uu,gnm o
oc;.?’tm 85.2 52.5
OR0140*O-rmr 75.0  50.3
N C10P XDy 517 8.9

‘mson.otuxuuuo.osnuormw.



The moler extinction ecoeffloients of the carbonyl band of
Nebromo mono, di, and trichlorocacetenide determined in carbon tetrae

schloride increase with inoreasing effective electronegativity of the
R group, with decreasing wave length and with decressing sbeolute
integrated sbsorption intensity. Thus, if the molar extinction
oosfficient of the sarbonyl band can be taken as a msasure of the
tendency of the nitrogen bromine bond to undergo heterolytie dissocie
ation it would be expected that the Nebromoanide or imide having she
highsr molar extinctien coefficient womld give the greater amount of
heterolytie dissoaistion. Conversely the lower the molar extinetien
eosfficient the greater the tendency for homolylie olsevage of the
mtrogen bromine bond.

The parent amides were inclnded in the infrared fmvestigation in
order that the quality of the N<bromosmide, as a bromimsting agent,
eould be deduced from the spectral properties of the amide. That is,
4f the same trend in any one of several properties such a8 cardbenyl
freguency, sbsolute integrated sbeorption inteasity, electromegativity
of the substituent &r wolar extinction ecefficient existed for the
axide and the N-bromoamide it weuld be easier t0 measure such propere
ties in the smide then in its N<bhromo derivative as the latter are
more diffisult 0 obtain and purify. This relatiomship would of eourse
depend en the legitimecy of these nsssurenentis a8 a means of prediote
ing the guality of the Nedromoaride as & brominating agemt. The
seme trend in the abeve msasurements was found for the sxides corres~
pending %o thedr N<bremommides. The ecardonyl frequency for the
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parent axide and its N-bromo derivative was essentially the same and
the ebsolute integrated sbeorpilion intensities were much lower for
the N-bromoamides than for the parent amides.

The literature has a great deal of information concerning the
photochemical decomposition of a wide variety of substances such as
acetaldehyde, (78) chlorine dioxide (79) and hycrogen peroxide (80).
However, no reference could be found in which the photochemical or
thermal decomposition of the N-bromoamides and imides had beem studied.

Reactions which are catalyzed by ultraviolet light such as the
reastion between toluene and shlerine (3L) to give benxyl chloride,
bensal chloride end bensotrichloride are gsnerally believed to procesd
by a free radical type of mechanism. IV was hoped thad the photo=
chemieal and/or thermal decomposition #tudies of the N-bromoarddes
wuld give the relative rates of desompesition of the N-bromoamides
frem which their relstive tendency for homolytic dissceiatiom of the
nitrogen bremine bond could de predicted. The results ef the photoe
chemieal and thermal decomposition were not reprodussble wnder the
exparimsnial conditioms used, and the relative rates of decomposition
of the N<bromeanmides eould et be determined from the rete of formstion
of bromine. The decompositicms were all very slow with the mereury
1ight source used and no desouposition ococourred with a Sangsten lamp.
The greund glass beckman cells falled 40 prevemt losses Ly evaporstion
of both the bremine produced in the decompositicn and the sarbon Setre~
chloride solvent. The theoretical amount of bromine which cewld be
produced in such decompositions wes mever fouxi, and on contixed
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radiation for long periods the bromine absorption decressed showing
that some loss of the latter was occurring. Undoubtedly oxygea and
gurface catalysis very probably play a function in the decomposition
eausing some of the irregularity in the observed results. A lizht
source of much greater intensity, such as & high pressure mercury are,
is necessary to facilitate the decomposition of the N<bromoanmidea,

A more refined experisental system to prevent losses of bromins from
the sarples and the elimination or equalizing of oxygen and surface
effects is required. However, it csn be statsd in & qualitative
manner that H-bromomonochloroscetamide undergoss homolytis fission

of the nitrogen bromine bond at the greatest rate to produce bromine,
end Nebromotrichloroacestamide is the slowest to underge such rupture
of the nitrogen bromine bond. This statement is based on the cbserve
ation that & selution of K-bremomonochlorcacetamide was the first to
develop the bromine color when solutions of the N-bromo, mono, di and
trichloroacetarides of comparable eoncemtration in carben tetrachloride
were set aside in ordinary room light. The N<bromotrichloroscetamide
was the last to develop the color characteristis of bromine., This
would indicate that, as expected, the smaller the electronegativity
of the R greup of the RC «llilHr the greater the tendency for homolytie
fissien of the nitrogen bromine bond. This is in good sgresment
with the infrared data in which the relative tendancies for homolytic
snd heterclytie rupture were investigsted, Thus, it appsars, based
on these cbservations and conclusions, thet enly an inductive affect






is operating in controlling the manner in which the nitrogen to

bronine bond rupturas in tha roaction of the N<bromoamildos with
tolusna.

Although po quantitative cate was obtained from ths photochemical
and tharmal decormposition studies of the Nebromoanides several signifie
cant observations were made, A study of the surve, Figure IVI, for the
decomposition of N-bromotrichloroacetamide shows that initially the
rate is slow, then increasss to & stesdy rate, and than tapers off.
This type of carve is characteristioc of an autocatalytic type of
reaction in which the products of the reaction catalyze the initisl
reaction. This sutocatalysis is demonsireted wmors conclusively by
Figure IVII which 13 a plot of the 415 millimicron band of bromine
against tirme for the decorposition of solutions of Nebromotrichlorow
ascetamide in carbon tetrachloride and N-bromotrichlorcacetamice plus
free bromine in carbon tetrachloride, Both solutions contained the
same concentration in gram etoms of dromine., Fipure XVII shows, by
the increased slops of the curve representing the cecomposition of the
solution of the N-bromoaride and bromine, that the presence of brominse
enhances the rate of cecomposition of the N<bromoamice.

The second obsarvation concerns the absorption pesk of broxins
in carbon tetrachloride, This pesk was reported (77) to be st 15
millirdcrons which wes confirmed in the present studles cduring the
preparation of the Beer's law curves, Figure IVIII. However, such was
not the case for the bromina pea arising from both the photcchomical
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FIGURE XVI. OPTICAL DENSITY OF THE BROMINE ABSORPTION BAND VERSUS TIME
OF IRRADIATION OF N-BROMOTRICHLOROACETAMIDE
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A N;Bromotrichloroacoggfido
in CClh, 9.32 x 10~
A Mixture in CCl, of
Bromine, 4.66 x QO‘hH, and
N-Bromotrighloroacetamide,
8.39 x 1072M, A Total of
9.32 x 10~ Gram Atoms of
Bromine
0,2 B
3
E
o
0.1l
- o )
S \\ A\ 4
0._0& vl T T
200 500 800
TIME (minutes)
FIGURE XVII. OPTICAL DENSITY OF THE BROMINE ABSORPTION BAND VERSUS

TIME OF N-BROMOTRICHLOROACETAMIDE DECOMPOSITION WITH AND

WITHOUT ADDED BROMINE
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and thermal decomposition of the N-bromoamides, In the dacomposition
of the N¥-bromo mono, di, and trichloroacstamices the initial peak to
appsar was at 380 millimicrons, This psak gradually shifted to longer
wave lengths as the decomposition proceaded until it reachod a value
of 400-10 rmillirderons, At this wove length the psa raached ite
maxiran Intensity and did not shift further om prelonged irradiation
or heating.

In the cecompositlon of tha sams Nebromoamides in the preosence
cf bromine the peak, before irradiation with ultraviolst light or
bofore hesting, wes at 115 mdllimicrons. As the docorposition proe
cosced the peak Incressed in intensity end shifted to shorter wave
langths until 4t reached a value of L0810 millimicrons, MFroa thils
point on no further shift was observed on contimed irracdiszticn or
hoating. Tha abeve cata suggaets ti:zt the dbromine is complaxed in
some mannsr in the carbon tetrechloride solution of the Nebromoamice.
Yolecular complexes of tiieo halogens with unsaturated hydrocarbons,
alcohols and ethers have baen known for soms time (831,82,83,84).
Iodine i{n particular has been reported (8i) to form & one to one rolee
cular complex with ettyl alcohol in baonzons. Cryoscopic massuremants
supported such & conclusion,

Thus, the assuxption that broming is complexed with something
in the carbon tetrachloride solution of the Nebromoamile soems vory
roasongble, - Tha questlon neturally erisos as ¢6 the nature of the
bromine complex and the extent to which 1t is corplexed. Froa the
sbove observations it can be concluded that the bromine is oomglmd



with something which 18 formed as a rosult of ths photochsmical or

thermsl cecomposition of the N-bromoamide., That is, the bromines

peek of a solution of the N-bromoamide and bromine in cardbon tetra-
chloride bafore dacomposition coincidad with the L15 mllimicron

pesk of a solution of bromine in earbon tetrachloride., Nowaver, curing
the decomposition this pssk shiftad to shorter wave len;ths, ss low
as 4C8-L10 millimicrons. This shift could be caused either by the
complexing of the bromine with sometliing being formed as a result of
the decomposition of the N-bromocanide or by the nppearancé of a new
paak close to the L15 rmillimicron band for bromine leeding to a shift
of the bromine peak toward the new peak with a single combined
resultant psak. In the daconpooitibn of the N-bromoamides the first
peak to sppear was at 300 millismicrons. The solution at this tims had
ths. brown color characteristic of a dllute solution of bromine in
carbon tetrachloride, Thare was no other peak present bstween 350 and
L0 millimicrons. This peac was attributed to the bromine tied up in
some manner with another product c¢f the cecomposition. The fact that
the peak shifted toward longer wave langths until it reached a maximun
of LO0S to L10 millinicrons indicated that the final and intermediate
p2ak wave lengths eould be attributed to a combinstion of the two
peaks attributsd to complexed and non-ccmplaied bromine., That 1s,
the first bromine resulting from ths decomposition was completely
complaxad but as the decomposition procesded nonecomplexed or froe

bromins was produced.
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The neture of the complex is unknown, Howsver, since the bromine
is complexed with enother product of the decomposition some ressonsbls
speculation as to the nature of the complex can be offered. The
thermally or ultraviolet light incuced decormposition of Nebromotrie
chlorcscetamide 18 the simplest case since in this cams there is no
possibility of any brominstion reaction occurring.

The initial thermal or ultraviolst light induced dissoclation
ocan bs expressed as

cor,Pomme D% oo, - o Bee
3 3
0 0
Bre ¢ CC1,C =NiBr o= CCl,C =NH ° ¢ Br,

This latter step was shown by the increased rate of decomposition

in the presence of bromine. A dromine sensitised reaction is one in

which the initial step would bs
Bry 2% 26r.

A ehain termination step could follow

o° 0 4
2 CCI.C .NH' gy 001.0 «NINHC -CCl' L4

IS i3 with this latter typs of comrcend that the bromine could be

eomplexad.

o° P
coryc¥-nmc?ecc1, o Bry —= cc1,cPwminc%ccr,

Erg

One possible structure of tils coxplex may be
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The fact that the bromine peak does shift casts some doubt as to
the v